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the life history of zanardinia
nONS FROM THE HULL BOTANICAL LAB(

Shig^o Yamanouchi

TV

This paper deals with nuclear conditions in the life history of
Zanardinia collaris Crouan, a monotypic genus which with the
genus Cutleria constitutes the Cutleriaceae. Zanardinia is peren-
nial and, like Cutleria, is characterized by large motile spores, whose
formation is limited to a verv short npn'nd of fli^ ^-f^cr Qn account

the consequent difficulty inthis

getting reproductive stages, it was described as a species of Zonaria
(Agardh

name
gametangia

Since Agardh (i), several authors, including Derbes and
SoLiER (7X Crouan (4), Janczewski (ii), and Sauvageau (15),
have described the outer morphology of the creeping and coriaceous

m
the surface; and it must be admitted that some of these authors
confused the young Zanardinia with immature stages of Cutleria
adspersa, the two forms
condition.

the juvenile

Reinke (13, 14) was the first to describe the reproductive
structures of Zanardinia. He observed, working at the Naples
Station in 1875-1876, the actual fertilization of the female gametes
by the male gametes. There seemed to be no anoffamous germina-
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tion of the unfertilized eggs. From the sporelings of both fertilized

gametes and zoospores he obtained the filaments of Zanardinia

which directly produce non-motile spores [Secwiddrsporen) , a single

one in each cell. In his cultures Desmotrichum appeared later, and
F

consequently the ultimate fate of the sporelings and of the non-

motile spores was not clearly determined,

Sauvageau (15) is one of those who have done most w^ork on
W '

the Cutleriaceae, having been publishing the results of cultures of

Cutleria since 1898. He has shown that the thallus of Zanardinia

is formed through the union of marginal filaments, and has described

in detail the dorsiventral structure and the general topography of

the constituent cells.

The first cytological paper was that of the writer, which was
published as a preliminary note two years ago (21). The material

was collected in the Bay of Naples in the winter of 1908 and the

spring of 1909. during which time I occupied a table of the Carnegie
Institution at the Stazione Zoologica. Zanardinia was found in

the vicinity of Posilipo growing on the surface of rocks or sunken
wooden blocks down to a depth of about 25 meters. Cultures of the
plants and of their SDofelings and fiyfltinn nf rrr't.Voi cfor.^. „r^^^

the
besrun

Naples was finished at the Hull Botanical Laboratory of the Uni-
versity of Chicago.

The

formation
Uon and germination of the fertilized female gametes, and

female gametes; then t

m
bearing plants, the formation and germination of the zoospores;
and finally, there >s a brief statement concerning an alternation
of generauons m the lite history of Zanardinia.

Mitosis in the vegeUtive cells of the gamete-producing plants

mitotic fi,n,r.! T r
'" diameter, showed numerousnutofc figures m the superficial layers of the thallus, no matter
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what time of day or night the material was fixed. After the plant

became 5 cm. or more in diameter, mitosis was much more frequent

near the margin of the thallus or in hairs growing from the margin.

After the plant reaches the adult size (8-10 cm, in diameter) ^ the

figures are very rare in the inner tissue and only occasionally found

in superficial layers.

The cells of Zanardinia have quite thick wallS; which are thickest

in the huge inner cells and less thickened in the cells of the super-

ficial layers that contain more numerous plastids. The plastids

take stains with avidity, and it was more difficult to bring out the

details of the mitotic figure than in Cutleria and Fticus. The

nuclei in the resting stage, in almost any part of the thallus, are all

about the same size and are a Httle larger than the plastids. Each

contains a small, deeply staining nucleolus, which lies in the center.

The remainder of the nuclear cavity is almost wholly occupied by

a large body of karyolymph, and a

few scattered chromatin granules lin-

ing the nuclear membrane-

One of the conspicuous features of

the resting nucleus of Zanardinia is

the fact that outside the membrane

there are frequently a number of

deeply staining globules of irregular,

size. These globules are so close to ^
the membrane that for some time I

^ig, i.—Portions of vegetative

was in doubt whether they WXre filaments: a, of zoospore-bearing

within or without the memb plant; 6, of gamete-bearing plant;

nucleus with chromatic accumu-r^ r 1 , t ^ 1 11 nucleus WUIl turuuiULic act-umu-
Careful study, however, showed clear- ^^^.^^^ ^^^^^ ^^^ ^^,^5^, ^f ,^^

them membrane.

membrane ani

with it (fig. i).

close contact

chromatin

:gular size appear amon

ie chromatin fibrils

During this increase

chromatin e^ranule.c;. the dppnlv staining dobules outside the mem
brane

many
and finally com

me the globules are quite

chromatin and seem

memb
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from

form
globules here and there; and the granules and globules then develop

uniform
about 2 2 in number. They are chromosome primordia. The

the nucleus contains only the chromosomes

chromosomes

the nuclear sap. become
equatorial plate, kinoplasmic accumulations, developed from

the

asmic masses
occurs only at metaphase, disappearing in anaphase. The chromo

chromosom
each pole. During this process, the spindle is intranuclear. At

the
membrane

by the c>^oplasm, and the formation of the nuclear membranes

IT'^ ^^' ^^''^^^'' ^^^^^^ ^'^ organized, the central
spindle disappears completely. The cvton asm

gular alveolar structure

a new ppII ^^ J"""' ^f^^^^^y
^^ter a change in their material, form

Male and

the mature ;r7r,l „'^ll"^!
"^'"^^ When

borne

the deep brown of the

the game

and femalp cra^ . •
s^-^^xai sierne suriace.

arlrif'"^'^"!'*. "^ non-branched aamentou
Both

tures arising from «,..^ T- V """'"^^^cned hlamentous struc-

gametanda 1.w" ^T'^'"'' ^.^"^ ^^ the thallus. The male

same

de™id of any hairy growth.

the plant, except the margin, is smoo
exclusively of filament; LT' •

'""''''' "^ ^"^ ^' com

Occasion
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in their middle region produce male or female gametangia, indie

ing that the latter are hairs in origin.

The mature male gametangium consists of a number of tien

small cells (the male gamete mother cells), each tier comprisin

most

ofmm ma

Fig. 2.—Portions of thallus with a number of filaments bearing both male and
female gametangia: a, male and female gametangia with stalks composed of one or

two cells; most of them are near maturity; b, young gametangia; a female game-

tangium with a stalk of three cells.

swimmmg condition outside the gam
oval and usually contains two plastids. A portion of one of the

plastids lying laterally near the anterior end has a deep orange

color, which is the red pigment, and in close association with this

ted toward the anterior end, 6

and the other in the opposite

pigment

times the length of gamete



6 BOTANICAL GAZETTE [jt-LY

L

direction, about 2
.
5 times the length of the gamete,

of the entire male gamete is 4.5 m (iig. 16, b).

The length

Development of —As stated above, male
gametangia arise from superficial cells of the thallus. One of the

superficial cells divides, giving rise to

a gametangium initial and a stalk cell.

Often two or more subsequent divi-

.^

a

there

filament of two or more cells, the

male game-

c). In rare

becomes
ticellular hair consisting of a single

row of cells, and some cell in the

middle of the hair becomes the game-
tangium initial. This shows that the

(fig- 3,c,d).

hair

mcnt of

from

Fig.

6 c d
3-—Filaments bearin

middle

perficial cell, occurring simultaneously
in multitudes of neighboring cells on
large areas of the surface of the thal-

lus, results in the production of thou-
sands of gametangia growing side
by side, producing the dark-colored
patches upon the thallus.

^^J
^^ycleus of the male gametan-
*

1 increases considerably in

chromatin network of the

marked bv a number

The

size.

I
of knots mked with fibrils

^:^'^rr^^ •^'"°^^'^^ ^^^^^ ^^^^^^^e graduallyc and J, with male gametangia. m.size m prophase and finally break
up mto 22 chromosomes.

like structures

the
When

disappe
The nuclear
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The nucleus passes into telophase, two new daughter nuclei are

formed, and then the subsequent divisions occur. The details

from

Sim When
tangium

more eel

urmg

the gametangia, so that each tier of the

gametangium consists of 2 (fig. 6, i), 4 (fig.

6J), or 8 cells (fig. 7, a). I

divisions the nuclei in the gametangium
do not necessarily divide simultaneously,

but often in quite irregular order (fig. 6,

c~g). The size of the nuclei does not dimin-

ish in spite of the gradual and considerable

diminution in size of the cell (fig. 6, a-^') ; for

example, the figure in the first division in

the gametangium (fig. 6, a) and that of the

last division (fig. 6, g, j) are alike in size,

times

the last.
\

mitoses in thegametang
chromosomes were counted

metaph
number

Regular]
a b

Fig, 4.—Mature game-
which take place either parallel or perpen- tangia:' a. female gametan-

dicular to one another^ results in producing giumwith 8 tiers of gamete

male gametangia

more
made up of 8 cells (fig Each

mother cells: 6, male game-

tangium, with 33 tiers of

gamete mother cells.

gametangium is a male gamete mo
male sramete is formed mother

contains a single large nucleus situated in the center, and usually

two plastids whose position varies (fig. 7, a, 6). The nucleus

One of the plastidspasses mto a complete resting condition.

moves near the nurlpu^ ;?nH fh^n a nart nf th

') • When
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the male gamete is mature, a portion of the free surface of the

membrane of the mother cell dissolves so as to leave a pore,

through which the gamete is discharged (fig, 8). The cilia of the

[nff for a while, andmo\
then the whole body of the gamete emerges and is set free.

Mature female Mixed with male cramctanda, there

are developed female gametangia, which arise like the former from

thallus. The mature female gametangiumthe

mother number
from 3 to 9 (figs. 2 and 4, a). Each tier comprises 2 or 4 mother

gium fluctuates between 6 and 36.

a single female gametan

mature female gamete ir

Fig. 5.

^ €
^Portions of thallus showing origin of male gametangium initial: a, b, c.

in each

(fig

end
,6 n\.r^A 7^ -""u'uon outside the gametangium is oval

't^ C^'^^T'^r ''" "'^^ 30 plastids. The anterior ena

cytoplasm tlf'.°' P'"''*^^ ^""^ ™"^''t^ °f ™l»'ess granular

A Z^ZuTL ?""! P"'""'^ " '^' organisation of the body.

fakesTa de nT ' "" ''^ P"'P''">- =" *^ -'-=- -^
Clo 0^ etS'.r!!:*™^ -"". -^^^ - the red pigment.

the other

gamete.

directed t

:he garnet

femal
Active"otility of the female gamete do s notTT,''

'^"^ "'

under observation thf m. !
^^ '™S; at the longest

th* shape be ::; ih~r 7"" ^'"««'^'> *'*- - '>'-•

«Hhdra.n or coa,esc:':rthl'^^^^^^^^^^^ '''' ^^' '"^ ^'"^^ -
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Development offemale gametangia,—Like the male gametangium,

the female gametangium arises from a superficial cell of the thallus.

One of the superficial cells divides, giving rise to a gametangium

initial and a stalk cell. A second or third division may be inter-

calated between the first division of the superficial cell and the

a

6

/V

:^**'Sv'

.9 «

x'

^^

•'>A

-^j

-i..-. _

Ui0

*^"-

,3• V X t

ti^ Ai7

e

h

./i^Jif^* H

^^*

' •..-i- - 1

ji ^^^ '9.-^-"

A

-rt.
V -^

^r ^k

K * ',^'

SV^'^i
1.--, w

.:.V'-

-i'

^i*

-'-

^ -

^. -^^

:^
,f ,-v-."

^F -^

_ ^ _

-^™

- _ ^

V':.

- *,

t

'/

.^-

i'*

'V ii

ii -*^.!

y

Fig. 6.—Male gametangia in various stages of development: mitotic figures in

prophase, metaphase, and anaphase show 22 chromosomes: a, one of the superficial

cells, whose division will result in two gametangium initials; b, first division in a

gametangium initial; c, 2-celled stage; d, s-celled stage; e, 7-celled stage; /, game-

tangium comprising 8 tiers; g, comprising 9 tiers; h, i, and j show respectively the

cross section of gametangia of i, 2, and 4 rows of cells.

differentiation of the gametangium initial, and in this case, the

female gametangium has a stalk consisting of two or more cells

(figs. I and 9, a, b). In rare cases, the female gametangium initial

develops from a middle cell of a multicellular hair which has arisen

from a superficial cell, indicating the hair origin of the female

gametan formation of the female
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simultaneously in multitudes of neighboring superficial cells, so

that thousands of filamentous gametangia are produced, covering a

considerable area of the surface of the thallus.

m
in size, like that of the male, and becomes larger than the vegetative
nucleus. The chromatin of the nuclear reticulum gradually in-

creases and finally there is organized a prophase with 22 chromo-

somes

a

single nucleolus. The

c

nuclear membrane
either persists or dis-

appears at the time of

the organization of the

equatorial plate (fig. 10,

centrosome
Fig 7.—Mature male gametangia: a, cross h, c). me cenirosome-

section;Mangential longitudinal section; c, optical like structures at thesection viewed laterally, in which red pigment spots f
''^''^''^'''^^

^^ ^fhave
_

developed in a part of the plastids closely P^'^^ ^^*^ present only
associated with each nucleus. during me and

early anaphase. Attelo-

spindler^Tv.a.v. -k 4- y
-v.^iiicu, cLiiu iio Central spinaie

remains between them. The cell plate is laid down by the coopera-
lion ot the vacuo pc anri K,r <-t,^ 4. r .. . -^ '

transformat^. ," -- ^y ^^c trdusiormation oi cytoplasm.

^Ie7T"''''V:''''' " ^'^ "^^^^"^1- ^^-ge, whether maleemale, shows no difference so f^r .. fi.. ,„• :u,. . .

are concerned.

:r:""l^'f«^ ^^^'- ' ^. »d x:, i).

visible structure „ „
marked difference in the size of the male

the gametangia have reached

gametangium.
gradual

considerable growth of

i by that of the nuclei,

nore readily and accu-

•pment of the female

divisions were Mowed npTo the
"''?/""'' '"^'^''"™'

nuclear divisions in the cell d T"""
^^^'- ""' 5) •

The
VVTien the gametan^um ha

"
Uat 71 I''

P'"" -multaneously.

each tier divides trL^ers Iv o"
'^'''"^"^'' '''^'' ^ ^^" '"

or may not occur- in tl,. (

'^°'"' '^nsverse division may
(fig-5.6),andinae"att 7"r -'^^ '^* ''" ^™^i^t=^ of 4 cells

composed
I 5>^)-
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During mitoses, chromatin globules accumulating

membrane their gradual dis-

appearance with the simultaneous increase of chromatin sub-

stances within the network, are beautifully shown. In prophase,

in metaphase viewed from the pole, and in

anaphase, 22 chromosomes are distinctly

shown (figs- 11-14) proceeding toward the

pole with equal rapidity.

The female gametangium comprising

3-9 tiers of cells, with 2 or 4 cells in each

tier, is now established. Each individual

cell of the gametangium is a mother cell

and the whole contents of the cell become

transformed into a single female gamete.

The mother cell contains a large resting

nucleus, surrounded by plastids. A por-

tion of one of the plastids lying near the

nucleus shows a deep orange color, which

IS the red pigment (fig. 14, a, h, c). When
the female gametes are matured, a portion

of the membrane of the mother cell dis-

solves, forming a pore through which the

gamete is discharged. The cilia of the

gamete first appear outside the pore, keep waving for a time, and

then the gamete is set free.

Fig. S.—^Mature male

gametangium after escape

of gametes.

Fertilization and germination of the fertilized female gamete

The discharge of both male and female gametes occurs at almost

any time during the day and night. Taking the case of a certain

individual plant growing in a tank in the laboratory, the male

gametangia matured and the discharge of the gametes began while

the female gametangia were still in an immature condition, and did

not mature and discharge their gametes until two or three days later.

The time relations of the maturity of the male and female gametes

in nature may be similar to that in artificial cultures. A periodic

discharge of the gametes from the mature gametangia was observed

to be most abundant at about 5:30 a.m., after which the discharge
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about male

more th

mo ility for scarcely one
hour and sometimes only for a few seconds. Toward the end of the
motile condition, the movement of the gametes becomes sluggish, the
cilia become coalescent with the protoplast, and finally the shape
of the gametes becomes spherical Even after

assumed the spherical form the polar organization in ^regard to the
distribution of plastids is not lost. The area of

^
with no plastids remains for a considerable time.

gametes

asm
From

ident

each ca» a„ r™„e '^fa^,
' ^t'" '* '''^«'"'^- ™"™-t of whkh in

anterior end ofthe— Th
'""''?' "<^ '" ""' "^ "' »'«=

Nations of the .noJ- ^ '"^'^stigation of Cullcri.

s, and the. r,? f™«^ "^- "''d^ every 30 minutes

nale gametes

the material

(22).

up to 30 days.

The male gametes while
the female gametes which

hours, and later every ^ day

are
becom

however ZZ ^ ""'^ <« sluggishly

.

owe er, after swimming for a long period,

cease VTr' *'* '^^ ^^"'^^ «-»^'-.«ses and the cilia fuse with the nl,.n,n
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•

membrane of the body, which now becomes spherical. The nucleus

te membrane, shows a number
number of chromosomes (fig. : It is a notice-

able fact that the nucleus

male gamete

move-
ment

dition, and when thegamete
becomes quiescent without

any union with a female

gamete, it still shows the

same structure as if it had
united with the female

gamete.

a 6

Fig. 10.—Female gametangia; nuclei in the

first division.

When the male gamete has just become attached to the female
gaipete, both gametes have very delicate plasma membranes.

The nucleus of the female

gamete is at the center of

the cell, as in the resting

conditAQTi^ but that of the

male gamete shows 22 in-

dependent chromosomes.

The ' plasma membranes

which Vit between the

cytoplasm of the male and

female gametes become ob-

scure and the cytoplasm of

the two gametes comes into

direct contact (fig. 27).

The body of the male

gamete can be observed

a

6 c
Fig. TI. Female gametangia in 2-celled

stage: a, nucleus in prophase, showing 22
chromosomes; 6, nucleus with the accumulation for a short period as a pro-
of chromatin globules around the outside of the tuberance from that of the
membrane; c, one nucleus m anaphase and the - , .^ v

other in metaphase. female gamete (fig. 27).

Later, the protuberance is

less prominent (fig. 28), and finally it is leveled down to the

ametes The
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chromosomes
female nucleus, which is in the resting condition (figs. 30, 31),
until the male and female nuclei touch (fig. 32). The male

periphery

crowded chromosomes

(fig- 33); each

finally each chromosome becomes

female

part of the female nucleus (fig. 34) . Later, the fusion nucleus shows
-mm. ^ . 1 ^ • _ • .

both male i_^

It is a question whether

the reticula of male and

female origin do occupy

distinct places, 13'ing side

by side in the fusion nu-

cleus, or whether they

intermingle and resume

their individuality at the

time of chromosome for-

mation. In any event,

the fusion nucleus passes

Fig. 1 2 —Female
condition, with chroma-

«. = nuclei in prophas'^rhowW 'T,
'^"'^ '''^' ^^ ^nots of variouS sizeS

ft, 2 nuclei wimT u
^^o^uig 22 chromosomes- i i

side oft ;ttr'^^^
^^'^b"'- -o-d t^^

and shapes, together
•

''
'

"^'^leJ in metaphase. with delicate, irregular,

side of the membrane "'.f''.
'™"^^ '^' '

^^ane, c, 2 nuclei in metaphase

Conning a structure in which ih. ^

^^'^^^^in^o^s
cannot be Hiff.....:„. .

^^^ "^^le and female cons

fibrils

is gradual.

e umon of the male ^nA f 7 '''''^ ^^

fonnation of C^l^t
^^-ale n.elei seems

a! K.f,...^ .., '^^"' ^^cause there is great

.

-
the formation of the wall and the

constituents

the protoplast of the zygot<
male and female cvtonlasm

umon

The first tegmenta t
formed

tr /i.'!'^ ?-'^"S ^- the

the union of the
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gametes

shape (fig

chromosom

middle
chromosomes become more compact (figs. 36, 37). During the for-
mation of the spindle, the nuclear membrane disappears and the
equatorial plate is established (figs. 3^, 39). The polar view of the
plate shows 44 chromosomes (figs. 40, 41). Each chromosome splits

longitudinally and half of each proceeds to each pole (figs. 42, 43).
The growth of the sporelings holds no strict relation to the mitosis
within; the mitosis may take place before the sporeling begins to
elongate (figs. 17, 39,

43) J. 01" more often

the sporeling elon-

gates while the nucle-

us is in the resting

condition (figs. 1 7, 34).

The axis of the

division, as a rule, is

perpendicular to the

growing axis of the

sporeling. After telo-

phase the sporeling

'd into two
cells (fig. 44). The
nuclei in the two cells

divide either simul-

taneously (fig. 49) or

IS divid

a
3 c

Fig. 13.—^Female gametangia with 4 tiers of cells:

umula
one after the other tions around the outside of the membrane and a nucleus

(fig 45-48). The ^" ^^^ ^^ prophase, showing 22 chromosomes; c,

number of chromo-
somes appearing at

nucleus in anaphase viewed from the pole, showing 22

chromosomes.

metaphase (fig. 45) After the 3-celled

Thestage, the growth of the sporeling is not very uniform
numerous cases observed showed great variability in the method of
developing into the multicellular condition. But one principal
fact that holds true in almost all cases is that when the sporeling
has reached the 2 or 3-ceIIed stage, the cell divisions occur chiefly

in a single terminal cell or in two UDDer cells, while the hnsnl cA\
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never divides further. elongated

predetermined Some of the
sporelings up to the y-celled stage are shown in fig. 17.

more
continue to develop in one direction. The cultures were watched

examined

was still in the filamentous condition (fig. 18, a). The filament
with a holdfast at the base is unicellular, except near the base,

a

9"

Fig 1 a v" ^

phase and .me ^^l^^'Zliil'^^^^^^^^ 7\ '' '' ^' ^ ""^'^^ '" ^^^ in prn-
• "^ ^'^"^ '^' P«l^. showing 2 2 chromosomes.

where it is often multicellular ti. a^
-ly stage In the spore^^f^1 !r ' '^

^'"^^^'^ "^^^ '"«

m primary

number
-J cxuc, wnicn iuse so as to f <•

«t"OLner ana siae

and narrowly
constricted d

"""^ ^ ^''''^^
""' '^''P' ^'^P^^^ed upward

"^'-^^gin of this shallow cud ZT •

^^""^ ^^^ expanded upper
remain as l^.Vo r^,, ^' ^"^ terminal parts of th^^c^ fiio^...nf«

^P. the terminal

structure thus p/oduced in the
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presents a striking likeness to the young plant of Zanardinia in
nature, as it occurs thickly on the rock or broken wooden blocks in
sea water.

Germination of the unfertilized fen

As previously stated, the female gametes
from the gametangia may come to rest verv «

time

gamete becomes spherical

At the end ol the movement, the female
If the female gametes have failed to be

motile male gametes, they remain as motionless.

a c

Fig, 15,

Cy cross sections.

Portions of mature female gametangia: a, longitudinal section; * and
s.

sph bodies for a considerable time
fertilized, their nuclei may divide within 24 hours, but

If they have been

when
mitosis

has

is delayed. Even 30 hours

recognized (fig. 50). About
40 nours after quiescence a thin wall is developed, and when about
48 hours old, nuclear division begins (figs. 52-57). Every phase
^" this division is typical and the number of chromosomes is clearly

The elongation of the sporeling begins about
22 (fig

46 hours after quiescence. of

divides
not any farther, and the cell corresponds to the elongated portion
01 the sporeling at the unicellular stage. The other cell, which has



l8 BOTANICAL GAZETTE [jiXY

no particular thickening of the wall, divides successively and gives

rise to all of the subsequent structures. The general morphology

of the sporeling in its subsequent development (fig 19) is like that

of the fertilized female gamete. The late development of the

sporeling was followed up to the stage consisting of about 100 cells.

The sporeling at this stage is a filamentous structure whose outer

morphological character is hard to distinguish from the filamentous

product of the fertilized gametes. Whether the products of the

apogamous sporelings would reach maturity is not yet determined.

Mitosis in the vegetative cells of zoospore-producing plants

Zoospore-producing plants of Zanardinia, in their external
morphology, do not differ from gamete-producing plants except in
their reproductive organs. The general morphology of the cells

composing the thallus is alike in zoospore-producing and gamete-
producing plants. The size of the cells in the superficial layers,
u^ere the reproductive organs originate, was measured in both
plants and was found to be the same.

Vegetative mitosis was studied in the cells of young plant
1.5 cm m diameter, and in older plants 7 or 8 cm. in diameter,
i ne cells of the hairs upon the margin of the adult plants were
also favorable for the study of vegetative mitosis.

Ihe size of the resting nucleus in the superficial cells is about

IZ^^l ^.:^'-^ -
l^
-n smaller. That the

that the deeply staining globules

number

of fhf. ,>,^ k
"^—..g giuumes aiiacned to the outside

t c n S™" 7 " '""""^' '^"^ centroscnllike structuresdre conspicuous onlv at mpfar.T,oo . , . . .

by means of alveoli

almost exactly thosedescribed for the s^n^ZT T ^""^ *"""'' '''^'">' ^'""^

difference 1,„,..: .
S'-^^^P^ducing pUnts. The fundamental

were counted accuratelv m
""."""'^'^ °' 44 chromosomes, whicl

phase and anaphase
^'"^

"" '"'' '" ?"'" ""« ^^ meta

ivlrr'l *! «" -^-ation, the )re-forming

homologue
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of the gamete-producing form, although their similarity might
mislead those who observe onlv the pYtprnnl fp^furj^c

^'
^ ^ ^

^„ 4^

Formation of zoosporangia

Zoosporangia are produced on the upper surface of the thallus.

In the mature plants, the groups of zoosporangia are distinguished

by patches of darker

color which contrast

sharply with the

light-brown color of

the sterile portion.

These patches are

composed of thou-

sands of zoosporan-

gia, produced side by
side upon the thallus.

The patches look
darker than the rest

because the sporan-

gia, no matter what
their age, contain a

great number of plas-

tids which have an
olive-brown color.

c

-'•^

b
>^- I-

%
\ \

a d e

Fig, 16.—Gametes sketched from living material:

The production of ^' ^^"^^^^ gamete; 6, male gamete; c, female gamete

.
which has assumed the spherical form; rf, fertilized

zoosporangia begins female gamete; t and/, 2-celled sporelings from ferti-

2-t a certain spot and lized gamete; in the sporelings large pigment spots

proceeds centrifup'al- ^^^ derived from the female gamete and small ones

1-t. r.^ 4.1, I. x^ from the male gamete,
ly,so that the younger
stages are generally found at the edge of the patches. The details

of the origin of the zoosporangium are as follows: A superficial cell

of the thallus begins to swell, elongates slightly and divides, giving

zoosporangium
mo
occurs simultaneously or successively in a number
superficial cells, so that finally zoospore mother cell

in great numbers, crowded closely together. When

The process
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producing

2o,b,c).

mo (fig.

take

superficial cell develops into a filament

cells, the terminal one of which becc
mother cell (fig. 21, a). Moreover, one of the superficial eel

unlike its neighboring cells, may'develop into a lomz multicellul
' ^

zoosporangia the hair origin

^ ne nuclear division of \h
"lother cell and .t^iu T. ^^P^^^cial cell which gives rise to
c^^w^ . ^ ^''3'U5: cell IS tvTMV^i „_j ,present (fig.

75).
^ very early

^y being Im

from

stalk cell IS typical, and 44 chromosomes
pore mother cell or ^oosporangium
«uished from the sterile superficial ..-

^ng. 76). The length of the mother
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cell increases as it grows, until it reaches three times its width;

then the nuclear changes begin. By this time the mother

assumes its characteristic ellipsoidal shape, slightly swollen at

the top. The nucleus grows with the growth of the cell (fig. 77).

The nucleus in the resting condition contains delicate chromatin

fibrils and a nucleolus. membrane

staining globules (fig. 77). As the chromatin

;us grow in quantity, the number and amount

of the deeply staining globules diminish

(fig. 78). chromatin

more

before, and the globules lying outside the

membrane disappear completely. It is pos-

sible that these globules consist of material

closely allied to chromatin, and that they

pass into the nucleus, thus contributing to

the formation of chromosomes (fig. 79).

The chromatin threads, which are con-

tinuous for a considerable distance, run

irregularly through the cavity and become

in thickness (fig. 80). Theymore uniform in thickness (fig. 80)

.

gradually become arranged near the mem-
brane, their parts running parallel by re-

peated bending (fig. 81), and finally there

are established a number of loops of differ-

ent sizes centering at one part of the

membrane (fig. 82). These loops shorten from a fertilized gamete 30

and thicken (figs. 83-85). The loops now f^'
^^''' fertilization; 6.

a 6
Fig. 18.—Sporelings: a,

arms
zoospore

eacn after becoming quiescent.

sm structure, its

origin having been traced from the

structure direct from the chromatin fibrils. The transverse section

of these parallel grouped loops is shown in fig. 86; the cut ends of

two arms of one loop lie closer than the cut ends of the arms of

another loop, and the number of the ends is about 88. The
shortening and thickening of the loops proceed, and then they are

gradually detached from the main c:rouD and form paired chro-
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mosomes, the two arms of each loop forming a bivalent chromo-

some (figs. 87, 88). After becoming completely detached from the

membrane, 22 bivalent chromosomes are scattered throughout the

cavity.

The synaptic phase (figs. 79-87) illustrates the mode of origin

of the bivalent chromosomes. The chromatin network of the

becomes
formed

grow more and more evenly thickened and continuous for con-

siderable distances (fig. 79). This stage would show a double

fibrils

parasynd formation
chromosomes, like that described for Lilium (Gr^goire 10;
Berghs 3; 'pk UCHI 19) J

and in

/
V

%.
>:•

_h

#

Flo. .Q.-Apogamous sporelings two or three days old.

many other forms. But in Zanardinia the fibrils are sin-.Ie (fi.- 79).J^se^brU«ly become transformed into chro.
^ ''

(figs. 81-85).

which

he two bent arms of a single loop.

; loops produces a bivalent chromosome
chromosome being derived from one o

t

therefore, she;Wbe IXr" ^ ^^P - the synapsis stage,

chromosomes assoctted e . ? 'I
''""^'''^ '^ '^" sporophytic

r ;/,%.... /T....'''''^^^^ ^^^ to end; the situation ,'. ...nUr .. in

and
b

Moore 8)

(Yaman-

the situation is exactly as in

chromosome separate and proceed

The
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chromosomeopposite poles (figs. 94-98). The
aggregated together and two new daughter nuclei are formed
(fig. 99). The daughter nuclei increase in size and reach a com-
pletely resting condition (fig. 100). The second mitosis takes
place simultaneously or in succession, with the two nuclei Ivin^

clearly in

mo 104), showing
me chromosomes, the reduced number

g- 102). The 4 nuclei never divide any farther and never grow
the

Fig 20.-

and 4 or 5 layers of su^

are rows of zoosporangia

Portions of thallus showing the origin of a zoosporangium : a, b, c,

:rs of superficial cells respectively, the outermost of which in each
osporangia.

2,3,

case

e
The relative position of the axes of the two mitoses and th

longer axis of the mother cell is variable; the axis of the first mitotic
figure is either in the direction of the axis of the mother cell or
slightly oblique or at a right angle. In the second division, when
the two mitotic figures occur at the same time, the relative position
hows all possible directions of the

cells show no polarity in regard to the axes of the mitotic figures.

When the zoospore mother cell has reached the 4-nucleate
stage, cleavage begins at the periphery of the protoplast, proceeds
toward the inside, and the protoplasm is quickly cut by curved
furrows, that finally divide it into uninucleate masses which are
the zoospore primordia (figs. 106-108). The zoospore primordia

axes. All of these mother
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them
mother cell. primor

aried arrangement, but there is a cytoplasmic

1 of plastids, which becomes the anterior end c

zoospore

m in the zoosporangium

When the mother cell has reached the 4-nucIeate stage, the
position of the

a b

a, .-.^ ol'the suwrfirhV^n "r^""''"^
^^^ filamentous nature of the zoosporangium:

<^ -i which have becol^!!'''
^^^'° ''''° ^^eral-ceUed filaments, the terminal

of the >oo.^m^^ ^ "
'""^'^ ^ many-celled filament, showing the hair nature

periph

through
become

05)-

quite uniformly distributed

nuclei Vheriec
"'" '^'^^P^^^"^ ^^out

take. pWety c^^^^^^^^^^
^^-^ (%• -6). Segmentation

oi th. ....:'\
"''!^ '^"^^'^g^ ^^"ows which start .. tT.; ...,Vl,..v.

(fig- 10?).

*«comes blocked

hnallv 1^;/
"" ^""^ ^"^ i^to the pro

l^l^ll^'^'r' - ^-de the protoplaL

HI

equal, uninucleate
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masses which gradually round off as the zoospore primordia

(fig. 108).

primordium rounded off contains a centrally

cytoplasm bordered bv numerous
plastids. At this time the primordium shows a nearly radial

symmetry, which becomes changed later in connection with the

formation of blepharoplasts. The process is as follows: There is

first the movement of the nucleus and subsequent displacement
of plastids. The nucleus

mov

body
placing the plastids which
are in its path. By this

movement the nucleus does

not quite reach the peri-

phery, but almost all of

the plastids are displaced

from the region between
the peripher}^ and the nu-
cleus, so that this region
now contains only colorless

cytoplasm. Then in this a

asm
number

staining granules aODear a t
^^^" ^^•"^^'^ation of blepharoplast in both

^ PP j^L zoospore and gamete: a, portion of a zoospor-
then moreo. angium showing two zoospores, in the lower one

^imUar granules also ap- ^^ ^'^^^^ two cilia are developed from a blepha-
"^Plast; b, portion of a female gametangium,around

tie nucleus and close to it J™* " "°.^ " '''" '• ^""""^ '""' discharged;

These granuCuTproto
""""' '^

""' ""'"""'' "' "^'"'•

tTU'l'^f' "^^t-™ A-^. are arranged in row running

outermost

lies.

asma membrane.* Cilia are

asma membrane {Haut-
which the outermost one of these

Ci

with

tne granules, the blepharoplast, there-
and has a special protoplasmic strand
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Auc ucLdiib oi Liie origin oi me Diepnaropiast ot tne gamete ol

Zanardinia are similar to those of the zoospore (fig. 22, h), and both
accord with the account already given of gamete and zoospore of

Culkria (22). For many years there has been considerable diver-
gence of opinion as to the origin and nature of the blepharoplasts
of zoospores and gametes of algae. Strasburger (16, 17), from
an investigation of Oedogonium, Cladophora, and Vaiicheria,
believed that in from"* ^"^^^ luiiiis uic una are aerivea irom a Doay
(blepharoplast) arising in the outer plasma membrane, and Mot-
tier (12) gave a similar description for Chara. Dangeard (5),

studying Polytoma, de-

scribed a blepharoplast

lying at the extremity

of the cell directly under

\

» *

..\

T

mem-
b and found a

c

b

a

threadlike structure

C'rhizoplast") extend-

ing from the blepharo-

plast into the cytoplasm

and sometimes ending at

en.^ ».Tta "^'ta *!f'" hT ''""" "" '^^ ='de of the nucleus in
,

rree swimming condition; 6, when i /.. , , ,,ncaught among filamentous algae;
condition.

^j m quiescent
a granule C' condyle")-

8)

Dosition 1^.
..„f

'• .^^^ g'-^n^les that enter into its com-

^ystem of protoplasmic strands to th!T ''^ '''^'^ '^""^ '

-i^ch the blepharoplast is fo't, Of' T"'""'
'^"^'''

tlescriptions of the blenh i

^^^^^^' ^^^^^ ^^^ numerous

Jfymnosperms which LveT ""^
bryophytes, pteridophytes, and

relation to the centrosome'lr^'!;^'^
'^^'^^' ^^'^^^ ''' P^^^^^^'

not essential to the r^rp \
^ ^^scussion of these cases is

blepharoplast of Z^rZa Thief̂ '^ '' ''^ ^^^^^" ^' ^'^

'
which has no genetic relations to
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such blcpharoplasts or centrosomes. That the granule which is

the blepharoplast primordium arises in the cvtoolasm, and after-

show

Hydrodid
Derhesia, Cutleria, and Zanardinia.

The zoospore in the free swimming condition is oval (fig. 23, a, ^))

and usually contains mdre than 30 plastids. A portion of one of

the plastids near the blepharoplast, which Hes in the plasma

hich

umThe length of the zoospore is 22.5 )u; th(

the anterior end is 2 times the length of the zoospore, and the
other has the same length as the zoospore.

Germination of zoospore

The zoospores were observed to continue in the motile condi-

minutes

the movement, the zoosport

assumes the SDherical form
the cilia become tangled and coalescent with the plasma membrane.
The formation of the cell wall upon the plasma membrane is gradual.

About 4 hours after the zoospores have become quiescent, no wall
has yet been formed (fig. 64). In a majority of cases, about 20

hours after quiescence a delicate cell wall is first recognized (fig. 65).

The first segmentation mitosis of the germinating zoospore
takes place about 24 hours after quiescence. The nucleus enters

me
1 fixed 26 hours after quiescence 1

chromosomes counted at metapha

The

22, the reduced number (fig, 69). Anaphase and telophase imme-
diately follow metaphase (fig. 70) and the sporeling reaches the

2-celled stage. One of the two cells in the sporeling, which is

from

divide

stage, either divides once (fig. 72) or remains un
the holdfast; while the other cell continues to

74)- Some of the sporelings up to the 5-celled stage, obtained in

cultures after 2 or 3 days, are shown in fig. 24. In about 25 days
th Later



28 BOTANICAL GAZETTE [JULY

at the base of the filament there are produced laterally and in

forms
funnel or cup, while their free ends appear as hairs growing on the
margin of the cup. The outer morphology of this new product
of zoosporelmgs is similar to that of the germinating fertilized
gamete.

Alternation of generations

In Zanardinia the plant bearing gametangia has

r^!" l^'^\ '^^^^^ by the union of the
nuclei.

is the

sexual^^ f ^^^^^^ LJ llll#ll IpI 111 w^ ^k ^^^ ^M I I T^ I

From this fact, the gamete-bearing plant of Zanardinia

f

V

'^ t

##
C^

#
I

;

Fig. 24.

gamete.

-Sporelings from zoospores two or three days old.

fertilized

out any reduction of

potenUahties of the ne

chromoso retaining

niosomes.

, I-—-V- "u Hit tea i

tie sexual nuclei and having 44

cup is developed later
'^''."'^'^"tois structure from

'orm is sinular'to th L! '^.,' " "P^ ^^ ™"gia. TThe latter

has

the

number

^umber of chromosomes.
P'"'»ntisthe2j-(Tono....'

from a single mother

In

the

hapl

From this letT" ""^ """"'"'^

•hich ret 1 'k"^^
^oospore-bearing

—
- '-^"spores. The

"^mber of chromosomes
' from which there i. M..„

^nd produces

germinates the

a filamentouse is Hmr^i 1

--i^v^ca d mamentous
developed a cup with hairs upon its
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When

margin. The latter form is similar to the Zanardinia plant occur-
ring in nature. .

In Zanardinia plants as they occur in nature, therefore, the
X and 2X generations have similar outer morphological characters.

young, no distinction can be seen, but when the plants

become mature, some individuals produce only gametangia, and
others only zoosporangia. The cytological study has now shown
that the gamete-bearing plant has 2 2 chromosomes and the zoospore-
bearing plant double the number, and also that the product of the

gamete-bearing plant establishes the Zanardinia plant with 44
chromosomes, identical with the gamete-bearing plants as found
m nature. Therefore it is certain that the Zanardinia plants in

nature which have 44 chromosomes and produce zoosporangia
come from the fertilized gametes, and the plants in nature which
have 22 chromosomes and produce gametangia come from the
zoospores. homolo

w

but fundamentally different from
and in the life cycle alternate with each other.

formation of gametes

Napl

season of the year. From October to December, the plants are near
the adult stage, but few are in reproductive stages, so that from
their appearance it is impossible to determine whether they are

gametophytes or sporophytes. From early in January to the

middle of February, the plants with zoosporangia are abundant,
and this season is the climax period of zoospore formation. Toward
theend of February and during March, the gametangia-bearing
plants are abundant, and this is the season of gamete formation.

Ihen both kinds of adult plants cease to form reproductive organs
but may continue to live as perennials with no remnant of repro-

ductive organs. From February to April young sporelings are

found and then gradually the larger cups appear. From May
till October, the young plants, the product of both gametes and
zoospores, grow and attain nearly the adult size in late autumn.
It seems evident that zoospores are produced early in the season,

in January and February, and that they germinate at once. The
production of gametes is a little delayed and the fertilized gSimetcs
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germinate during February and March. These two kinds of spore-
lin^s grow in the same location, often side by side, during the rest

December

form

gametophy

The condition of Zanardinia as it occurs in nature is in accord
with the cytological evidence.

r

.

By this cytological study of Zanardinia another type of the
brown algae has been shown to have an alternation of generations
in Its hfc history.

*

Summary

mo-nnI!\T'!v'
"' ^ g^'mete-bearing plants contains 22 chro-

mosomes and the male and female gametes contain the same
-^

chromed'
""'™ °^ ."'' ^'""'^^ ""^ """"" '^ doubled, and 44

ntoTT T^"'
'" "'^ '""'i^^d sporeling, wh

, ThtTt""" ''ru
^°"'^'""S « chron>osles.

3- -inc nucleus of th^ -^r^r.. . _. , .

c

? Thf> n,, I 7", """'"'^^^^"g44cnromosomes.

he zoospore contill . " ""^'''"^ '" ''"'^P™'^ formation,

'nd.v,dual Kith 22 chromosomes.

sporesld ^itlet'o^ «?^'?->"="'"g P'^nts come from zoo-

gamete., so that the Z"'"^ P'^*^ »'"<' f™™ fertilized

S-_ The remaltrteT;""^;:^-'^ =" "'^. «'e history.

mouslv. >-..^,u..«,u xnay germmate
regularity m the mitoticniosomes being invariably CeTt "L'

"l!^^^/^
P^^^^ss, 22 chro;

external morphological chararfTr • 1

'^^^^'^^^^^ produced shows
'^^ ^ertili^ed gamete, but t^e :7;^^^ ^' ^'^^^ «^ ^^^ P-^-^ ^'

««t determined. ""* ^^^ apogamous individual was

l-Mvr.R.rTv OP Chicago
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EXPLANATION OF PLATES I-IV
All figures were drawn with the aid of a camera lucida and Zeiss apochro-

matic objective i
. 5 mm. N.A. 130, in combination with compensating ocular

12, except hgs. 2-4, 17, 19-21, and 24, which were drawn with compensating

and//', ^v I
' /^' ^^^'^ ""''' ^^"^^ ^''^ compensating ocular 8;

bined w ;

^'"" '^" ""^'^ ^^^^^ apochromatic objective 16 mm. corn-

re orirl''"T''"'
'''^" "• ^'^ ^^"^^^ -^ ^^d-^^d to one-halfthe original size. Figs. 1-24 are in the text.

PLATE I

Imon 0; tamlcs and serminalim of ferlillzed femUe gamete

ment- "cilt" -LT''^""T *''
'"'"'= '""' ''"Pf^ 'he swimming move-

«
J'"' ''~''™'''' ^^'""'^ *•- h^^ become quiescent

: nucleus in resting

fomcd arou'dTga" et!
'" '"""^ "'^'"»' "° «"' "™brane has

.hat^H^a^ftetrilrr '"" *'"'= ^^ ^ ^"^I" P^tuberance on

and whole body of„SL f *r"' '"""^'^ f"^<' ^i"- ">at of female,

chromoso,n«/ "" «™''^ *™' 'Pt'rical; male nucleus still shows .^

F-t ::;:lt :„i™ L^ZT"r '"^'^ ''->™^-

F-c. 3..-Male nucta U 11^7.^r '""^"^ ™'''="^-

F.O. 33.-Male nucl^s J^ ' v°
'™'"'' ™*"=-

'male nucleus in resting condition: parfoTcTlT'l^''''
"°"'^ ^PP"'^'' '°

Fio. 34.-iiale nucleus has c„„„i . ,

"""''raM now thickened.
chtomatin granules are to be Ten , , .^ ^.f""'' ™° '™* ""^^s: dense
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Figs. 36, 37.—Prophase: 44 chromosomes clearly shown; fig. 31

tion at right angles to long axis of sporeling similar to that shown in fig.
37."^^

Figs. 38, 39.—Metaphase: fig. 38 shows characteristic elongation of
sporeling and thickening of elongated portion of cell wall, while in fig. 39
elongation has not yet begun.

Fig. 40.—Metaphase viewed from pole: part of cell wall thickened, but
no elongation of sporeling begun.

Fig. 41.—Metaphase; cross section of sporeling perpendicular to axis of
elongation; 44 chromosomes plainly visible at equatorial plate.

Fig. 42.—^Anaphase,

Fig. 43'—Telophase: although part of cell wall has thickened, no elonga-
tion of sporeling has begun.

Fig. 44.—Sporeling in 2-celled stage: nucleus in terminal cell in prophase,
and that of basal cell in resting condition.

Fig. 45'—Sporeling in 2-celled stage: nucleus in one cell in metaphase,
showing 44 chromosomes; no thickening of cell wall has begun.

Fig. 46.—Sporeling in 2-celled stage: nucleus in terminal cell in late
anaphase; basal cell elongated in two directions.

Fig. 47.—Sporeling in 2-celled stage: nucleus in terminal cell in telophase.
Fig. 48.—Sporeling in 2 -celled stage; nucleus in basal cell in telophase.
Fig. 49, Sporeling in 2-celled stage: nucleus in terminal cell in anaphase

and that of basal cell in metaphase.

PLATE U
Gcrminalion of unfertilized female gamete

Fig. 50.—Female gamete 36 hours after quiescence; cell wall docs not
seem to be developed except at point where a slight elongation is noticeable.

Fig. 51.—Female gamete 46 hours after quiescence: cell wall now recog-
nizable, especially at elongated point; nucleus in resting condition.

Fig. $2.—Female gamete 48 hours after quiescence: nucleus with 22
chromosomes in prophase.

^^G* 53'—Nucleus in metaphase: contour of sporeling almost spherical.

Fig. 54,—Nucleus in late metaphase, laterally situated: cell wall does
not seem to be well formed.

^^^' 55- Polar view of metaphase showing 22 chromosomes.
Fig. 56.^Anaphase.
^^^' 57. Telophase: elongation of sporeling is remarkable.
-tiG. 58, Sporeling in 2-celled stage: nucleus in terminal cell in resting

condUion and that of basal cell in prophase^ showing 22 chromosomes.
riG. 59. Sporeling in 2-celled stage: nucleus in terminal cell in prophase,

showing 22 chromosomes.
ric. 60. Sporeling in 2-CGlled stage; nucleus in terminal cell in metaphase.
riG. 61. Sporeling in 2-celled stage: nucleus in terminal cell in anaphase,
riG. 62, 63.—Sporelings in 3-ceIIed stage: sporeling in fig. 62 has elongated,

and that shown in fig. 63 is stUI about spherical.
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Germination of zoospore

Fig. 64.—Zoospore 4 hours after quiescence: cell membrane not yet

developed; nucleus in resting condition.

Fig. 65.—^Zoospore 20 hours after quiescence: cell wall has developed

and elongation has begun where wall is thickened.

Fig. 66.—Zoospore 24 hours after quiescence: sporeling has developed in

three directions; nucleus in prophase shows 22 chromosomes.

Fig. 67.—Zoospore 26 hours after quiescence: nucleus in metaphase.
Fig. 68,—Metaphase: axis of mitotic figure perpendicular to that shown

in previous figure.

Fig. 69.—Cross section of sporeling 26 hours old which still has only a

plasma membrane, although its nucleus has advanced to metaphase: chromo-
somes in equatorial plate at metaphase clearly 22 in number.

Fig. 70.—Anaphase: general contour of sporchng spherical.
Fig. 7 r .—Sporeling in 2-celled stage: nucleus of terminal cell in prophase,

showing 22 chromosomes.

Fig. 72.-Sporeling in 2-celled stage: nucleus of basal cell In early pro-
phase, showing 22 chromosomes.

Fig. 73-—Sporeling in 2-celled stage: nucleus in terminal cell in metaphase.
Fig. 74--SporeHng in 2-celled stage: nucleus in terminal cell in prophase;

companson of mitotic figures in fig. 73 and fig. 74 shows variability in size.

PLATE III

i
•—One

fnrm:,.r. ^.! * ,
'

.

"^^^^^'^^ ^^^^=> ^1 d young tnaiius 01 a zoospore-

^rZ J!f/
"^^ '" '"'^^^^'' ^h°^-^^g 44 chromosomes; this division

2oosporangmm
Fig. 76.

ficial cdl tt'JTr f
''^''^"'' ''"' "f ^ >^°^"g Phallus, showing a super-

ficial cdl the left and a ^oosporangium initial and stalk ceil at the right.

acterisUc c uh sh'7 ""'T'^''''
^"'^^^^ '' ^''^^'^ "^"ther cell of char-actensuc club shape: nucleus in resting condition.

F • -IS"^. ?"^^^^^ ^''^^^'y --ased in size.

nuclear cavity
""'

"" ^''^' '""^^ ^'^P^^^'- chromatin network traversing

stage.'"""

^' ^ "'^'''' '"^ '^'^^^ P'^P^^^^
• slightly more advanced than previous

Figs.
8i-86.-Synapsis.

Fig. 8

tecome attached by their2 , f
°""^ '° ^ """"S'^'l » '""P^ «*"*

Fir. S , u • " '° "":'«" membrane

F o'

1'-^,"'"''"°'' <" loops further advancedf iG. f<4.—Loops shortened inH .i,- i ,

F'O. 85.-L00PS shorten^^ u" .
"""' '"° ''^'^'^'^ """™ 'hiAcncd except a single belated one.



BOTANICAL GAZETTE, LVI PLATE I

25

ri

>^' ^.,fe^
%

i \V'<-^ \

t

./

26
27 29

YAMANOUCHI on ZANARDINIA



BOTANICAL GAZETTE, LVI PLATE II

YAxMANOUCHl on ZANARDINIA



BOTANICAL GAZETTE, LVI PLATE III

YAMANOUCHI on ZANARDINIA



bOTASICM C.UhllR, LVl PLATE IV

# t

¥

*fc... I

tWV

VAMANiM Hf on \N ARDIMA



*9i3] YAMANOUCHI—ZANARDINIA '

35
r

Fig. 86.—Section near base of crowded loops in contact with membrane
showing 44 isolated cut sections of loops.

Fig. 87.—Xucleus emerging from synapsis: several pairs of chromatin
loops already in form of chromosomes.

_

Fig. 88.—Majority of the two arms of each of these loops have developed
paired arms of bivalent chromosomes.

Fig. 89.—Diakinesis stage: 22 bivalent chromosomes present.
Fig. 90.—Spindle with two poles just formed.
Fig. 91.—Metaphase, with a centrosome-like body at each pole.
Fig. 92.~Polar view of metaphase, showing 22 bivalent chromosomes at

equatorial plate.

Fig. 93.—Polar view of metaphase, showing 22 bivalent chromosomes at
equatorial plate; axis of mitotic figure at right angles to that of previous figure.

PLATE IV

i
As the stage advances, gradual increase of the thickening of the eel] wall

at the tip of the zoosporangium is noticeable.
Fig. 94.—Late metaphase.
Fig. 95^—Anaphase.
Fig. 96,—Late anaphase.
Fig. 97.—Anaphase further advanced.
Fig. 98.—Telophase,
Fig. 99.—Late telophase: two daughter nuclei in resting condition.

100 Two daughter nuclei have grown quite large.
Fig. iox.—Two nuclei simultaneously in metaphase of second division.
Fig. 102.—Polar view of metaphase, showing 22 chromosomes.
Fig. 1 03.—Anaphase. .

Fig. 104.—^Late anaphase.
Fig. 105.—Telophase.
Fig. 106,—Zoosporangium orzoosporemother cell near maturity: plastids

moving toward nuclei and surrounding them.
•

Fig. 107.—Later stage; plastids around nuclei; cytoplsism has become
detached from the cell wall and cleavage furrows have appeared; general out-
lines of individual zoospores established.

riG. 108. Mature mother cell containing 4 young zoospores: blepha-
roplasts and cilia not yet formed.



THE ORIGIN OF THE ERECT CELLS IN THE PHLOEM
OF THE ABIETINEAE

M. A. Chrysler
4

(with twelve figures)

oem
certain facts have come to light which seem to demonstrate the

origin of the cells found on the margins of medullary rays in their

course through the phloem, the so-called ''erect cells" of the rays.

These cells are distinguished from the other cells of a ray by their

elongation in the vertical direction, their almost total lack of starch,

and their possession of sieve areas. Of these three criteria, the third

is the final one, while the other two afford presumptive evidence of

the nature of cells which may be found at the margin of a ray.

Such cells are characteristic of the following genera: Pinus, Picea,

Pseudotsttga

Juniperus and Thuja (7)

hiomology

samewith sieve tubes, as Strasburger (5) has pointed out.
author observed that like sieve tubes these cells lose their contents
and collapse as the season advances, while the central cells of a ray
enlarge and become laden with starch. In his paper on ray tra-
chcids Thompson (7) goes so far as to say that the erect cells are
virtually ray sieve tubes," and, from the fact that marginal cells

of both xylem and phloem portions of a ray arise from the same
cambial ceU, argues that the marginal cells in the xylem are tra-
cheary m origm. The assumption that erect cells are sieve tubes in
nature

may
r^.

~ tr-- -^ ^ V.V-01, ±11 uiic picseiiL paper.
There are several possible origins for these cells. They

hke the ordmary (prone) cells of a ray, merge into the pericycle, or
they may simply be prone cells which have taken on a new function
and acquired a special shape, or they may be cells distinctly added or

1 tlL/ 7 f''^^ '^^'^^S in a simple condition, that is,
constituted only of prone cells.

obvious

Bou^ca, Ga.;;;::t "'"""^ ^ "'""''" ^^ *^ 'i"^^*'"" ^
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;sted by the fact that young rays altogether lack erect cells,

may readily be observed in a seedling or in the early layers of

th of a stem or root. Attention has naturally been directed to

make
;n made a

primitive

The labors of Scott and of Jeffrey have shown that the

reproductive axis is one of the places where primitive conditions

frequently persist. It has already been shown (3) that ray tra-

cheids are absent from the megasporangiate cone of Pinus; it may
now be added that a search fails to reveal the presence of erect cells

in the phloem region of the cone in Pinus, Picea, and Abies.

Accordingly, the reproductive axis yields no results which apply

to the present question. The leaf also is not well adapted to the

present study, on account of the limited development of the

phloem. The seedling, which has been studied with such advantage

in other cases, has yielded results of much interest in the present

instance, especially when the root is the part used. With the roots

compa
mature p

While

material (

available. hard

Strohus)

material

Jeffrey

University, and Pseudotsuga by Mr. F. D. Davis of Missoula,

Montana. The pines of this vicinity have been supplemented by

P. rigida collected by Mr. L. L. Woods of Wells, Maine, and

P. cembroides, P. edulis, and P. aristata through the kindness of

-Dr. Forrest Shreve of the Desert Laboratory, Tucson, Arizona.

To each of these gentlemen I wish to express my obligation. In

providing material the difficulty has been to secure the necessary

stages; if the roots are too young the erect cells are absent, if too

old the cells have collapsed to such an extent as to obscure their

relationships. An age of

must
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used in the case of nut pines. Whenever possible^ the material

was preserved in a mixture of corrosive sublimate and picric acid

dissolved in 30 per cent alcohol, desilicified in hydrofluoric acid^ and

imbedded in celloidin. hema

Haidenhain

em
¥

Russow's callus reagent was occasion-

ally of use.
^

The appearances in P. Strohus will

be first described. Fig. i represents in

radial view the phloem region of a ray

from the 6-year region of a root of a

seedling of this age. The height of the

erect cells is here considerably greater

than is usually figured, for example, by
Strasburger (5) and also copied in his

Textbook (6), and such elongated cells

are frequent in young roots. They

Fig. i.—Pinus Strohus,
6-year root: radial section
through phloem in region of

suggest a close relation of these cells to

sieve tubes, as do also the sieve areas

which are clearly visible in this section.
ray, showing long erect cells The cambial region of this and all the
with sieve pores, and a double
nucleus in two cases; the cam- + . i •

,

bial region in this and the other ^^/^^ "S^^. Two of the older erect

ng of the

other figures

to the right.

figures lies to the right
; X27S. ^ells show a doubling of

/- ^ ^-QN . ,
'^^^ch habit, as Strasburger points out

15, p. 68), IS characteristic of young sieve tubes. Immediately to
these

be
crushed and emDtv older

Fig. 2 shows the region bord
8-year root of P. cemhroides. 0,
3-re to be seen a r»iiTv.K— r ^ .

the phloem

medullary ray from

the radial plane TH' r

^''''''^^'^ '" '^^^'^^ '^"^'

;oi ..„ ,
^!^'''- ^^^ ^^yer of cells is intercalated between

tubes

while the protoplasm becom
th

be-seen to lose their cytoplasm and

nore scanty as the older

In other sections such cells
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amitosis), and finally become completely collapsed during their

of sieve tubes. On the xylem side a
few short tracheids are cut off, but their walls are thin, and they can

manner

which

tracheids.

the phloem of young

and their

they are characteristic of th ^

regions of the plant, before the tan-

gential rows of oh

Strasburger

oem
becom The
mv

W -I

to show that

the radial groups of cells are not only

more abundant in the young regions,

but that they are more common in

young roots than in stems. It should
be stated, however, that the cells of

the radial rows do not for the most
part correspond to phloem paren-
chyma, as will presently appear. In
many cases the cambium for a period
of one or more years cuts off no cells

on the xylem side, but generally from
the median region of such radial

groups a narrow medullary rav is de-

which is drawn from
P. resinosa. Cambial

shown

Fig. 2.

—

P. cemhroides, 8-year

root : radial group of cells provided

confined to the median '"^^ ^'"^^^ ^^^^'' ^^ ^^^ "sht the

ullary

radial grouD, and a med
cambium gives rise to a few thin-

walled short tracheids ; X 2 75

.

be

tracheids

that in the xvlem consists of

though cases occur where the ray cells first formed

the

tracheids and the later ones are oarenchvmatous. as shown

0 ma
the reverse seems Atten

been called to this point by Thompson (7) mi

;
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Stages in the development of the xylem portion of such a ray have

been obsen-ed in numerous instances, and one is represented in

fig. 4. from a 7-year root of P. aristata. It will be seen that the

narrow ray ends on the xylem side in a somewhat pointed cell.

This method of formation of a narrow ray differs from the one

described by Thompson in that the initial activity seems here to be

on the phloem side, and the narrow ray is wholly independent of

Fig. 3

Figs.
3, 4.

Fig. 4

ra • y fi

^' ^" ''^^'"''^""' 5-year root: radial plate giving rise to a narrow
ay; X275; fig. 4, p. aristata, 7-year root: beginning of the production of a narrow
ray; X27S.

t^ f

transitional elements on the xylem side. Instead of giving rise to a
smgle narrow ray, a radial group may be lined up with two or three
narrow rays, which, however, consist at first wholly of tracheidal

young
that is, secondary

root. I have obser\'ed the formation
lous rays in the same manner in Juniperus.

t.t
""

1
^' ?''"' ^^ '^""^ '^^^ ^^ fig- 3, is seen what frequ

takes place when one of the radial groups adjoins a medullar)
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The cells in question apply themselves to the side of the ray, and as

cambial activity in the radial group slackens, this activity is

restricted to the border of the ray, thus changing the ray from a

simple one consisting only of parenchymatous cells to a ray provided

with mar With may I

which shows the same mode of origin for the marginal cells of the

phloem region of the ray in P. Strohus. Observations have been

made on representatives of the hard and soft pines, including the

nut and foxtail pines, and appearances similar to fig. 5 have been

found in all, when roots of appro-

priate age were examined.

Regions where two rays lie near

one another in the vertical plane

present appearances which may
readily be explained in the light of

has been the radial

plates. Fig. 6 show's such a region

in a 6-year root of P, Strohus. In

the upper part of the figure is a

hich on one margin

the

mar
fringe of much elongated cells

which soon meree into a eroun of Fig. 5.—P. resinosa, 5-year root:

a radial plate is in contact with aprismatic cells forming a radial , . ,

^i , e ^. . r , . 1 medullar)' ray, producing a row ot
plate of tissue by means of which n^arginal ceUs; X275.
the ray shown is connected -with.

the These

show

de
are here shown. ficmre is a row of phloem

•0

from the

the radic

the form

by the starchy contents and swollen shape of

stages are shown in fig. 7, from

those 6, Almost from the

. ^.-e closer than

formation from
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cambial cells the erect cells of the two rays come into contact, and

soon merge into the condition where a single cell spans the space

between the rays. As before, such cells lose their contents and

become greatly compressed in the radial direction.

Fig. 8, from the same root as fig. 7, represents a case where two

rays are practically in contact. A cambial cell is seen to give rise

on the phloem side to pairs of cells which appear to have earlier

been undivided, as seen in the extreme left of the figure; the nature

Fig. 6
Fig. 7

Figs. 6, 7. Fig. 6, P. Slrobus, 6-year root: region between two rays, with radial
plate merging into erect ceUs; X275; fig. 7, 5-year root: two rays nearer than in
fig. 6.

,

ese cells is shown by the sieve areas as before. On
the cambial ceU has given rise to irregular shaped

described by Thompson (7)

lem

:gular tracheids

arded as transitional forms between' rav tracheids and

altogether probable that the prismatic cells lying between

shown in figs. 6-8, are of the same nature
the cells of the radial groups, inasmuch as the 1
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same Where
are in vertical proximity, it is to be expected that the intervening
space will be occupied by one or two cells, but here, as in the case
of the radial plates of cells, there is seen a tendency for the cambial
activity to be localized in the region of a ray.

Several of the figures illustrate a point which must be
nam

phloem as a simple structure consisting exclusively of "prone ^'

times of year contain

Fig. 8 Fig. 9

Fig. 8, 9.—Fig. 8, P. Strobits, 5-year root: two rays almost in contact; fig. 9,
P. aristala, 7-year root: origin of erect cells by cutting off a cell from the end of a
sieve tube; X275.

„ .^v^^cx gxvy^^ lyv-v-w^^xv ^^^i^^K.K^

the ray come to have a border of "erect" cells.

usually added to only one edge of the ray at a

marcfin

border

ur m which borders are added to both edges simultaneous]

A slightly different mode of origin of the erect cells has

of cases. One of these is shown in 1
observed in a number of cases.

from a 7-year root of P. aristata. Beginning
that the ray is not orovided with a border

ght

come A
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sieve tube, and immediately a border to the ray is produced, with

the erect cells as usual coterminous with marginal tracheids.

Simil

abrupt

the case figured. Since the cells of the radial rows are sieve tubes

in all respects save length and the nucleus, the occasional formation

of an erect cell by cutting off a segment from a sieve tube does not
» *

surpri assume

absolutely uniform mode of ori-

gin for the erect cells, in view

of the fact that a certain cambial

cell may be giving rise to ray

tracheids, but for some reason

suddenly cut off a parenchyma

cell instead. Similarly a row of

ray cells of the phloem may at

first be albuminous, but later-

formed members of the row may
contain starch. We are inter-

ested here, however, in the ques-

tion as to the evolutionary origin

of the erect cells, rather than in

Fig. io—p. Strohus, 4-year root: Occasional modes of origin.
sie\e tubes have cut off ceUs from their
ends, resulting in production of a rav
XJ7S-

An interesting mode of for-

mation of a ray, showing the

tendency of sieve tubes to cut
off a cell from the end, has been observed a few times.

* An example
of this mode, from a 4-year root of P. Strohus, is represented in
fig.^ 10. In this case the habit of cutting ofT a cell from the end of
a sieve tube has become so well established that a narrow ray has
originated, as seen in the cambial region at the right. This process
IS entirely similar to the
the preceding paragraph.

mode of origin of erect cells described

from a

stem of Pinus has also been examined
to some extent, but the mode of origin of the erect cells in this case

simil
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of the root that the study was soon discontinued. Thompson's
statement with respect to the ray tracheids may be aptly quoted in

more conservathis connection (7, p. 108)

:

tive than the stem. Accordingly in the latter the evolutionary

processes are not so well represented. There is a hurrying over of

the early stages, so that an actual series can rarely be observed."

Examination of the stem of a number of seedhngs of P. Strohus

and P. resinosa showed that (i) the rays in both the xylem and the

mar
ginal cells for several years; (2)

the marginal cells as a rule make
their appearance slightly earlier in

the oem than in the em
This feature is shown clearly in

roots as well; in fig. 11, from a

5-year root of P. resinosa, is a

triangular cambial cell which has
cut off a succession of erect cells,

while as yet no cells have been
cut off on the xylem side. Fig. 7

same

comD
in fig Addition of

s not begin

Fig. II.—P. resinosa, 7-year root:

the cambial cell on the lower side of

the ray cuts off cells on the phloem

side but not on the xylem side; X 275-

many simultaneously

border

With

species have been studied with any approach to thoroughness, but

enough has been done to show that many of the features figured in

this paper occur in Plcea, Larix, Tsuga, and A hies. The same radial

i of cells occur, and the phenor
lily contiguous may sometimes
be almost duplicated from a vc

For instance, fig. 6

Its points

marginal cells in

oem Thompson points out that the

erect cells are "never in line with the parenchyma cells of the ray,
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may sometimes

I

but always above or below them. Often they are in line with two
or three degenerating cells on the wood side" (7, p. 112). The
conclusion seems justified that A hies represents a genus which has
descended from ancestors which possessed ray tracheids, and is less

primitive than Pinus. In spite of this, it
^

out in young roots of Ahies bahamea that the erect cells have the
same mode of origin as has been described for Pinus. Fig. -_

illustrates this point, as well as the fact that the triangular cambial
cell gives rise to^erect cells but not to ray tracheids. In many

instances the shadowy remains of marginal

tracheids appear in these root sections.

With this persistence of marginal cells in

12

com
appearance in the oem than in the

xylem, as seen in seedlings of Pinus.

cambial

oem side than
on the xylem side is hard to say; since the

oem
^q^al nutrition may be the cause at work.

Abies bahamea,
^^^ '^ ^^ possible that we must consider the

8-year root: the erect ceUs
P^^^^in to be a more conservative region

have the same mode of than the Xvlem in

Fig.

which

SiarUr at'^tr^ntf
^'^'^ ^^? '""^''''^ ^'^"^ the phylogenetic

the ray cuts off erect ceUs
^^^^<^Point. The latter view of the case

but no ray tracheids; X27S.

pe

my observations on

genus Penhallow

nous with erect cells.

a border of well marV 7 ^ ^^'^'^^ '

Judging by the leav-
J' 'oirginiana, hence

urring sporadicaUy. If a radial section of
to include phloem as well as xylem, it is seen
occur near the cambium they are cotermi-
But in the root of /. virginiana, in which
';e not been reported, a number of instances

phloem portion of a rav is orovided with

the cambium in <

in Ahies balsamea

primitive than
we are prepared to find ancestral features per-
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sisting in the former which have been lost in the latter, that is to

say, marginal cells occur in the xylem and phloem of /. communis,
while they are restricted to the phloem of /. virginiana. If, as

recent studies indicate, the Cupressineae are derived from large-

leaved conifers such as the Abietineae, the persistence of marginal
cells in the phloem after they have disappeared from the xylem
must be interpreted as the retention of an ancestral feature, which
amounts to saying that the phloem is a comparatively
tive region.

conserv'a-

marked

com

and Pseudolarix is reserved

treatment

made
probably

tological discoveries. If the origin of the erect cells is established

ler genera of Abietineae, tl

formative stages. Within

from
foxtail pines are to be regarded as the most primitive, hence

from
with especial interest. Although difficulties were experienced in

Judging the ages of roots, and seedlings were not available, the

material showed the same appearances as had been observed in the

of the figures indicate. One point was

forms

namelv, the marginal cells in the xvlem
make their a

investigated. from

from

particularly because they are not found in the older Pityoxyla (3),

they are regarded as of comparatively recent introduction, and it

follows that those species in which they appear late in development

contrary.

primitive

marginal

cells, the nut pines and certain of the hard pines, such as P. rigida,

stand at opposite extremes, according to the limited study which

this point has received.
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Doubt has been cast by Bailey (2) on Thompson's theory as to
the origin of ray tracheids (7), on the ground that the roots used
were probably wounded. With this criticism in mind, the material
used in the present investigation has been carefully examined for
evidences of wounds. Though the possibility of such is not denied,
It may be said that the soundest and straightest pieces were selected
for study, and no indications of wounds were seen in the sections.

It may be fairly considered that the relation of erect cells to sieve
tubes IS established, first because of the occurrence in primitive
regions^ of the plant of erect cells so greatly elongated as to be
eight times as long as wide, secondly because of their containing
much protoplasm but no starch, thirdly because they possess sieve
pores, fourthly because they eventually lose
collapse, frequently after the nucleus has dividec
all of these respects they resemble sieve tubes.

their

from

amitotically. In

To this may be

iney are in fact sieve tubes except for possession or rather retentiono a nucleus, for the matter of length is a minor one in view of the

^Ztt^r'r ' f""^ ™°' °' ""'•• "'•""g'^t'^d "«<:t cells, and the

Sc el h ?;"k
"'* °f ^'^ve tubes in mature plants of different

adm'utedrnrfV^" ''• ""^'^ °' ""' «"^. "" examination of

owTTet jr ""
'T"' "^ '^' P'''"' ^^^-^ '° =how that thevowe tneir presence on the edw of »n „„•„:_„>,- „• . ., .

.,'

plane. It has been ,C ,v,

'^ Pn^matic cells lying in the radial

young pa trof ,r T" ^'' '"'='' fadial groups are frequent in

among'III ot f '

''P'"""^ ""^ "^'- ''"^ ^^^ '^ey occur

'^^^^^^t^^'::^:J:^ ^t-^ P-s'lf cells

in

hich

may
horizontal tracheids oTr'T' ''"' ^^^ ^^ ^^^ ^>^^^°^ ^'^^ «^

localized at the edge of a rl i i"^""^'^^
^^^^'^^^>^ °^^>^ become

marginal cells the so rJ7 ^^^^^ existing, producing a series of
'
'"^ so-called erect relk Ti.^ t ,c«-L cells. 1 he earlier members of a
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more elongated than the ones formed

same
fate. Similar in form

ontiguous

and shortening give rise to a row of erect cells on each of the

two rays.

Since the cells of the radial rows occur principally in the young

same
of the nucleus, it is a tempting theory to consider them the fore-

runners of sieve tubes, the primary sieve cells which undergo evolu-

tion in two directions: (i) lengthening out and losing the nucleus so

medullary rays and become

become

give rise to rays independently. But such a theory must
the evidence of a comparative study of phloem of vascul;

and the evidence is not yet at hand.

Summary

T. The ''erect cells" occurring on the margins of medullary rays

m the phloem of most genera of Abietineae do not exist in the young
ray, which consists only of ordinary parenchyma.

2

.

In young roots of Pinus the phloem shows certain cells which
are essentially short sieve tubes possessing nuclei, occurring in

groups in the radial plane. On the xylem side these may merge
mto one or more narrow rays consisting of tracheids, owing to a

diminution and localization of cambial activity.

3. When such a radial group occurs in vertical contact with a

medullary ray, cambial activity is sooner or later localised at the

edge of the ray, resulting in the production of a border to the ray,

such border consisting of sieve cells, which are the erect cells found

in mature phloem.

4. Variations of this mode of origin of erect cells occur, such as

the cutting of a cell from the end of a sieve tube when it meets the

edge of a ray.

5. In young roots and stems marginal cells may make their

appearance in the phloem earlier than in the xylem, while in Abies

t^ '
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the phloem.

:ed from the xylem

observations indica
re conservative region than xylem

University of Maine
Orono, Maine
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UNDESCRIBED PLANTS FROM GUATEMALA AND
OTHER CENTRAL AMERICAN REPUBLICS

XXXVIP
John Donnell Smith

Abutilon Pittieri Donn. Sm.—Folia orbiculari-obovata cuspi-

data basi obtusa Integra supra pilis simplicibus aspcrsa subtus

stcllato-pubescentia. Pedunculi in axillis suprcmis singuli graciles.

Petala calyce bis et ultra genitalibus bis longiora. Ovarium glo-

bosum lo-loculare.

Ramiili lignosi et petioli stipulae pcdunculi calyces stellato-pubescentes.

Folia nascentia ochraceo-tomcntosa, adulta supra glabresccntia 5-7 cm. longa

4-6 cm. lata 7-nervia, nervis ceteris laterallbus utrinque 4-5, venis transversis

subparallelis, petiolis i . 5-3 cm. longis, stipuUs filiformibus 8 mm. longis

caducis. Pedunculi 3-4 cm. longi tenues paulo infra apiccm articulati.

Calyx hemisphaericus pentagonus 12 mm. longus, lobis deltoidco-ovatis 5 mm.

longis apiculatis. Petala in sicco flavescentia basi purpurco-maculata cuncato-

obovata 28-30 mm. longa 21-22 mm. lata biloba, marginc basi piloso. Tubus

stamincus pubescens cylindricus 7 mm. longus filament a acqiians. Ovarium

5 mm.-diametrale muticum pilosum, loculis 3-ovulalis, stylis stamina acquan-

tibus ad 2 mm. coalitis. Capsula ignota.

EI Puente prope vicum Las Canoas dictum, Depart. Guatemala, Guatemala,

alt. 500 m., Apr. 1905, H. Pillicr n. 138.—Typus in herbario Musei Nationalis

numcro proprio 472792 signatus servatur.

Abutilonpleiopodum Donn. Sm,—Folialongepetiolata orbiculari-

ovata acuta cordata vix ac ne vix lobata Integra stellato-pubes-

centia. Pedunculi fasciculati, axillares racemiflori, terminales

uniflori. Calycis partiti segmenta cum petalis dimidio longioribus

et genitalibus reflexa. Tubus stamineus conicus. Ovarium hemi-

sphaericum 18-24-IocuIare.

Ex scheda ell. repertorum arbuscula, tota petalis et genitalibus neglectis

stellato-tomentulosa flavicans. Folia supra sparsim subtus dense stellato-

pubcscentia nervis excurrentibus minutissime mucronulata 7-9-nervia, supcri-

ora 8-9. 5 cm. longa S-^. $ cm. lata nequaquam lobata, inferiora 19 cm. longa

16.5 cm. lata levissime triloba, petiolis 4-10.5 cm. longis, stipulis linearibus

12 mm. longis. Racemi 4-s-ni pedunculo 4-3 cm. longo computato 7-9 cm.

longi, bracteis ovatis 3 mm. longis, pedicellis 4-7 i""^- longis, floribus confertis.
4

sA

^ Continued from Box. Ga2. 55 ; 438. 1913.

[Botanical Gazette, vol 56
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Pedunculi terminales plurifasciculati 1-2.5 cm. longi. Calyx 6 mm. longus
usque ad basin fere partitus, segmenlis 4 etiam anthesi peracta coalitis, qiiinto

soluto oblongo-ovato. Petala ex scheda cocruleo-purpurca immaculata fusco-
nervata obovata 9 mm. longa biloba, margine basi barbato. Tubus stamineus
pilosus 2 mm. longus, filamentis 4 mm. longis. Ovarium muticum pilosum

3 mm. altum, stylis 4 mm. longis breviter connatis. Capsula deficiens.
Ad fundum Sepacuite dictum, Depart. Alta Verapaz, Guatemala, Mart.

1902, 0. F. Cook et R. F. Griggs n. 206.—Exemplum typicum in herbario Musei
Nationalis sub numcro proprio 407992 vidi.

+

Comocladia guatemalensis Donn. Sm.—Foliola y-juga ovalia
\'d oblongo-ovalia apice rotundata vel latissime acuta basi rctusa
integerrima membranacea supra strigillosa subtus uti petiolus et
rhachis ochraceo-tomentosa. Fructus maximus dimidio longior
quam latior.

Ex scheda cl. repertoris arbusculus ad apicem ramorum versus confertim
.osus._ Foha petiole 4-4. 5 cm. longo computato 4.8-5 dm. longa, interstitiis

J lerjugis 3 .5-6
. 5 cm. longis, petiolulis lateralibus vix ullis, terminali 2.5-3. S

lo^;? .
f«lfs infimis 3.5-4 cm. longis 2.5-3 cm. latis, mediis 7-9. S cm.

rnsfr V'""',
''' ^'™"'''^' ^'^"'- ^«^g« 5-Scm. lato, nervis lateralibus e

costa ubangulo 60^80° prodeuntibus utrinque 11-14 circiter 5-9 mm. inter se

haud mr'lVr V™ '°''' P'^'^'^^ '' P^l"^'^ strigillosis, venis transversis

peM^^^^
"""'" ochraceo-tomentosa tantum ex fragmentis nota,

anae Lol. .^T r^
''°'' suppetunt.-Foliola ambitu eis C. Engleri-

Guatem:i:j:rtVo"/r"f '' '^^^^^^^^^' ^^P-^- Huehuetenango,

P-PHis 850255 et 86.56 in £trio l^^^ZllIfSan^
''" ^""^^'^

Dalea vulcanicola Donn 9m t? r • r r i-

biiu^is nKlr^n„ IT . .

bm.—Foha cano-sericea, foliolis

cano-villo,,/t .."'"' "''™°^'i« pedunculatae graciles nutantes

Wn^^tM^ILTSLc^:- "'-- ''-'^- '-'-''

t>us. Folia io-n ^m 'T''^'' ""m^^"'
^^''''' breviterque ramosis pubcscenti-

obovato, petiolo 3 mm 'lon'lT'i, v
''' ^'^ "'"'• ^''"S'"' terminali oblongo-

longo ceteris vix lonmore t "i

' """'" ^''"^''' P^^^o^^Io terminali o. 5 mm.

Spicacio-2oinraccmLterm
1

^^^^""'^ '"^ """'• ^°"S^' coloratis pilosis.

vel oppositifoliae et solitariae"
'^~'^ ''"'' '""S^'^P^^escentemdispositae,

'I 2
.
5 cm. longae pedunculis passim minuteque

[

\

./
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bracteatis paulo breviores densiflorae bracteis 2-3 mm. longis basi ipsa semior-

bicularibus munitae. Calycis solum fructiferi noti tubus campanulatus 2 mm.
longus glaber purpureus parce glandulosus basi callosus, dentes inaequales

circiter i mm. longi pilosi. Legumen e calyce lateraliter fisso semiprotrusum

1.5mm. longum 2.5mm. latum scariosum pallida aureum superne pilosum

vix glandulosum, stylo persistente 2.5mm. longo glabro. Semen loculo

conforme unicum altero abortivo comitatum. Petala staminaque deficientia.—

Species ob inflorescentiam insignis,

Volcan Atitlan, Depart. Solola, Guatemala, Febr. 1906, IF. A. Kellerman

n. 5780.

natum vidi.

860997

Dioclea (§ Eudioclea Benth.) trinervia Donn. Sm.—Glabra.

Foliola ovalia vel oblique ovata cuspidato-acuminata basi rotundata

3-nervia. Calycis lobi subaequales rotundati, vexillum reniformi-

cordatum. Carina erostrata. Legumen oblongum sutura superi-

ore rectum inferiore arcuatum, seminibus 1-4 subglobosis.

Frutex volubilis. 5-6
r

praeter basales utrinsecus 3, petiolis 6-9 cm. longis, petiolulo terminali i . 5-

2.5 cm. longo, stipulis 3 mm. longis et stipellis elongato-triangularibus striatis

basi non productis. Racemi duabus partibus floriferi 3-5 dm. longi sulcati

puberuli, rhacheos interstitiis internodialibus 1-2 cm. longis, nodis racemoso-

floriferis 4-5 mm. longis, pedicellis circiter 6-8-subfasciculatis s~^ "^^- longis

apice bibracteolatis, floribus ex scheda Tuerckheimiana sordide violaceis. Caly-

cis tubus 4 mm. longus, lobus superior emarginatus, 3 inferiores semiorbiculares

4 mm. longi atque lati. Vexillum transversim ovale i cm. longu

unguem
inflexo. Alae oblongo-obovatae 14 mm. longae exauriculatae. Carinae petala

Lgul Antherae uniformes. Stamen
vexillare prope basin denticulo scmiorbiculari munitum. Ovarium 5-6-

ovulatum, stylo superne unifariam barbato. Legumen glabrum turgidum

plerumque tetraspermum 8-10 cm, longum 3-3.5 cm. latum sutura superiore

vu dilatatum, seminibus atricoloribus 17-19 mm. longis 15-16 mm. latis

leviter compressis hilo cano usque ad | fere cinctis, funiculo in appendicem

capillaceam hilo aequilongam producto.

Guatemala: ad fundum Sepacuile, Depart. Alta Verapaz, Mart. 1902,

0. F. Cook et R. F. Griggs n. 140, specimen in herbario Musei Nationalis sub

numero proprio 407028 servatum: in fruticetis ad Panzal, Depart. Alta

1000 Costa Rica: in

fruticetis ad praedium Tuts, Prov. Cartage, alt. 650 m., Nov. 1897, A. Toiduz
n. 1 1450; Baru ad Htora Maris Pacifici, Comarca de Puntarenas, Jan, 1898,

H' Pittier n, 11958, nomen vulgare Frijolde Playa; prope Las Vueltas, Tucur-

nque, Prov. Cartago, alt. 635 m., Apr. 1899, A. Tmiduz n. 12743.



54 BOTANICAL GAZETTE [july
^

Phaseolus
( Tuerckheimii

Foliola rhombeo-ovata acuminata basi rotundata Integra pubes-

centia. Racemi folia subaequantes e basi fere floriferi, pedicellis

geminis bractea atque calyce bis fere longioribus flora subdimidio
brevioribus. angustior
brevior. Vexillum processu intramarginali utrinque appendicu-
latum.

4

Cauhs volubilis et petioli racemi calyces pubesccntes. Folia juniora supra
pilosa subtus sericea, adulta 6. 5-9 cm. longa 4.5-7-5 cm. lata, petiolis 45-
9 cm. longis, petiolulo terminali 18-23 mm. longo, stipulis 4-5 mm. longis
et stipellis lanceolatis interdum rubro-maculatis. Racemi sulcati pedunculo
4-8 cm. longo computato 1.5-2.5 dm. longi, nodis floriferis superioribus
approximatis, inferioribus remotls, bractels lineari-lanceolatis 4-5 mm. longis,
pedicelhs 7-9 mm. longis, floribus in sicco ex lilacino albidis. Calycis tubus
3 mm. longus, labium superius emarginatum, inferioris lobi laterales triangu-
lares, medianus elongato-triangularis 2 mm. longus. Vexillum obovatum
15 mm. longum II mm. latum ecallosum exauriculatum intra marginem ad
3 mm. supra unguem appendicula semiovali 2 mm. longa atque lata utrinque
mumtum. Alae spatulato-obovatae 18 mm. longae 8 mm. latae supra unguem
5
mm. longarn mtus auriculatae. Carina 15 mm. longa lineari-oblonga 2 mm.

lata, rostro bispirali. Stamen vexillare prope basin gibbosum. Ovarium
can.o-.ericeum 2-3-ovulatum, stylo superne unifariam puberulo, stigmate
obliquo. Legu

AltaaU o .p^
—^".1., xj<^yaLL, ixiLn verapaz, uuateniaitt,

T.„„ " ^::,_°"- ,"!' " '^ Tuerckheim (n. II. i536).-Cuesta de Los

J

nrhi!
'^^""""1 Pleiostachyum Donn. Sm.-Foliola 3, lateralibus

b
u^

anbus vel late ovalibus terminali cuspidato-ovato triente

den r ;„

' "''' approximatis subsessilibus. Calycis

^iS^^'"'^"''- ''^"^" ^^^"'"^ "^"™- «-
W

Stipulae cm^sarovatar?r^rJ''r"''
rhachidem pubescentem glaberrimum.

nitidis, lateralibus ,Z i

''^^'' ^""^'^ ^^'''^'''^ ^^ntum visa, foliolis

7- 5 cm. longo 6 cm l.TnT^''
'^~'^'^- ^^^'^ utrinque rotundatis, terminali

Racemi ad nodos annol ,

7^,"''^^^«' Petiolulis lateralibus 4 mm. longis.

itaque 8-ni 4 3-8 cm Ion
°^

° '^^°' Plenimque 4-m vel pseudoterminales

longis, bracteolis ovalibus^?''-^''^ ""f
'''"' '^^'^^ ^°'"^"' Pedicellis vix i mm.

Plerumque praecoces Poi
'

^
"^^' ^"^^^- ^^^^^^ i" ramulis suppetentibusecoces. Calycis campanulati tubus 2 mm. longus, denies
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I mm. longi. Vexillum suborbiculare 9 mm. longum S mm. latum. Alae

oblique oblongo-ellipticae 8 mm. longae 3.5 mm. latae, Carinae petala alis

conformia cis paulo minora. Antherae omnes perfectae^ loculis confluentibus.

Ovarium stipite dimidio stylo bis longius. Legumen ignotum,—Nomcn
vulgare Nambar.—P. parvifloro Benth. proximum.

In silvis collinis ad peninsulam Nicoya, Costa Rica, Jan. 1900, A, Tonduz

n. 13539.

Lonchocarpus (§ Densiflori Benth.) meistophyllus Donn.

Sm.—Foliola y-Q-juga minuta oblonga apice rotundata vel retusa

basi obtuse acuta praeter marginem et subtus costam glabra.

Pedicelli plerumque sparsi calicem fere aequantes. Calyx leviter

bilabiatus vix denticulatus. Vexillum supra unguem callosum.

Frutex orgyalis e basi ramosus, ramulis glabris, petiolis racemisque pubes-

centibus. Folia petiolo 4-6 mm. longo computato 3-4 cm, longa, foliolis

9-13 mm. longis 5-7 mm. latis glaucis epunctatis, venulis minute reticulatis

pellucidis, margine revoluto et subtTis costa pilosis, petioluUs i . 5-2 mm. longis

pubescentibus. Racemi axillares simplices pedunculo i-i . 5 cm. longo addito

4-5 5 cm. longi densiflori, pedicellis saepe oppositis raro ternis 4 mm. longis,

floribus glabris purpureis ut videtur. Calyx e basi acuta campanulatus 5 mm.
longus margine pubenilus, labio superiore rotundato retuso, inferiore 2-3-

denticulato. Petala glabra subaequilonga, alis oblique oblongis, carinis

arcuatis, vexillo orbiculari 13 mm.-diametrali ceteris paulo longiore bilobo-

calloso. Vagina staminalis i cm. longa. Ovarium stipite 3 mm. longo instruc-

tum lineare 8 mm, longum 6-ovuIatum, Legumen desideratur.

In apricis ad Cuesta de Quililha prope PuruIhS, Depart, Baja Verapaz,

Guatemala, alt. 1400 m., Apr. 1905, H, Pitticr n. 141,—Typus numero proprio
+

472795 signatus in herbario Musei Nationalis adest.

. Derris grandifolia Donn. Sm.—Foliola 9-1 1 elliptica vel oblongo-

obovata utrinque rotundata vel basi acuta discoloria subtus cano-

tomentosa. Pedicelli pedunculo nodiformi insidentes plurifas-

ciculati vel secus fasciculi rhachin sparsi secundi. Calycis dentes

4 tubi trientem aequantes. Stamen vexillare liberum. Ovarium

7-8-o\-ulatum.

Arbor 8 m. alta {Heyde et Lux in scheda), ramulis petiolis racemis calycibus

fusco-velutinis. Folia petiolo 6-9 cm. longo computato 3-3. 5 dm. longa,

rhachi 13-17 cm. longa, foliolis 10-20 cm. longis 5-13 cm. latis costa excurrente

mucronulata supra nervis pubescentia et ceterum glabrescentia nervis laterali-

bus utrinque 12-14 subrectis plerumque simplicibus percussa transversim

crebrequc venosa, inferioribus raro suboppositis, petiolulis uti rhachis fusco-

velutinis, lateralibus 7-8 mm. longis, terminali 17-20 mm. longo, stipellis
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nullis. Racemi tetragoni sulcati 17-250111. longi supra medium floriferi,

pedunculis crassis 1.5 mm. longis demum 3 mm. longis in rhachin 4 mm.
longam incurvam excurrentibus, pedicellis 6-io-fasciculatis vel subfasciculatis

3-5 mm. longis, bracteis caducissimis, bracteolis sub flore binis lineari-oblongis

3 mm. longis. longu
mferiores subulato-triangulares, superiores in unum integrum connati. Calyx
anthesi peracta accrescens usque ad 2 cm. longus 5-dentatus, dente infimo
maximo, ceteris subaequalibus. Petala absque eis carinae rubris alba ex scheda
Tuerckheimiana, vexillo obovato 15 mm. longo glabro, alls uti carinae petala
eis conformia falcata ungue 9 mm. longa addita 18-19 mm. longis. Vagina
stammalis latere superiore fissa, stamine vexillari ab initio soluto prope basin
geniculato. Ovarium breviter stipitatum lineare fusco-velutinum. Legumen
deficit.—Pa/o Zope incolarum.—Species calyce manifestius dentato anormalis.

In dechvibus ad Cerro Gordo, Depart. Santa Rosa, Guatemala, alt.

bm.-banta Rosa, Depart. Baja Verapaz, Guatemala, alt. 1600 m., Jul. 1908,
H. von Tuerckheim (n. II. 2323).

Diplotropis macroprophyllata Donn. Sm.—Foliola lateralia

8 subopposita ovalia utrinque rotundata basi retusa cum terminali
obovato supra bullata glabra subtus venis devatis pilosiuscula.
llracteae lanceolato-ovatae pedicello longiores. Bracteolae binae
cordato-oyatae calycem totum involucrantes. Calycis lobus
infimus elongatus.

naniatt' Tf^^' f""^ 'P^^^"^^, ramulis serotinis sulcatis sicut folia nascentia

coZ^^^^^^^^^
fusco-tomentosis. Folia annotina petiolo xo-xi cm. longo

^cm Ion'
r' '"'• *?"'' ^°"'"^ ^"J^^^"^ P-ri^ 5-10 mm. remotis, infimis

n^^ "atrS k'^'
'"• '"'"' -P™bus 12. 5-16 cm. longis 6-7. 5 cm. latis,

petiolulis laternm;
^^^^^"latis, petiolo et rhachi sulcatis fusco-velutinis,

'3-. mm " t-
""""'"

' ""• ^°"^^^ fusco-velutinis, terminali

ramuHT;otTnf^ '
n

"'•""'"• ^''^'''''' pseudoterminales prope basin

racemiformibus pedicemr^'^^r"
'^"'^^"^- ^^^8^^, ramis paucis suberectis

pedicelli amplectante f /' ^roximatis 2-6 mm. longis, bractea basin

9-12 mm. longis g-oVm T/- v
'^"^ '""'• ^^^^ °^^^^"^ ^e"^^^' ^^''^'^^^^^'^

dentatis persistentibus ut h
'''^''''

'^^P^^^^^^ crispato-undulatis eroso-

Calyx in alabastro turbinatnt?
t- ""

-T^'
^"^^°-^^lutinis, floribus nutantibus.

6-7 mm. longo crassn loK • ' ^^"catus, tubo demum late campanulato

demisso. superion^u 'levtr""'''
''!"'"^^' ^"^^ ^^'^"^^^^^ 7-^--- ^^^^^

Petala crassiuscula subalquLnrfr.? ''''f'"
°^^^^^ ^-' ""^^ ^^"^^^'

m sicco purpurea dorso cano *

^o mm. longa maculato-venosa saltern

oblonga obliqua obtusa k^ *'^'*'^"''^'^^^*^viter cohaerentia alls conformia
''^ '^P^"^'-^ auriculata, vexillum suborbiculare

I
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inappendiculatum ecallosum. Filamenta glabra 10-12 mm. longa, alterna
ceteris parum longiora, antheris ovalibus 0.5 mm. longis. Ovarium sessile

cum stylo subaequilongo dense luteo-villosum s-ovulatum, stylo ad apicem
versus glabro et leviter incurvo, stigmate terminally ovulis lineari-oblongis.

Legumen desideratur.—Ab omnibus congeneribus ob bracteas bracteolasque
insigniter discrepat.

In silvis ad Las Vueltas, Tucurrique, Prov. Cartago, Costa Rica, alt.

Jan. 1899, Adolf Tonduz

Mimosa teledactyl

Sm.—Ramuli setosi, aculeis internodialibus. Folia petiolo et rha-

remotis

petiolo paulo brevioribus, foliolis 8-io-jugis oblongis utrinque
-^4. i_i^* %*- . ,. . - .

mar Pedun-
cull gemini petiolo breviores.

Ramuli videntur recllnati in exemplo suppetente usque ad i m. longi teretes

4 mm. crassi, setis densis patulis 4 mm, longis fuscis, aculeis sparsis paucis,

infrastipularibus nullis. Stipulae setaceae 7 mm. longae. Petioli 7-9 cm.
longi cum rhachi communi et partialibus 6-6. 5 cm, longis tetragoni sulcati

glabrescentes copiose recurvato-aculeati, aculeis saepe bifidis, rhacheos inter-

stitns mterjugalibus 2 . 5^4 cm. longis, petiolis partialibus 6-7 mm. longis

bistipellatis pilosis, petiolulis i mm. longis, foliolis nascentibus totis appresse
setosis, adultis glabris glaucis 13-15 mm. longis 5-6 mm. latis basi inaequali
obliquis, setis rigidis spiniformimibus. Pedunculi axillares, inferiores filiformes

5 cm. longi aculeati setulosi, superiores in ramulo elongate aphyllo racemiformi
parum evoluti. Capitula globosa, floribus tetrameris. Cal>Tco.5mm. longus
ciliato-paleaceus. Corolla 3 mm. longa bracteolis bislongior semilobata, lobis

ovatis roseis. Stamina 6 mm. longa, filamentis complanatis. Legumen
non visum,—In grege Piidkarum pinnis remotis insignis.

Santa Rosa, Depart. Baja Verapaz, Guatemala, Maj. 1904, 0. F, Cook
^- 234. Exemplum typicum in herbario Musei Nationalisesub numero proprio
860086 exstat.

w

Pithecolobium racemiflorum Donn. Sm.—Inerme glabrum.
Pinnae bijugae, paris superioris foliolis trijugis, inferioris bijugis,

amplis oblongo-ellipticis tenuiter acuminatis basi acutis. Racemi
folia subaequantes laxiflori^ pedicellis corollam fere aequantibus.

Legumen cochleaturn.

Arbor 6-7.metralis, ramulis foliisque glaberrimis. Petioli 3 -5-4 -5 cm.
longi, interstitio inter pinnas 2~$ . 5 cm. \ongo, pinnarum superiorum rhachi

7-5~JOcm. longa, inferiorum 2. 5-4 cm. longa, foliolis nitidis pellucidis 6-15
cm. longis 2. 5-5. 5 cm. latis basi subaequalibus, nervis lateralibus utrinque

7-8 simplicibus, glandulis obsoletis, stioulis stipellisque subulatis 2-3 mm.



58
"

BOTANICAL GAZETTE [JULY
•

longis. Racemi axillares 3-3^5 dm. longi superne puberuli supra medium
igul

bus 5-meris. Calyx obconico-tubulosus 4 mm. longus denticulatus. Corolla
tenuiter tubulosa 6-7 mm. longa triente laciniata, laciniis oblongis obtusis uti
pedicellus et calyx strigilloso-puberulis. Stamina in tubum corolla paulo
breviorem connata. Ovarium sessile. Legumen coriaceum bivalve 15-19 cm.
longum 7-13 mm. latum marmne <=:,^J^uc^<^^^m cTTr,-;c w.^;. f^>.^,„,^ ^*^ . -

spermum

longc—Inflorescentia in genere anormalis.
In silvis colHnis ad Las Vueltas, Tucurrique, Comarea de Puntarenas,

Costa Rica, alt. 600-750 m., Febr. 1899, A, Tonduz n. 13060.

Sm —Folia bipinnata, pinnis quadri-
jugis et impari ternifoliolatis. Panicula pluries verticillato-
ramosa,^ ramulis ulteriorlbus dichotomis, floribus 4-5-meris. Dis-
cus conicus. Styli in umbone connati, stigmatibus capitellatis.

:mien

terminal

argut

pi . r .,• -rf--^—^ ixitxii^uiii, f^duie iruciiDusque aencieniiuus.
Plan a humihs ut videtur. Folia glaberrima, rhachi petiolo 3 cm. longo com-

tl31r°''"';
^''^^' P't^°l^lis communibus lateralibus 1.5cm. longis,

' 3 cm. longo, foliolis tenuiter herbaceis pellucido-venosis acuminatis

ba.i r.u^A^^'
lateralibus subsessilibus lanceolato-ovatis 5-7 5 cm. longis

8^mm 1
'
'"""'^^ lanceolato-elliptico 6. 5-9 cm. longo in petiolulum

c^mWfo T"'/''^'^^''"-
^'^^^^^^ ^^^tum juvenilis visa glaberrima

Srits :
^'"7^^^^- Wo addito XX cm. longa, axibus 3-5-nis,

oblonris ^!- n.r?" f' P'^^''"^' gracilibus 3-7 mm. longis, bracteis

merT Caltr; r'^''
^^'^'^^"^ "^^"^^^^' ^^^^us glabris plerumque tetra-

brevLs ^el^^^^^^^^^
' ^^- '^-^^^ Rentes ovati tubo paulo

superata ant}iPrJ=
^^'^^ ^ "^"^- Wa obtusa. Stamina petalis paulo

in^^L^^^']'''''^ -7--- Wis. Discus 0.8mm. altus. Styli

Propr^X^nlTS T-^^- „^^^- desunt.

n. 5828.-Typus

Manettia (

W
'-^ ='"'-' "UHjcru proprio 001013 servai

Lygistum K. Schum.) stenophylla Donn. Sm.

bisve tnVT... ; '
^^''^^' Flores 1-2-ni vel in cvmam semel

igmenti

longiores Cornll, ,
'" " "'"'"os pedunculo pedi

F«"a3-4.5cm'brga^^-'Tm!!'^'f
'^"''^^' tenuibus, internodiis perelongatis.

petioliso.s-inim. lon4 .fZ'vu
P^P^'^cea subevenia margine revoluta,

n^edio deltoideis et saepe bTn .
''' vaginantibus glandulari-pectinatis

aentatis. Pedunculi 2-3 mm. longi, cymis i-i . 5
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cm. longis, pedicellis 1-2 mm, longis, bracteolis binis linearibus 0.5-2 mm.
longis, floribus 7-8 mm. longis ex scheda cl. repertoris albis, Calycis tubus

obovatus 2 mm, longus, lobi 4 supra ovarium leviter connati oblongo-ovati

2 mm. longi apice revoluti, sinubus mlnutissime uniglanduliferis. Corolla

hypocraterimorpha 5-6 mm. longa extus glabra, floris longistyli ad i, floris

brevistyli ad f , divisa, tubo apice leviter contracto intus subglabro et exannu-

lato, segmentis oblongo- vel lanceolato-ovatis. Stamina prope incisuras corollae

inserta, floris longistyli subsessilia,- floris brevistyli 3 mm. longa, antheris

linearibus i mm. longis. Discus pulvinaris. Stylus corollam aequans vel

ea I mm, brevior, stigmatis lamellis lanceolatis 0.5 mm. longis, Capsula

papyracea obovata 4.5 mm. longa.

In fruticetis apud Las VueltaSj Tucurrique, Prov. Cartago, Costa Rica,

alt. 635 m. J Jan. 1899, ^4i. Tonduz n. 12969,

Rondeletia (§ Arachnothryx Hook, f,) calycosa Donn. Sm.
Folia opposita lanceolato-elliptica tenuiter incurvo-cuspidata infra

medium attenuata discoloria nervis subtus neglectis glabrescentia.

Cymae laxe corymbosae, bracteolis coccineis. Calycis segmenta

lineari-lanceolata tubo nimis longiora coccinea 3-5-nervia. Corol-

lae tubus gracillimus segmentis calycinis pluries longior.

Arbusculus dichotomo-ramosus, ramulis petiolis cymis sordide strigilloso-

pilosis. Folia nascentia strigilloso-pilosa, adulta supra leviter arachnoidea

vel glabrescentia subtus nervis tantum pilosa 6-9 cm. longa 2-3 cm. lata in

cuspidem 14-18 mm. longam attenuata, nervis lateralibus utrinque 6-7?

petiolis 4-6 mm. longis, stipulis cuspidato-triangularibus 3-4 mm. longis

glabris. Cyma terminalis pedunculo 1.5-2.5 cm. longo computato 5-6 cm.

longa foliis reductis bracteata, bracteolis lanceolatis 3-5 mm. longis glabris,

pedicellis 2-5 mm. longis, floribus 4-meris. Calycis tubus ellipsoideus paulo

supra ovarium productus 3 mm. longus pilosus, segmenta inaequalia 4^7 mm.
longa nervis 3-5 percussata. Corollae coccineae tubus 15-17 mm. longus

vix 2 mm, latus extus strigilloso-pilosus intus totus glaber, lobi subquadrati

3 mm. longi atque lati crispato-undulati utrinque glabri, os nudum. An-

therae faucibus insertae inclusae sessiles lineares 3 mm. longae. Stylus ramis

linearibus 2.5 mm. longis additis g mm. longis. Capsula ignota.

In silvis ad La Palma, Prov. San Jose, Costa Rica^ alt. 1459 m., Oct. 189S.

Ad. Tonduz n. 11633.

omoea (§ Macrosepalae Chois.) sepacui-

tensis Donn. Sm.—Ramis petiolisque glandulari-sctosa ceterum

labra. Folia orbiculari-ovata cordata trilobag margine

loborum lateralium nervo medio supra basin folii orto. Pedunculi

3-flori, pedicellis ternis subclavatis. Sepalum extimum ceteris

triente brevius. Capsula ovoidea, seminibus margine villosis.
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Rami lignosi teretes, setis glandula insidentibus patentibus purpureis.
Folia glabra 12-17 cm. longa atque lata usque ad medium acute lobata sinu
rotundata 7-nervia paulo supra basin triplinervia, petiolo 5-7

.
5 cm. longo

parcius setuloso. Pedunculi foliis minoribus fulti erecti robusti teretes pur-
purpascentes glabrescentes 8. 5 continuis
prope basm bracteis binis lanceolato-ovatis 5 mm. longis munitis, fructiferis
solum notis 3-5-4-5 cm. longis apice 7 mm. crassis. Sepala subcoriacea
glabra ovalia obtusa vix mucrunculata, fructifera interiora 30-32 mm. longa,
extimo 2 cm. longo 1.5 cm. lato. Capsula coriaceo-crustacea glabra 26 mm.
longa 4-valvata, seminibus orbicularibus 12 mm.-diametralibus praeter
margmem flavido-viUosum glabris. Cetera desunt.-Ad. 7. setosam Lindl.
proxime accedens.

Ad fundum .S.^ac^^f/e vocatum, Depart. Alta Verapaz, Guatemala, Apr.
1902, u. t. Look et R. F. Griggs n. SQo.-Typus in herbario Musei Nationalis
sub numero proprio 408299 exstat.

Cacabus hondurensis Donn. Sm.-Hispidus. Folia opposita
subsessilia hnceolato-oblonga utrinque acuminata leviter crenata
supra lepidota. Pedunculi utrinque axillares supra medium
ohaceo-bibracteolati. Calyx triente dentatus. Corolla infundibu-
lans ultra tnentem lobata. Stamina 4, staminodio deficiente.

m^lM^Z'^'^r ?''"' ^^^^°'"^ ^^^^^^^"^ ^™P'^^ 6.5 dm. longum

?olia f - T

'^^'"^ '"P^^ "^^'^""^ f^'^'^ reductis racemiforme.

ner^asvenism,7v /'^
^ 5-3.5 c^. lata in eodem jugo inaequalia subtus

'olHs ,-^ r In
"'

V^ ?''"''" '-' "^™- ^-g-^ -ttenuata. Pedunculi

oSs C rvx caT "f
"^'^

' '-' ^"- '^^S^ h^^P^di, bracteolis x-i
. 5 cm.

uti cost hiSLs ': 'r^'^f^' '
'^'^- '^""^^ "^^^ --^-^

Picto-rcticulata 3 25 cm W '' ^^-/epertore alba, glabra 15-nervia

ampliata, lobis rotundatis T '^""'^

'f'"'^ ' "^"^^ ^""^""^ ^^"^^"^ ^'-^^^^"^

menta supra coroUae tubum inse^'fi
"''', '''"' '"'^^ ^'^'^' ^'''"

antheris medio affixis o t

^"^^ """^'^ ^^'^ ''^ dilatata,

apiculatum, stylo stigmadbus^oZnJ:T t^f' • ""^fr"
'^'^'"^"

longo. Bacca nimis immaf
^^""g^s 2.5 mm. longis additis 12.5 mm.

diametralis processu conir""
'

,

"" ^^'^ ^ ''"'• '^"^^ ^"^^^^^ sessilis 11 mm.-
Semina ignota.-Snecie. L' T" ^''^'' ^piculata bUocularis, placentis bifidis.

Llano de La Puerta In r^ ^J^^'^''^ ^abitu distinctissima.

-•. Jan. X907 ff pS' ^??' ^'^'''- ^^nta Barbara, Hondu900 m., J ras, alt.

numero proprio 578225 adest
' ""-^^P^^ ^^ herb. IMusei Nationalis sub

lermaniiVnn.^J?^^'^^^'^^ ^^^^h.; Angustijoliae Benth.) Kel-
nitex totus absque corolla glaber. Folia
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ovato-lanceolata feasi cuneata calloso-serulata. Racemi folii

brevlores, verticillastris approximatis 4-8-floris, bracteis oblongo-

ovatis setaceo-acuminatis. Calyx 3-dentatus, dentibus anticis

setaceo-acuminatis. Corolla calyce bis longior, tubo dimidio

exserto.

Dichotomo-ramosa. Folia tantum superiora visa 6. 5-8 cm. longa 2-2.5

cm. lata acuminata ad costam interdum barbata ceterum glaberrima subtus

glandulis minutis aureis dense punctulata, nervis lateralibus utrinque 6-7,

petiolis 4-5 mm. longis glandulosis. Racemi pedunculo 6-10 mm, longo addito

2. 5-4 cm. longi, verticillastris 3-5 mm. remotis, bracteis 6 mm. longis 3 mm.
latis seta 2 mm, longa cuspidatis ante anthesin deciduis, pedicellis 2-3 mm.

longis. Calyx tubuloso-campanulatus 10 mm. longus g-striatus glandulis

aureis punctulatus, dentibus triangularibus acuminatis 3 mm. longis. Corolla

21 mm. longa supra calycem ventricosa triente bilabiata praetergaleamcoeru-

learn pube articulata barbatam albida glabra. Discus glandulam ovario bis

longiorem exserens. Stylus 22 mm. longus superne lateraliter pubescens,

lobo antico 2 mm. longo, postico i mm. longo.

Santa Maria, Depart. Quezaltenango, Guatemala, Febr. 1906, W, A.

Kellerman n. 5628.—Typus in herbario Musei Nationalis sub numero proprio

578705 asservatur,

Gaiadendron (§ Engaiadendron Engl.) poasense Donn* Sm,

Folia ovata vel elliptica apice acuta basi rotundata vel acuta.

Racemi terminales 2-3-ni vel in axillis superioribus singuli, ramis

oppositis bialatis, bractea bracteolisque foliaceis calycem exce-

dentibuSj floribus 6-7-meriS; lateralibus pedicellatis. Calyx integer,

Frutex terrestris erectus dichotomo-ramosus, ramis teretibus, ramuHs

angulatis. Folia omnia opposita plerumque ovata 4^5- 5 cm. longa 2.5-3.3

cm. lata subtus nigro-punctulata et in sicco lutescentia margine revoluta, ner\us

praeter costam subobsoletis, petiolo 6-7 mm. longo. Racemi 7-9 cm. longi

angulati, ramis omnibus oppositis 5-6 mm. longis, internodiis 7-9 mm. longis,

bractea florem intermedium sessilem fulciente in ramum decurrente 6-13 mm.

longa sicut bracteolae duae 5-6 mm. longae foliis consimili reflexa, floribus

in sicco flavescentibus, lateralium pedicellis 2 mm. longis, alabastris obtusis.

Calyx 4 mm. longus. Petala linearia 13 mm. longa genitalibus paulo longiora.

Stamina usque ad medium petalorum adnata, alterna breviora, antheris

oblongo-ellipticis i . 5 mm. longis. Ovarium oblongo-cylindraceum, stylo

subulato. Fructus ignotus.—G. Taguae G. Don proximum.

Secus marginem lacus superioris in summo monte Volcdn Pods dicto siti,

Prov. Alajuela, Costa Rica, alt. 2600 m.; Jan. 1889, H. Pittier n. 814; Nov.

1896, Ad, Tonduz n. 10786.
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Euphorbia (§ Anisophyllum Roeper) bryophylla Donn. Sm.—
ramosis

m-

binis

imbricato-foliosis. Folia subsessilia lineari-lanceolata leviter

aequilatera. Involucra terminalia fasciculata, appendiculis
suborbicularibus ceteras multoties superantibus.

Fruticulus, caulibus tenuibus tetragonis i dm. longis, internodiis 4-5 mm.
longis, ramis approximatis e basi compacto-foliosis 2-3 cm. longis cano-pilosis
prope basin ramosis, ramulis longe ascendentibus. Folia inferiora opposita,
superiora alterna, nodis vix ullis invicem fere obtegentia membranacea
superne denticulata obscure binervia herbaceo-venosa ciliata supra glabra
sultus pilosa saepius erubescentia 4-5 mm. longa i mm. lata acuminata basi
obtusiuscula. Involucra subsessilia 3-7-subcapitulata turbinata i mm.
ionga pilosa, glandulis 4 transverse oblongis, appendiculis majoribus i mm.-
diametralibus basi latere altero auriculatis crenulatis sanguineis, ceteris minutis
arcuatis.

sangumeis
breviter bifidis. Capsula semitiaque ignota.

Santa Rosa inter Salama et Purula, Depart. Baja Verapaz, Guatemala,
ait. 1700 m., Jun. 1904, 0. F. Cook n. 225.-Typus in herb. Musei Nationalis
numero proprio 860325 signatus servatur.

Baltimore, Marvlamj



CONTRIBUTIONS FROM THE ROCKY MOUNTAIN
HERBARIUM. XIII

AvEN Nelson

[In this paper are brought together a number of interesting species repre-

senting various localities. Among the hundreds of specimens submitted to the

Rocky Mountain Herbarium each year for verification or identification, a
few real novelties invariably appear. The writer wishes to express his appre-

ciation of the fact that many well known botanists, as well as amateurs,

cordially permit him to share with them the pleasure of studying their col-

lections, in whole or in part. The names of those who are represented in this

paper occur in the notes on the species described. I want to call attention

to the fact that two genera, new to Colorado, are included in the list below.]

Brodiaea Paysonii, n. sp.—The membranes sheathing the corms

brown and very fibrous, the inner ones prolonged into scarious

sheaths 4-8 cm. long and enclosing the base of the glabrous green

scapes and leaves: scapes 15-25 cm. high: leaves narrowly linear,

at least a half longer than the scapes, rather lax .and spreading:

umbel few-flowered, the pedicels 10-15 mm. long: bracts ovate-

lanceolate, acute, scarious and somewhat petaloid, green-nerved,

shorter than fully developed pedicels: perianth white, shading

to faint rose-color, 15-20 mm. long; the oblong obtuse segments

a httle longer than the tube, delicate in texture with a rather strong

purplish-green mid-nerve terminating in a blunt hoodlike tooth

at apex: stamens 6, in one row, united to each other and to the

perianth segments by a delicate transparent membrane: anthers

^^rge, 5-6 mm. long: ovary ovate-oblong, about 6 ovules in each

cell: mature seeds black, very large and thin, 7-8 mm. broad, the

body of the seed less than half as wide as the black membranous

epicarp.

Named in honor of Edwin E. Payson, the collector, an enthusiastic

student of the Colorado flora in the Montrose High School, class of 1913. He

dry

J
bearing the large triangular dehiscent capsule." Payson's no. 33, Montrose,

^lay 18, 191 2, is the type.

63I [Botanical
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Eriogonum Visheri, n. sp.—Bushy branched, glabrous or

glabrate annual, 15-25 cm. high: stem usually soKtary from the

branches
branching di- or trichotomously several times, the ultimate
branchlets filiform: base

first node: blades m

acuminate

rather thick, 15-20 mm. long, on petioles either longer or shorter
than the blades; involucres turbinate, in the forks or at the nodes,
either sessile or on slender erect pedicels 5-10 mm. or more long:
flowers solitary or few in each involucre, usually drooping on short
pedicels, very small, yellow; the perianth segments narrowly
oblong, i-i.5mm. long: achene trigonous, ovoid
2 mm. long.

Singulariy like E. mohavense Wats. In general aspect, but at once separate
by Its glabrous leaves. Geographically and environmentally very different,
becured by Professor S. S. Visher, of the State University of South Dakota
at Meadow. Perkins County, August 3. 1912, no. 536.

Polygonum pannosum S. S. Sharp,^ n. sp.-Slender, glabrou.
annual, 15-25 cm. high, from a slender, rigid taproot: stem

irregularly

a bushy appearance:
I

ew, hnear, inclined to be revolute,

becoming bractlike above; sheaths

., -
^"" ^xncauuKe awns, scariou

with a brown midrib extending from the base

margin

tVipir ^«r^r.fu n ^ ^^^^ ^^^^ ^^^^ ^^ aooui one-nail

often ZTa T """'™"' '" '°°g' ^I»der, spicate racemes,

both no •

" '
'""""^' '™ '"^ '^' ^^" »f «^ch small, subulate bract,

peLTs rr? 'I
'^' '""' ""^ °' »^ ^^"'^^"'"g rudimentary;

anth seJLn, ^•. "'' """"' '^'"1 '"it^ »•« deflexed: peri-

and blTZ T " ""^""^^ P'"'''^^, with a green midrib

broadly ovoid, .3 mm jong

' ""' *'""^' '"<i"^''°"^'

Most nearly allied to P D 7 • • ^
by the slender zigzae sk^l ',

."^7" ^^^^^e, but at once seen to be different

lacerate sheaths. It warf. ? ''""''' ^^^ '"^^^'^ ^^^^' leaves, and the

doming. August 26 tot,
""" '^"""^^ '^°P^^ '^ the hills near Sheridan,

' 1912, my no. 258
' '"• '""' '"

' ^"'^-' » '»e University of W>.„™„,.
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Atriplex Greenei, n. sp.—Pale greenish moderately scurfy

more
the crown: the axes oi the main branch

somewhat

branchlets from the numerous

with short slender spreading

leaves very narrowly linear, the lower only i^is mm. long, passing

above: fructiferous

ilowers i-several at each node: fruiting

mm
tipped with a small tooth, the backs usually appendaged at the
middle or above with few-several smaiW conical or cylindrical
papillae.

^

This species is most nearly allied to A. tenuissima A. Nels., BoT. Gaz.
34*257. 1902, but in that the leaves are only 1-7 mm. long, oblong to ovate
or broader, and the fruit subpyramidal and tuberculate below the middle.

I dedicate this species to its coWector, the indefatigable phytographer,
philosopher, and historian, my blend. Dr. E. L. Gkeene, who secured it at
Rock Springs, Wyoming, August 9, iSg6.

Arceuthobium Blumeri, n. sp.—Stems branching dichotomously
beginning at the first node and then either regularly or often skip-
ping a node, 4-8 cm. long: fertile branches pale-green, with
sharply almost wing-angled internodes; the connate scales form-
ing a shallow cup with two very short broadly triangular points
(or these sometimes nearly or quite wanting), the cup about 2 mm.
broad: fruit narrowly elliptic or almost fusiform, 3 mm. long and
half as broad, on a stipe about 2 mm. long, the body blue-green,
the wrinkled conical apex and the stipe pale.—On Pinus strobi-

formis Engelm.

based

nicated by J
Blumer. Apparently this is the first record of this genus on the above species
ot hve-leaved pines. A. cyanocarputn has been reported only on Pinus flexilis

James. A, divaricatum Engelm. seems to use the one and two-leaved pines
as host.

Astragalus macer, n. sp.—Pale and obscurely appressed puberu-
lent: caudex branched, mostly subterranean: stems slender, spar-
ingly branched, ^-$ dm. high, including the raceme: leaves with
linear rachis ^-6 cm. long, on which are borne :^-i linear alternate
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or subopposite pinnae 5-10 mm. long; stipules linear-subulate:
flowers not in condition but evidently pale or ochroleucous : calyx
tube narrowly campanulate, 5 mm. long, the subulate teeth half as
long: pod glabrous, strictly i-celled, dorsiventrally flattened, some-

ends
mm. long, 3-4 mm. broad; stipe from scarcely longer to twice as
long as the calyx tube: ov-ules about 10, the alternate ones appar-
ently aborting; seeds flat, nearly as broad as the pods.

Alhed to A. lonchocarpus Gray, from which it is at once distinct by its
solid (not fistulous), slender stem, its smaller flattened pod on a much shorter
stipe. SecuredbyE. P. Walkers on drvfoothnk v^rc.A^^\r^\u^r r^Urc^Ac^

J

Baker,

LA Sheltonii biternata, n. comb.—F. biternala, Greene, PI.

3:12. 1901; V. Sheltonii Rydb., Fl. Col., not Torr.

V ^""i, ^T^""'^
specimens make it evident that a form of the far western

LllT T '''''" ''' ^^^ ^°^^y Mountains. While it is not strongly
marked, it would seem best to keep it as a geographical variety.

Chyiisma Walkeri, n. sp.-Very slender annual 1-2 dm. high,
includmg the fruiting raceme which is more than half the olant:
stem simple, or sparingly branched above,
puberulent and witTi c^.^^ i ^.

mmu
1

f
"*^ ^"^^6 wiuLc hcatiermg spreaamg nairs:

aves tew, approximate just below the peduncle or penduncular

with'^tS rt'' T'^"
^^ oblong-lanceolate, somewhat shaggjf

2ealt , t "''"^'^ '''^^"' ^" ^^^^^ ^-^4 mm. long,

S end n
"^ ""^^'' ^°^ ^^"^^^^^t deflexed), and bearing the

sTbtended b
'"""'

T^^'
candelabra-Uke on the assurgent tip,

this ^Pn„c^
^

1
'

''''^^^' ^'^'"^^^ bract: flowers minute (for

naLrlfl.^--- ^-g' y*w: calyx tube 0.5mm. long,

P-bably 7Z!lslT\ "^'^ ^"^^' lance-oblong.

SmaU, but at once sen.r.; 7t f
^^'^"'^ ^"^^"' ^"^ ^o C. Parryi

(Wats.)

small flowers, the latter
^^ ^^^ glandular puberulence and the

species of Sphaerostigma ^ ^"^^^ ^'^^ suggesting one of the small-flowered

type and wJ^sTcurerondty''^^^^ ^°^"^^^°' J"f>^ '' '9^'' ^' '^'

*Mr. Walker collector?
vicinity of his home, ParadoxvX ''^^'f

^^'>' f«^ the University of Wyoming, in the
valley, south^vestern Colorado, during the season of 1912.
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Azaleastrum Warrenii, n. sp.—A low stoutish shrub, with gray-
ish bark, the youngest twigs brown or greenish-brown: leaves in
terminal fascicles of ^^S, ovate, oval, or obovate, from broadly
rounded at apex to subacute, thin, green on both sides, glabrate
(even when young), closely studded on the margin with minute
gland-tipped hairs, the blade 1-2 cm. long and tapering to the
short margined petiole-like base: the leaf bud scales (stipules?)
oblong-lanceolate, hirsute with reddish-brown hairs: flower buds
with similar reddish-brown hairs but these very few and scattering
on the oval brown deciduous scales, on the short stoutish glandular
.peduncle, and on the backs of the sepals: flowers lateral on the
young twigs, solitary or few at the approximated nodes; sepals
narrowly obovate-elliptic, same texture and color as the leaves,
7-10 mm. long, obtuse or obtusish, closely beaded on the margin
and back with short gland- tipped hairs: corolla campanulate-
rotate, loris mm. long and broad; its lobes suborbicular, about
as long as the tube: stamens 10; the cells opening by terminal
pores; the stoutish filaments shorter than the corolla, softly pubes-
cent below the middle only: pistil stoutish, obscurely pubescent
near the base, enlarging upward to the peltate-capitate stigma, the
five lobes of which are encircled by a ringlike border: ovary
covered with the gland-tipped hairs characterizing the plant: fruit
wantmg, but the ovules very numerous on the columellar placenta.

This very interesting Rhododendron ally ^vas secured by Mr. Edward R.
Warren, of Colorado Springs, so vvel] known for his "Mammals of Colorado,"
JiJ'y 14, 1911, in Jackson Count}-, Colorado. The material was exceedingly
meager, but the request for full notes brought a very interesting letter, from
which the following paragraph is quoted:

What you say about my no. 16 is very interesting. I found it at my
camp on the lower slope of Mt. Zirkel, at the head of navigation for prairie
schooners on the 'Ute Pass Trail.' If I remember correctly, it was quite
abundant. It was a low plant, perhaps not more than a foot high. It was
growmg on a slope which was free from growing green timber, with many
fallen dead logs, and some standing dead stubs. Soil was gravelly. I made
the altitude 9,275 feet, and my altitudes checked very well last summer,
"ere were a few scattering aspens growing about. I may possibly be mistaken

as to^ Its being a low plant, I made no special notes, but it was a diflferent

growmg plant from the Ceanolhus which grew in the region, and not as conspicu-
ous a shrub. I evidently did not collect much of.it, for I have but a single

a
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h

twig left, and am sending you about half the flowers and leaves from it. If

it turns out new and you wish to describe it now, I can send you the rest to be
deposited as type specimen. It has quite a woody stem."

Its far northern relative Rhododendron alhijiorum Hook, was raised to
generic rank by Dr. Rydberg in his Flora of Montana, apparently very
properly, using the name of the section in which it had been the sole species.

Gentiana polyantha, n. sp—Glabrous annual, 3-6 dm. high,
erect, consisting of a main axis and usually a pair of slender erect
flonferous branches from each of the several-many nodes : leaves
numerous, nearly all subtending cymose flower clusters; lower
eaves oblanceolate, nearly sessile by a broadish base, 2-3 cm.
long;

from
to lanceolate; gradually passing into Hnear-lanceolate ones with
broad base: the thyrsiform inflorescence often extending nearly
to the base of the plant: calyx with 2 ovate-lanceolate foliaceous
sepals as long as the corolla tube, and 3 much smaller somewhat
unequal nearly linear lobes: corolla blue or purplish; its tube
ic>-i3 mm. long; its ovate lobes about 5 mm. long, a broad lacerate-
setaceous scale fully half as long at the base of each.

the !wr ^ *^'f
^"""^ ^^'^ is singularly like G. heterosepala Engelm., but there

in thew"
^

.

^' '^"^P"'""^ ^^^h that, the proposed species is unique

manvC ^^'u^^ T'' ^^' numerous branches and short internodes, the

DedicelV r Tf ^'""""^ P'^""'^ ^^th "^^^e than 100 flowers), and the short

August 2,'X^'
""^ ^^""^'^ P- ^^™ - I-n Springs Mesa, Colorado,

^.f
^'''^'^'''^ Andrewsii dakotica, n. var.-Leaves smaller and

to both

middle

:

gradually

but linia T. ,
' scarcely adherent anthers extendmg

htTclntrT:!^'^^^^ '' ^'^ ^^-"- <^-«"- truncate at the

Anyl loo^^^^^

"''^"'' '^^""'^^ lacerate-dentate on the margin.

be strucHt oncTljrth
^ ^"'^^ ""^ specimens representing G. AndrewsH will

ones and those from th n
"^^^^^^ difference in aspect between the eastern

fniit characters are exa
!"*!.'• ^"^ "^^'^""^ '^ this that until the flora and

plants. The difierencesT
"^"^'^^'^^ is not suggested by the Dakota

well be designated by a
.

""?' '^'^ "^^ seem to be fundamental, but may
secured by Professor TuFTrnf^rTf. ^^^ ^^'^^ "^^"^P^^ ^^ ^^"^ '' ''"'

Lake, August 15 ig^ ^
'

^^"^ Umversity of North Dakota, at Devil's
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Mertensia refracta, n. sp.—Obscurely appressed pubescent
throughout, the minute hairs without pustulate base: stems
tufted, rather stout, more or less branched above, 2-4 dm. high (in-

cluding the ample inflorescence), rather densely and equably
leafy except below where the leaves are smaller or wanting : leaves

sessile or nearly so, oblong to ovate, obtuse or subacute, 3-5 cm.
long, 8-14 mm. broad; pedicels slender, 6-10 mm. long, early

reflexed and most of them ultimately refracted: calyx cleft to

the base; its lobes linear, softly hirsute, 2-3 mm. long: corolla

blue, I cm. long; the campanulate throat and limb as long as the

broad tube: stamens inserted in the throat; the filaments scarcely

as broad as the anthers: crests inconspicuous: style almost as

long as the corolla..

The most striking character of this species is the refracting of the pedicels,

much as in certain species of Lappiila, a character I do not recall as occurring

m other species of Mertensia. In some species some of the flowers are at length

reflexed, and in most of them the inflorescence as a whole is more or less droop-
ing, but in this one the individual pedicels are sharply refracted at their very

base.

July

Wagon WTieel Gap, Colorado, at gooo

Oreocarya paradoxa, n. sp.—

M

the

caudex freely branched, the branches short, crowded, covered

with dead leaf-bases: stems short, 8-15 cm. long, more or less

curved and ascending from the decumbent base, hirsute-hispid:

leaves numerous, spatulate-oblanceolate, i . s-;^ cm. long, includ-

mg the narrowed petiole-like base, subhispid with more or less

appressed white hairs: inflorescence at first subcapitate, becoming

a short thyrsoid spike: calyx cleft to the base, its lobes linear-

lanceolate, 4-5 mm. long: corolla tube yellow, slender, nearly

three times as long as the sepals; the yellowish or nearly white

corolla lobes obovate, fully one-third as long as the tube; the crests

very prominent: anthers just below the crests: nutlets ovoid,

muriculate, attached by the middle to the ovoid gynobase, the

free portion of the style twice as long as the mature nutlets.

The yellow-flowered species of Oreocarya are not numerous, and the

long-flowered ones are even scarcer. This strongly tufted-matted form with

its long clear-yellow tube is distinctive. Secured by E. P. Walker on dry

J
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Pentstemon Griffinii, n. sp.—Stems solitary from the crowns

of the short slender branches of the subterranean caudex, very

slender, glabrous, erect, 2-3 dm. high: basal leaves rosulate on

the crowns, relatively few, oblong-oblanceolate, 1.5-3 cm. long,

tapering into very short petioles; stem leaves about 3 pairs, those

of the lowest linear-spatulate, the others linear and smaller:

flowers few, in an open obscurely glandular-pubescent cymose
panicle with subulate bracts: sepals ovate, acute, often purplish,

with scarious margins, 5-7 mm. long: corolla bluish-purple,

tubular-funnel-form, about 2 cm. long, the lips unequal; lower

lip with two longitudinal yellow-bearded crests: sterile filament

densely bearded for more than half its length with short soft

yellow hair; anthers cells confluent but not explanate.

No very near ally of this is known to the writer. Collected by Alfred A.
Gripfin in the Rio Grande Valley, on moist east slopes, at 8200 feet, July 28,

191 2, no. 145. Mr. Griffin, who is now at the University of Michigan, is

connected with the National Forest Service and was in the field in Colorado
in the summer of 1012.

Machaeil4nthera
n. var.—Probably^^^^^^1 j^ »ji^vj:.jj.tji,i:,iMiii vitcansy II. var.—iriuuciui_y

a short-lived perennial, greenish, the viscosity extending to the
branches and stems: stems suberect and sparingly branched:
leaves small, mostly Hnear.

K . !l '''f
"!!'

'^^^''' superfluous to add new names to our already long list,

DUt the to OWinrr mirv^U f tTr . -. . , .

Walker
, .

° '^^^^ '^^'^^ WALKERS collections arc so aberrant tnai
one hesitates to refer them to a known species without some explanation:

s!n M- Tr''''' ^T'' '' ''^' 537, Coventry, Sept. 2; no. 434 (less typical),
San Miguel Canon, August 10, 191 2.

^' ^ ' ^^^ v

Wyomingia vivax, n. sp.-The shrubby base (caudex^ -'-''
freely branched, 5-10 cm. high; the season's stems verv slender,

3-6
c nereous, scattering on the crowns of the caudex and on the

mb. medium

W,.m;„ ,

™ "'**"' narrowly spatulate,

thtZr " ."P""'' ^"-^ Passmg into the ^n

!ze Lvl "''k
^'''^' f^^-everai, in an open corynru, u.eu,..,

Sre rt" ""P'"'^' '-'° -"• broad, its bracts softly

numerous sm\irwi"r'"',-T'=
'^>-^ '5-^°, pink; disk flowers

> pubescent, shorter than the pappus.
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The generic position of this plant is not clear. Wyo
ingia, but more so as an Erigeron or Aster. It was secured by E. P. Walker

Mountains

July

Taraxacum fasciculatum Root slender, with an enlarged
crown bearing few-several oblanceolate or oblong obtusish merely
dentate or denticulate subsessile or short-petioled

^

4-7 cm. long: scapes in small fascicles of 2-severaI (

in full flower 12

simultaneously

cm medium
culate bracts few or wanting, none reflexed; involucral bracts,
12 mm
culate (achenes immature in the specimens at hand).

A remarkably fine native species, seemingly very distinct, A. A. Griffin,

July

Rocky Mountain Herbarium
Laramie, Wyomtxg



SEED PRODUCTION IN YUCCA GLAUCA
Max M. Ellis

autumn
data were gathered concerning the amount of seed produced by

Yucca glauca. depends upon 1

3r pollination, a

some of the de\

oping seeds of the Yucca, As a result, Yucca produces an excess

of seed. number
seeds eaten that data are submitted. Seed pods of Yucca were

collected and counts made at Boulder and Wray, Colorado.
'

I. Distribution of seed-producing plants

At Boulder counts were made on three mesas, one north and one
south of the city, and one near the base of Flagstaff Mountain.
On the south mesa 320 plants were counted and no seed pods found.
Many of the plants (about half of them) had flower stalks still

standmg. Some of these stalks were discolored and worn, showing
them to be more than a year old, but the majority of the flower
stalks were of this year's growth. Occasionally a group of a few
plants with old flower stalks, on which were old

'
'

was found.
emotv seed pods

".voa j.^z plants wer
pods found. Of this number 80 had
standmg and 12 had old flower stalks.

seed

pod

found
seed norl tk

r^-^^o w^ic cuuiiteu ana lo louiiu witi*

200 >^rds'
'° ^^^""^^ "^^"^ ^^^ included within a square of

Wray observations were made on several mesasside of the Republican River. No attempt

mesas at

Tegeticula
yuJcc^sella.''^^

generally used, is preoccupied. The name should stand

Botanical Gazette, vol. 56]^"J
[72
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least 700 plants were examined. No seed pods on this year's
stalks were found, and conditions were essentially the same as at
Boulder. About one-half of the plants had flower stalks standing;
some of which were old and some this year's growth. Several areas
were noticed in which many of the plants bore old stalks with empty
seed pods. Wherever these old empty seed pods were found, it

was noticed that all the plants bearing them were in a rather
restricted area (about 100 yards square), and that most of the plants
within this area bore pods. On the south side of the Republican

stalks;

yuccas

seed pods. Only the verv small

by

within this area, were without seed pods. On the other hand,
although yuccas grew on both the east and the west of this group,
no other seed-producing yuccas were found for a distance of

300 yards or more on either side. Table I shows that the seed
production in this area was high.

per stalk

TABLE I

Number of Number of pods
plants

6

3

8

6
F

3

I

I

2

3

4

5

7

show that

small be
explained as the result of a very local, annual distribution of the
Pronuba moth, the pollinating agent of this species. It is evident
that^ a large number of yuccas flower every year, and it is hardly
possible that all of these flowers are infertile were they properly
pollinated. Allowing 10 blossoms to each stalk, it is seen that the
number of blossoms produced annuallv in even a small area is

very large. This Doints to an enormous
^\hole, as a result of the restricted pollination by a single species

II the yucca moth is always so locally ^

be determined, there were no barrier

So far
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between the areas of seed-producing yuccas and those without seed-

producing plants, yet the local distribution of the seed-producing

plants obtained in all cases.

2. Seed production

The

paper bags. In the subsequent counting of the seeds of each pod

three classes were recognized. Seeds of the first class were termed

perfect seeds; these were the uniform, well-filled, shiny black seeds

which were uninjured, that is, they were apparently perfect seeds

so far as could be determined by inspection. The second class

included all the seeds injured by the larvae, and they are listed as

seeds eaten. As the Pronuha larva grows it eats its way up through

the center of the column of flat seeds, which are stacked vertically

in the pod like a pile of coins. The seeds which had been eaten were

usually ring-shaped, as only the central portion was destroyed.

The diameter of the area destroyed increased as the top of the

pod was approached, since the larva grew as it ascended the column
of seeds. Often seeds taken from the top of the pod were almost
completely eaten, while those from the bottom were perforated by
holes I mm. or so in diameter. As a rule, the injured seeds remained
m place in the pod and were usually cemented together by the

excrement of the larva. There was some evidence that the seeds

seeds. The number

3 larvae perforated them, as the

same thickness as the uninjured

.

same m the columns of injured seeds as in the columns of

uninjured seeds.
termed im

malformed black
In separating the seeds of this group and of group one there was a

of one class or the other.

difficult

most
were so we I formed, this discrepancy is within the probable error,
ne data for the individual pods is dven in table TT. and the

summarized

talkirr r.
^^ '^^^'' "I ^^d IV. The pods from each

stalk are listed separately.

produced was about 300 per pod
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and the infertile white seeds.

were generally at the bottom

between the

malformed

The individual data

Perfect
seeds

Plant I

Plant 2

172
118
62

Plant 3

5
Plant 4

245
125

172
Plant s

72

Plant 6

154
118

Plant 7

Plant 8

232
Plant p

125
Plant 10

136
127

Imperfect
seeds

128

159
IS3

41
210

141

102

132

187

72

187

150

104
166

61

130

52

96

105

158
156

TABLE II

Boulder plants

Seeds
eaten

60
o
o

156

46
o

139
86

84
17

19
o

58

lOI

26

27

95

26

8

Seeds in

pod

321
316

369

374
203

256
223

448
334
331
322

234
218

316

274

284

355

325

320
291

Number of

larvae

2

I

I

12

2

Z

3

3

3
2

I

I

3
I

I

I

5

2

1

Seeds eaten
per larva

(

30
o

13

23

46

29

26

8

19
o

19
I

lOI

26

13

19

13
8

Per cent per
larva

9
o

4
6

i8

13

6

2

6

o

8

0-5

32

9

4

6

4
3

Wray plants

Plant

Plant

II

72

63
27

31
76

50
12

70
107

54

91

1

36 189 I

12 195 270 2

18 i6g 214 3
27 180 238 9
50 147 273 2

50 64
1

i68 2

141 41 252 2

ICQ 216 I
1

5 187 291 10
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*

show a tendency at least for the pods on the same stalk to produce

about the same number of seeds, although the number of pods per

stalk is apparently not a factor. The highest number of seeds taken

from a single pod was 448 from a pod of plant 4, which bore 4 pods.

The lowest number, on the other hand (168) , was from a pod of plant

II, with 6 pods.

TABLE III

Seeds in

pod
Perfect
seeds

Imperfect
seeds

Seeds
eaten

Actual loss

in per cent

Minimum 168

448
280

5
245
118

12

210

104

187

58

n
Maximum. . -. 64

01Average
dK X

TABLE IV

Minimum
Maximimi
Average.

.

Number of
larvae

Seeds eaten per
larva

Per cent of seeds

eaten per larva

I

12

2.66

o
lOI

19

32

7

3 Relation of larvae to seed production

The most interesting point in connection with the seed pro-

the

destruction of some
Theoretically, a single larva to each pod would give the optimum
condition for Yucca, as this would represent a single pollination
by a parent Fronuha, If the number of larvae be greater than
one per pod, the advantage is on the side of the FronuU until
the number of larvae is such that the entire mass of seed produced
is destroyed. This last condition would of course exterminate the
moth.

th T^? T^
^^^^ ^"^ ^^'^ ^""^ '' ^^^ optimum number is shown by

me lact that 9 of the 11 pods in which but a single larva was found
produced the average number of perfect seeds t ......

durH.n ^''''^^'l^^^^
^^ow that Yucca is successful in seed pro-

Z^T.T"' '^r?'
"^^^- The average number of larvae per pod

or more.

was
3, and of the 26 pods with 3 or fewer larvae 12 produced
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number

number
That the presence of

production is shown by plants 2 and 9. A pod of the former pro-

duced 172 perfect seeds, although 12 larvae had been in the pod.

The pod of plant 9 also produced good seed in excess of the average

even though there were 5 larvae in it. The number of larvae pres-

ent did not seem to have any effect on the total number of seeds

(both infertile and perfect) produced.

number
many larvae

Pronuba. Of the ^o oods examined

seeds. some

larva

seed column where it had died. It is well known that most species

of insects are parasitized by other insects, particularlyby minute Hy-
menoptera. These parasites are usually parasites of the egg or the

larva of the host. The action of such parasites would account for

the death of the eggs and young larvae of Pronuba. The result of

the presence of these parasites would be advantageous to Yucca,

for once the parent Pronuba has pollinated the blossom of Yucca

its value to that Yucca plant ceases. The destruction of seeds

oy larvae is unnec

particular plant h

comes onlv to the

The advantage

larva. The elimination of some

by parasites could also be of va

if not carried too far. These egg and larva parasites aid in pre-

serving the balance by reducing the number of larvae toward the

optimum for the plant, thus saving the plant the seeds eaten by the

extra larvae. If the 7 pods which lost no seeds as the result of injury

by larvae be dropped, the average number of seeds eaten per larva

is raised from 19 to 24, and the number lost per pod from 58 to 72.

The destruction of the egg In these 7 cases makes this important

change in the averages, and if the saving of seed to the plant by the

destruction of the immature larv'ae could in some way be figured in,

the change would be still greater. Of course these eggs and larvae

may not have been destroved bv oarasites, although that is rather
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improbable, judging by

the esrsrs and larvae remains
advantage, from whatever cause, is to the plant.

In conclusion it is to be noted that Yucca is a successful plant in

regions where the climatic conditions are requisite and Pronuba
is found. The peculiar method of pollination by a single insect

species, which is maintained at the expense of the plant, must then
also be considered successful. The averages show that it is'. An

loo of which

production

University of Colorado
Boulder, Colorado



CURRENT LITERATURE

BOOK REVIEWS
Trees in winter

In the past, tree manuals have either been without adequate illustrations

or they have been too expensive for many who would otherwise have been

students of tree life. The present volume^ is inexpensive and yet each one of

the more than loo species described is represented by excellent halftone

reproductions of photographs of the winter habit ^ the fruit, the twigs, and the

bark, making in all more than 500 separate illustrations. The book consists

of two parts, the first devoted to the planting and care of trees and covering

82 pages, and the second to descriptions of the tree species together with keys

for their identification. The latter part, as it appeared in bulletin form, was

reviewed in this journal* somewhat more than a year ago.

The introductory chapter on the study of trees discusses the importance of

the subject for various grades of school and college work, as well as the aspects

which appeal to the amateur, the artist, and the poet. Some directions

are given for conveniently measuring the height of trees without elaborate

apparatus, and tree photography is briefly considered. There follows a series

of chapters on the selection of trees for various purposes, their planting, and

their care. This topic is expanded to include the treatment of various injuries

and the control of insect and fungous enemies.

The systematic part begins with a general chapter on the terms employed

and their application to the description and identification of various species.

It is followed by keys for (i) the genera and (2) the species. For the conifers,

leaf and bud characters are employed; while for deciduous genera, the bud,

leaf scar, and twig are made the principal bases of identification, with an

occasional final appeal to the fruit. The description of species is concise,

being limited to a single page for each, but quite sufficient for accurate deter-

mination, and is supplemented with data concerning the distribution, character,

common

scientific names. illustrating

making the arrangement very convenient. A good index adds to the efficiency

of this excellent work. Its scope fits it for use in the college, the school, and

the home.—Geo. D. Fuller.

' Blakeslee, a. F., and Jarvis, C. D., Trees in winter. 8vo. pp. 446. figs- 103

pis. 109. New York: Macmillan. 1913. $2.00.

= B0T. Gaz. 53:355- 1912.

79
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Local and spring floras

The increased demand for convenient and relatively inexpensive hand-

books dealing with the flora of limited areas, particularly in the western states,

has led to the publication of several local floras which deserve notice. Among

these are: (i) Petersen's^ Flora of Nebraska, in which the author seeks to

present a list of "all conifers and flowering plants, both native and introduced,

which grow without cultivation in Nebraska." The enumeration of species is

preceded by keys leading to their determination, and their distribution in

the state is indicated. Formal descriptions, however, are omitted. (2) Gar-

rett's'* Spring flora of the Wasakh region, in which the author's aim is "to

furnish a flora containing practically all the plants of a limited area that

bloom during the spring months" or by the middle of June. The main

object of this book is to stimulate the student to a study of the vernal

flora of the "eastern edge of the Great Basin." The treatment of genera

and species is conservative and reliable, and synonyms are introduced when

clearness may be gained thereby. (3) Nelson's^ Spring flora of the inter-

mountain states. In this book no pretense is made to include all the flowering

plants of the spring season, but rather "some of the plants that bloom early

in the year." It is intended to serve merely as an introduction to the flora

of the region outlined, namely Colorado, Wyoming, Montana, and adjacent

parts of Idaho, Oregon, and Utah; and in' connection with it the author

recommends the use of more coniplete manuals for reference.

These little volumes are of portable size, convenient for field work, and no

doubt will be helpful to the student in gaining an introductory knowledge of

the flora of the regions to which they appertain.—J. M. Greenman.

Forests of Nova Scotia

In anticipation of adopting a definite policy of conservation of its forest

resources, a survey of the existing conditions has been made by Nova Scotia.«

The importance of such an undertaking is seen to be
'

"
"very

.000

non-agricultural land covered with forests, or fit only for that purpose, and
that this resource, furnishing some five millions of dollars in value of annual

of th
^™^^^\^" ^•' ^""'^ ""^ Nebraska. A list of the conifers and flowering plants

«ntr T r ^^^' ^*"' ^^^'' determination. 8vo. pp. 217. Published by the
author Lincoln, Neb.: Printed by the State Printing Co 19x2.

Lanri.wT'"' t'
^' ^^"''^ ^^''^ °^ ^^^ Wasatch region. 2d ed. Svo. pp. xii+i39-

Lancaster, Pa.: New Era Printing Co. 1912.

Bostlm'' Ginn & cT'
^^""^ ^"'^ ""^ ^^^ intermountain states. Svo. pp. xv4-204.

Scoti?"" w'' t ^" ^''^^' ^- ^•' '"^ ^^"^'^^' J- H- Forest conditions of Nova

Ottawa, Canada' "^i i^^'

^^^^' ^''' "' ^"^^ ^- Commission of Conservation,
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product, is in danger of exhaustion within the next two decades. ' Of the forest

area less than 2 per cent is virgin, about 10 per cent is barren, while vast
* areas have been burned and are in various stages of reproduction. The pure
deciduous forest includes less than 10 per cent of the whole, and the pure
coniferous growth about 20 per cent, while the remainder is mixed, var>ung
from a beech-maple-hemlock association, with a small percentage of spruce in

the Annapolis Valley, to one in which birch, spruce, and balsam iir predominate
in the more rugged portions of the province.

The ecological part of the survey was carried on principally by Howe and
his assistants. The gee

to the conditions of reproduction and distribution of the various tree species.

Special attention is given to the causes and possibilities of the barrens
and semi-barrens. Most of the latter are found to have been caused by
repeated fires in regions with coarser soils. If the fires are excluded and
provision made for seeding, Howe concludes that within a centurj^ a
marketable forest would be developed. All the conditions point not only
to the need of conservation, but also to the comparative ease with which
It could be instituted and the excellent results likely to follow such a policy.

ogy

Geo. D. Fuller.

MINOR NOTICES
Syllabus der PfianzenfamilienJ—The student of taxonomy, as well as all

those who have frequent occasion to use an abbreviated synopsis of the vege-

table kingdom, will welcome the appearance of this new edition of the well

known Syllabus. From former editions it differs mainly by the incorporation

m the text of numerous carefully selected figures which greatly elucidate the

subject- A few additions have been made and certain groups of plants which

until recently have been placed doubtfully in the natural system are here given

a definite position in the progressive sequence of orders. For example, the

Julianiales {Juliania and Orthopterygium) is ranked as an independent order

and placed between the Juglandales and Fagales in accordance with HEiiSLEv's

recent treatment. Manifestly, in a work of this scope it would be impossible

to take cognizance of all genera known up to the time of publication; but a

statement by these eminent authors of the relative position of the remarkable

plant described as Miirastemon, representing the monotypic order Mitraste-

monales of Making, would have been of interest to the systematist. However,

this is but a slight omission when one considers that the purpose of the work is

to serve as a convenient guide for the classification of plants in accordance with

the most advanced knowledge of the science at the present time. The book

contains a vast amount of authoritative information in epitomized form, and

deserves, and doubtless will meet with, a wide circulation among American

students.—J. M. Greexman.

? Englkr, Adolph, and Gixc, Ej^nst, Syllabus d<

3^7- figs, ^57. Berlin: Gebriider Borntraeger. 191 2.
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Terminology of experimental evolution.—The more recent investiga-
tions of experimental morphology, experimental evolution, inheritance, and
alhed subjects have brought into existence a new technical vocabulary so
extensive in its nature as to warrant such a work as the present volume by
Roux.8 It is intended to supplement botanical, zoological, and medical dic-
tionanes, duplicating them only in such terms as have been modified in their
application, content, or implication by recent workers in the fields mentioned.
It contains over looo terms, each defined and explained in considerable detail,
and is made even more useful by citations to authors originating or employing
the words, and by numerous references to terms of related concept. The work

manner

experimental
circle of readers, to assist workers in the proper expression of their results,
and to promote uniformity in a terminology which is necessarily at once some-
what extensive and rapidly enlarging.-GEO. D. Fuller.

American trees.—The first of a
series ot atlases mapping the distribution of North American trees (exclusive
of those confined to Mexico) has just appeared and is devoted to the genus

inus. u includes 36 maps, 14. 5X 20 inches, each giving in detail the range

rnTu^r^7 Jl"^-
^° "^^PPi^g these trees, all published records have been

consulted and additional data have been drawn from the investigations and

Z.!;hl T '^ '^' ^"''^^ S^^^^^- Unfortunately, it has been found

InS ' '^ ^"'^ "^ ^'''''^'' detailed information, to indicate

tltZwTr.' ?^^/^^^ity- -ntinuity of the growth of each species,

maDs wnWn n^ ''^^^ ^' '''^'^''^- "^'^'^ completed this series of

forests-cr^ ^t '
'^^^'^"^ '' P^^^^^t "^"-ture on North American

land

Queensland
?/ Queens-

illustrations, including .T^ , .

""^^ ^'^^^^^ improved by numerous

are listed bll. 1 k
' ''^"•" P^*'^^' ^^^ '^^ ^"^^^^ Pl^"ts of the state

notes on economic fl'
^^"^^^^^^^ ^^^ thallophytes. " There are numerous

names wiU be of ereaf
•^' ^^^ ^^^ addition of vernacular and aboriginal

where scientific namesl'rfT '?.'^^'' ""^^ ^'^ '°«^^"S for plants in localities

i<^rum and the FlJ a .
'^'^f^^'^^a^- Bentham and Hooker's Genera Plan-

_____
Australvensis have been followed for the spermatophytes

8vo. ix-h465. itiZ^TvT^
^^"^ Entwicklungsmechanik der Tiere und Tflanzen.

.

Leipzig. Lnglemann. 1912 Mio'SuDwoRTH Geo B r u
Pines. U.S. Dept. of Agric Por S

'^''.'"''''^'"" «^ ^''^^^ American trees. Part I.

Forest Service. 1912."BviLEY F lU
'^=>^ -service. I912.

-W pis. ^6. "puSed bft'on!' "^T^f^^^ P'^"^^" «^-- PP' «'9- Ms- 976-
D> the Queensland Government. Brisbane. 1013.
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bryophyt

various monographs. Bailey's experience with Australian plants, extending

J

century Charles

Plants DiNSMORE" has published a catalogue of the plants
of Palestine which is based on the well known floras of Post and Boissier,
supplemented by additional collections made during the past few years. The
catalogue includes the indigenous ferns, fern-allies, and flowering plants,
also the cultivated plants of the region, and the total number of species amounts
to about 2000. An interesting feature of the publication is the association of

the Arabian name of the plant along with its scientific name. This part has
been prepared by Professor G. Dalman.—J, M. GREE^^MAN.

Plants of Massachusetts.—Stone" has published a list of the vascular
plants of three counties of Massachusetts, which comprise the Connecticut
Valley and represent a section of the state from Connecticut to New Hampshire
and Vermont. This very interesting region has been the "stamping-ground"
of such botanists as Hitchcock, Tuckerman, Jesup, Clark, Cobb, etc., and
Stoxe has brought their work up to date. The list includes 75 pteridophytes,

16 gymnosperms, 417 monocotyledons, and 990 dicotyledons, 1498 species in

all.—J. M. C.

A manual of the cryptogams.—Rosenvinge^^ has published an account
of the cryptogamic groups as a companion volume to the last edition of Warm-
ing's Systematic botany, which includes only the seed plants. A wealth of

material is presented, and more than 200 excellent figures (38 of them original)

have been added to those that appear in the cryptogamic part of the older

editions. As the author says, the volume is a handbook rather than a textbook,

introducing students and teachers to material—J. M. C.

Dictionary of botanical names,—Zimmer^^ has prepared a small, compact
dictionary which defines chiefly names of species. It will enable one who is not

a linguist to discover what specific names really mean. The thought of the

author is that it will give some interest to "these strange names that are all

but barren of interest in themselves."—J. M, C.

I^DiNSMORE, J. E., Die Pflanzen Palastinas. Zeitsch. Deutsch. Palastina-

Vereins 191 1, Reprint pp. 122. Leipzig: In Kommission bei J. C. Hinrichs. 191 r.

" Stoxe, George E., A list of plants growing without cultivation in Franklin,

Hamt>d' Amherst, Mass.

1913.

'5 RosExviNGE, L. KoLDERUP, Sporeplanternc. pp. x+338. figs. 513- Copen-
hagen and Christiania: 1913.

'^ZiMMER, George Frederick, A popular dictionary of botanical names and
terms, pp. 122. London; George Routledge & Sons; New York: E. P. Button 8: Co.

1913- fi.oo.
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NOTES FOR STUDENTS
Mitosis.—In a remarkable series of papers on nuclear division, Lawson

establishes several claims which differ from current notions, and raises several
questions which should stimulate research. The first paper, dealing with
synapsis and showing that this is not a contraction phase, has already been
noted in this journal's The principal conclusion of the second paper'" is that
the achromatic figure is not an active factor in mitosis, but merely the passive
effect of nuclear osmotic changes. Pollen mother ceUs of Disporum, Gladiolus,
yucca, Hedera, and the root tips of Allium furnished material for the investi-
gation. In the pollen mother cells, after the great increase in the size of the
nuclear vacuole during synapsis, the size of the nuclear vacuole begins to
aimimsh. The nuclear membrane is not only extensible, but is elastic, so
inat the passage of karyolymph from the nucleus into the cytoplasm is accom-
panied by a diminution in the volume of the nucleus. When the nucleus has
a ained its greatest volume, .the cytoplasm shows a reticulate structure;

thr/^ 1

''^' ^™^"^^^es' the tension draws the network out into the famUiar
nreads known as kinoplasm, which become more and more distinct. Whenme nucleiiis hnc r*^or>i^^j :^ * •

minimumkp^„ rnr. *- J 1

"-^^x...uiii 5iz,c, uie nuciear memDrane nas always

cell ifl u 'f
"^"^^ ""^ disappear. Lawson claims that in the living

kanltn^''
^';^^\down at all. Even if there should be a rupture, the

predoLT "T""^
'"'" '"'^'"^^ -^''^ '^' cytoplasm, would immediately

Le k :t :: '1?"^^"^' f^
^^^^ - ^reak would appear. However,

.
fixed

iixing agent, since fliP c.v

the nrprmlfof.- r
'"^^aiicuub Kuiing ot the cytoplasm would prevent

ZZ^TT 1
^"^\"^-^--e. When the stage is reached at which the

to the chromoreslhlurf-'7'' '^' "'"^""^ ^^ ''^''^ ^° ^^°^^'>^ "PP"^'

of the same cytolsm 'v ^^t''"^"''^'" ^^^ "^^"^^^^"^ ^^^"^ ^ ^'''

-hy an .Jo^l^^tl'™T '^'^ fi^^' ^^ - -sy to understand

chromosome for ea h h
^''^ '^ attached to each end of each

membrane which form 'J'''/^^'^"^^
^^ surrounded by a part of the nuclear

Of fibers, so f^t"; d:sc •w'T ''''' ^^^ ^^^^^^"^ ^' ^^^^ ^^ ^^"^^

cones travel throu£.h fh ^f^'
^^es not mean that individual threads or

developed, so that wh t '^^T '
^""^ '''^^^' ^^^^ "^^ ^^"^^ ^^ tension are

and what was fibrillar''

"^^^ ^^rmerly reticulate cytoplasm becomes fibrillar,

polar spindle do not fuseTT
'^^^'^"'^te form. The cones of the multi-

the expression of a new line fT"'-'^
^'^°^^'" ^^''''^^^' ^"^ the bipolar spindle is

assume the multipolar fn
^ ^^^^°^- ^^^ spindle in vegetative cells does not

::::^^:^being practically IVf^^^^^^^^
"^'""^^'^ 'y''^'''"^' P""'"

'^^"^^•Gaz. 51:313.— 51.313. 1911.
"Lawson, A A k i

Edinburgh
48:,3:.,.; ^"f;^*^;^;;'^

^^ a factor in mitosis. Trans. Roy. Soc.



1913] CURRENT LITERATURE 8 D

In the third paper/' dealing with chromosome reduction, the material
used was Smilacina, Kniphofia, and Aloe. Lawsox finds no continuous
spirem at any stage, but always a number of separate threads, probably as
many as there are chromosomes. Even in the reticulum the threads are double
and the double character becomes more pronounced in later prophase. If

these two parts of each chromosome should separate at this stage, an ordinary
vegetative division with the diploid number of chromosomes would result;
but, as the threads shorten and thicken, the double character becomes indis-

tinguishable, so that each thread appears single. These apparently single
threads now unite laterally in pairs, forming bivalent chromosomes, and the
two members of the bivalent chromosome are separated at the heterotypic
mitosis, so that entire vegetative chromosomes pass to the pole, thus accom-
plishing the reduction in number. Although the conclusions are contrar>- to

generally accepted views, the figures and arguments seem convincing.
Charles J. Chamberlain.

Changed permeability and antagonism.—During the last half-decadc

LepeschkiNj Trondle, and other workers have developed accurate methods
for determining the rate at which various solutes (NaCl, KXO3, glycerine,

glucose, etc.) enter the plant cell Lepeschkin states the degree of permea-
bility in the following unit: molecular weight entering unit surface of the cell

m unit time per average mol difference in concentration inside and outside the
cell. These methods have been applied in determining the effect of various

conditions and reagents upon the permeability of the protoplasm to the solutes

studied. The work as a whole establishes that marked changes in permeability
to nutrient salts and other solutes are produced by variations in temperature
or light-intensities and by the application of anesthmcs or certain salts. It

also involves definite measurement of the magnitude of the permeability
changes and leads to the generalization that in nature the protoplasm of plant

cells changes in its degree of permeability from hour to hour with the changing
condition, and that there exist daily, seasonal, and annual rhythms of permea-
bility changes. It is rather hard to over-emphasize the physiological signifi-

cance of these facts in explaining some phases of plant acti\dties. For example,

Lepeschkin has found that variation movements in plants are caused in the

main by modified permeability of pulvinal cells to contained solutes, which
xs induced by changing environment or internal conditions.

Now Szucs'^ believes he has show^n that the antagonistic action of various

metallic ions toward other metallic ions, alkaloids, and basic dyes is due to the

antagonistic ions reducing the rate at which the toxic agents mentioned enter

^' Lawsox, a. a., a study in chromosome reduction. Trans. Roy. Soc, Edinburgh
48:601-627, pJs. /-J. 1912,

^* Sztjcs, Joseph, Experimentelle Beiirage zn einer Theoric der antagonistischcn

lonemvirkungcn. Jahrb. Wiss. Bot. 52:85-142. 1912-
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the protoplasm. He first makes a study of the antagonism of AICI3 to CuSO^.
For this study he uses the hypocotyls of Cucurhita Pepo, which are placed in the
solution to be tested for a given time, removed, rinsed with distilled water,
and dried with fUter paper, then placed in a horizontal position in saturated
air, and after 24 hours examined for geotropic response. The length of exposure
at a standard temperature in a given solution that nulls geotropic reaction in

70 per cent of the hypocotyls is termed the life-duration for the solution.
In o. 025 n CUSO4, the life-duration is less than 40 minutes; but if the solution
a so contams o. 15 « AICI3, the life-duration is 4 hours. In this concentration
of CUSO4 higher or lower concentrations of AICI3 give shorter life-durations.
In o. 005625 n CUSO4 the life-duration is about one hour, but if AICI3 is present
in 0. 025 n concentration, the life-duration is 22 hours; and if in o. 07 w concen-
tration, 26 hours. The author shows that in a given CuSO, solution for a given
time tar less copper enters the hypocotyl when AICI3 is present, but it is to
De regretted that his determinations of copper were not quantitative. It is
maintamed that the slower entrance of the copper salt in the presence of AICI3
IS due o a lowering of the permeability of the plasma, as such, to the former,
and not to the other possibility of lowered toxicity, for concentrations of AICI3
inat are themselves quite injurious to the cells lower markedly the rate of

tnviV?''^ 7 • .

^''^^^^i^"^ nitrate showed some antagonism against the

Zlfl f T-"'''"
^^"^'^^"^ '^'°'^^^ ^"^ "methyl violet to Spirogyra. The

^re.tW '7'^? ''^^' "''''^ "^""'^ ^ff^'^tive in this respect, and it in turn was

actLn r . I
^^' ''^''''' ^^ aluminium. In these cases also antagonistic

conslfir\
"^"^ ^° ''^"'"^ permeability. Inorganic salts are not

some in e^ r^"'''.^'
'" '^' '"'''' ^^^^«" ^^ P'P^^^dine on Spirogyra; while

ZThT^lT^^^^^ ^^"^^ ^'- The effect in these cases is a func-

in their inflnpn^
^^^'1!",^"^ ^he anion, although the kations are predominant

render it morT K-
^^ ^'^"' ""^ ^''^^^^^^^ ^"^ basic dyes in the protoplasm

antagonisticallyt^::,^!^!™^^^^^^^ '^^ -^^s used, whether the latter act

+

Wild wheat in PalesHnA tu j- -

Aaronsohn has aftm t ]
discovery of wild wheat in Palestine by

possible practical Z 7 ^ ^'^^^ ^^^^ ""^ attention, chiefly because of the

wheat has now h'^"?"'' °^ ^ ^"^^^ ^^^^ ^^ ^^heat. This Palestinian

and the general res
1^1?^' ""^'^"^^t^^^ ^^^ culture for three or four years,

Bureau of Plant Ind r V"^^"
summarized by Cook'' in a bulletin of the

general conclusion. cLT ,
"^^""^^ ^""'^^^^^ ^^ of interest, but only certain

The wild whea
^""^ "'^"^^«"-

growing unde^vl^ d'ff

'^'''°''^'"^^ ^^ ^<>u^t Hermon, but later it was found

has a much wider ranee 'f
."^^^^tions in the Jordan Valley, and probably

S •
It IS especially abundant on limestone formations,

•^gric. pp'^;.
fil:.T'pj';^''

^'° ''''^'^^- Bull. .74, Bur. PI. Ind., U.S. Depart.
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being absent or very scantily represented on volcanic intrusions. It is exceed-
ingly variable in pollination methods, being not only adjusted for cross-
pollination by the extrusion of the stamens, but in some cases being protogy-
nous or protandrous. Occasionally it is adjusted for self-pollination, like
the domesticated wheats. It is thought that the remarkable individual diver-
sity shown by this wild wheat is explained by the great freedom in adjustments
for pollination. It is further concluded that the self-pollination of the domesti-
cated races is not a primitive condition, but that the adjustments for cro«s-
pollinatiott have been lost, and as a consequence there has been a decline in
vigor, fertility, and disease-resistance.

The joints of the rachis are peculiar in separating from one another at
maturity, each joint remaining attached to its spikelet and forming a barbed
beak. It was observed that these beaked spikelets " creep into crevices of rocks
or bury themselves in the soil."

There seems to be no reason to doubt that this Palestinian plant is a
genuine wild wheat, but it is by no means certain that it is the prototype of
our domesticated races. In fact, it is suggested that it be named as a distinct
species (Tnikum hermonis, from Mount Hcrmon). Of course, whether It is

the prototype of our domesticated races or not is not a question that aflects
Its practical value.

T. hermonis is a hardy plant in the sense of being able to live under a wide
range of natural conditions, and it suggests the possibility of obtaining from
It races of wheat adapted to the arid regions of the southwestern states. There
IS also a possibility of breeding its rust-resistance into our domesticated races.
It IS even suggested that this wild wheat may be used' as a self-sown forage
plant on the grazing lands of the Southwest; but the caution is urged that it

might become a troublesome weed !—T. M. C.

Biologic species ot Rhytisma.—The widespread occurrence of Rhytisma
acennum on many species of maple has led Muller^" to investigate the host
relationships of this form whose distribution seems to indicate that it includes
several biologic species. The field observations which led to this view were
lully confirmed by cultural experiments which showed that the forms usually
mcluded in Rhytisma acerinum can be separated into at least two biologic
species. The name R. acerinum is retained for one of these, the other is

described as R. pseudopIatanL
Under R. acerinum two minor forms are distinguished according to the

ease with which they infect different species of maple. R. acerinum f. plata-
noides occurs principally on Acer platanoidcs and infects less easily A. pseu-
oplatanus and A. campcstris. R. acerinum f. campestris occurs principally

MuLLERj K., Zur Biologic der Schwarzfleckenkrankheit dcr Ahornbaume,
hervorgerufen dutch den Pik Rhytisma acerinum, Centralbl. Bakt. II. 36:67-98.
figs^ 4- ph, 4, 1912. Preliminary account, Eer. Deutsch. Bot. Gesclls. 30:385. 1912.
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on A. campeslris, and less abundantly on A. platanoldes, but not at all on

A
.
pseiidoplatanus. R. pscudoplatani infects only A . pseudoplafanus, upon which

it occurs in company with R. acerinum platanoldes.

Infection by the spores of Rhytlsma always takes place on the lower sur-

faces of the leaves. Observations during a period of six years show that there

is a parallelism between the severity of the disease and the quantity of rainfall.

No appreciable injury results to the trees from the attack of the fungus.

An experiment carried out by Leslie and reported by Tubeuf" confirms

in part the results of Muller. Leaves of Acer pscudopJatanus, bearing

sclerotia with ripe ascospores of Rhyllsma, were suspended over pot-plants of

A. pscudoplatanus, A. plalanoides, A. campestris, and A. Ncgundo. 01 these

only A. pseudoplaianus was infected, showing that the fungus was unmixed
R. pscudoplatani of Mxjller.—H. Hasselbring.

Fertilization in Lilium.—Although every cytologist has studied fertiliza-

tion in Lilium and many have pul^lishcd their observations and conclusions,

Blackman and Welsford'^ have added a short paper to the list. They con-

firm the observation of Nawaschin and others, that the male nuclei are not

accompanied by any cytoplasm, and agree that the male nuclei are capable
of independent movement. The male nucleus which fuses with the polar

nuclei IS larger than the one which fuses with the egg nucleus, and is distinctly

pointed. In both nuclei the chromatin is not in the form of a resting network,
but IS arranged in strands resembling a spirem. Nawaschin thought this

arrangement was due to the motile condition, but the present authors suggest
that It represents an early prophase of division. In Fritillaria, and perhaps
m Liliim, the pollen tube does not enter the cytoplasm of the sac, but presses
between the cytoplasm of the ^gg apparatus and the cytoplasm of the middle
portion of the sac.

J

Nuclei in sieve tubes.-It is generally accepted that the nuclei of sieve
cuDcs soon disorganize and disappear, even such investigators as StrasburgeR
U«9iUnd Zacharus

(189s) having failed to find nuclei in the mature tubes.

cl
""

A v^ L
'^'^^""^ ^^^^ods of modern cytology, Schmidt'3 finds that in

demon f ft''
^''^"'''' ''^'"'' ^"'^ ^''P^ >^^l^^^> the nuclei can always be

tT^T f'n '^ '^' '^'^'' ^^^^^ ^^b^^- The technique of 1891 and 1895

thoni; V, UM
^^"^^^^tration of these nuclei, but apparently it was not

nromt?''
' '" ^'' '"^^ ^^^^°"^ ^^^hods in anatomical work. Schmidt

CrMBlJlT'
'"^ '''"''"'' ^'"'^ ^""'^^^^ ^^ '^' ^^^^^ tube.-CHARLES J-

For." uTanLLlT'in ''!^4^^ff
^'' Ahom-i?/.,//.,„a. Naturwiss. Zeitschr.

27:111-114. ^;.j2. 1913.

RD Ann. Botany-'•^'^-"4- p/. /2. 1913.
- ' "" "'

1913.
^'''''''' ^- ^^•' ^'^'' K^"--^ dcr Siebrohre. Ber. Deutsch. Bot. Gesells. 31:78. 79-
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Chicago

3S8 pages, 8vo, cloth; $2 .00, postpaid $2.17
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This volume differs from all other volumes on London in
that It gives a consecutive illustrated account of London not from
the point of view of the antiquarian but from that of the inquiring
student of Enghsh literary history.

It deals with ten consecutive periods, characterized in turn

A^i-
^^^^ ^^^ ^P^^^^ ^^ Chaucer, Shakespeare, Milton, Dryden,

Addison, Johnson, Lamb, Dickens, and by the qualities of Vic-
torian and contemporary London. The emphasis is thus dis-
tributed over history and given largely to the richer and more
recent literary periods. The temper of each epoch is discussed,
and then in particular those literary works which are intimately
related to certain localities in London.

^
The work contains four maps and forty-three other illustra-

tions, selected from the best oi a great fund of material. As
further aids to the student or the general reader, the sources of

material are indicated by footnotes and lists of illustrative

\
are appended to each chapter. There are also an

appendix with detailed references to illustrative novels, and a
carefully compiled index.

Christian Faith for Men of^ Today. By E. Albert Cook, Professor
of Systematic Theology in the Congregational College of Canada.

276 pages, i2mo, cloth; $1.25, postpaid $1.35

ihis volume contains a clear and reasonable interpretation
of life from the Christian point of view, and some definite formu-
lation of those beliefs that have proved most effectual in the
development of individual character and in the promotion of the
welfare of society. Professor Cook believes that Christianity
js the religion which best meets the needs oi all races and classes,
ihe convenient arrangement of the material in numbered para-
graphs, the valuable appendices, and the general systematic
treatment of the subject commend the book as a popular text
for college men and women, and for adult classes and clubs as
well as for general reading.
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appear in a clearer light, which the author, by aid of original
papers and manuscripts, has been enabled to throw ujion them.
These documents are now published, or brought together and
annotated, for the first time.

The Genus Iris. By William Rickatson Dykes. With Forty-
eight Colored Plates and Thirty Line Drawings in the Text.

254 pages, demi folio, half morocco; $37.50, postpaid $38.36

This elaborate and artistic volume brings together the avail-
able information on all the known species of Iris. The account
of each includes references to it in botanical literature and a
full description of the plant, together with observations on its

pecuharities, its position in the genus, its value as a garden
plant, and its cultivation. As far as possible the account of the
distribution of each species is based on the results of research in
the herbaria of Kew, the British Museum, the Botanic Gardens
of Oxford, Cambridge, Berhn, Paris, Vienna, and St. Petersburg,
and the United States National Museum at Washington.

_
The most striking feature of the book is the forty-eight life-

size colored plates, reproduced from originals drawn from living
plants—making it a volume of great beauty as well as of scientific
importance.

r

Byzantine and Romanesque Architecture. By Thomas Graham
Jackson, R.A . Two Volumes, with 165 Plates and 148 Illustra-
tions.

H

Vols. I and II, each 294 pages, crown quarto, half vellum; two vols. S12.50, postpaid $13.25

This work contains an account of the development in Eastern
and Western Europe of Post-Roman architecture from the fourth
to the twelfth century. It attempts not merely to describe the
architecture, but to explain it by the social and political histor>^
of the time. The description of the churches of Constantinople
and Salonica, which have a special interest at this time, is fol-

lowed by an account of Italo-Byzantine work at Ra\'enna and in
the Exarchate, and of the Romanesque' styles of Germany,
France, and England. Most of the illustrations are from
drawings by either the author or his son, and add great artistic

value to the volumes.

The Duah of Turkestan. A Physiographic Sketch and Account oj

Some Travels. By W. Rickmer Rickmers. With 207 Maps,
Diagrams, and Other Illustrations.

580 pages, royul 8vo, cloth; $9.00, postpaid $9.44

A record of exploration of a little-known region, combined
with some elementary physiography. The book discusses the

3



various geographical elements in the natural organic system of

the Duab of Turkestan (or Land between the two Rivers)

between the Oxus and the Jaxartes, the information being strung
on the thread of an interesting story of travel and mountain
exploration. The author was at great pains to obtain typical

views of physical features such as mountains, valleys, and glaciers,

and also of vegetation, village hfe, and architecture; and there

are many diagrams for a clearer understanding of the text.

The book is especially suitable for colleges, libraries, and
schools, and for all students or teachers of physical geography
and natural sripnrp
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Introduction

The Loranthaceae are parasitic plants that occupy a place of
special interest among the dicotyledons. Since they are very
peculiar, not only in their mode of life, but also in the structure of
their reproductive organs, they have attracted much attention from

Although a considerable number of studies
of the group have been made, their m
quite inadequately known. Our knowledge even of the European
species of Loranthus, Arceuthobium, and Viscum, those that have
been studied most, is as yet incomplete.

The Loranthaceae comprise more than 600 species and are
confined largely to the tropics. Aside from the European species
of the genera Just mentioned, the development of these plants
has been most fully studied in certain species of the same genera
occurring in Java. In spite of the wide distribution of the genus
Phoradendron in the southeastern United States and the occurrence
of scores of other species in tropical America, comparatively little

IS known of the Loranthaceae of the Western Hemisphere.

' Contribution from the Botanical Laboratory of the Johns Hopkins University,
no. 26.

89
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The observations of the earlier writers on the reproductive

organs of the Loranthaceae were concerned chiefly with the mature

flowers and the development of the fruit. Their interpretation of

the different floral organs and the relation of these to each other

show that they had a very meager understanding of these structures.

Nevertheless, some of these observations show considerable accu-

therefore

William

Society of London in 1836, gave a brief description of the anatomy
of the flowers and the development of the embryo in Loranthus

scumda. He asserted that the ovary is ''intimately adherent"

with the calyx and that some time after the ''fall of the corolla a

small cellular body appears attached at the base of the ovarian
n

cavity." This structure, which is an elongation of the floral axis,

he interpreted as the rudiment of an ovule, at the center of which,

in later stages of development of the fruit, an embryo appeared.

same

mature
Loranthus globosus,, stating that he believed they existed even before

pollination. He found a "nipple-shaped process" at the base of the

m
axis. 3f the homology of this pn

ovules, which he called em
relations to the pollen tubes, and the subsequent changes in them.
His main conclusions are that the o\ailes in this genus are reduced
to embryo sacs, and that "the embryo is a growth from the ends
of the continuations of the pollen tubes, outside the anterior ends
of the embryo sacs."

ScHLEiDETi (31) regarded the flowers of the Loranthaceae,
which he studied in Viscum album and Loranthus sp.,- as the "sim-
plest that can exist." He asserts that the two pairs of bracts of

the perianth which bear the stamens are "metamorphosed into

anthers" and the segments of the perianth in the carpellate flower

^

have the nature of a calyx." According to him the floral axis
IS prolonged between the sepals, forming a nucellus or "ovnlum
nudum." Furthermore, the tip of the nucellus constitutes a stigma,
on which the pollen grains are deposited and into the tissue of which
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mbryo
mbr\

embrv

peduncle" or the center of the nucellus, and that the berry is to
be regarded as a "metamorphosed peduncle." In conclusion,
ScHLEiDEN states that "the Loranthaceae show, in a parasitic form,
the intervening step between the Coniferae and more highly devel-

angiosperms. Meyen r

same

Treviranus (36) disagreed w-ith Schleiden and Meyen,
believing that the central portion of the flower of Viscum album
constitutes an ovary, within the solid tissues ol which the embryo
sacs arise.

HOEMEISTER
knowledge of the floral organs of the Loranthaceae. he being the first

to study the origin and development of the flowers. His extremely
accurate observations were made on Loranthus europaeus and
Viscum album. In these forms the flowers are axillary in origin

and position. According to Hofmeister, soon after the sepals
and carpels have appeared in Loranthus the apex of the floral

axis elongates, growing up between the carpels and forming a
small cone-shaped mass of tissue which later becomes united with
them. He found that the embryo sacs are formed in the elongated
floral axis which he regarded as "a naked ovule." Below this
a - 1 !t • ,. .

to be chalazal in nature. He
matous

Viscum album originate quite similarly to those in Loranthus
europaeus except that there is no swelling of the floral axis between
the carpels, which finally fuse to form a single mass of tissue. The
embryo sacs, w^hich are usually two in number, arise from a group
of cells in the tip of the floral axis.

Van Tieghem (37), from his observations on Viscum album,
was led to believe that the central mass of tissue of the flower is

apical in origin and homogeneous throughout its extent. He
described it as being formed by two carpellary lea\'es, each having
Its own vascular supply from the peduncle, and becoming "connate"
on their "ventral surfaces." He believed that embryo sacs arise
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in the lower half of the carpellary tissue, one or two sacs for each

carpel. He interpreted the central parenchymatous tissue as a

solid ovary, no special segments being differentiated for the pro-

duction of ovules.

We are indebted chiefly to Treub (33) for an accurate account

of the development and a clear interpretation of the reproductive

organs of the Loranthaceae. He found in Loranthus sphaerocarpus

that the tip of the floral axis grows up between the carpels, forming

a mammilliform body, the "mamelon," which becomes united to

them along their inwardly projecting margins. Between these

lines of union with the carpels the "mamelon" is lobed. There

are as many lobes as carpels, which are 3-5 in number. An embryo
sac is formed in each lobe of the "mamelon." Treub interpreted

these outgrowths of the ''mamelon" as rudimentary ovules, and
the central region of the ''mamelon" he regarded as a olacenta.

pentandrus

rudimentary

formed. Treub (35

>)

a still greater reduction in the floral parts of Viscum articulatum,
in which there is no projecting placenta or "mamelon." The
embryo sacs in this species arise from sub-epidermal cells of the

sunken apex of the receptacle. Jost (15) described later a similar

condition in Viscum album.

According to Johnson's (14) account of his observations on
Arceuthohium Oxycedri, there is at the time of pollination a pro-
jection of the floral axis which fills the entire ovarian cavity but
does not fuse with its walls. He has shown that in opposite sides
of this body two embryo sacs are formed, each of which arises from
a hj-podermal cell. Johnson assigns the same morphological value
to the elongated axis that Treub did for Loranthus sphaerocarpus.
He describes the anthers as sessile on the segments of the perianth
and without vascular bundles.

A few years later, Peirce (24), in his studies on Arceuthohium

the fruit. His
J the mor

flavescens are the most
ruit of the American Lor aceae.
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During May and June of 1910, observations were made on 18
different species belonging to 8 different genera of Loranthaceae
occurring in Jamaica, and material was collected for a detailed study
of their development. From a part of this material the following
study was made. This paper, which embodies the results of the
beginning of a comparative study of the morphology and physi-
ology of the North American Loranthaceae, embraces an account
of the origin and development of the embryo sac and embryo of
Dendrophthora opuntioides and D. gracile, together with a discussion
of the physiological relation existing between the gametophyte
and sporophyte of these plants. Although this study may lead
to the extension of our knowledge of the life histories and relation-
ships of certain genera of the Loranthaceae, and perhaps to a clearer

systematic

determination

most difficult

modification and adaptations in the reproductive organs. The
on which this studv was made was killed in mediummaterial

chromacetic acid and cut in sections 10 /^ in thickness.

To Professor Duncan S. Johnson the writer wishes to express
his sincere thanks and appreciation for helpful criticism and
advice.

Dendrophthora opuntioides

Dendrophthora opuntioides (L.) Eich. receives its name from its

Opuniia-like appearance (text fig. i) . It is a bright yellowish green,

glabrous shrub, seldom more than 4 dm. in height. The stems
are jointed, constricted at the nodes, and all the joints of a branch
are strongly flattened in one plane. The secondary branches
arise in this plane in the axils of the reduced scalelike leaves at the
nodes. The internodes are usually paddle-shaped, tapering toward
the base. The flowers are opposite, isolaterally arranged in spikes

which arise from the nodes of the younger portions of the stem in

the same manner as the vegetative branches. The spikes thus
formed are strongly flattened structures, whose plane of flattening

is parallel with that of the stems. The position of a branch as
It develops may vary somewhat from the plane in which the stems
are flattened, so that all parts of the whole plant do not always lie
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in one plane. However^ the whole plant is essentially a single

isolateral system.

D, opunlioides as observed in Jamaica occurs in well lighted

positions at elevations of 2000-5500 ft. above sea-level. It was

found most frequently on the following named plants: Oreopanax

^

Fig. I. Daidropluhora opunlioides: h, branch of host

capitatum Decne. and Planch., Rhylidophyllum tomentosum Mart
Baccharis scopana Sw., Heterotrichum patens E

Dendrophthora gracile

Dendrophthora gn _^ ......,xo.. .^^.. ...

IS quite similar in appearance and mode of branching to D.
optmtioides

the tendency toward an isolateral arrangement
less prominent than in D. opunlioides.

almost

The flow may be
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arranged as in the latter, but they often show a tendency toward
a decussate or whorled arrangement. The plants are distinctly
dioecious, both forms being exactly alike in external appearance,
except that the staminate flowers are usually more densely crowded
on the spikes. The anthers are unilocular and sessile on the seg-
ments of the perianth. D. gracile was found at altitudes of 500a-
6500 ft., in well exposed places. It was observed mostly on
Vaccinium meridionale.

The spikes

)f Dendrophthora

op

therwise

composed of two or three

the base of each internode there is a pair of connate bracts (figs. 3,

6). Primary growth of this axis is accomplished by the activity
of an apical group of initials (fig. 2). There is considerable second-
ary elongation of the spike, due to an intercalary growth zone at
the base of each internode.

A single pair of flow^ers is usually borne in each internode with
the exception of the basal one (fig. 3). They arise laterally just

below the apex of the spike, and are at no time closely associated
with the bracts at the base of the internode, that is, they do not
seem to be axillary in position (figs. 4, 5). In other spikes, which
occur less frequently, there are often two or three pairs of flowers

on each internode; of these the terminal pair is evidently older,

and if three pairs are present, the basal pair is youngest of all

(fig. 6). The appearance of these internodes, when the flowers

rnature

temode

from

while

ing bracts. seems

(7) in Dendrophthora Mancinellae
and is a characteristic feature, for example, of the Inflorescence of

Phoradcndron crassijolium Pohl., where the number of flowers on
each internode is much greater than in D. opuniioidcs.
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The vascular :m the spike is compara Sim

stem

, typical dicotyledonous stem

cambium (text fig, 7)-

U 13 1211 10 9
I I

1 t

(text fig, 7). Growth in thickness is

entirely by the divisions of the fascicular cambium and the paren-

chyma cells between the bundles. A single leaf trace passes from

each segment of the perianth into the

axis of inflorescence. The paths of the

bundles were traced in detail through

the basal internode, the first node

above the stem, and the first pair of

flowers. One bundle, which is entirely

free from the others, extends from

each of the two connate bracts into

the axis. The first pair of bundles on

the of the axis

Fig. 7

t 2 3 4 5 6 7 8

Fig. 8

Figs. 7, 8.—Fig. 7, cross-section near base of spike, indicating arrangement of

vascular bundles; fig. 8, diagram showing arrangement of vascular bundles in lateral

view in the first node and first pair of flowers of fig. 3: 1,2, 3, 4, 5, 6, 7, 8, same as

m fig. 7; LN, level of first node; i, 8, bundles entering the bracts; a, h, c, d, a, h, c, d,

tracheid strands entering the swollen portion of the inflorescence axis (fig- 4, c) about

flower; A,B,C,A,B,C, bundles entering inflorescence axis from the flower (figs. 13. ^'

20, v); g, w, II, 12, /J, 14, as in fig. 7.

furnishes the traces for the swollen collar of the stem surrounding
the With these same the flowers

are connected (text figs. 7, 8). The bundles beyond the first pair

of flowers were not followed closely, but their distribution is

described.
em here figured
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The flower

The earUest stage obtained in the development of the flower
shows that it is not axillary in origin, but is initiated by a bul<nn-

em
the The flowers of Rho-

ca

palocnemis phalloldes have a similar origin, as was shown by
LoTSY (20). Following such a stage, the surrounding tissues of
the incipient floral

axis expand rapidly,

which results in it

becoming almost
completely buried
within the axis of

the young spike
(figs. 4, 9).^ Two
cycles of floral seg-

ments develop acro-

petally on the young
axis of the flower.

The outer consists

of three parts, which
are the segments of Fig. 120.—Diagrammatic cross-section of flower taken
the perianth; while ^^ AB, fig. n-.m, floral apex or "mamclon"; ca, carpels;

c, swollen part of inflorescence a.xis aboutthe mner is com s, sepals;

flower.
posed of two seg-

ments, the carpels. The perianth completely covers the apex of
the floral axis before the carpels have begun to develop (fig. 10).

The two carpels arise as distinct primordia, and upon elongating
inclose the moundlike apex of the floral axis between them (fig. 11).

At this period of development the flower is still sunken in the axis
of the spike, and its various parts are clearly distinct from one
another (fig. 12, text fig. 12a). growth

basal

torus

axis wath the narrow ovarian cavity about it becomes deeply
sunken within the torus

there

cr

is a somewhat similar

13), According to Goebel (9),

)rising of the torus and carpels
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in the early development of the flower of Pyrus Mains. The
lateral walls of the ovarian cavity are thus lined on the inside by
carpellary tissue. and the ovary is distinctly epig>^nous. Mean-
while the moundlike apex of the floral axis has been slowly develop-

ing and has come to occupy the entire ovarian cavity. It is in

close contact with the walls of the cavity but never becomes united

them. In form, it is a compressed knob, flattened in the same
plane with the spike. A transverse mid-section of the knob is oval

in outline (fig. 14). A longitudinal section perpendicular to its

broad surface is finger-shaped, while a longitudinal section in the

with

carpus

mob form (figs. 15, 17, 18).

europaeus and Treub in L. sph

the carpels

after they have appeared. According to Baillon (i), the apical

the carpellat

development

Dendrophlhora

The megasporangium (nucellus?)

parenchymatous

largement
and has a distinct epidermis. Parallel wun tne eniargemeixt ui

the floral axis the cells subjacent to the sporogenous cells divide
by penclinal and anticlinal walls (fig. 16). Later, when the
unmucleate sac has been formed, it is partially surrounded by a
tissue of a few cells in thickness, which has resulted from the
divisions of these underlying cells. The contents of the cells of
this tissue contain no starch, but have dense cytoplasm, their walls
are thicker, and they stain more darkly than the cells of the other
portions of the axis (fig. 17). The tissue thus formed about the
young gametophyte is apparently nutritive in function, and may
e regarded as the equivalent of a nucellus. Treub has shown

tuat a similar tissue is formed about the archesporial cells in

Starch.

phaerocarp

In Arceuthohium Oxycedri there is apparently no nucellus

the above mentioned^.v. auuvc mentioned cases. By the time the two-
micleate sacs are developed, the cells of the nucellus have become
much enlarfT^r^ — J .1 . , . . ,^much enlarged and the become
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17 J 18). A similar though somcAvhat more marked lobing occurs in

Loranthus sphaerocarpus (Treub 33). The epidermal cells imme-

diately above the sporogenous cells divide by one or two peri-

small to be

regarded as the remnant of an integument (fig. 18)- Warming

(38), in studying the development of the reproducti\'e organs of
fe

Thesium, found that the contents of the epidermal cells above the

apex of the nucellus were more densely granular than the remaining

epidermal cells, and that the epidermal cells surrounding these

granular ones divide by periclinal walls, forming a tissue about

three cells in thickness, which he regarded as vestiges of integu-

ments.

The question of the interpretation of the elongated floral axis,

the "mamelon/' has been a puzzling one. According to Hor-

MEiSTER, who first worked out its development in Loranlhus

europaeusy it is a ''naked ovule'' in which there are several groups

of archesporial cells present. Baillon also gave the same inter-

pretation to this body in Arceuthohium. Treub believed that

the ''mamelon" is a growth of the floral axis in which the separate

nucelli represent rudiments of ovules. In reference to Hof-

meister's idea, Treub asserts that there is no reason to consider

this hemispherical process as an ovule reduced to its nucellus.

Nowhere are groups of embryo sac mother cells formed in the

lateral part of a nucellus as would be the case in Loranthus if the

mamelon'^ be regarded as an o\aiIe.

#1

a

*

Aucune raison ne nous' engage a considerer le processus hcmispherique

comme un ovule reduit a son nucelle. Nulle part plusieurs groupes de

cellules meres de sacs embr>'onnaires ne naissent dans les parties laterales d'un

nucelle, comme cela serait le cas chez le Loranlhus si le mammelon en litige

meritait le rang d'ovule.

the

Comp

resemblance and further evidence for the

ness of Treub's views. In the early development of the flower of

Thesium divaricatum, there is a central elongation of the floral axis

as in Dendrophthora opuntioides and D. gracile. This "mamelon"

formation and forms a
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lobe opposite each of the three carpels. As development continues,

these lateral outgrowths enlarge and grow downward along the

sides of the axis. These lobes are the ovules. In direction of

become
placenta along the side of which they grow. mere

integuments are formed, as has been already mentioned, the
:tically naked. The archesporial cells are sub-

mame

ovules are thus practically naked.

epidermal in origin. In Santalum a

Ion" quite similar to that in Thesium, but less extensively lobed.

The o\'ules are without integuments. In Osyris alba naked o\ailes

are found on a central placenta as in the two preceding examples,
except the o\iilar lobes at first grow downward and then curve
upward toward the apex of the placenta.

From this comparison it is evident that Treub's interpretation
of the ''mamelon" is correct. The two lateral lobes of the elongated

rudimentary

Dendrophthora opuntioides

micro
end of the nucellus is toward the base of the placenta, and the
chalazal portion lies in the apical part of the floral axis (fig. i

system

segments

gments

the perianth into the inflorescence axis. A fourth vessel may
enter the axis from near the base of the placenta, but there are no
traces m the placenta. The bundles within the s.

perianth as a rule never branch. About the time of the origin of
tne one-celled embryo sac, the cells just below the insertion of the
placenta begin to enlarge and the walls become unequally thickened,
ater there is formed a mass of short tracheids, which are somewhat

simuar in appearance to water-storage tracheids (fig. 19). This

ropaeus which HoFiiEiSTE

collenchymatous

bprnrr T, 1 1 .
r-^'*>' wiucu nuFiiEiSTER interpreieu us

Tl uT\ '"! ^^'^^^- Treub has shown that a collenchy-

in Lomnthus sphaerocarp
{ HOFMEISTER

formation of 1

ovary m
They

#;»
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' originate thus in or near the zone of elongation of the torus and

i from tl

segments Other strands of tracheids

(text fig. 20, tp) near the

Fig. 20.—Diagrammatic longitudinal section of flower at maturity of embryo
sac; te^ strands of tracheids in inner walls of carpels; /, strands of tracheids connecting

vascular bundles of the sepals with tracheid tissue beneath "mamelon"; t^, vascular

bundle of sepal; Ip^ plate of water tracheid tissue beneath "mamelon"; k, strands

of tracheids in middle region of carpels; s, tissue of sepal; ca, tissue of carpels; m^

**mamelon"; 0, cavity of ovary.
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time of the formation of the

mature sac some of them reach almost halfway 1

apex of the placenta (text figs. 20, 21, te). By the

development of the embryo sac, there are 10-12 vascular traces

com

mam
which they have become united (text fig. 2 1, /) . Besides uniting with

the bundles of the perianth,

their branches anastomose
with each other, so that in

the mature fruit there is an

intricate network of vessels

within the fleshy pericarp.

formed

carpels

stem The

mbrv

imitv to some

while later the endosperm
comes

them In fruit

Fig. 21.—Diagrammatic cross-section

the outer coat of the lower

half of the seed is formed of

of flower taken along line AB in fig. 20, remnants of these tracheids.
showmg vascular system: ., same as v in T^,,.. small
fig.2oand.1,B,C.and/,S,Cinfig.8;

, ., , , ,,

'^^A^^,^,c^,w,(j,asinfig.2o;e^,embry(; ^^^^^^ P^^? upward from the

sacs. com
I

f ,
part of the carpels to the base

ot the style. These strands lie in the plane of flattening of the
floral axis (text figs. 20, 21, /,). The tissue
iseventiinllv-^.Vr.!— j i. ,i

betw

with them.
rm

megaspore
Previous to the upward growth of the torus, as explained above,

the archesporial cells become organized. There are two in each
mamelon/' hypodermal

rniri k • . / ,.
v^^igui ana locatea at tne poit

m.d-honzontaI diameter of the enlarged floral axis (fig. .3) Tbey
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distinguished by more
asm ^rithout cutting off tapetal cells they

may be called megaspore mother cells

(fig. 16).

Johnson's account of Arceuthohlum Oxycedri states that the

primary archesporial cell divides into two cells. The upper one

becomes the primary tapetal cell, which later divides by an anti-

clinal wall into two cells, while the lower cell becomes "the mother
cell of the embryo sac." Treub's work shows that no tapetal

cells are formed in Loranlhus sphaerocarpus. He found that the

archesporial cell in Viscum articulatum does divide into two cells,

the lower one developing directly into an embryo sac. It is not

determine

known

Preceding division the megaspore mother cell becomes very

much enlarged (fig. 16). Later the chromatin thread is organized,

becomes thickened, and forms a loose mass, the synaptic knot.

Following synapsis, it segments into chromosomes, which later

become arranged on the spindle. From two counts of the chro-

mosomes in the dividing megaspore mother cell nuclei of two

chromosomes

development

The
number of chromosomes was found in dividing cells of the young
embryo. Thus it seems that no reduction division takes place;

hence this division is a normal vegetative division. Since the

nucleus passes through what is apparently a synapsis before

dividing, it may be regarded as analogous to a megaspore nucleus

of the usual type. The two cells resulting from the division of

the so-called megaspore mother cell in Dendrophthora are separated

by a thin wall and lie just beneath the epidermis of the nucellus

(fig. 24). The one toward the

degenerates, while the one in the chalazal portion gives rise to the

embryo sac (fig. 25).
_

In the seed plants in which parthenogenesis is said to occur

there is a tendency toward a reduction of the number of divisions

of the so-called megaspore mother cell. Four megaspores are formed

in Thalidrum and Eualchemilla. Only two occur in Taraxacum

microp}

^
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been omitted

and Wikstroemia

The archesporial cell develops directly

Balanoph

by LoTSY.

mously.

Balanopho?

he embryo

In Arceuthohium Oxycedri, according to J

becomes

)f the ''embryo sac mother

uppermost one, that is, tl

sac. same for Loranthus sphaerocarp
He refers to the two lower cells as ''anticlines/' These authws
make no reference to megaspore formation, nor is the place of the
reduction division known, yet we
mentioned are megaspores.

may

development of the embryo

—^.j^ oau:, aic lurmea m eacn ovary, one trom eacn
chalazal nucleus, resulting from the division of the megaspore
niother cell.

.
Since the development of the two sacs is practically

the same w*^ r\(^^A f^n^,,. 4.i.„ r • . ^ , . „ - . -i

The cell which

17, 26). No
nuclei. Thei

may be said to become
wo-nucleate sac is formed )

formation^-^""^ x^ouius Hi uie lormation ot tne lour-nucieaie
sac, m which the two nuclei at each pole of the sac are sister nuclei

\ g- 27}. Simultaneously with the formation of the one-nucleate
sac, starch anH nfV.oy f^^j ^. • » ..1 .

materials are beinô
com

^""of oZl!'r,!f.
'''*^'''"

^''^- '^^- ™' '= especially trae of the
""^

S^<^cile. Ovules of this plant were found in
DendropJithora

Y
^ "^^^ citiici ucgeneraimg or naa entuci;'

disappeared as a result of the abundant storage of food. In some
examples one of the nucelli had been replaced by a cavity filled
vith food materials (fig. .9). The starch and other organic sub-

nourishment
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further development of the gametophyte, and by the completion
of the sac they have usually been entirely consumed. The sac

toward the base of the inflorescence as a rule contains a greater

amount of stored food substances than its mate, and is the one in

which degeneration of the nuclei occurs. No examples were
observed where the nuclei in both sacs had begun Iq disintegrate.

Following this stage, the end of the sac grows almost straight

downward in the floral axis until it extends below the level of the

insertion of the placenta. It then curves outward into the tissue

of the carpel, bends, and grows upward beneath the epidermis of

the inner wall of the carpel until the micropylar end of the sac lies

almost over the apex of the floral axis (figs. 29, 30). At first it

forms a very narrow tube, having a diameter but slightly greater

than the width of the cells adjacent to it. It forces its passage

through the tissues of the floral axis and the carpel by digesting

the cells in front of it. The behavior of the sac suggests strongly

that of a pollen tube. Griffith (ii), in his observations on the

Santalaceae, figured and described the branching of the chalazal

portion of the embryo sac of Santalum and mentioned that it

behaved much like a pollen tube. Lloyd (18) calls attention to

the pollen-tubelike behavior of the embryo sac in his studies of

the Rubiaceae. The disintegration of the cells indicates clearly

the secretion of an enzyme by the tubelike sac. A portion of the

protoplasm in this sac seems to be specialized for this purpose, as

will be shown later. As the sac advances, it evidently derives its

nutriment from the cells immediately surrounding it. In a sense

it is a parasite within a parasite, feeding on the tissue through

which it moves. The path of growth of the sac brings it into a

most advantageous position for obtaining food. It also provides

a line of transit through which food is readily transferred to the

erm and embryo. When
comes

placenta (text fig. 20). rpels and grows

nourishment

proximity

rpel

moves
tissue (fig. 31). No starch was found in these cells, yet their general
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th

they

sac.

-phaerocarp

»vth of the embryo sac may be

chemotactic stimuli. In Loran-

mbryo sac is sur-

rounded by a sheath consisting of a single layer of cells which are

filled with starch. During the development of the long arm from
the base of the sac, the portion within the floral axis has been slowly

enlarging and -advancing upward. The sac as now seen is shaped
like a hook, the short arm of which is within the floral axis, while

carpel.

ithin

the

the
than

sac itself. The two nuclei in the chalazal end of the
four-nucleate sac become the "antipodals" of the mature sac.

They do not divide, but become somewhat enlarged. They are
nearly always in close contact with each other, and by the time of
.L

, ^^^ embryo they may be partially fused. Still later

may

m
uon ot the endosperm and embryo, when they finally <

Comcidently with the downward growth of the sac, tl

portion of the cytoplasm and the two micropylar nuclei
with most of the food substances, move into the tubelike
as It IS bemg formed. This mass
the apex of the sac as it works its way up through the tissue of the

rpel
asm

wall of the micropylar end of the sac does not contain starch. It
very dense, finely granular, and stains more

the
and food substances are imbedded.

brown
With

specialized
rne protoplasm of the sac which probably secretes an enzyme for
aigestmg the tissue as it advances through the carpel. This is

exam
apex of the sac extended up between the cells of the tissue
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form
cells in contact with

Tlie

digested
(figs. 34, 43). The nuclei of the long arm of the sac are derived
from the two micropylar nuclei of the four- nucleate stage, at which
period in the development of the sac they are usually a short
distance apart. Preceding their division, which begins about the

commences
and lie in close contact until after they have divided. They are
so intimately associated that in some examples they appear to be
partially fused. In the stage preceding the upward growth of the
tubelike sac, they are found partially divided in a mass near the tip

of the sac, in which 6 nucleoli are distinguishable, some of which are
entirely inclosed by a nuclear wall (figs. 35, 36, 38, 39). Examples
were found where the sac had advanced well up into the carpel and

) divide (fig. 34). Either 5
iclei had just begun t

formed, and for some
com

the
About the time

apex of the axis, the nuclei of the sac separate, 2 occupying the
position of polar nuclei, the other 3 or 4 forming the egg apparatus
(figs. 41, 42, 43). The two nuclei corresponding to polar nuclei

01 a sac ot the usual type are sister nuclei, having resulted from
the division of one of the two nuclei at the micropylar end of the

four-nucleate sac. From the sister nucleus of this same nucleus
the nuclei of the tgg apparatus are derived. There are 7 or 8
nuclei formed in each sac. If we try to homologize them with the

nuclei of a sac of the usual type, we find 2 or 3 cells having the

position of synerglds accompanying the egg nucleus at the micro-

pylar end of the sac, the 2 just below the egg have the position of

polar nuclei, and the 2 in the chalazal region correspond to antipo-

dals. While the long arm of the sac has been developing, the

chalazal end has been enlarging and slowly advancing toward the

apex of the placenta where it meets the chalazal arm of the sister

sac (text fig. 20), At first they are separated by a thin wall, which
finally disappears during the early stages of the formation of the

embryo, so that the two sacs form one continuous tube (fig. 30).

The embryo sac of Dendrophthora as thus seen is quite different
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from that known in other Loranthaceae. In Viscum album, V,

articulalum, and Arceuthobium Oxycedri the sacs are similar to the

common type of embryo sac. In Loranthus sphaerocarpus the sac

is long and tubular, extending up in the narrow stylar canal. In

the two species of Dendrophthora which are the subject of this study

and Arceuthobium Oxycedri the embryo sacs originate in a quite

similar manner in the elongated floral axes, which also bear a strong

resemblance in general form. The sac in the latter species grows

up to the apex of the axis where it is met by the pollen tube. As

already shown, there is a strong similarity between the mega-

sporangia of Dendrophthora, Thesium, and Santalum. Also the

sacs of Dendrophthora and Santalum are much alike in their general

shape and behavior. In the latter the sac grows downward, curves,

and extends upward just outside of the "mamelon." The simi-

larity between the genera of the Santalaceae mentioned above and
Dendrophthora in the position of the megasporangia and develop-

ment of gametophytes might be taken as indicative of a phylo-

genetic relationship. .

Of the two sacs formed in each flattened "mamelon," the one
toward the apex of the spike becomes functional. The preceding
description applies to this sac. It is somewhat larger and usually
develops a little more rapidly than its mate. As a rule, the long
arm of the latter extends a short distance above the level of the
apex of the ''mamelon." The development and arrangement of

Its nuclei are the same as in the micropylar end of the functional
Only a few examples of 4 nuclei in the egg apparatus w^ere

sac.

found.

much
Dendrophthora

opuntioides. Examples were found in which the nuclei of the
long arm of the sac were formed by the time the sac had begun its

downward growth (figs. 44, 45). Aside from this difference in

Dendroph

No traces of mitotic

material

lat of the megaspore mother

maturation of the sac. The

C5
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have become concentrated into a single nucleoliis-like body; which
stains uniformly and reacts with Flemming's triple stain, Haiden-
hain's iron alum hematoxylin, cyanin and erythrosin, thionin, and
methyl green and acid fuchsin, as chromosomes do in ordinary
mitotic cell division. The division of the nuclei apparently always
begins by a fission of this nucleolar mass, which is followed by a
constriction of the nucleus (figs. 39, 40). This mass
number of parts equal to the number
exam in the division of the parent nucleus of the egg

apparatus, the nucleolus divides into 3 or 4 parts, each of which

inclosed within a nucleus (figs. 36, 38). The stainingecomes

moreaction and the

the nucleus as thus seen clearly indicates that it is composed
of chromatin, and instead of dividing into the same number of

chromosomes as occur at the time of the division of the mepfa<;nore

mo Judgi
to

appearances, the nuclei during the above mentioned period divide

amitotically. The manner of the formation of the gametophytic

nuclei is apparently quite unique, as the author has found thus far

no indication in the literature that such a phenomenon has hitherto

been observed in the development of an embryo sac. The mode
of division of these sac nuclei is probably stimulated in some way

material

number of exam 1-3 small bodies,

chromatic ma
embryo sacs in which they occurred or as described in connection

with figs. 39, 40, were present in the terminal portion of the embryo
sac in the dense finely granular protoplasm mentioned above

(figs. Z^jZS^y)^ It was not possible to discover their origin or fate.

Brown University
Providence, Rhode Island

EXPLANATION OF PLATES V AND \T
r

All figures, with the exception of figs, 8, 12a, 20, and 21, which arc diagrams,

are camera lucida drawings from microtome sections. Figs. 3, 6, 22, and 66

were made with a Bausch and Lomb dissecting microscope. In making the

remainder of the drawings a Lcitz compound microscope was used.

Abbreviations: a, floral apex; an, antipodals; by bracts; c, swollen collar
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of the inflorescence axis; ca, carpels; ce, cutinizeci epidermis; cw, wall of

carpels; d, definitive nucleus; dp, degenerating polar nuclei; e, egg nucleus;

eUj nuclei of egg apparatus; em, embryo; en, endosperm; /, young flower or

floral apex; fn, fusion nucleus; i, rudimentary integuments; m, mamelon;

w, nucellus; p, polar nuclei; pc, fleshy pericarp; pi, placenta; pi, pistil; r,

remains of nuclei of egg apparatus; s, stem; se, sepal; sn, synergid; si, starch;

V, vascular bundle; vf, very young flower; x, nuclei from w^hich nuclei of egg

apparatus and polar nuclei are derived; y, chromatin-like bodies.

Figs, i, 7, 8, 12a, 20, and 21 are text figures.

Fig. 2.—Part of longitudinal section of apex of young spike; X 100.

Fig. 3.—Lateral view of young spike; X i . 5.

Fig. 4.—Part of longitudinal section of apex of spike showing very young
flower; X26.

Fig. 5.—Part of cross-section of young spike showing initiation of flower

from periblem; Xioo.

Fig. 6.—Lateral view of large spike showing sequence of development of

flowers; X1.5.

Fig. 9.—Outline of cross-section of spike showing sunken flower before
sepals have begun to form ; X26.

Fig. 10.—Outline of cross-section of spike showing sunken flowers with
sepals; X26.

Fig. II.—Longitudinal section of flower showing sepals and incipient
carpels (ca); X26.

Fig. 12.—Longitudinal section of terminal portion of inflorescence axis
showing young flowers

; X i o.

Fig. 13.—Outline of longitudinal section of flower at two-nucleate stage
of embryo sac; X 26.

Fig. 14.—Transverse section of "mamelon" at two-nucleate stage of
embryo sac; Xioo.

Fig. 15.—Outline of longitudinal section perpendicular to broad surface
of mamelon" at two-nucleate stage of embryo sac; Xioo.

^

Fig. 16.—Section of part of "mamelon" showing megaspore mother cell
with subjacent cells {n) which give rise to nucellar tissue; X 150.

km. 17.—Longitudinal section of "mamelon" in plane of flattening,
showing two-nucleate sac, nucellar tissue, and placenta; X 150.

tiG. 18.—Longitudinal section of "mamelon" of D. gracile in plane of
nattenmg, showing uninucleate embryo sac and rudimentary integuments
W, X150.

V
^^^' '9-—Portion of section of tracheid tissue at base of "mamelon";

npr,.o
^^-r^^^gi^^dinal section of ripe berry showing embryo, endosperm,

penca-p, and vascular system: tc, v, t, tp, as in fig. 21; X 1.75

Fig.

Fir
""-^ _p^'^^'''^ ^^ "mamelon" showing archesporial cells; X 100.

• 24. Part of section of "mamelon," showing megaspores; X 150-
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1

Fig. 25.—Part of section of '*mamelon," showing disintegration of basal

megaspore; X150.

Fig. 26.—Longitudinal section of two-nucleate embryo sac; X
Fig, 27.—^Longitudinal section of four-nucleate sac; X 150.

I ^o.

Figs. 28, 29.—^Longitudinal sections of *^mamelon," showing one of the

100

Fig. 30.—Longitudinal section of flower of D. gracile, showing fusion of

short arms of embryo sacs, resulting in formation of a single tube; tp same as

tp'm fig. 20; X150.
Fig. 31.—Part of longitudinal section of that portion of the carpel taken

at^ in fig. 13; X150.
Fig. 32.—Longitudinal section of upper portion of embryo sac, showing

polar nuclei, nuclei of egg apparatus, and three chromatin-like bodies {y) in

terminal portion of sac; X 250.

Fi*^- 33-—Longitudinal section of upper portion of embryo sac showing
chromatin-like bodies (y) and group of nuclei from which those of egg apparatus
and polar bodies are to be derived; X 250.

Fig. 34.—^Longitudinal section of young embryo sac, showing pseudo-
podium-like projections; X150,

egunFig. 1,$,
—^Longitudinal section of young embryo sac which has 1

grow downward, showing dividing nuclei; X250.
Fig. 36.—^Detail drawing of nuclei ea and p in fig. 35; X500.
Fig. 37.—^Nuclei at micropylar end of sister sac to the sac shown in

fig- 35; X500.
Fig. ;^8,—Dividing nuclei at micropylar end of sac from which the syner-

gids, egg, and polar nuclei are to be derived; X500.
Figs. 39, 40.—Dividing nuclei showing segmentation of the nucleoli;

500

500Fig. 41.

Fig. 42.—Cross-sections of mature embryo sac of D, gracile; X 150.

Fig. 43.—Longitudinal section of mature embryo sac, showing three

synergids, egg, and degenerating polar nuclei; X150.
Figs. 44, 45.—Longitudinal section of embr>'o sacs of D, gracile that

have just begun to go downward; X250.
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J. N. Martin

(with one figure)

begu
that a thorough knowledge of its physiology, in conjunction with the

history of the embryo sac, might help to overcome the uncertainty
of clover seed production. The investigation was started at the

University of Chicago during the summer term of 191 2 and
continued at Ames during the autumn of the same year. Many
points demand further investigation, but the author thought it

well to pubhsh at this time, since the work cannot be resumed until

the next growing season. The work has to do with three questions

:

conditions necessary for the germination of pollen ; the stigma as a
stimulative and directive factor in tube development; and relative

potency of the pollen in self and cross-pollination.

Historical

Hansgirg (8) and Lidforss (9, 11) succeeded in germinating
the pollen of many species in tap water or moist air. The pollen
of Trijolium hyhridimi germinated in moist air, but the pollen of
T. pratense burst. Rittinghaus (5) found that the pollen of a
large number of species would germinate in cane sugar solutions.
The optimum concentrations for the different species varied from
20 to 40 per cent. Max Pfundt (14) showed that 20 to $0 per
cent concentrations were required for the pollen of some grasses.
^NY

(3) found that the pollen of Aesciilus Hippocaslanum,
Liliim bulbiferum, Rohinia Pseudo-Acacia, Lathyrus tuberosus,
and Pisum sativum germinated better when gelatin was added to
the cane sugar solution. Mangin (4) increased the germination in

. ~j ^^...xxg ^,,,xci agar
(12) found the germination

medium,

some species
01 grasses to depend entirely upon the water supply. This he
Botanical

[112
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germinating

in distilled water and properly dried on filter paper. The pollen
of some composites would germinate on the parchment paper onl)-

after it had been soaked in sugar solution and then suitably dried.

Elfving (2) was unable to germinate the pollen of OrnilJwgalum

species of grasses except on the stigma. Gl}Tcrin,some

potassium chlorate, and sodium

had no effect. Hans Molisch
calcium malate or o.oi ner a

A r

0.01-0.05 Pt^r cent

added to the sugar
solution would cause the pollen of Azalea and Rhododendron to

germinate. Saltpeter, asparagin, citric acid, and tartaric acid had
a slight stimulative effect. Lidforss (9) increased the percentage
of germination in some species of Erica and Menziesia by the

addition of a small percentage of citric acid. Van Tieghem
obtained better germination in some species by adding

bitartrate to the medium. Saxdsten (16) found that

tomato pollen required a slightly acid medium. Burck (12)

ammonium

Mtissacnda

zma
or levulose was added. Levulose could not be replaced by other

sugars. TiscHLER (15) was able to germinate the sterile pollen

common in Solanum rostratiim, in some of the CommelinaceaCj

Melastomaceae, Pontederiaceae. Liliaceae. Lvthraceae. and in the

erummosae

solution. According to Lidporss (9), the presence of a small

percentage of calcium or potassium salts or a lack of aeration will

prevent germination in many species. Burck (12) found that

levulose inhibited germination in Pavetta and Antirrhinum and

Murray Molisch (6, 7)
showed that the direction of pollen tubes in some species is due to

ism. Lid
FORSS (10) found that proteins attract the pollen tubes in some
species. In the species investigated by KxY (3) gravity and light

had no directive influence on the pollen tubes. Some of the earlier

botanists, and more recently Lindhard (17), and the work carried

on by Pammel and CoE, which is not yet published, have shown
that the pollen of Trijolium pratense is impotent on its own stigma.
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Description of the pollen

very

mm
mother

divide. When the embryo sac is mature the pollen grains are

binucleate. They are almost globular when turgid, with a little

germ

X43/^- from

Theone diameter is much shortened by an mfolding of the wall,

average dimensions in this condition are 26X48/^.
Content.—Pollen treated with chloral hydrate and iodized

potassium iodide gave no starch reaction. The immediate bursting

of the pollen m these solutions permits good exposure of the con-

tents and makes observations easy. Treated with Sudan III, the

numerous small particles giving the pollen content its granular

appearance gave a definite fat reaction. This fat exists in the form
of a fine emulsion.

Osmotic pressure.—In determining the osmotic pressure
sucrose solutions were used, since the pollen
to this sugar.

;

permeabl

The results are given in table I,

(mol. wt, dissolved to a lite]

used In watch glasses, which

nd left on the laboratory i

Time

10 m..
20 m..

I hr..

7 hrs.

20 hrs.

48 hrs

.

TABLE I

volume-normal

Turad

a

a

u

volume-normal

Turgid

u

a

u

it

,
2-33

Volume-normal

Plasmolyzed

2.S
volume-normal

2.66
volume-normal

5 per cent turgid
10 per cent
20 per cent ^

u

Plasmolyzed
it

u

a

awe shows that a 2 . 33 volume-normal solution is a little

3vided the pollen grains are not permeable to the solution;

volume-normal is nearer the proper strength than 2.5.

volume-normal is changed to weight-normal (mol. wt.
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dissolved in a liter of water) and calculated for 25" C. according to

data and formulae given by Renner (18), it gives an osmotic

pressure of 163.5 atmospheres. This takes no account of the

excessive increase of pressure over concentration between 4 . 13 and
4.65 weight-normal (2.^^ volume-normal). The pollen was per-

meable to saturated solutions of KNO3 and NaCl, and these salts

could not be used for determining osmotic pressure.

Germination of pollen

Trifolium pratense

medium
absorption. Small amounts of sugar solutions made up in double

distilled water by the volume-normal method were used in the

ordinary watch glasses/ carefully cleansed. The flowers were

collected between 9 a.m. and 3 p.m. and the pollen from those well

open, but still fresh, was used. The dishes^ sealed with glass plates

and vaseline, were left on the laboratory table and observations

were made about every 30 minutes during the three or four-hour

test period. Table 11 shows the effects of different sugar solutions

on the pollen of Trifolium pratense^ T. hyhridum, and T. repens.

mas
made

solutions given in table II, gave no germination in Trifolium

pratense; 0.000075, o- 000375, ^^^ ^-^75 volume-normal solutions

of malic acid, as well as equal concentrations of calcium malate,

added to the sugar solutions gave increased bursting in T, pratense

and reduced the percentage of germination in T. hyhridurn and

T. repens. A 0.000277 volume-normal of HCl or a 0.00056

volume-normal of butyric acid used with the sugar solutions had

little effect. The butyric acid gave a little better germination in

T. hyhridurn and T, repens in sucrose solutions above o, 73 1 volume-

normal. Stronger solutions of either acid increased bursting and

cut down germination. Sugar solutions containing agar or gelatin

gram

normal
the pollen of T. hyhridurn and T. repens. Pollen of T. pratense

run in sugar solutions under increased pressure of oxygen and
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TABLE II

Showing the effects of different sugar solutions on the pollen of Trifolium

praiense, T, hyhrldum, AND T, repens

Solution

Double
distilled

H.0

Sucrose ,

.

a

u
« 4

a

a

a

* w

4 m

» i

« «

4 »

Levulose .

.

a

u
4 t

u
* #

Dextrose
u

* P

w
t #

Maltose .

.

a
4 ^

tf

r. pralense

0.1462
0.2824

0.4386

o
.
5848

0-731

0.8772

1-0233

1.1695
I-32T7
I. 4619

0833

I.II08

I.38S8

1.666 1

2. 2216

2.499

2.7776J
1.1108

1.3888

1.666

I
• 9333

2

2

2

o
o

2216

499
7776;

S848
73

1

0.8772

I -0233

Immediate burst-

ing

Bursting

u

About 50 burst; no
germination

Turgid

tt

a

Bursting

About 50 per cent

bursting

Turgid; -no burst-

ing

Turgid; no burst-
ing

Bursting

a

u

a

Some bursting

Bursting

a

T. hyhridum .

Immediate burst-

ing

Bursting

Bursting 25; ger-

mination
About 80 per cent

germination
Good germination

T. repens

' Immediate burst-

ing

Bursting

Bursting 25; ger-

mination
About 80 per cent

germination

Good germination

Plasmolysis
M

U

Some germination
and much burst-

ing

Fair germination;

no bursting
About 50 per cent

germination; no
bursting

About 50 per cent

germination; no
btursting

Bursting
Feeble germina-

tion; some
bursting

Feeble germina-
tion; some
bursting

No bursting; 25
per cent germi-
nation

No bursting; 25

per cent germi-
nation

Bursting
Feeble germina-

tion; some
bursting

Feeble germina-
tion; some
bursting

No bursting; 25

per cent germi-
nation

riasmolysis

Some germination

and much burst-

ing
. .

Fair germination;

no bursting

About 50 per cent

germination; no

bursting

About so per cent

germination; no

bursting

Bursting
Feeble germina-

tion; some
bursting

Feeble germina-

tion; some
bursting

No bursting; 25

per cent germi-

nation

No bursting; 25

per cent germi-

nation
Bursting
Feeble germina-

tion; some
bursting

Feeble germina-

tion; some
bursting

No bursting; 25

per cent germi-

nation
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TABLE II—Contiitucd '

Solution
Volume-
normal

Maltose. .

.

1.1695!

1-3217

1.4619J

T. pratense

Bursting

T. hyhridum T. repens

No bursting; 25

per cent germi-

nation

No bursting; 25
per cent germi-
nation

Percentages of maltose and dextrose mixed gave about the same results

Lactose

a

H

0.584S
0.731

0.8772

* > 4

Arabinose

a

1.0233
I. 1695
1-3217
I.4619J

^'3333
1-6555

I
. 9999

Bursting

50 per cent germi-
nation; some
bursting

50 per cent germi-

nation; some
bursting

50 per cent germi-

nation; no burst-

ing

Burstin cr

50 per cent germi-

nation; some
bursting

SO per cent germi-

nation; no burst-

ing

Bursting

50 per cent germi
nation; some
bursting

50 per cent germi
nation; some
bursting

50 per cent germi-

nation; no burst-

ing

Bursting

50 per cent germi-

nation; some
bursting

50 per cent germi-

nation ; no burst-

ing

carbon dioxide showed that the supply of these gases was not the

limiting factor. Small dishes made by cutting off glass shells

m
in very shallow depths of sucrose and levulose solutions, which did

not permit bursting, were placed in wide-mouthed bottles and

attached to oxygen and carbon dioxide tanks. No germination

resulted fron^ a three-hour exposure to an increased pressure of

these gases. In table III the results obtained with other media

are given.

of parchment j

en of Trifolium

T. hybridum

Small squares of parchment paper were soaked in distilled

water and in 0.5848, 0.731, and 0.8772 volume-normal sucrose

solutions and then dried on filter naoer until surnlus moisture was

moun
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under bell jars on the laboratory table. Parchment paper proved

unsatisfactory because its opaqueness and fibrous character made

observation difficult; so after several sets were run with no

germination, hoof bladder was substituted. After a few trials good

TABLE III

Showing the effects of various solutioxs ox the pollen of Trijoliiim praknse

Solutions

Sucrose o.73i-i-KN05 0.00006.
Sucrose 0,73 1+KNO3 0.0002. .

Sucrose 0.73T-I-KNO3 0.0006.

.

Sucrose 0.731+KNO3 0.002..

Sucrose o.73iH-KX03 0.005. «.

Sucrose o. 731 H-galactose 1.3888
+ a trace of asparagin

Sucrose 0.731+asparagin
0.0375

Sucrose 0.731+dextrose 1.3888
-i-KX03 o . 0005

Sucrose 0.73T-I-0.0075 aspara-
gin

Sucrose 0.8772+dextrose 1.666
+asparagin 0.075

Sucrose i.0233+a5paragm 0.15
Sucrose o . 8772 +gaIactose
i-9333+asparagm 0.187

Sucrose 0.8772+asparagm
0.0015

Bursting
About 25 per

cent bursting

About 25 per
cent bursting

Very little

bursting

No bursting

Ver>' little

bursting

Bursting

Little bursting

About 50 per

cent bursting
Bursting

Sucrose 0.8772+asparagin
0.00075. '

Sucrose 0,8772+asparagin* '

0.00037c

Sucrose 0^8772 -fglycerin 'oleic
acid

Sucrose 0.8772+palmitic acid"

!

Sucrose 0.8772+lipase
Levulose i .666-f-lipase
Lecilhin+H,0 as a thick paste.
Sucrose+lecithin as a thick

paste

Levulose +lecithin as 'a' thick
paste

Sucrose 0.87724-diastase.*
[''

No bursting

u u

a

<i u

u u

ti u

u u

a u

tt a

75 per cent

turgid

75 per cent

turgid

Turgid

No germination

ti

a

u

25 per cent or

more turgid

50 per cent

turgid

u

u

Turgid

u

a

u

u

u

a

u

a

a

a

u u

u

a

a

u

u

a

a

a

a

u

u

a

u

u

germination was obtained on the bladder. It was found that

germination was very closely connected with the amount
m
so

membrane, and it w^as not easy to dry embrane

as ahvays to secure germination. Membranes soaked in
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0.731 and 0.8772 volume-normal solutions of sucrose or in 1.3888
and 1

.
666 volume-normal solutions of levulose and properly dried

gave as good results as those soaked in distilled water. This
shows that these sugars have no toxic effect on the pollen. The
efficiency of the membrane did not depend upon the fats or salts

contained, for pieces extracted 5 days in alcohol and ether in a
Soxhlet's extraction apparatus or boiled for 16 hours in changes of
distilled water did not lose their efficiency, although their physical
properties were so changed that the requisite amount of soaking
and dr>'ing had to be found again by experimentation. Another
series of trials with parchment paper showed it to be as effective

as the bladder and that the previous failure was due to insufficient

drying. In these tests most attention was given to the pollen of

T. pratense, although the pollen of T. hybridiim was investigated

sufficiently to discover that it germinated readil}- on the membrane
and that its germination would permit more variation in the water
content of the membrane than the pollen of T. pnilense.

m
the pollen of T. praknse

Germination was not i

form. On some portions of the membrane the percentage of

germination was high, while on other portions there was no ger-

mination. These difTercnt regions were usually quite definitely

marked off, and the germination in a region was usually good or

none at all. This lack of uniformity was mainly due to a difference

compositi A difference

amount

m Some
from

from the same
requisite for germination. But in moimting the pollen, the keel

was sprung with a scalpel, and as the pollen was thrown from the

anthers, it was collected on the instrument and then spread on the

membrane. By this method of collecting and mounting, the pollen

mixed

uniformity in germination

germination determined

I a membrane when anv ue
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varied from almost zero to 96 on different membranes. Still,

on membranes with the low percentage of germination, the per-

centage of germination was high in the region where it occurred.

In table IV are given the results obtained on a small piece of bladder

that gave fairly uniform germination.

TABLE IV

Total number of pollen
grains

Number of germi-
nations

Percentage of ger-

mination

107 87
IIO

183
•

170
lOl

144

81+

87-1-

80+
Q4+

I^s

200

176

126

15s

room tcmperatu
8-10 minutes. This agrees with Sandsten's (16) report on T.

r<>r

The lengths of tubes produced were various. The mi
length of tubes measured was about 15 times the diameter of the

pollen grain. The lenfrtlr? nf tho Tnamrrfv ranapd from 6 to !<;pollen grain,

times the diameter of the pollen.

tubes would have been produced
brane had remained constant.

majority ranged from

mu
delivery

membrane and parchmentxi.c ic^iUiLs oDiamea with the membrane and parchment paper

showed that the water supply was at least the important factor

if not the only factor in determining germination.
An attempt was made to secure the proper water supply by

means of sugar solutions. Sucrose solutions with a difference of

normal

olume-normal and ranging from I to 2.2 volume-

germination obtained

volume In account
ing for this failure, three things should be considered: (i) the

range of water supnlv Dermitfincr crf^rm'.n^tinn mav he. so smallpermittmg germmation may
that it was missed by these concentrations;

might have been limitin^^ ^- ^-•f^-' Ajt A j^ X \^ M X Cv V V-* U v-V-r- XX XXXIXX LXjLX^L -X Cw v^ ^V A i-' -** — -

the higher concentrations were greater than those run under the

increased pressure of these gases; (3) the condition for germina-
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tion may be a cerl

and transpiration.

made
some

Gram-molecular solu-

detinite expression by runnmg tests

over different concentrations of H2SO4.

tions were placed in large, wide-mouthed bottles fitted with rubber

corks. A glass tube about 10 inches in length was run through the

rubber cork and the membrane suspended from a cork fitted over

the lower end of the glass tube. With the upper end of the tube

corked, the apparatus was left in the required temperature 48
hours to secure moisture equilibrium between liquid and membrane.
If stored longer than 48 hours fungi gave trouble. The pollen was
collected on the end of a glass rod and deposited on the membrane

running method
interchange between outside and inclosed air. The percentages

of moisture were approximated from data given in Laxdolt-

T^iN (19). The humidity at the pressure of saturation over

..ater was considered 100 per cent, and moisture for each

temperature used and the percentages over the solutions are based

on the 100 per cent- The results of two series run are given in full

to show variation and the others are summarized (tables V-VII).

TABLE V

Temperature 35° C.

Gram molecular of
H.SO4

Relative percent, of
moisture

I

O
o
o

7

5

3

Pure H2O

95
96

97
98

5

5
2

6

Some less than
100

No. of
pollen grains

I20I

2187
1801

2209

2736

Percent, of ger-

minations

0.88
27-4
29.9
10.

o

24-4

Condition

Turgid
Some bursting

Little bursting

20 per cent

bursting

30 per cent

bursting

TEXtPERATURE 20*^ C.

0.7

03

o
0.21
0.12

1.34

Turgid

Little bursting
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TABLE YI
4

Relative percentage of moisture 98; gram-mol. 0.5 H2SO4; temperature ss"" C.

No. of sets run

ISt

2d
3d
4th

Sth
6th

7th....:

Sth

9th

Totals

No. of pollen

grains

No. of
'erminations

208

200

198
205

223
181

20S

195
1^3

o
o
o

146

S
o

165

98

Percentage of

germinations
Condition

80 539

o
o
o
60.9
64-5
2.7
o
84.6

53-5

Turgid

Some bursting

Turgid
a

u

29.9

TABLE \TI

Relative percent, or moisture 99; gram-mol. 0.3 HjS04; temperature 35"* C.

No. of sets run

-

1st

2d,

3d.

4th

5th

6th

7th

Sth

9th

Total

No. 0! pollen
grains

No. of
germinations

Percentage of

germinations

219
X67

127

133

253
218 100

1

1

19.7
45 -8

310

435
348

10

35
26

32.2
8+
75

Condition

Turgid

50 per cent

bursting

Turgid

22OQ 221 10

Much bursting
a ft

As seen from the tables, the percentages of germination in most

of the sets run were low as compared with those obtained under

bell jar on the laboratory table. This low percentage may be due

to three things: (i) the membrane was not in equilibrium; (2) the

amount of mnTcf,,.^ required by different pollen grains for germi-

much that only a small percentage of germi-

ace under a given moisture condition; (3)

moisture

nation can

germmation may be to some

run
oiution at the same temperature strongly suggests that moisture

quilibrium had not been estnhh^BpH wi'thm thA AT^naratus. The
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tables show that for these temperatures germination takes place

only when the Dercentaere of moisture is dose to saturation.

The influence of the stigma upon the germination of the pollen

and upon the direction of the pollen tubes

The stigma presents a very uneven surface due to the projec-

tion of the papillae. The exposed portion of the papillae has a

rather heavy cutinized wall. Microchemical tests showed no

sugar or starches present in the papillae, but an oily emulsion such

as was found in the pollen.

Although decoctions of the stigmas had been tried without any

positive results, it was thought worth while to try them in connec-

tion with the bladder. After the pollen had been spread on the

prepared sections of bladder, stigmas from other plants were pressed

down on these membranes with a scalpel, and then the sets were

run under the bell jar on the laboratory table. These stigmas

apparently exerted no influence on germination or on the direction

of the pollen tubes. Often there was no germination around the

stigma when there was good germination in other regions; and

when there was germination around the stigma, germination just

as good could be found in other places. The pollen tubes around

the stigmas were grown in all directions, and pollen grains in con-

tact with the stigma were found growing tubes at right angles to,

and away from, the stigma- From these observations it appears

that the stigma secretes nothing that has any effect on germination

or the direction of the pollen tube. The behavior of the stigma

in the experiments at least indicates that its function in the germi-

nation of the pollen is to regulate the water supply; and the nature

of the pollen necessitates no other function. If this is the function

of the stigma, and the water supply must be as delicately adjusted

on the stigma as on the membrane to secure germination, then

conditions which will modify the amount of water delivered by the

stigma will have an effect on fertilization and hence on seed pro-

duction. This may account for the usually poor seed production

in the early part of the season, since there is usually more moisture

in the ground at this time and more rain during the flowering

period than occurs during the second crop. If germination depends
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amount

H

would have an effect on fertilization.

moisture of the atmosph

The comparative potency of pollen in self and cross-

pollination

Pollen tubes can be traced through the stylar canal by mount-
ing the pistils in a 30 per cent sucrose solution and flattening with

a little pressure on the

cover glass. The tubes

have a denser and more

granular content than the

cells of the style and these

features make it possible

to trace them. Sufficient

pressure causes the ovary

to break just above the

ovules and enables one to

see the tubes in the ovary.

Fig. T shows the upper

Fig. I. Camera drawing, showing the upper

portion of an ovary with

exposed pollen, tubes 55

hours after pollination.

For self and cross-

pollination vigorous field

plants were selected, and

flowers to be used were

under cover 2 or 3
".av-iiifi, Miowing ifte upper *

portion of an ovary teased oflF and the pollen tubes ^ays previous tO opening
-ading the ovary.

and remained covered

nation

pollinat

-pollinated by sim^

eel was sprung, an<

pplied to the stigm

until collected for exami-

>Iv springing the keel.

owy so hours after pollination. Sections of ovaries killed

scalpel. An

tubes in the

hours55

had enlarged for its first
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and that the endosperm cell had made one division; therefore,

fertilization must take place about 50 hours after cross-pollination.

An examination same
time the others were crossed showed good germination on the
stigma -he number of pollen grains germinating on their own

ged from 3 to 25 in the 30 flowers. The tubes produced
lort, none exceedmg 4 mm. Out of 20 self-pollinated

run 00 hours, one tube

mm.: from

mm Counting the average length of the style and
:ma 1 1 . q mm

pollen tubes in the two cases. The tubes in case of self-pollination

look as vigorous as those in cross-pollination. Some abnormal
behavior was observed. In one case the tubes were found wound
about each other in the upper part of the stylar canal. In a few
cases one of the longer tubes had turned back upon itself.

The question is now raised in case of self-pollination as to

whether or not the tube can reach the ovary and effect fertilization.

Field work on self-pollination shows that it rarely does, if ever.

Summary

The pollen of Trifolium pratense is physiologically different

from that of J", hybridum and T. repens in respect to behavior

toward sugar solutions.

The only function of the sugar solution in the case of the pollen

of T. hybridum is the controlling of water supply.

The germination of the pollen of J. pratense is delicately adjusted

to water absorption.

The results of the investigation show that the stigma produces

no secretions which influence pollen tubes.

The nature of the pollen demands no other function of the

stigma in its germination than the control of the water supply.

The pollen in self-pollination germinates readily on the stigma,

much more slowlv than in

pollination.

my thanks to Dr. William

ovHix EcKERSox of the University
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under whom a greater part of the work was done, for their valuable

suggestions; and to Dr. Pammel, who gave me valuable assistance

at Iowa State College.

Iowa State College

Ames, Iowa
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OBSERVATIONS ON THE MORPHOLOGY
OF THE AROIDS
James Ellis Gow

(with forty-seven figures)

The material for the following observations was collected in

the greenhouses of the New York Botanical Gardens, Bronx Park,
New York, and was worked up by the writer during the years

1911 and 191 2. The usual methods were used, the sections being
cut in paraffin, and stained usually by the iron-alum-hematoxylin
process, or triple stained with Delafield's hematoxylin, safranin,

and orange G. The species are given in the order studied

:

I. Aglaonema commutatum

time

of the work done by Campbell on this species.' The results

confarm

and the spherical proembryo (fig. 2). In the specimen here figured,

two of the antipodals appear in process of disintegration.

2. Aglaonema nitidum
F

The staminate flower consists of a synandrium, cleft into lobes

by 2-5 shallow creases, each lobe containing a single loculus. The
material examined

formed

completed. The division of the generative nucleus had not taken

place. It probably occurs in the tube, and not in the pollen grain.

The pistillate flower consists of a single carpel which contains

one basally attached anatropous ovule. The inner integuments

are massive, the outer being thinner and never closing over the

inner. In the mature embrj'o sac there are lo cells
, 5 of which

occupy the position of antipodals, the other 5 performing the usual

functions. The divisions of the endo?;i erm
intity of heavy-walled endosperm (fig. 3). The antipodals, or

'Campbell, D. H., Studies on the Araceae. Ann. Botany 14:1-25. ph. i-j.

1900
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some of them, frequently persist until the sac is quite filled with

endosperm. The embryo develops simultaneously with the endo-

sperm, and is at first of the spherical form which appears to be

characteristic of this famil}- (fig. 4).

I

2

4

X

5

Figs, i, 2.~Aglaoncma commutatitm: fig. i, seven anlipodals, two disintcgraling;
fag. 2, spherical proembtyo.

f^iGS.
3, ^.—Aglaoneyna nilidum: fig. 3, endosperm; fig. 4, proembr>'0.

i-iGS. 5, 6.—Anthurmm crystallinum: fig. 5, longitudinal section of ovary, showing
two of the six ovules; fig. 6, primary archesporial cell.

3

to 6.

Anthurium crystallinum

number of stamens from
There is a broad connective, and com

of filament and anther, in which respect the plant differs
iorms as Arisaema and Aglaonema. The appearance of 1

tetrads
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indicates that the divisions are simultaneous. The separation of

the two male nuclei follows immediately on the liberation of the

pollen grain in the loculus.

The compound ovary consists sometimes of two but usually of

three closely united carpels, with a single truncate style whose
canal is filled with viscid conducting tissue. Each of the three

carpellary cavities contains two laterally attached anatropous
ovules (fig. 5). The immature ovules are at first erect, but soon
become reversed through the non-development of their lower
surfaces. prnnary
sporial cell becomes differentiated, and can readily be detected

by its heav}^ chromatin network and ready reaction to hematoxyhn
stain (fig. 6). Two divisions occur, giving rise directly to 4 mega-
spores (iig. 7), the lower 3 of which are suppressed and break
down. The functioning megaspore increases rapidly in size.

The nuclear divisions are of the usual t>'pe, resulting in the for-

mation of 8 cells. Egg, synergids, and antipodals are well marked
by their positions (fig. 8). After fertilization the endosi

develops rapidly, and soon fills the embryo sac with a mass of

firm, heav>'-walled tissue (fig. 9), after which the division of the

fertilized egg produces the usual form of proembrj'o (fig. 10).

erm

m

4. Philodendron Wendlandii

The staminate flowers crowd the upper part of the slender

spadix and consist each of a single, 4-loculate stamen without

floral envelopes. Dehiscence is along longitudinal grooves. The
divisions of the mother cells are simultaneous, producing the usual

type of tetrad. The tapetum is rather thin (3-4 layers of cells)

and breaks down early, the nuclei sometimes floating free for a

time before complete disintegration takes place.

Nine carpels are arranged radially around a common axis, form-

ing a single compound pistil. Each carpel contains two slender

pseudo-anatropous ovules. It is probably correct in this case to

regard the placenta as the suppressed floral axis and the ovules

as lateral shoots (fig. 11). The thin integuments project far over

the tip of the nucellus, the lateral portion of which becomes sup-
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of whiA fu^c^'^ioT^f/T
crystallinun: %. 7, four megaspon

sac fiUed with endosner^ Ti?T ^^^' '^^'"^'^S '^^ ^^ ^^^^ ^igl^t

proemhr...
^^^^^^Perm, the latter partially diai^mmmntiV.proembr>^o.

Figs, h, 12^

uppermost one

eus; fig. 9, embryo

fig. 10, egg-shaped

xlI/A
'P^''"'^ ^S' '^' ^^b^'^ ^^c with contents.riGs. i^-2A—T/7i7/;,^ i ^' ^' cmur>'o sac witn cont

%i5,sameinkgSfe;tnT^^^^''^^5antipodals;fig.i4, .. ..% 17, polar nuclei about tf '''^ "^'^ ^^'^' ^S- 16, transverse section showing egg;

figs. 19, 20, later prophases •''f
^^' ""'^''^"^ ^^ somatic cell in early prophase;

Indie. • "^'''- 21, 22, nuclei showing i6 chromosomes; figs. 23, 24,spindle.
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pressed through the pressure of the growing embryo sac. The
latter is 8-celIedj the arrangement being of the usual type (fig. 12).

The endosperm is heavy-walled as in Anihirhim, and the

proembryo is egg-shaped.

5. Philodendron gloriosum

The ovule is much like that of the species just described.

Like it the embryo sac is 8-celled, the endosperm is heavy-w^allcd,

and the embryo spherical to ovate.

6. Arum maculatum

This plant was obtained from a local florist and grown in pots.

Owing to difficulty in the fixation of material the earlier phases

cannot be given. It has the usual 8-celIed embrj^o sac and spherical

proembryo, and a thin-walled endosperm which is persistent in the

seed.

7. Xanthosoma sp.

Through accident the label attached to this specimen was lost

in transit. As the material was cut into cubes and in the fixing

medium its identity could not be traced.

Each cell of the tricarpellate ovary contains tw^o slender anat-

ropous o\^les. A series of long conducting cells lines the interior

of each carpel and extends to the micropylar extremity of the ovule.

The extremity of the truncate style is covered with glandular

papillae. The ovule is extremely slender, as in Philodendrony but

is sessile and does not occupy the reversed position. There appear

to be 5 antipodals (fig. 13), the other contents of the embryo sac

being what might be anticipated in any angiosperm (figs. 14-17).

Many of the cells surrounding the embryo sac were found to

be in an active state of division, probably owing to the increase

necessitated in the accessory tissue by the enlargement of the

embry^o sac. This gave a good opportunity to study the phases

of homotypic division. No continuous spirera stage could be

discovered- The chromatin reticulum is at first very fine, the

strands later shortening and thickening, and finalh^ breaking

into an irregular mass of coarse threads which soon resolve them-

selves definitely into 16 chromosomes. Early splitting of the

chromosomes w^as noticed in a few^ cases (figs. 18-24).
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Homalomena argentea

The lower part of the cyUndrical spadix is crowded with the
pistils, interspersed with numerous staminodia; the upper is

crowded by the equally numerous stamens. Each pistillate flower
consists of a single ovary, which in turn is made up of 3 foHaceous
carpels. The ovules spring from the infolded edges of the placentae,
and are arranged in 6 ranks (fig. 26). There is no open stylar
canal, but the inner tissues of the style are loose and spongy
(fig. 25). The anatropous ovule is

When it has fully developed, the inner integument is massive and
closes over the tip of the nucellus (fig. 28). The outer remains
as shown in the figure.

The primary archesporial cell is ' somewhat larger than the
surroundmg cells (fig. 27). It divides once transversely, and of
the two resultant cells the outer one funcrions. the inner one being
broken down and absorbed. Whether

mounted

academic quesrion. Functionally it is a tapetal cell. The embryo
sac contents consist of the usual 8 cells arranged in the typical
manner (fig. 28).

s Jf

9- Stenospermation popayanense

form

Stenospermation pompayanense
but of such

may

morphological significance. Only

e no staminatc flowers, and appar-

Stenospcrmation
y CHOTT^ as having hermaphrodite flowers, with "stamina
III -J Jill y^ ^P« 1 ^ ^ - tquattuor, smgul annexa." It may be, therefore, that

labeled klTil" t
"^^

,

^"^""^ SienosPermaii^

pompayanense is an old synonym

form
popayanense

the

blossoms

foelidus ^%h
^^^"^^^ ""^ ^^^ ""^^^^"^ blossoms of Symplocarpus

resemblance is purely superficial. In Symplocarpus
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Figs. 25-28.

—

Homalomena argcntca: fig. 25, longitudinal section of ovary; fig.

26, transverse section of ovary; fig. 27, primary archesporial cell; fig. 28, embrj^o
sac with six of the eight cells.

Figs, 29-31.

—

Stenospermatmt popayancnsc ( ?) : fig, 29, vertical section of carpel,
showing ovules in position, and the stylar canal filled with conducting cells; fig 30,
stamen in cavity of pistil; fig. 31, pollen grain.

Figs. ^2, ^^,
—Rkhardia afrkana: fig. ^2, transverse section of ovary, showing

position of ovules; fig. ^^^ longitudinal section cutting two ovules.
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the lozenge is formed by the Infolded edges of the floral envelopes,

while the central projecting "button" is produced by the pro-

trusion of the anther -tips. In the so-called Sknospermation the

smoo

the carpel. The " button " is the projecting

In the cavity of the carpel are found a circle of 4-8 erect anatropous

and no stamens surroi

:ting stigmatic area (fi

ovules. gum
of this plant (and which resisted all reagents) , sections could not

be cut in paraffin, and the internal structure of the ovule cannot

be described. Rather thick sections of the carpel were cut in

celloidin, showing details of the stylar canal, and the curious

While
figured

them (about
are found to bear stamens in place of the ovules just described.

They are arranged in a circle, similar to the arrangement of the

ovules, have large, well developed anthers with a broad connective,

and when examined appeared about ready for dehiscence. The
filaments of course are extremely short. If they lengthen later,

no suggestion of such lengthening appeared in the material under

examination. The exterior appearance of the "ovary," if such it

be same
stamens. When torn open and mounted

formed
grams. No extra-carpellary stamens were found. The staminate
carpels (if such they may be called) were found riiixed among the

pistillate, but somewhat more numerous toward the uDoer end of

the spadix. In a

both stamens and ovules

very

10. Arisaema triDhvllum

mbryogeny of this species has been already discussed.

microsporangmm collected

mber and the blossoms dissected out. It was
' ^o^'*'' James Ellis, Embryogeny of Arisaema triphyllum. Box. Gaz. 45 :38-44-

W- 24. 1908; also Mother, David M., On the development of the embryo sac of

Ansaematnphyllun. Bot. Gaz. I7:258-.6o. pi. iS. X892.
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the entire microsporangial structure was fully matured at that
time; the mother cells had disappeared and the pollen grains were
found lying free in the loculi of the anther. Almost all the bulbs
were such as had borne pistillate blossoms the preceding season;
in fact the material was collected after the early frosts and was

means red

veryberries after the withering of the leaves. A
were laterals formed from the central bulb during the growing
season. Two or three of the bulbs collected contained a monoecious
spadix. Two-thirds of the balance contained staminate blossoms
only. Arisaema seldom bears staminate and pistillate flowers on
the same spadix, but the indication is that the plant that bears
pistillate flowers one year bears staminate flowers the next. It
is, in a way, consecutively monoecious, seldom simultaneously
monoecious.

The loculi of the stamens contained many normal pollen grains,

but far more small suppressed grains, the ratio being about 2:1,
suggesting the inability of the plant to muster sufficient energy
to mature all the pollen it produces.

II. Richardia africana

op

every stage of development at the Cedar Rapids greenhouses,
and fixation proved extremely easy owing to the absence of mucilage
in the tissues.

The upper portion of the slender spadix is covered by a densely

mass

ScHOTT describes the pistils as "organis neutris tribus cincti,
J?

O

the blossoms the

stamens, while in

jj

taminal

The cylindrical ovary consists of 2, 3, or 4 carpels, the anat-
ropous ovules being borne on the central placenta, which here
represents the united carpellary walls. Two to four ovules occur
in each carpellary cavity (fig. 32), and a separate branch of the
open stylar canal runs to each cavity. The ovule is anatropous,

from The
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funiculus is laterally attached. There are the usual two integu-

ments, which grow well out beyond the tip of the nucellus (fig. 33).

The ovule first appears as a lateral projection nearly filling the

cavity of the immature carpel. As the latter enlarges, the ovule

keeps pace with it. The integuments begin to appear before it

assumes the anatropous position (fig. 34). The primary arche-

sporial cell is differentiated about simultaneously with the appear-

ance of the integument, and even in its resting condition may be

recognized by its greater size (fig. 35). After, or simultaneously

with, its differentiation, the tip cells of the nucellus divide by

periclinal walls, forming two cell layers outside the archesporium.

No primary parietal cell is formed. The primary archesporial

cell is in this species the spore mother cell, and develops directly

into an embryo sac without the previous formation of a row of

megaspores. The first division occurs early (fig. 36). The later

divisions follow in the usual order (figs. 37-39), and before their

completion the integuments have reached complete maturity,

closing over the tip of the nucellus.

The account just given represents the normal development of

the ovule and embryo sac in Richardia and holds true in perhaps

5 per cent of the plants examined. In most cases, however, the

plants not only fail to set their seed, but will not do so even when
artificially pollmated. I refer here solely to the plant as I have
observed it growing in local greenhouses, and to the individuals

(some 150) on which I have tried the experiment of artificial pollina-

tion. The observation of gardeners, so far as they have been con-

sulted, confirms the conclusion that the vast majority of plants

of the strains here cultivated, and under the conditions existing

^
local greenhouses and gardens, cannot be made to produce seed.

BuRBANK, on the other hand, reports that the Richardia as it

grows wild in California matures seed in great abundance.^
The behavior of the artificially pollinated ovaries is peculiar.

Ovaries not artificially pollinated shrivel in 10-15 days after

reachmg maturity. PolUnated ovaries behave otherwise. A large

the utmost profusion

includes all the yellow
liPr^ • c^l:

^'^^' '" ""^ '^^ varieties, blooms and seeds in

21
"" ^7[«"^a, setting big plump seeds in abundance. This h.. . » -

.

nite and black varieties. I think the cause of not setting seeds in the east is wholly

matic. —From a private letter addressed to the writer.

i



1913] GOW—MORPHOLOGY OF AROWS 137

Figs. 34-39.—/?/V//ari/a ajrkana: fig. 34, immature caT>el, containing developing

ovule which is just beginning to show the anatropous character; fig. 35, primary

archesporial cell; fig. 36, first nuclear division in formation of embryo sac; fig. 37,

four-nucleate embr>'o sac; figs. 38, 39, mature embr\^o sac.



138 BOTAXICAL GAZETTE [august

number of flowers were pollinated early in January. Three weeks

later the ovaries had swollen to the size of large peas, and the

gardener—a veteran in the growing of the Richardia—was con-

fident that seed would be set. Within the following week most

of these had begun to wilt, but a very few continued to grow until

they were as large as small hazel nuts. Within two weeks almost

all were withering, and from then on the molds rapidly made away

with them. Five per cent or less

of the pollinated plants produced

seed.

The explanation of this be-

havior is to be found in the fact

that the greater number of ovules

are congenitally sterile and

develop no embryo sac. In some

cases no cell can be discovered

that can definitely

as a primary archesporial cell.

In other cases it would seem that

a potential archesporial cell makes

its appearance, but fails to com-

normal

ment

from

Fig. AO.~Richardia ajricana: disin-
tegrating sterile nucellus and tip of
pollen tube.

Sectio

The latter is to be inferred

the fact that the number of

primary archesporial cells

encountered in the very young

material vastly exceeds the num:

ber of embryo sacs in the more

mature material.

^x.***ii«,i,,^u. piSllia CUilLUlUlllg bLCrilC UVUit.:^ vj.uii^—

strated the fact that, in some cases at least, the pollen tube pene-

trates a sterile ovule, and reaches the tip of the nucellus. The
fact that the poHinated sterile ovaries reach a considerably higher
stage of development before withering than do unpollinated ovaries
of the tjnmo c./^^4- 1

J

. . . . , r ii:-.„

tion.
be due to the stimulus

reasonably be attributed

find

the
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determined

material

cells of the integuments often become somew swollen and

glandular and break down readily. If this be the case, the tube

should enter a sterile ovule quite as readily as a fertile one. In a

number of cases remains of shrunken pollen tubes were observed

near or in contact with sterile nucelli (fig, 40).

The sterile nucellus finally breaks down, the process usually

beginning within, and sometimes resulting In, the formation of an

interior cavity before the disin-

tegration of the outer cells (figs. 40,

41), and the nuclei of the cells oc-

casionally he free in this cavity

before disintegration. The break-

ing down of the nucellus finally

leaves the cavity within the in-

teguments completely empty; the

o\nile soon collapses and begins to

decay.

In the case of fertile ovules,

the embryo sac is of the usual

8-celled type. The cavity soon

becomes filled with a mass of thick- /

walled endosperm cells, and the
Fig. 41.

—

Richardia ajricana: sterile

rm is persistent in the nucellus ; disintegratioa just beginning.

seed. ;mbr}

lengthening out and developing a distinct notch (fig. 42).

finally

Anthers dissected out, before the appearance of the flower bud

man}

nucleate mother cells. Tetrads are formed by successive divisions,

the 4 daughter cells lying in the same plane. Material taken from

a Dlant in which the flower bud was beginning to form a prominent

mature

loculus of the anther. The latter has the usual thickened epidermal

layer of rather small cells, inside which is an endothecium of large

cylindrical cells with riblike thickenings. The tapetum consists

i
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of a layer 3 cells deep and disintegrates early. The spores lie in a

remains

and scattered among them are many small, ill developed cells

which show a tendency to break down. These are abortive

in some cases abortive mother

44

43

IGS. 42~4j.—Richardia africana: fig. 42, embryo in early stage of development;
c, CO yledon; s, stem tip; %. 43, mature pollen grain previous to nuclear divisions;

ta^./^^*'
^'^''^ previous to division of generative ceU; fig. 45, male cells in con-

t
,

hg. 46, tube nucleus and male cells, the latter abnormal as to shape and com-
parative size; fig. 47. soronHntT nnll.. „,..•„
parative size; fig. 47, sprouting pollen grain

uniformit}/" -- «^xxiwiixiiL_y in the divisions within the
pollen grain. In one case (fig. 43) all were delayed until after

dehiscence; but this is certainly very unusual. The first nuclear
ivision, by which the generative nucleus is differentiated, usually

occurs early. The generative nucleus does not surround itself
Tin f U «, _i _ 1

menib
character after division. Usually it divides before dehiscence
occurs

^..v.. ^iviMun. usually it divides betore deniscentc

^%' 45); although a number of grains were taken from
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dehiscing anthers in which it was found that this division had not
yet taken place. Grains were sprouted in weak solutions of glucose
and lactose, and examined unstained, or stained in a weak aqueous
solution of hematoxylin. One of these is indicated in fig. 47.

Summary

1. The development of the archesporium in aroids follows no
uniform rule. In one species studied/ the primary archesporial
cell produces two megaspores, the outer one of which functions;
in two cases there are four megaspores, the outermost one of which
functions; in one case the primary cell produces two cells, one
of which may be a tapetal cell; one species develops four megaspores
in the same horizontal plane, and the functioning one then develops

the innermost of which functions:

number
embr\

megaspores,

the primary

having regularly more than 3. This is a relatively primiti\-e

feature, and occurs in other primitive orders.

3. Previous to the work here reported, embryos of the spherical

type lacking a suspensor had been reported by Campbell in

Pistia, Diefenhachia, and Lyskhllon. The writer has confirmed

Campbell's observation with regard to Dieffenbac/da, and has
discovered the same sort of embryo in Nephlhylis, Philodendron.

Arum, Aglaonema, Anlhurium, Arisaema, Syniplocarpus, and
Richardia. It seems clear that this type of embryo is characteristic

of this family.

4. Richardia as here cultivated in the greenhouse has usually

a sterile nucellus and does not develop an embryo sac. The dis-

integrating nucellar cells act as conducting tissue, and the pollen

tube enters sterile nucelli, although gametic attraction cannot
exist. The direction of the tube is conditioned on the presence

of nutritive material.

5. Reduction of parts is indicated by the presence of staminodia
in several of the species studied.

6. In an abnormal specimen supposed to belong to the genus

^Gow, James Ellis, Studies in .-Iraceae. Box. Gaz. 46:35-42. ph. 4-6. 1908.

I f
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Stenospermation functioning stamens replace the ovules in many
of the carpellary chambers. This reminds one of a somewhat
similar abnormality noted by Chamberlain in Salix, and of

characteristics noted by Treub in Balanophora and Loranthus.

7. In three species investigated with regard to number of

chromosomes the homotypic number was found to be 16.

8. Tetrad formation in the anthers of some soecies is bv means
simultaneous, in

male
cytoplasmic envelope, and the division producing them is often

delayed until dehiscence or later. Sometimes the earher divisions

are similarly delayed.

may bear
m

Thanks are due to Mr. Fred J. Seaver, of the New York
Botanical Gardens, for furnishmg most of the material on which
the foregomg observations were made. The author also wishes to

express his deep obligation to Professor T. H. Macbride, of the

State University of Iowa, for the suggestion which first led to the

undertaking, and for advice and assistance freely rendered at every
stage of the work.

Cedar Rapids, Iowa



SUMMER EVAPORATION INTENSITY AS A DETERMIN-
ING FACTOR IN THE DISTRIBUTION OF

VEGETATION IN CONNECTICUT
George El wood NicHOts

For an area of its size, the state of Connecticut exhibits con-
siderable diversity both in topography and
geographical standpoint three well defined

From a

nized: the Western Highland, the Eastern Highland, and the
Central Lowland. most
part exceedingly rugged, and in the northern part of the state,

especially in the Western Highland, elevations of 300 or more
meters are conmion. The Central Lowland is characterized, on
the whole, by its gentler contours and lesser elevations. Over large

almost

seldom reach a height of more than 75 meters. Exception to this

latter statement, however, must be made in the case of the trap
ridges which traverse the Lowland from north to south, dividing
it lengthwise into two sections. In topography these conform with

Lowland. Geologically, as well asHighlands

Highlands

limestone

by granites, gneisses, and schists. The Lowland rocks are sandstones
and shales. Throughout the state, however, the underlying rock
IS in large part covered over by a mantle of glacial drift which in

more than ^o meters in thickness

The vegetational differences between various parts of Connecti-

defined. Moreover, the

com
time or another has been deforested, while a large share of it is at
present under cultivation, so that the nature of the original plant
covering has become more or less modified. Considering the vege-
tation of the state in its entirety, the ultimate climatic formation
is a forest dominated by various deciduous trees and hemlock. Of
the virgin forest scattered remnants are occasionally encountered,
but for the most part the present woodlands are second growth.

143] [Botanical
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These undoubtedly differ in many respects from the original forests.

Nevertheless, it seems probable, due to the sprouting capacity of

m
' 7

JT

for a decrease in the proportion of hemlock and a corresponding

increase in the proportion of chestnut, the general aspect of the

forest has not greatly altered during the last three centuries. The
composition of this forest, however, was never uniform throughout
the state. In northwestern Connecticut the original forest was of

the so-called Northern hardwood type. Here the dominant trees

were sugar maple, beech, and hemlock, associated with which were
yellow birch, chestnut, and other hardwoods. Just how large a

portion of the state was originally clothed by this type of forest

IS uncertain, but it undoubtedly was present throughout the greater

part of the northern half of the Western Highland and extended
southward toward the shore of Long Island Sound. In all probabil-
ity it was also characteristic of at least the northern portion of the
trap range and of the northernmost section of the Eastern Highland.
Along the coast and throughout the greater extent of the Central
Lowland, so far as can be determined, the most widely distributed

com
oaks. The trees characteristic of the northern hardwood forest
were also present here, but were relatively less abundant and more
restricted^ in their occurrence. In the forests of this area the tulip

' an important component. The original forests

Hi

more
land than those of the Western Highland. In the present forests'
the prominent trees are the oaks, especially the white and the red
oak. Chef^tnnt ^x7UiU t.^^^„„4. .•

much
the Lowland forests. Hemlock, beech, and m
importance.

dissimil
more

The discussion
of these, however, is reserved for papers in course of preparation,m which the plants of the state are to be considered from an
ecological standpoint.' It was the primary object of the experiments

KraDhka^fl'^ ^»
u"' "l

^^'' ''"''- "^^' vegetation of Connecticut I. Phytogeo-
grapbcal aspects," has already been published (Torreya 13: 89-iia. 1913).

i
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to be described in the present paper to determine whether the

distribution of the climax types of vegetation could in any way be

coordinated with differences in the evaporating power of the air

during the growing season. As is generally recognized, one of

the greatest dangers that beset the growing plant is loss of water

through transpiration. In ordinary plants, as soon as the amount

lost in this manner exceeds that absorbed by the roots, the plant

wilts. The rate at which transpiration goes on in any particular

plant is regulated largely by the evaporating power of the surround-

ing air, and this in turn is dependent upon a complex of factors,

such as humidity, temperature, direction and velocity of wind, etc.

When exposed to uniform atmospheric conditions, however, it is

known that the rate at which water is transpired by different kinds

of plants varies, mesophytes transpiring more rapidly, xerophytes

more slowly, and so on. That the great centers of plant distri-

bution in various parts of the United States are directly related to

well marked differences in the summer evaporation intensity has

been ably demonstrated by Livingston/ while the earlier work of

Transeau^ indicated an analogous correspondence between the

precipitation-evaporation ratios for the entire year and forest dis-

tribution. It seemed possible, therefore, that in the area under con-

sideration similar relations on a smaller scale might be detected.

Accordingly, with this object in view, during the summer of
r

191 2 continuous evaporation records were taken at numerous locali-

ties in the state by means of porous clay cup atmometers of the type

devised by Livingston.^ For assistance in carrying out these

experiments the writer is indebted to the various cooperators named

below. The expense necessarily involved was in large part defrayed

by Yale University. Altogether, 16 more or less widely separated

stations w^re selected, and these were fairly uniformly distributed,
i

through the three geographical regions of the state, 7 being located

in the Western Highland, 3 in the Central Lowland, and 6 in the

Eastern Highland. Three of the stations, one in each geographical

region, were situated near the coast. The writer personally selected

the sites and installed the atmometers at all the stations except

^ Plant World 14:205-222. 1911,

- 3 Amer. Nat. 39:875-889. 1905.

^ Carnegie Inst. Publ. no. 50. 1906.
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Haddam made

instruments

where they would be freely exposed to the action of both sun and

wind. Brief comment regarding the nature of the respective

names
the following paragraph. -

Western Highland.—Salisbury: open hillside, north exposure, altitude

210 m.; Mrs. Charles S. Phelps. North Colebrook: open field, slightly

shaded in early morning and late afternoon, altitude 224 m.; station of par-

ticular interest on account of proximity to large tract of virgin northern hard-

wood forest
; Mr. Carrington Phelps. West Cornwall (Cream Hill) : hillside,

west exposure, slightly protected from wind by trees, altitude 390 m.; Mr.
C. L. Gold. Litchfield: lawn in proximity of buildings, altitude 330m.;
Rev. John Hutchins. Hawleyville: hillside lot, west exposure, slightly

shaded in early .morning and late afternoon, altitude 156 m.; Mr. C. B.

Hawley. Collinsville : hillside lawn, west exposure, buildings in vicinity,

altitude 13s m.; Mr. G. J. Case. Central Lowland.—Hayden: open field,

altitude 15 m.; site typical for neighboring tobacco plantations; Misses Helen
and Grace Clapp. Southington: lawn, in proximity of building; altitude

45 m.; Miss Eunice Mackenzie. Eastern Highland.—Haddam: hill

crest, altitude 144 m.'; Professor A. L. Dean. Storrs: open hillside, west
exposure, altitude 195 m.; Professor L. A. Clinton. Colchester: hillside

cemetery, slightly shaded in late afternoon, east exposure, altitude 150 m.;
Mr. H. P. Buell. Danielson: hillside, west exposure, altitude 75 m.; Mr.
F. E. BiTGOOD. VoluntowTi: hill crest, altitude 82 m.; Mr. J. L. Herbert.
Coastal Region.—Niantic: lawn, in proximity of trees and buildings,

slightly shaded in early morning, within 90 m. of sea shore, altitude 5 m.;
Mrs. F. H. Dart. New Haven: open lawn, slightly protected from wind,
about 3 km. from shore, altitude 18 m.; G. E. N. Westport: hillside, about
0.5 km. from shore, altitude 30 ra.; Mr. Grenville MacKenzie.

In each of the above mentioned localities a pair of atmometers

The bottles to whichcm

?

the cups are connected were set upon a T-sha^
bemg held in position by zinc casings made for the purpose. The
base of the cup itself was thus raised about 56 cm. from the ground,
or high enough to insure free circulation of the air about it. The
entire apparatus was inclosed withm a coarse-meshed chicken-wire
cage. Of the two cups installed at the beginning of the season at
each station, one was replaced by a fresh one after an interval of

5 weeks; the second original cup was renewed at the end of 10
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weeks; and 5 weeks later a fourth cup was substituted for the one
which at that time had been longest in operation. Distilled water
was used in all cases. The majority of the instruments were set

September

May until

At the end of the season the cups were returned
to the writer and restandardized,s the readings being then corrected
in the usual manner,** and all results coordinated with those derived

^ ^

from standard cups. Except where for one reason or another
particular cups were manifestly unreliable, the records of the two
were averaged to obtain the accepted readings.

In this way a practically complete set of weekly readin^
throughout the season has been tabulated for nearly every station.

Such a series of figures brings out a number of interesting facts. It

is found that for the state as a whole the maximum weekly rate of

evaporation for the season occurred during the first week in July,
when there was an average water loss from each cup of 2 1 1 cc.

During this week the instruments at Hayden evaporated 256 cc,
and at 5 other inland stations in the Lowland and Eastern High-

Niantic

timeof but 144 cc. At no

rated during the recorded week at any of the stations in the Western
Highland or in the Coastal Region amount to as much as 225 cc.

The lowest rate of evaporation throughout the state was observed

during the first week in September, when the average was 41 cc,

the minimum being reached at Niantic (22 cc). The mean weekly
evaporation rates for the state as a whole, based on the averages of

all the stations, were as follows

:

June I-June 8 146 cc.
<c

(<

((

((

8-

15-

22-

u

ii

It

15 178

22 124

29 153

29-July 6 211

July 6-
(i

«
13-^

a

it

i(

13 155

20 119

27 170

ic

it,

ci

«

£1

ii

a

July 27-Aug. 3

Aug. 3-Aug. 10
ii

ii

it

it

10

24

i(

a

tt

17

24

31

121 cc

113

"

108
"

ii

53

31-Sept. 7 41

Sept. 7
ii

14 JO4

it

ii

^See Nichols, G. E., A simple revolving table for standardising porous cup
atmometers. Box. Gaz. 55:249-251. 1913.

^ See Plant World 13:111-115. 19 10.
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4

There seems to be no obvious advantage, so far as general con-

siderations are concerned, in setting forth in detail the results for

each week in each locality. It has rather seemed simpler to give

local averages for longer periods, a method already adopted by
Livingston^ in presenting similar data. The periods selected

correspond approximately to the three summer months—June,
July, August—and the first half of September. The mean weekly

evaporation rates for the various stations during these periods are

given in table I.

TABLE I

Mean weekly evaporation rates in cc, as recorded by the porous cup
atmometer, for l6 stations in connecticut, from june i to september
14, 191 2. Figures in parentheses indicate number of weeks for which
readings are recorded, if less than the stated period

Statiion

Salisbury

.

Colebniok
Cornwall

Hill) . . .

Litchfield.

(Cream

Hawleyville,

Collinsville.

Hayden ....

Southington
Haddam. . .

Storrs

Colchester. .

Daniels 3n. .

Voluntown.
Niantic. . . .

New Ha\ en

.

Westport . . .

June I to

June 29

133 (2)

115

113

119
J44
165

170

197
182

157
181

176

104

146

142

June 2g to
Aug. 3

Aug. 3 to
Aug. 31

Aug. 31 to
Sept. 14

Average
for season

168

119

130

147 (4)

141
161

182

167

184

175
156

173
165

105

145
165

109

87

79

113

98
124

109

99
100

99
100
112

71

102

107

69

53

89
71

77
70
67

97
79

101

81

40
68

71

134
100 (14)

103

121

128

148
140

149
146

131

143
T43

87
T23

134

June I to

Aug. 3

161

122(7)

123

130 (8)

131

154

174
168

189

178

157

172

170

104

146

156

In considering the evaporation intensity of the air as a possible
factor affecting the distribution of the vegetation in this region

"^

seems reasonaWp tr. Qoc,,r«^ fi,„<. :,-^ _rr .. , , • ri. ...

it

most^....^...^ ,.„ assunn: uiai US enect on plants is leii most
keenly during the eariier part of the growing season, at a time when
growth and development are taking place most rapidly and when
the immature tkcnmc an^i r^-^r^r.^^. . • 1 . 1 A._i,^j

Irom excessive transpiration. An examination of the first four

' Plant World 14:205-222. igii.
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columns of figures in table I reveals the fact that during the first

two monthly periods the mean weekly rate of evaporation far

mam In

maxmium
ma

In view
of this correlation, coupled with the natural assumption that it is

the periods of excessive evaporation that are most influential in

determining the character of vegetation, it has been thought best
in drawing conclusions to disregard entirely the data obtained

most
formly low rate of evaporation prevailed throii^

and to base deductions on the observations of these first two months.
mean

J
the last column of table I. With
simple matter

power of the air for the various geographical and vegetational

maximum
tative activity and evaporation intensity for the year 191 2. Upon
averaging the results for the inland stations of the Highlands and
Lowland and of the stations along the coast, it is found that the
weekly water loss, as recorded by the porous cup atmometer, was
as follows: Western Highland, 137 cc; Central Lowland, 171 cc;
Eastern Highland, 173 cc; Coastal Region, 135 cc. It would

by the meso

forest

constitute areas of relatively low evaporation intensity; and that

H
dominate

m
tree. The relatively low evaporation rate along the coast was not
wholly unexpected and will be referred to again. Explanation

m
passing from

fact that while the western part of the shore is shut off from the

ocean by Long Island, the eastern portion is more exposed and
therefore possesses a more maritime climate.
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4

In the foregoing paragraphs no account whatever has been

taken of the varying amounts of precipitation occurring in differ-

ent sections of the state. But since the amount of water present

in the ground' and therefore available for plant use is in itself a

potent factor in determining the character of vegetation, and

amount
necessary, m order to gain a com

the situation, that the relationship between the phenomena of

within

considered. So far as obsenTd, there is no constant ratio between
the rate of precipitation and the intensity of evaporation. Thus
the rate of evaporation during a hea\y rain is hardly lower than

during a dense fog. But the ratio between the amount of precipi-

tation and that of evaporation, especially over considerable periods

of time, is of vital significance. In the state of Connecticut there

cm 8

This is distributed approximately as follows: Western I

(inland), 126.8 cm. (49.94 in.); Central Lowland (inland

cm. (47.08 in.); Eastern Highland (inland), 117. 7 cm. (46
Region, 1 16. 8 cm more

comparison
of evaporation, are the amounts of rainfall that occurred in the

various localities during the past season for the period extending

contemporafrom June i to August
neous evaporation records, are therefore Indicated in table II. For
convenience in comparing the two sets of data, the evaporation
readmgs, heretofore given in terms of cc, are here expressed in

made
to a more or less arbitrarily chosen free water surface.'

An examination of table II shows very convincingly that, for

the period under observation, nowhere in the state would the
amount of rainfall have compensated for the amount

from
"Based on records from 14 scattered stations. This and the following figures

regarding precipitation have been computed from statistics published in the MonlMy
Weather Renew of various dates.

» The standard water surface on which these reductions are based is that used by
Livingston (see Plant World 14:214, 215. ign).
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the column
was least in the Western Highland, greatest in the Eastern High-
land. The fact that, despite this at first sight rather startling

in

this particular season, plants were still able to maintain the balance
between absorption and transpiration may be attributed partly

manner m which evaporation

re of various soils, oartlv to 1 of the ground-
water supply, which in turn is largely dependen t on the influx of water

TABLE II

Mean weekly rates of raintaix and evaporation during the period of
9 weeks from June i to August 3, 1912

Mean weekly
rainfall Mean weekly EVAPOiLVTiON

AVestern Highland.

.

Central Lowland. . .

Eastern Highland .

,

Coastal Region

cm.

1 .19
1. 14
T.02
O.QI

m.

r

cc.

0.47
045
0.40
0.36

137
171

173

135

cm. m.

1.94
2.42

2.45
1. 91

0.76
0-95
0.96

0-7S

Ratio
BETWEEN'
BAINFALL
AND EVAP-
ORATION

0.61
o 47
0.42
0.48

at times of the year when the effects of evaporation are less pro-

the
themselves by which transpiration is regulated. Nevertheless, the
marked excess in the rate of evaporation over that of precipitation
at such a critical period in the life of the plant cannot but make some
impress on the character of

is brought out in this table.

Another interesting fact

been noted, the absolute
amount of evaporation in the Coastal Region is even lower than
that in the Western Highland. But taking the ratio between the
amount of evaporation and that of rainfall as a criterion, it is seen
that conditions in the Coastal Region approximate more closely

those in the Central Lowland. Similarly the less mesophytic nature
of the Eastern Highland is forcibly accentuated.

It is fully appreciated that too definite conclusions camiot be
drawn from such a series of experiments conducted for but a single

season. It is recognized, furthermore, that it is well-nigh impossible
to select with certainty in different localities representative sites
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instruments

atmosph much
im

the writer by results secured from a supplementarv series of

instruments

New Haven During

mean
averaged 86 cc. Instruments in the other sites averaged as

follows: exposed summit of trap ridge, about 6 km. from coast,

altitude 8i m., 138 cc; salt marsh, 128 cc; lee of low sand dunes
along shore, about 100 m. removed from salt marsh station, about

131 cc;- open bog, altitude 6 m., 81 cc. More accurate conclusions

as^ to the evaporation intensity prevailing throughout the state

might of course be derived from a series of instruments placed
in diverse habitats in each of the locahties selected and operated
for several seasons, but at the present time no further investigation

along these lines is contemplated. And while the data obtained from
the experiments of this one season do not permit final conclusions,

they at least suggest that the evaporation intensity of the air may
be a factor of no little import in determining the character of the

vegetation in different parts of Connecticut.
1

Yale University



CURRENT LITERATURE
BOOK REVIEWS

Soil acidity

The injury to vegetation by smoke from factories and smelters is well
known. Much has been written on the subject, and considerable experimental
work is now under way in various parts of the world. Wieler' has published
recently an account of one series of experiments, begun in 1905, dealing with
plant growth and the lack of lime in the soil. In this account he defends the
thesis that smoke and smelter fumes are injurious to plants, not because of
their direct effect on the leaves, but because the acid-forming substances they
contain are absorbed in the soil and there neutralize the lime so necessary to
plant growth. He argues also that there is an injurious effect on the micro-
organisms of the soil.

The region studied in greatest detail is a part of the Innerste Valley where
considerable damage has been done by fumes from the Frankenscharrn smelters.
The forest here has been driven back to considerable distances, amounting to
3

. S kilometers in some directions. Even where trees were still standing, they
showed by their stunted appearance and yellow leaves or needles the injurious
effects of conditions surrounding them. Certain slopes bore only heath, low
shrubs, and stunted trees, others only grasses, and still others no vegetation
at all. Injury was greatest close to the smelter and decreased as the distance
from the smelter increased.

On the three kinds of slopes just described, experimental plots were laid
out at distances of 0.5 to 1.5 kilometers from the source of the fumes. To
these plots additions were made of lime, lime and ammonium hyperphosphate,
and ammonium hyperphosphate alone. This substance was added on the
supposition that the soil was poor in nitrogen. No striking results were
obtained by its use, however, and it need not be considered further. Slaked
lime was applied in finely ground form in quantities varying from 50 to 100
kilograms per hectare. Untreated plots were studied as checks in all cases.

Plantings were made of Pkea excclsa, Pinus syhestris, P. montana, Quercus
robur, Fagus sylvatica, Betula alba, Vicia vilhsa, and V. saliva. It was found
m all cases that plants on unlimed plots grew much less rapidly and appeared
less healthy than those on limed plots. Conifers and legumes either did not
grow at all without lime, or only poorly. Oak, beech, and birch proved to be
less rigorous in their requirements, but did better on treated plots. • Plants
from seed gave poorer results than those transplanted from the nursery.

' WiELER, A., Pflanzenwachstun und Kalkmangel im Boden. 8vo. pp. vii+23S.
Jigs. 43. 191 2.

153



154 BOTANICAL GAZETTE [auglst

Mention was made above of the j^ellow color of leaves on plants in affected

areas. This condition is generally considered to be due to a lack of nitrogen

in the soil; this in turn is a consequence of poor development of the bacterial

flora. That such conditions prevail in the soil of these denuded or partly

denuded hillsides was shown by the fact that in unlimed plots very few bac-

terial nodules were found on the roots of legumes. Development of such

nodules was practically normal, however^ where lime had been added.

Root systems were found to be small on unlimed soil. . Both primary

and secondar}^ roots were short and there was only a small amount of branching.

As a consequence, the whole root system formed a knob or lump which came
in contact with very little soil and furnished poor anchorage for the plant.

There was thus more danger of injury from drought and from strong winds.

Results confirming those already described were obtained by liming soils in

other localities, hence they need not be discussed here.

The author's idea of the causes of the deliming of soils and consequent

inhibition of plant growth has already been stated. In a discussion of his

results he considers these causes at some length. He finds, in the first place,

that all the untreated soils really are poor in lime. Near the smelter this sub-
4

stance was present to the extent of o. 012 per cent; in experimental plots along

the sides of the valley it varied from 0.017 per cent to 0.045 P^^ cent; under

a spruce stand it was 0.03S per cent.

Further investigation of these soils brought out the surprising fact that

they were acid in reaction, instead of alkaline or neutral, as might have been

supposed. It is known of course that wet moor soils are acid, but this has

been found by Bauman and Sully to be due, not to the presence of free humic
acids, but to the power of certain substances in these soils to decompose salts

by forcing acids out of combination and by absorbing the bases with which

they were combined. These authors showed further that this reaction is

brought about by the "absorptively unsaturated" condition of the cell walls

of sphagnum. The acid character of moor soils depends, therefore, on the

fact that the material from which they arise is already acid. But there is

good reason, says Wieler, for thinking that dry peaty soils originate in the

same way as do those of sphagnum bogs; that is, the plant remains in the

former case are acid, just as they were in the latter. This deduction was
amply confirmed by tests on living leaves and needles, the same organs dead and
still remaining on the tree, or covering the ground beneath these trees.

.

That the acids set free in the manner indicated above are not neutralized
or decomposed depends finally on the failure of microorganisms to do their

usual work. From undecomposed organic remains acids are being washed
out continually by rains. As soon as bacterial and fungal action begins these

acids are broken up into harmless substances. In soils, however, where the

acid content is steadily increasing, as in the region around the Frankenscharrn
smelter, the bases, most important of which is lime, are neutralized. As a

consequence, microorganisms do not thrive, and plant fragments and the soil
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itself remain acid. And not only so, but the important process of nitrifica-

tion, carried on by bacteria whose activity is closely connected with the amount
of lime available, is seriously retarded. Leaves become yellow and there is

a general nitrogen starvation of all vegetation.

It developed during the course of the investigation that the addition of
lime to such soils, even though it improved materially the conditions for plant
growth, reduced the acidity only one-third. This result, taken together with
the fact that an acid soil need not contain free acid, and the further fact that
forest trees do grow on acid soils, makes it plain, in the opinion of the author,
that lime is valuable, not because it neutralizes acids, but because it furnishes
a substance indispensable to normal plant growth. The conclusion thus
reached points definitely to the use of lime as a means of combating smoke
injur>' to vegetation and of rendering denuded areas again able to support
plant life.

A supplementary investigation of the effect of metallic poisons in the soil

showed that the sensitiveness of plants to these poisons varies greatly. It
was found possible to arrange a complete series, leading from those which were
seriously affected to those whose growth was definitely improved.—D. H.
Rose.

The living plant

It is with some interest that plant physiologists and ecologists will read
Ganong's^ new book on The living plant. It is the first attempt in English
to bring, in a comprehensive way, the main findings of these subjects within
reach of the layman. The aims of the volume are well stated in the first

paragraph of the preface: ''It is not designed as a digest of our present scien-

tific knowledge of plant physiology for the use of experts in the subject, but,
in conformity with the aim of the series of which it is a part, it seeks to present
to all who have interest to learn an accurate and vivid conception of the princi-

pal things in plant life. I was once myself such a learner, and I have tried to
write such a book as I would then have delighted to read. It is, in a word,
an attempt at that literature of interpretation which was forshadowed by
FRA^XIS

Aside from the general interest in plants, we have at present a rapidly
growing interest in agriculture. This makes the issue of the present clear

statement of the principles of plant production especially timely. In this work
the author has lived up to his high reputation as a teacher. One is surprised

at the clearness and vividness with which he sets forth the main features of

plant activity. Aside from presenting the main findings of the subject, the
author gives a clear insight into the scientific method in action, for repeatedly
he shows the processes by which the conclusions have been reached. He
hkewise makes clear the large cosmic relations of the subject.

'Ganong, William F., The living plant. 8vo. pp. xii+148. /fis. 17S. New
York: Henry Holt & Co. IQ13.
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Citation of a few of the 18 chapter headings will give an idea of the scope

and perhaps the viewpoint of the work: (i) "The various ways in which plants

appeal to the interests and mind of man'^; (ii) *^The prevalence of green color

in plants, and the reason why it exists"; (iii) "The profound effect on the

structure of plants produced by the need of exposure to light"; (iv) "The

kinds of work that are done by plants, and the source of their power to do it";

(xii) "The many remarkable arrangements by which plants secure union of

the sexes"; (xvii) "The remarkable improvement made in plants by man,

and the way he brings it about."

The author pronounces himself a vitalist of a worthy type, "perfectly

natural vitalism based on the superior interpretive power of an hypothesis

assuming the existence in nature of an Z-entity, additional to matter and

but of the same cosmic rank as they." This is contrasted with "a

supernatural vitalism of the theological type." One wonders whether the

X-entity as defined above would not satisfy any of our present theologians,

and whether the distinction is not a matter of words rather than a real differ-

ence. It should be stated that the X-entity is called in here only to explain

the mechanics of development and inheritance. As a matter of fact, the safe

position here is that of the agnostic ; for we certainly do not know, in spite of

assumption and positive statement to the contrary. Nor should we be dis-

couraged by the fact that we have not made great progress in the physico-

chemical explanation of development and inheritance, for the fundamental

physics and chemistry of the material here involved are little developed. The

serious study of the chemistry of proteins has nearly all been within the last

two decades, and that of the physics of colloids within a decade. Every treatise

on these subjects points out much more that is unknown than is known. The

strides we are making in these fields, along with a phase of work that is now
only beginning, namely, application of the methods of protein and colloidal

physics and chemistry to -the study of protoplasm, promise great progress in

the immediate future. Here also we should not lose sight of the great contri-

bution of Klebs and other experimental morphologists. These are the days

of hopeful agnosticism in physiolog}^

One is disappointed at the overworking of adaptation in the book. An
adaptational explanation is apparently placed coordinate with the physical or

chemical explanation. This may make the book attractive to laymen, but it

hardly expresses the present spirit of plant physiology. The book also con-

tains many statements not abreast of our present knowledge. The following

sentence savors of Ingenhouss' original statement: "It vitiates the air by its

respiration, but in the long run purifies it still more by its photosynthesis."
I believe it is now fully proved that vitiated air does not result from increased

carbon dioxide content. Alcoholic fermentation of the yeast is spoken of as

giving a copious release of energy available for growth. Also the yeast is said

to be unable to respire in any other way. Per weight of sugar used, alcoholic

fermentation releases about one-twentieth the energy released by aerobic
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respiration, and growth does not generally occur in the yeasts in absence of
aerobic respiration. One is also surprised at the author's slighting remark
concerning the study of other products of alcoholic fermentation aside from
carbon dioxide and alcohol, especially when he calls to mind Ehrlich's recent
important contribution on this point.—Willum Crocker.

NOTES FOR STUDENTS
Current taxonomic literature.—0. Ames (Philip. Jour. Sci. Bot. 7:125-

143- 1912), in continuation of his studies on Philippine orchids, lists 54 species
of the genus Bulbophyllum, rg of which are new to science.—A. Berger (Alonats.
fur Kakteenk. 22:147, i4'^- 1912) has published a new species of Opuntia
(O. tomcnteUa) endemic in Guatemala.—A. D. Betts (Ann. Bot. 26:795-799.
pis. 75, 76. 191 2) describes and illustrates a new genus and species of beehive
fungus {Perkystis alvei). The fungus grows on the pollen stored in the honey-
cornb.—E. P. Bicknell (Bull. Torr. Bot. Club 39:415-428. 1912) in a tenth
article on "The ferns and flowering plants of Nantucket" records further data
concerning the Nantucket flora and describes two new species {Linum ifilercur-

siim and Ilex fasIigiala).—G. Bitter (Rep. Nov. Sp. 11:1-18, 202-237, 349-
394. 191 2) in continuation of his studies in the Solanaceae has published several

new species and varieties from Central and South America.—F. Bodeker
(Monats. fur Kakteenk. 22:152-155. 1912) describes and illustrates a new

Mamillaria (M
Broadhurst

J

ation of her studies in the genus Struthiopteris records 15 additional species, 3 of

which are new to science, the others being transfers from Lomaria or Blcchnum.
—N, E. Brown (Kcw Bull. 281. 1912) describes a new genus {Jhorncrojtiu) of

the Labiatae from South Africa.—E. Chiovenda (Ann. di Botanica 10:383-415,
1912) under the title 'Tlantac novae vcl minus notae e regionc aethiopica" has
published several species of flowering plants new to science and proposes the

following new genera: Spathulopetahim of the Asclepiadaceae and Negria of the

Gramineae.—T. D. A. Cockerell (Torreya 12:244-247. 191 2) in an article

entitled ''Tragopogon in Colorado" finds four recognizably distinct forms of this

genus in Colorado, including a new hybrid {T. porrifoliusXdubii{s).—W, G.
Craib (Kew Bull. 266. 191 2) describes a new genus {Murlonia) of the

Leguminosae from Siam.—E. L. Ekman (Arkiv ftir Botanik 11, no. 4. pp. 61.

ph. 1-4. 191 2) under the title "Beitrage zur Gramineenflora von Misiones"
includes 5 new species of grasses from Argentina.—F. Fedde (Rep. Nov. Sp.

11:196, 197. 1912) describes 2 new species of Corydalis irom western Xorih
America.—M. L. Fernald (Rhodora 14:188-190. 1912) discusses the inland

Joose-flowered roseate form of " hardback "and designates it as Spiraea tomeniosa

var. rosea (Raf.) Fern.; the same author {ibid. 192) also characterizes a hitherto

(Muhlenbergia 8:92-94

/. iodocarpa Fern.—L. N.

ferns" describes 5 new species and one variety from Arizona, New Mexico, and
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Sonora.—E. L. Greene (Leaf. Bot. Obs. and Crit. 2:229-275. 1912) has

described 63 new species of flowering plants, chiefly from western North

America; these pages with title-page and index close the second volume.

The same author (Rep. Nov. Sp. 11:108-111. 1912) under the heading

"Novitates Boreali-Americanae VI" has published 7 new species in the

genus Cercis from the southern and western states, and (Am, Mid. Nat. 2: 290-

296. 191 2) under the title ^* Western meadow rues I" describes 7 new species

of the genus Thalidrum, and also (Muhlenbergia 8:117-119. 1912) records 5

new species of Ltipinus from Oregon and California.—^J,
M. Greenman (Field

Mus. Nat, Hist. Bot. Ser. 2:323-350. 191 2) has published about 40 new
F

species and varieties of spermatophytes, mainly from Mexico and the West

Indies. One new genus {Shafcra) of the Compositae from Cuba is included.

E. Hackel (Rep, Nov. Sp. 11:18-30. 1912) has published 14 new^ species and

several varieties of grasses, mainly from Bolivia, based on the collections of

Dr. 0. BucHTiEN.—E. Hassler (ibid. 165-178) has published new species and

varieties of Compositae and Aristolochiaceae from Paraguay.—A. A. Heller

(Muhlenbergia 8:85-91, 103-107, 109-116. ph. 11, 12. 1912) describes 7 new

species of Lupinus and {ibid, 132) a new Mimulus (M. micranlhus) from the

Pacific coast region.

—

F.T.Hubbard (Rhodora 14:165-173, 184-188. 1912)

writing on "Nomcnclatorial changes in Gramineae" calls attention to the names

applied to certain species of grasses in the seventh edition of Gray's Manual as

being at variance with the International rules of botanical nomenclature.

The corrections number seventeen, and five of these are new combinations;

the changes effected are mostly in the genus Panicitm.—C. Lauterbach
(Bot, Jahrb. 49: 1-169. 1912) in cooperation with several specialists under the

title "Beitrage zur Flora von Papuasien I " has published the first of a proposed

series of articles dealing with the flora of New Guinea. The present article

contains descriptions of upward of 125 species and varieties new to science, and

the following new genera are proposed: Andruris of theTriuridaceac,Pu^z/<3//^/^,

Oncodostigma, Oreomitra, and Scheferomitra of the x\nonaceae.

—

H. Leveille

(Bull, Geogr. Bot. 22, IV, 217-224. 1912) gives a synoptical revision of the

genus Circaea, recognizing 5 species, and several varieties and forms. The same

author (Rep. Nov. Sp. 11:63-67. 1912) under the title ''Decades plantarum

novarum" has published several new species of flowering plants from Asia

and includes a new genus (Cavaleriea) of the Hamamelidaceae.~F. L. Lewton
(Smiths. Misc. Coll. 60, no, 4. pp. i, 2. pis, i, 2. 1912) describes a new species

of Gossypiiim (G. irenaeum) from Guatemala, The same author {ibid., no. 5;

pp. 1-4. ph, i~j) proposes a new genus (Kokia) of the Malvaceae, and {ibid.,

no. 6, pp. i-io. pis. i-j) records a new species of Gossypium {G. Hopi), the

cotton of the Hopi Indians.—G. Lixdau (Rep. Nov, Sp. 11:122-124. iQi^)

m an article entitled ''Einige neue Acanthaceen" describes 3 new species in this

family from Panama.—A. Lingelsheim (Mitteil. Thiir. Bot. Ver. 29:48,49-
1912) has published a new species of Acalypha {A, slriolaia) from Brazil.—T.
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LoESEXER (Verhdl. Bot. Ver. Prov. Brdbg. 53:50-86 [215-251]. 191 2) in a'

seventh arlicle on ''Plantae Selerianae" continues the enumeration of plants

collected in Mexico and Central America by C. and E. Seler. Several species

and varieties new to science are included.—W. H, Long (Mycologia 4:282-

284. 191 2) describes a new species of rust {Peridcrmium inconspicuum) found

on PiJiiis virginiana at Glen Echo, Maryland, and records a new generic type

{Tricella) collected on Coursetia glaniulosa Gray in Sabina Canyon, Santa

Catalina Mountains, Arizona.—^J.
Lunell (Am. Mid. Nat. 2:287-290^301,302.

1912) describes 3 new species and 2 varieties of flowering plants from North

Dakota,—E. D. Merrill (riulip. Jour. Sci. Bot. 7:227-251. 1912) under

**Nomenclaturial and systematic notes on the flora of Manila" records impor-

tant data concerning the flora of the Philippines and describes 6 species new

to science.—J. A. Nieuwland (Am. Mid. Nat. 2:299, 300. 191 2) proposes the

establishment of the Rafinesquean names Agaloma and Lepadena and transfers

thereto several species hitherto passed by most authors as members of the
X

genus Euphorbia.—C. H. Peck (N.Y. State Mus. Bull. 157:5-139. pis. 124-

ijo. 1912) in the "Report of the state botanist for 1911" under different

subheadings records important data concerning particularly the fungus flora

of New York and includes descriptions of about 50 new species and varieties

of flowering plants.^J. Perkins (Bot. Jahrb. 49:170-176. 1912) in coopera-

tion with noted specialists has published the first part of a paper on "Beitrage

zur Flora von Bolivia." Descriptions of 6 new species of mosses are included.

A. Pulle (Recueil. Trav. Bot. NeerL g: 125-169. pis. 2, j. 1912) under the

title "Neue Beitrage zur Flora Surinams III" in cooperation with specialists

has published several new species of flowering plants from South America.

One new genus {Clavapetalum) of the Icacinaceae is included,—J. A. Purpus

(Monats. fiir Kakteenk. 22:148-150, 161-164. 1912) in continuation of his

work on the Cactaceae has published 7 new species from Mexico.—A. Putte-

MANS (Bull. Soc. Roy. Bot. Belg. 48:235-247. 1912) in an article entitled

"Nouvelles maladies de plantes cultivees" has described new species of fungi

(Oidium Bcgoniac) found on leaves of Begonia, and Cercospora Chrysanthemi

on leaves of Chrysanthemum; both host plants were in cultivation near Rio

de Janeiro, Brazil.—C. R. W. K. van Alderverelt van Rosexburg (Bull.

Jard. Bot. Buit. Ser. II, 1-41. pis, 1-3. 1912) on "New or interesting Malayan

ferns 4" describes several new species and proposes a new genus, namely

Scleroglossum,—E. Rosenstock (Rep. Nov. Sp. 11:53-60. 191 2) has pub-

lished 12 new species and 9 varieties of ferns, based on collections made in

Bolivia by Dr. O. Buchtien.—H. H. Rusby (Bull. N.Y. Bot. Card. 8:89-135.

191 2) in a second paper on '*New species from Bolivia collected by R. S*

Williams" describes 113 species as new to science.—P. A. Rydberg (Bull.

Torr. Bot. Club 39:301-328. 1912) under ''Studies on the Rocky Mountain

flora XXVII" describes about 30 new species of flowering plants and makes

several new combinations.—W. E. Safeord (ibid. 501-50S) under the title
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''Desmos the proper generic name for the so-called Unonas of the Old World"

revives the name Desmos of Loureiro and refers thereto i6 species, all of

Old World distribution.—J. H. Schaffner (Ohio Nat. 13:19-21. 1912)

records a new species of Equisetum (E. kansanum) from Kansas.—L. Schkor-

BATOW (Ber. Deutsch. Bot. Gesells. 30:474-482. 191 2) under the title **Zur

Farbstoffbildung j>
describes

a new genus and species of fungus, namely Gemmophora purpiirascens obtained

from laboratory cultures.—R. Schlechter (Orchis 6:112-119. pis. 25-26.

191 2) has published several new species of orchids, including 4 from South

America. The same author (Rep. Sp. Nov. 11:41-47. 191 2) records further

new species in this family and proposes a new genus (Xerorchis) from Brazil,

and {ibid, 147-150) reestablishes the generic name Aa Rchb. f. and refers

thereto 15 species of South American orchids which have passed hitherto under

Allensteinia.—W, A. Setchell (Univ. of Calif. Publ. Bot. 4:229-268. ph.

25-3^' 19^2) under the title '* Algae novae ct minus cognitae I" discusses 14

species, proposing 4 new combinations, 8 new species, and 3 new genera

{Hapkrophycus in Ralfsiaccae, Besa in Gigartinaceae, and Bayksia in Dumon-
tiaceae). Tahrb

published a new species of Tetrachondra {T, patagonica) from Patagonia.

Hitherto the genus has been considered monotypic, occurring only in New
Zealand.—O. Stapf (Kew Bull. 278. 191 2) has published a new genus {Far-

quharia) of the Apocynaceae from tropical Africa.^J. Stuchlik (Rep. Nov.

Sp. 11:151-162. 1912) under the title "Zur Synonymik der Gattung Com-

phrena II" has published several new species and varieties of this genus from

Mexico and South America.—R. Thaxter (Proc. Am. Acad. Arts and Sci.

48:155-223. 1912) in a paper entitled '*New or critical Laboulbeniaceae from

Argentina '' describes nearly 70 species new to science and proposes the following

Mimeomy
T

Synandromyces
, Zeugandromyces, Scaphidiomyces, Scelophoromyces, and Synap-

tomyces. The same author {ibid. 365-386) under "Preliminary descriptions

of new species of Rickia and Trenomyces" has described 18 new species of the

former genus and 4 of the latter.—I. Tldestrom (Proc. Biol. Soc. Wash.

26:13. 1913) has published a new species of Salicornia (S. utahensis) from

Toele Valley, Utah.—P. Vuillemix (Bull. Soc. Bot. Fr. IV. 12:34-40. pl- i-

191 2) describes and illustrates a new genus {Bemiveria) of the Verticilliaceae,

based on Bolrytis Bassiana Balsamo.—C. Warxstorf (Philip. Jour. Sci. Bot.

7
:
253-258. 191 2) contributes an article on " Die Sphagna der Philippinen " and

adds a new species of this genus from the Island of Luzon.—H. F. Wernham
(Jour. Bot. 50:241-244. ph. 520, S2I. 1912) under the title "New Rubiaceae
from tropical America I" has published several species new to science and
proposes two new genera, namely Carmenocania and Pseudohatnelia from
Colombia and Ecuador.—G. S. West {ibid. 321-331), in continuation of his

studies in the algae, records important data and proposes a new genus

'fieldia)
J. M. Greenman
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General biology of rusts.—Of more than ordinary biological interest is

a paper by Tischler^ on the relation between Uromyces Pisi and its accidial
host. Euphorbia Cyparissias, As is well known, the infection of £. Cyparissias
by that rust takes place in the buds of the subterranean shoots in which the
mycehum persists during the winter. The shoots which arise from such
infected buds in the following spring show the characteristic deformations
caused by the rust, but occasionally shoots are obscrv^ed which outgrow the
disease and develop normal leaves on their upper portion. This behavior
led TiscHLER to investigate at what stage in their transition from embryonic
to mature tissue the cells are subject to the formative influence of the fungus,
and also to what extent such Influence reaches beyond the area actually invaded
by the mycelium. He found that the growing points of infected plants could
be freed from the fungus by keeping the plants at a high temperature or under
other conditions favoring rapid development. Under such conditions the
newly developed parts of the shoots are normal. The emancipation of the
growing apex from the fungus succeeds more readily as the fungus approaches
the fruiting stage, and after the aecidia are mature normal branches frequently
develop from the infected plants if they retain sufficient vitality. Conversely,
when the formation of aecidia is suppressed (by keeping the plants in the dark),
it is not possible to free the shoots from the fungus. The fungus appeals (0

be incapable of further development after it has reached the fruiting stage.

These experiments show that the meristematic tissue of the growing
point is not subject to the formative influence of the fungus, but that such
influence must be exerted on cells which are no longer embryonic; nevertheless

a histological examination shows that the mycelium is present even among
the outer layers of embryonic cells. Here, however, the mycelium is entirely

intercellular, no haustoria being formed. As soon as the cells lose their

strictly embryonic character, that is, as soon as vacuoles appear in them,
haustoria begin to develop from the mycelium in their intercellular spacer.

The formative influence of the fungus, therefore, appears to be coincident

with the formation of haustoria. The development of haustoria the author
associates with the formation of soluble carbohydrates whose presence can be
shown in t e older but not in the embryonic cells. The presence of hyphae
among the embrj^onic cells shows that the growing point is not protected

from invasion by substances toxic to the fungus.

• Regarding the general development of the fungus, the author finds that

m the rapidly growing shoots the hyphae advance in the tracheae, by means
of which the fungus is enabled to keep pace with the growth of the plant.

From the tracheae the infecting hyphae enter the parenchymatous tissue of

the cortex, pith, and leaves. The cambium, like- the embrj'onic cells of the

growmg point, is not infected. The formative influence of the mycelium on

^ TiscHLER, G., Untersuchungen iiber die Becinflussung der Euphorbia Cyparissias

durch Uromyces Pisi. Flora 104:1-64. figs. 26. 1911.
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the stems is slight, but in the leaves the cells undergo more active divisions

than those of normal leaves, and the intercellular system is more developed.

These changes seem to be characteristic of the fungus, but most of the other

morphological changes associated with it can also be induced by other con-

ditions. Both in the stem and in the leaves the localization of the mycelium
is dependent upon the presence of soluble carbohydrates in the tissues.

In the later stages of development of the plant, processes of disorganiza-

tion begin. The death of the leaf cells is accompanied by processes character-

istic of cells which are being slowly poisoned. Of the parts of the fungus the

haustoria are the most persistent. In the rhizomes they become greatly

developed and form a sort of pseudo-parenchymatous tissue in the cells, but

they are not the sources of infection in the following year.

Of interest in connection with a consideration of the relations between
parasitic fungi and their hosts are the experiments of ]\1orgenthaler'» show- .

ing that the production of teleutospores is determined more by the state or

condition of the host than by the influence of external factors. The author

investigated the factors influencing the production of teleutospores of Uromyces

Veratri on Veralrunv album. He found that cutting the veins of leaves or

wounding the leaves in other ways led to a production of teleutospores in the

neighborhood of the wounded tissue, while in the other areas of the leaf uredo-

spoies predominated. In general, any cause that affects the leaf unfavorably
leads to the production of teleutospores. In standing plants teleutospores

are first formed on the lower leaves because these lose their vitality first; but

if the plants are cut and kept in water, the upper leaves wilt and become dis-

colored first. In that case teleutospores appear on the upper leaves first, even

if all have been inoculated at the same time. From a number of such experi-

ments the author concludes that the production of teleutospores is determined
by the changes leading to the withering or dying of the infected parts of the

host plants. This conclusion is further strengthened by a number of observa-

tions on the distribution of uredospores and teleutospores in relation to the

state of the infected parts of the host in herbarium material.
KusAxo-' gives an account of chloranthic deformation of the flowers of

Primus Mume caused by the mycelium of Cacoma Makinoi. As a result of

the action of the mycelium of this fungus on the primordia of the floral parts,

the course of their development is changed so that leaflike structures are

produced in place of floral organs. The degree of transformation differs in

different flowers. In extreme cases the cuplike receptacle bears a tuft of well

developed leaves which in no way resemble floral organs. In other cases leaves

take the place of only one or more of the whorls of floral organs, or some of the

* MoRGEXTHALER, O., tjber die Bedingungen der Teleutosporenbildung bei den

Uredineen. Centralbl. Bakt. II. 27: 73-92. figs. 18. igio.

5 KusANO, S., On the chloranthy of Pruiius Mumc caused by Caeoma Makinoi.
Jour. Coll. Agric. 2:287-326. pis. ir, 18. rgii.
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organs are only partly modified. The many resulting types are described in

detail by the author. The degree of transformation is correlated with the state

of development of the primordia at the time that they are infected. The
influence of the fungus evidently does not extend beyond the tissue actually

invaded. These conclusions^ however, are drawn from observ^ations of the

visible transformations. No histological details, which would be exce(;dingly

interesting in this case, are reported.

DiETEL^ has published a second instalment of his studies on the factors

influencing the germination ^f teleutospores. Among the results reported

the following are of interest. The teleutospores of Melampsora Larici'Tremidae

Kleb. are capable of germinating in March and later. Their germination

takes place readily at temperatures between 8° C. and 26° C. In the study of

Puccinia graminis Pers., it was found that the abnormal mode of germination,

sometimes observed in teleutospores of this species, is determined by the

temperature. At temperatures below 23° C. normal germination takes place,

but at higher temperatures the teleutospores simply produce long germ tubes

which occasionally become segmented. A similar mode of germination of the

teleutospores of P, Malvacearum has been observed by Taubenhaus" and also

by Ericksson,7 who attributes to the " conidia " abjointed by the segmentation

of the germ tube a special function in the biology of this rust. Dietel finds,

how^ever, that in P. Malvacearum the formation of sporidia, or of germ tubes

which segment into '^conidia," is determined by the conditions under w^hich

germination takes place and not by functional differentiation of the spores.

High temperature and lack of moisture favor the production of abnormal

germ tubes.

To the few observations which have been made on the transmission, from

the stock to the scion, and inversely, of grafted plants, of qualities producing

immunity from the attack of fungi to which one or the other is subject, Fischer^

adds a further observation supporting the general conclusion that no such

mutual influence between the stock and the scion exists. He finds that plants

of Mcspilus, which cannot be infected by the basidiospores of Gynuwsporangiiim

confusum, remain immune even when united by grafting with susceptible

species of Crataegus^ nor is the susceptibility of the Crataegus changed.

A special case is presented by Craloegomespilus Asnieresii, which is a

chimaera consisting of a Crataegus core with a Mespilus epidermis. Here

Fischer found that the germ tubes of the basidiospores penetrated the epi-

dermis and infected the Crataegus tissue underneath. He reserves his opinion,

however, as to any mutual influence of the two parts of the plants, stating

^ Dietel, P., Versuche uber die Keimungsbedingungen der Teleutosporen einiger

Uredineen, 11.^ Centralbl. Bakt. II. 35:272-285, 1912.

'Rev. in Box. Gaz. 54:431-433. 1912.

* Fischer, Ed., Beitrage zur Biologic der Uredineen. Mycol. Centralbl. 1:195"

198. 1912.
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that it is not certain that the species of Mespilus entering into the foregoing

chimaera is immune, and even if it were, the result of the experiment does not

imply that the Mespilus epidermis had become susceptible, since it is known
that germ tubes of fungi frequently penetrate inert membranes and even the

epidermis of plants in whose tissues they are unable to make any further growth.

Orton' describes a number of cases of correlation in the distribution of

certain heteroecious species of Puccinia and Vromyces. The forms thus cor-

related have for their telial hosts the same species or closely related species of

the same genus, while their aecidia occur on alternate hosts which are either

identical or which are species of one genus. The aecidia and the uredospores
of the associated rusts are similar in structure, form, and color, while the

teleutospores differ only in number of cells. As examples may be cited

Puccinia subnitens and Vromyces Peckeanus, both of which occur on DistichUs

spicata and have aecidia similar in their essential characteristics on species

of the Chenopodiaceae; also Puccinia Caricis-Astcris and Vromyces perigynius

with teleutospores on species of Carex and aecidia on members of the Com-
positae. This condition appears to point to a close relationship between the

two genera Puccinia and Vromyces.
In opposition to the view that rust-infected grains of cereals are the agencies

by which the grain rusts are carried over from year to year, Eriksson" points

out that grains bearing rust pustules are, both in his own experiments and
according to statements in the literature, of very rare occurrence; and that

plants developing from such grains do not become infected earlier nor more
severely than plants from normal seeds. Furthermore, a cytological study of

a large number of plants from plots which afterward were badly rusted failed

to show the presence of mycelium by means of which the rust might have
lived through the winter. He concludes, therefore, that the rust pustules on
infected seed grain are of no significance in connection with the rust of the

gram crop.—H. Hasselbring.

Chloroplasts and chlorophyll.—Liebaldt's work" on chloroplasts
emphasizes again the important part colloidal chemistry is coming to play in

physiological problems. The chloroplast is considered a two-phase disperse
svstf.TT. The pigments, especially the green ones, constitute the lipoid phase,

Lroma, insoluble in lipoid solvents, coagulable with heat and alcohol,

ne: in WatOr k the- h-^rAr^XA ^l T-L- i- .• i _» I ^^',^rnn\r

system

and the stroma

and swelling in water, is the hydroid phase. The lipoid phase shows amicronic
(m particles beyond the vision of the ultramicroscope) dispersal through the

—--v^->, ,_. iv., v^urreiaiion be
Mycologia 4: 194-204. ph. 2. 1912.

species

n l" fu?'l^^°^''
•^' ^•'^tige Getreidekorner- und die Uberwinterung der Pilzspecies.

Centralbl. Bakt. 11. 32:453-459. iQi^-

^.Jl^'''''^'^''I\.^^''^'
^^'' ^'"^ Wirkung wasseriger Losung oberflachenaktiver

Sub.tanzen auf d,e Chlorophyllkorner. Zeitsch. Bot. 5:65-1x3. 19^3-
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hydroid phase, hence the chloroplast is generally homogeneous when viewed

with either the microscope or the ultramicroscope. The hydroid phase of the

chloroplast absorbs considerable additional water when it is brought into

direct contact with this agent. This disturbs the dispersion of the two phases

and the green pigment accumulates in various regionsj giving the plastid a

granular appearance. This, the writer believes, is not a complete separation

of the two phases, for the green granules are not as dark colored as the separate

drops of the pigment, and the lipoid phase will not strain with Sudan III nor the

hydroid phase with neutral red, both of which occurs in a true separation of

the two phases. Water solutions of various alcohols in concentrations too low

to coagulate the hydroid phase hasten and accentuate the deformation caused

by distilled water, but do not cause a true separation of the two phases. If

the alcohol is sufficiently concentrated to coagulate the hydroidj a complete

separation occurs. In this process the separation of the pigment passes from

amicronic dispersal through submicronic (particles visible to the ultramicro-

scope but not to the microscope) and micronic (visible to the microscope) to

complete separation. This work gives quite a different picture of the relation

existing between stroma and pigments in the normal chloroplast from that

generally depicted in texts. The texts generally speak of the pigment being

held in the meshes of the spongy stroma or aggregated in the outer layers of

the plastid. The author can gain either of these pictures by one or another

method of deformation. He does not deny that such a deformation occasion-

ally occurs even in the living active cell, but the chloroplast is generally homo-

geneous and show^s amicronic distribution of the tw^o-phase system. This

agrees with the dispersal of the various phases in the protoplasm which is

optically empty aside from the microns in it, Plaslids of the various plant

groups vary in their consistency and resistance to agents; those of the Florideae

are most nearly liquid.

By use of alcohols as solvents, the author was able to obtain crystals of

the green pigments from many green plants, ranging from the algae up. The

form and structure of the crystals vary with the alcohol used. The advance

of our knowledge of the chemistry of chlorophyll during the last half-decade

enables us to state with reasonable certainty the general constitution of the

green pigments as they exist in the plastid, also of the cr>'stalline products

in methyl and ethyl alcohol, Tswett's contention that there are two green

pigments (termed by him a and p chlorophyllin) has been confirmed by Will-

STATTER, who has showm that they are different oxidation stages of the same

substance. According to this writer one of them can be represented as follows:

/COOH

C3xH^N,>rg;^—COOCH3

\COOC„H,,

The molecule bears three carboxyl groups. One is free, another bears a methyl

group, and the third a phytol group. In extraction with ethyl alcohol the
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phytol group is displaced by the ethyl group and the ethyl derivatives crystal-

lize out.

WiLLSTATTER
rystals are the methyl derivatives.

On the same basis the ethyl derivatives are ethylchlorophillids. The displace-

ment of the phytol by the ethyl group is hastened by an esterase (chloro-

phyllase)
.

The phytyl derivatives are amorphous, while the ethyl and methyl
derivatives are crystalline. The constitution of the green' crystals given with

ketones, esters, and aldehydes is unknown.—Wm. Crocker.

Silver leaf.—Gussow" reports that the peculiar disease known as "silver

leaf" is common on fruit trees in Canada. This disease has been recognized

and has received distinctive names in several European countries. Its chief

symptom, as its name indicates, is a silvery appearance of the leaves which is

brought about by the separation of the epidermis from the palisade cells and
the consequent filling of the resulting space with air. The wood of the diseased

trees is browned and contains mycelium. After the death of the affected trees,

fruit bodies of Stereum purpureum develop on the trunks and branches. This

fungus has been shown by Percival, Pickering, and others to be causally

associated with the disease. The observations of these investigators are

confirmed by Gtjssow's experiments in Canada, where in many cases he was
able to produce the disease in loo per cent of the inoculated trees. He also

found that scions grafted on diseased trees soon became infected. In all

cases the wood is infected with the mycelium of Stereum purpureum, but the

most striking feature of the disease is the total absence of the mycelium from
the diseased leaves. The mode in which the separation of the epidermis from
the underlying tissue is brought about by the fungus was not determined.
The disease appears to furnish an example of physiological effects wrought
by the action of the mycelium on parts of the host not actually invaded. Such
phenomena, where the effects cannot be traced to mere mechanical injury,

are practically unknown in the field of plant pathology.—H. Hasselbrixg.

Cytology of Laboulbeniales.—As a sequence to his general introductory
account'3 of the cytology of the Laboulbeniales, Faul'4 has published a full

account of the special morphology of two species, Laboulbenia chaetophora
and L. Gyrimdarum. These two forms lack antheridia; therefore the study
of them is not complicated by the question of fertilization by spcrmatia.
The young procarp consists at first of the carpogonium, the trichophoric cell,

and the trichogyne. The nucleus of the carpogonium and that of the tricho-

phoric cell divide, and at about the same time the wall between the two cells

r

" Gtjssow, H. T., Der Milchglanz der Obstbaume. Zeitschr. Pflanzcnkrank.
22:385-401. figs. I. pis. 2. 191 2.

"Rev. in BOT. Gaz. 54:84. 1912.
'< Faul, J. H., The cytology of Laboulbenia chaetophora and L. Gvrinidanon.

Ann. Botany 26:325-355. ;,/,. 4. 191 3.



iQii] CURRENT LITERATURE 167

disappears, so that the four nuclei come to lie in a single cell. The upper and
lower ends of this cell are cut off as the "restored trichophoric cell" and the

inferior supporting cell. Each of these contains a single nucleus. The two
remaining nuclei undergo a series of conjugate divisions, as a result of which a

superior supporting cell, and sometimes a secondary inferior supporting cell,

each with two nuclei, are cut off. Two nuclei, presumably one derived from

each nucleus of the original pair, remain in the parent cell or ascogonium.

The ascogonium may either give rise to asci directly, thus itself becoming an

ascogenous cell, or it may divide and give rise to two ascogenous cells. The
only nuclear fusion in the life cycle of the plant is that which takes place in

the ascus.—H. Hasselbrixg.

Mitochondria.—The literature on mitochondria is growing, but as it

grows the difficulty in defining the structures becomes greater and greater.

Just as centrosomes were followed by centrosome-like bodies and blepharoplasts

by blepharoplastoids, the mitochondria are now followed by mitochoi:idria-

like structures. Wgycicki^^ describes in the pollen mother cells and micro-

spores of Malva silvestris mitochondria-like bodies, which first appear as small

granules, then become vacuolate and divide by constriction, and finally dis-

appear completely after the formation of the intine. Starch is entirely lacking

during these stages, starch grains first appearing after the exine has become

differentiated. The mitochondria-like bodies have nothing to do with leuco-

plasts or the formation of starch. In Malva they resemble somewhat the

proteid vacuoles of Coniferales.

Improvements in technic have certainly brought to light some minute

structures of the cell which were previously overlooked, but what these struc-

tures are and what their significance may be, are problems still awaiting

solution.

—

Charles J. Chamberlain.

Wilting coefficient in alkali soils.—In a series of 14 alkali soils, gradu-

ated according to their salt content, Kearxey^^ has shown the wilting

coeflficients to be practically identical, but the time required for the exhaustion

of the water available for growth steadily increased with the increasing salt

content. The plants were proportionately smaller w^hen the wilting coefficient

was reached in the soils of greater salt content, that is, the presence of

alkali increased the quantity of water transpired in producing a unit weight

of dry matter. With too great a quantity of salts, pathological conditions

were evident in the plants and the wilting coeflicient was not reached.—Geo. D.

Fuller.

's WoYCiCKi, Z., liber die mitochondrienanliche Gebilde in den Gonotokonten

und Gonen bei Malva silvestris L. Sitzungsber. Warschauer Gesell. Wiss. 5:167-182.

ph. I, 2. 1912.

'^Kearney, Thomas H., The wilting coefficient for plants in alkali soils. Bur.

PI. Ind, Circ. 109, pp. 9. 1913.
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Morphology of the podocarps.—Sinnott'- has investigated the reproduc-

tive structures of the Podocarpineae and has come to some conclusions in refer-

ence to the relationships of the group. The detailed results are too numerous

to be cited here^ but the author has canvassed the structures of the ovulate

strobilus, the characteristic male gametophyte, the wings of the pollen grains,

the female gametophyte, fertilization^ the proembryo^ and the endosperm, and

has concluded that the group has been derived from the Abietineae through

forms resembling PodocarpuSj which is therefore the oldest genus. Some strik-

ing resemblances between the podocarps and araucarians further suggest that

both of these groups may have arisen from an ancient group closely allied to

the Abietineae, A connection with the taxads is also suggested by resemblances

between Cephalotaxus and certain species of Podocarpus, the conclusion being

that the Taxineae, through Cephalotaxus (its most ancient genus), may have

arisen from some ancient member of the Podocarpineae.—J. M. C.
9

Adventive branches in Frullania.—Miss Lorenz^^ finds that 4 of the n
species of Frullania in New England reproduce vegetatively by adventitious

shoots. From her statements it seems that a marginal cell of a leaf enlarges;

that the first two planes of division are anticlinal, giving a quadrant of more or

less unequal cells; that the next plane of division is pcrichnal; that from one

of the outer cells of the resulting octant a pyramidal apical cell which gives

rise to the shoot is developed. The first leaves of the shoot are rudimentar>',

but very soon the adult form appears. Ventral leaves are also delayed. As

should perhaps be expected, these vegetative shoots are more frequent on

dioecious than on autoecious species.—W. J. G. Land.

Origin of species in Hieracium.—Ostexpeld'9 has conducted an exten-

sive set of experiments with Hieracmm to discover the possible relationship be-

tween its polymorphism and its strong tendency to apogamy. He has reached the

conclusion that new forms arise as hybrids and also by single variations (muta-

tions), and that in both of these cases 'Hhc prevailing apogamy supports their

existence and constancy/' This means that the polymorphism of the genus

is correlated with its apogamy.—J. AL C.

^7 SiNNOTT, Edmuxd W., The morphology of the reproductive structures in the

Podocarpineae. Ann. Botany 27:39-82. figs, g, pis. 5-9. 1913.

^^LoRENZ, Annie, Vegetative reproduction in the New England Frullaniae.

Bull. Torr. Bot. Club 39:279-284. figs, 3. 1912.

^9 OsTENFELD, C, H., Experiments on the origin of species in the genus Hieradum

(apogamy and hybridism). New PhytoL 11:347-354. 1912.
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SEMIPERMEABILITY OF SEED COATS

LABORATORY

Charles A. Shuli.

(with mine figures)

I. Introduction

As our knowledge of the physical and chemical characteristics of

im
the biological significance of these structures become more and more

apparent. Much work has been done upon the germination of

seeds without an adequate knowledge of the real conditions offered

to the embr>-os for their development. iMany chemical substances

and various ethereal stimuli have been used to influence the

germination of seeds, and as a rule the seeds have been used with

coats intact. This has been true especially of the Germans who

belong to the vitalistic school. The assum

permeabl

membranes

modifv ethereal and chemical stimuli

them, sim

number of naners have aDDeared which

important bearing upon these problems. In 1907 Browx (10)

reported the discovery of a semipermeable membrane forming the

outer layer of the seeds of Hordeum vulgare var. coeriilescens, and

later (11) published an account of the selective permeability of this

outer dead membrane of the seed. This work was followed by

169

m
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same
coat in wheat. Atkins (5) failed to find

of beans. He
germination commenced

time the osmotic phenomena of the living cells were manifested.

The forces concerned in the initial stages of water intake are,

according to Atkins, those of capillarity and imbibition; but on

germination, osmotic pressure begins to influence the amount of

water taken up by the living seeds. As Schroder has pointed out

(33> P- 188, footnote), Atkins failed to take into account the open

micropyle of the Leguminosae used; but the same seeds on moist

sand, with the micropyle turned up, absorbed 90 per cent of

their dry weight from 10 per cent NaCl in 6 days, according to

Schroder. And since the present paper was written, Tjebbes

(35) has found that the seeds of the sugar beet probably have a

semipermeable membrane

semipermeable membranes

Grammeae How-

(7)

made in 1007 by Becquerel

impervious

substances as absolute alcohol, chloroform, and ether. He made no

attempt to determine whether these coats were also semipermeable.

During the last two years I have been investigating the char-

Xanthium
Becquerel

results of the work. I wish to acknowledge with thanks the

encouragement and helpful advice of Dr. William Crocker, and

to express my appreciation of the excellent facilities afforded me by
the Hull Botanical Laboratory.

II. Experimentation

I. moisture and permeability

ihe discovery by Becquerel
chloroform, and ether wnnlH r^^t

and alcohol,

completely dried, seemed so unusual that attempts were made
repeat his experiments, using the testa of Xanthium glahrat'
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cemen

rubber cork, the tube being then filled with mercury, and set up as

a sort of barometer. Although the coats were supported by strong

delicate

always burst on being inverted over the mercury cup. Shorter

columns also were tried. In one case a column of mercury 20 cm.

in height was sustained for four days without any diffusion of

membrane
made

dry

diffusion These

tests ran for only a few hours at a time and the results were negative.

No measurable

permit a rapid passage of oxygen

Much better results were obtained with the experiments

the permeability of dry coats to ether, chloroform

absolute alcohol. Seeds of Xanthium glahratum wer
weeks at 40'

dride at 10 mm, atmosph

which they were stored in a similar desiccator for use.

Water-free ether was prepared by treating the best ether obtain-

able with alcohol-washed KOH in sticks for 12 hours, and then

-ic anhy-

C, after

o metallic

receiving flask. The sodium

flask until every trace of wat(

immersed in

is thermostat

of time from 2 to 36 days. On removing them from the ether the

seeds were carefully dried^ soaked in water, the testas removed,

and the embryos placed in germinative conditions; 87 per cent of

the seeds germinated, and the young plants were just as vigorous as

the untreated controls. In those sets of seeds soaked for 16 and

36 days respectively, 100 per cent of both uppers and lowers

germinated, and the average growth in length in 6 days was for the

uppers 9.5 cm., for the lowers 11 cm.

Seeds carefully dried were also placed in chloroform, absolute

alcohol, and acetone without the precaution of drj'ing the fluids.
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In all cases the dried seeds remained for many days (16-30) in the

fluids without showing any injury, as shown by their normal

germination afterward. That these fluids do not penetrate the

testa can be demonstrated indirectly by using seeds with defective

coats. In no instance were such seeds found to be viable after more

immersion

form, c
F

remain

time

of the defect. If the break occurs immediately

immersion

remain viable some

much moisture

put into these liquids, and still leave the seeds uninjured by long

soaking. Commercial 95 per cent alcohol was found not to kill

merely air-dried seeds in 4 days' time, but had killed them within

8 days. A series was then run in 90, 80, 70, 50. and 35 per cent

alcohol. In a few hours the seeds in the lowest three grades had

become excessively swollen and semitranslucent; they were found

to be dead. Those in Rn npr rpnt wpr^ h\T nn means
had been killed. Those in 90 per cent were apparently hard and

sound, but at the end of 3 days all were dead. They may have been

time

germination

The results of these experiments confirm the findings of Bec-

QUEREL, who kept various seeds in alcohol, ether, and chloroform

for a full year without any serious loss of viability. While these

facts seem remarkable, they merely confirm the results reported a

good many years ago by Giglioli (21), who obtained, for instance,

the germination of 20 per cent of alfalfa seeds after more than

16 years in a saturated solution of HgCl, in absolute alcohol.

Giglioli says that many of these seeds produced plants which

flowered and fruited normally after this long exposure to destructive

gases^ and liquids. The protective nature of the dry seed coats of

certain seeds, therefore, is fully estabHshed, and is due to imper-

meability.

The results of these experiments offer no evidence against

Becquerel's view that gases, especially ox>^gen, are not able to
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diffuse through the thoroughly dried seed coats of certain seeds.

Crocker (14) was inclined to believe, from his study of the respira-

tory ratio in Xanthium seeds, that more ox}^gen diffused through the

dry seed coats than through those which had not been thoroughly

dried. This conclusion is probably shown now to be incorrect.

The gas exchange noted by him in the case of dried coats may have

occurred at least partially through defects in the coats; for^ as I

shall show later, there are a good many seeds which prove to have

defects which are invisible, even on microscopic examination^ and

these defects may possibly be increased in number by the process

of drying.

2. SELECTIVE SEMIPERMEABILITY OF XANTHIUM SEED COATS

A few preliminary tests to determine the amount and rate

imbibition of Xanthium seeds in solutions of sodium chloride

various strengths indicated the exist-

ence of a very efficient semipermeable

membrane in the seed coat. Water

enters the seed very rapidly under the

powerful forces of capillarity and imbi-

bition until more than 50 per cent of

the air-dry weight of the seeds has been

taken up. Nearly all of the water is

taken up in 12-15 hours, as shown by
the curves in figs, i and 2.

This rapid intake of water is in

sharp contrast with that which occurs

in the Gramineae. In the seeds of the

latter the rate of water intake is con-

* M Wi^I

zm «.c

« **c

y/ **i

Fig. I-—^Cunes of imbibition

siderably slower, and extends over 7 or for seeds of Xanthium in salt

8 days or even longer, before saturation solutions of various strengths,

and in water; time element

plotted on the axis of abscis-

sae, percentage increase over

air-dr>' weight on the

ordinates.

of

is reached. Evidently the protective

structures influence the rate at which

water passes into the seeds.

When strong salt solutions instead

of distilled water are used with Xanthium seeds, the powerful

internal forces, capillarity, imbibition, and perhaps the chemical
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1 almost

osmotic

mentioned

then the entrance of water quickly ceases. After equilibrium is

established in any given salt solution, increasing or decreasing the

density of the solution extracts water from the seed or permits

water to enter it in accordance with the direction of the disturb-

ance. ment

equihbrium is reestablished, when the amount
constant.

>^iO

M f^Cl

Fig. 2.—Cur\xs showing entrance and withdrawal of water in Xanihiiim seeds on

shifting from water to salt solutions, or vice versa, at three-day intervals; the semi-

permeability of the membrane is well illustrated by the behavior recorded in these

curves; curves 2, 3, and 4 are displaced to the right to avoid confusion.

this adjustment

Xanthium
adjustment

adjustment is slow, requiring
•^ •

rmm Xanthium
the passage of water, while in the Gramineae

much

osmotic nressnre to rar^illarv and imbibition

es, chemical and physical, through the semipermeable
Xanthium seed, is splendidly illustrated by figs, i and i



19 13] SHULL—SEMIPERMEABILITY OF SEED COATS 175

show the imbibition curves for distilled water, and for molecular,
two-molecular, and four-molecular solutions of NaCl as the seeds
were shifted from one strength to another at three-day intervals.

The close agreement of the constant portion of the curves in each
strength of solution should be noted. The character of the curve
during the last two days of each three-day interval indicates that
the salt does not enter in appreciable amounts. Comparison with
the type of curve given by Schroder (33, p. 189) for wheat shows
that this membrane is at least as efficient in excluding NaCI as the
coats of the Gramineae.

By appropriate chemical methods it has been shown that no
passage of the salt through the membrane occurs. It was necessary,

finds

m
of salts.

Many other chemical substances, usually in molecular solutions,

were used to determine the range of selective semipermeability.
The permeability or non-permeabUity to each substance was judged
by the amount of imbibition water taken up from such solutions of

acids, bases, and salts. Anyone who investigates the subject will

be convinced that this means of determining semipermeability is

sufficiently accurate for all ordinary purposes. The results, in

and

percentage of increase over air-dry weight by imbibition, are ^

in table I.

From this table it is seen that the nitrates as a class,

especially silver nitrate, penetrate the coats. Iron sulphate slowly

enters, while copper sulphate does not. The penetration of copper

sulphate can be detected, if it occurs, by removal of the testa and
examination of the embryo. Occasionally as high as 20-40 per cent

liz

of the dry seeds.

microscopic

figures given for any
salt are approximations only; but in case there is general per-

meabiUty it is easily recognized by the amount of imbibition.

Since 60-80 per cent of the seeds show no penetration even after

prolonged soaking in CUSO4, and since they retain their vitality

perfectly, notwithstanding the very highly poisonous character of
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the solution, it seems reasonably certain that copper sulphate does

not penetrate a sound testa.

tablt: I

percentage of imbibition

(based on air-dry weight)

Osmotic pressure
(calculated from
THE LaNDOLT-

BoRNSTEIN tables)*
IN ATMOSPHERES

38.02
72.01

130.62

35-53
37.66
37-67
36.53
28.25

39-6

Water
M-NaCl
2M-NaCl
4M-NaCl
Sat. NaCl
M-AgNOj
M-NH4XO3
:M-NaNO,
M-KXOj
M-CuS04
M-FeS04
M-KCl
M-K.Cr04
M-NajSjOj
5 % HgCl.

CH3OH
CHsOH
C^HjOH
Glycerol

Ether sat.

Iodine, 5 per
cent in KI

M-Sucrose
M-Fructose
M-Glucose
M-Lactose
AI-KOH
M/io KOH
M-NaOH
M/ioNaOH
M-HCl
M-H.SO4
M-HNO3
M-Tartaric
M-Acetic
M-Lactic
M-Citric

End of three days

Exp. I

54 94
26.

21.58
12.16

7.12

49-83
32-47
34-18

37 89

34 48

34-39
35-15
24-55
28.37
70.2

66.6

57-14
69.25
29.32

S3 95

34-41
35-54
36.51

35-47
79-
72.2
102.06

50.2
32.87
42.06

73-33
36.87
57-3
55-84
37 -06

Exp. II

53-95
24.46
18.47
13 -44
6.2

46.57
33-
28.88

38.87
35-4
3748
37.62
32.04

Ten days

Exp. II

Remarks

70.89
40.6
32.09
41.29
35-59
44-73
38.3
36.91

End of two days

10 volume per cent
« u u tt

tt

a

u

tt

tt

u

u

End of 5 hrs.

Penetrates

In 23 hrs.

In 35 hrs.

In 10 hrs.

4

In 48 hrs.

In II hrs.

T̂h^lP^ ^h^^^
calculations from the Landolt-Bomsteln tables correction is made only for dissociation,

th^ fnr^^.V-^
pressure of 2M and 4M-NaCl is probably somewhat higher than here indicated, due to

osmoUc pre''''
^^y^'^^'^^oQ compounds. Saturated NaCl is beUeved to exert 375 atmospheres of

Mercury

monatomic J
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The entrance of sulphuric is very slow. The triatomic alcohol,

glycerol, does not enter, nor do the sugars.

The semipermeability is not dependent on any living cells in the
membrane, but is purely a physical phenomenon. Boiling the seeds
does not destroy this character of the coat, nor do such poisons

HgCl., AgNO the alcohols, ether, etc. Solutions of

sodium chloride extract water rapidly from seeds which have
imbibed almost 70 per cent of their weight in 5 per cent HgCl,.
The peculiarity of the testa must therefore de-

pend upon the physical structure and chemi-
cal composition of the dead cell walls, and upon
the relations it may assume toward the various

solutes and solvents, not upon any vital con-

ditions.

The seed coat of Xanthium possesses a great

advantage over the membranes discovered by
Brown and Schroder in barley and wheat as

Xanthium
coat is removed

m
membran

1

For this purpose I have used the apparatus
illustrated in fig. 3. cm

diameter is closed

;h short rubber c(

mm. in diameter

Fig. 3.—Osmotic

apparatus used in

both testing directly the

, , semipermeability of

^ Xo»/A/ww seed coats;

must description in text.

fit tightly into the glass tube, the perforation of

one of the corks is prevented from collapsing by inserting a short

diameter. The testa is prepared formm
use by cutting it longitudinally along one side, and cutting off the
ends. The testa can then be opened out and dried under a weight,
thus producing a rectangular membrane about 6X8 mm.

This membrane is cemented carefully to the rubber cork which
has been prevented from collapsing by the narrow glass tubing.
It is best to place a thin layer of wax over the cork first, then press
the membrane firmly into the wax, after which the edffes of the drv
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membrane are carefully seded with more
4

membrane immediately

from my experiments the area of membrane

throu

been approxima

cm
membrane at the lower end. A 4M solution of NaCl is introduced
through the upper cork until the chamber is quite filled. Care
must be taken that small bubbles of air which tend to remain in the

from

while the chamber is being

Otherwise the

m
mm. in diameter

through the upper cork. The salt solution will rise a short distance

in the narrow tube, due to displacement. After making sure that

chamber
from the

same

experiment itself are so sim

This apparatus

demonst
semipermeability

In one such experiment a rise of 1 7 ; mm
m his is a fairly rapid rise, inasmuch i

measured had practically the same
membrane

column of water 2=^ mm
means

day's time. The rate of passage is so rapid as to indicate a very

memb
tion quite different from that found in the Gmmineae, as already
suggested.

Here again the impermeability of the membrane was demon-
strated by dropping some of the liquid taken from immediately
below the diffusion membrane into AgN03. No visible pre-

cipitate was obtained, even at the end of 7 days.

3- STRUCTURE AND COMPOSITION OF THE TESTA
The morphological development of the seed coat of Xanthium

has not been fully traced, but it is nmbRhlp thnf tbp f=;ped coat is
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formed in the same way as in another of the Compositae, Hcliantlnis,

the structure of which has been reported by Braxdza (9).

In Helianthus the inner layer of the 3-layered seed coat is formed

from the nucellar epidermis, and is composed of Just one layer of

cutinized cells. Xanthknn likewise has a 3-layered testa, the inner

layer of which is a single layer of cells excepting over the hypocotyl,

where, as Crocker has shown, it is several cells thick. It is probable

that this inner layer, with the exception of its chalazal portion,

which lies immediately over the hypocotyl, is derived from the

epidermis of the nucellus.

At first it was suspected that the inner stratum might be the

semipermeable layer, although Crocker had suggested in 1906

that the thicker middle one probably excluded oxygen. While

attempt was being made to locate the seat of the semipermeability

it was discovered that certain substances, the higher alcohols,

acetic acid, and the alkalies, occasionally cause a bursting of the

middle layer without injuring the single-celled inner lamina. Tlie

outer layer, of course, is too loose and chaffy to function osmotically.

In the case of M and M/io solutions of KOH and NaOH, the

bursting of the middle layer is followed by a periclinal separation of

the inner layer from the middle one, which is probably the ovular

integument, so that the embryo, surrounded by the intact, thin,

delicate, one-celled inner layer can be removed from the external

coats. This discovery was a ver>^ important aid in studying the

semipermeability of the different layers of the testa, and illustrates

the advantage which removable coats have over such as have been

found in the grains. In the barley and wheat all such investigations

had to be indirect, because the membrane could not be removed or

separated into distinct layers.

The thin inner coat was shown to be a very efficient semi-

permeable membrane by treating the much swollen seeds sur-

rounded by this membrane with 4M-NaCl At the time one such

seed was introduced into the salt solution it weighed 1 10 mg. After

one hour the membrane was completely collapsed and pressed very

tightly against the embryo. It weighed ^% mg. In 4 hours it

weighed 52 mg., in 10 hours 51 mg., after which a rise in weight

gradually occurred, probably due to a very slow entrance of NaCl.
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In 2 days its weight was 59 mg. Fig. 4 shows the curve for loss

of water from such a seed which weighed 198.5 mg. at the time it

was put into NaCi.

The middle layer, which is several cells thick, was subjected to

a direct test by using it as an osmotic membrane cemented over

a rubber cork. Its osmotic character is demonstrated bv the

following figures

:

Rise Time Rise Time

45 n^ni 5 hrs. 159 mm 32 hrs.

72 " 9 " 169 " 48
''

125 " 20 " 171 " 72

However, this layer is by no means as efficient as the inner

The NaCl could be seen streaming through the membrane in

%
fSOr-

fOQ -

same
solution of a salt in water.

Neither the middle nor inner membrane
semipermeable alone as are both together

III' r I T I ) J
'3. ^1 31, it '

condition. Microchemical study of the

coat, using NaCl and AgN03, had given

e\ddence in the same direction, that the

Fig. 4.-Curve showing ^^^dle layer allowed salts to reach the

loss of water by a seed inner layer, but that the precipitate of

which had become excessively AgCl was not Certainly present within the
swollen in M-NaOH when . , ^, ^ * 4^"u;„rr ^f
later put into 4M-NaCl; the

'^^' ^^^^^^ ^he extreme stretchmg ot

outer coats of the testa had the coats preceding the bursting, or a

burst, leaving the inner coat, physical or chemical modification due to
one cell thick, intact: the xv .* . i^^ t-i^cnnn-
curve demonstrates the semi-

^?^^ macerating agent, may be respon

permeable character of the ^ible for the impaired efficiency of the

inner layer. separated membranes.

The ceUular arrangement in the inner

membrane is shown in fig. 5. Microchemical tests showed the

this

tion. treatment
acid and iodine, and the materials of which it is composed are

almost completely dissolved in Schweizer's reagent. Practically

no coloration was obtained with alkanin and other suberin reagents,

except in the cell contents, and these are known not to be respon-
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sible for this physical character of the membrane, which remains

unchanged when the cell contents have been removed by dissolution.

Reichard (29) some years ago showed that the coats of Ilordeum

are full of tannin, and has now (30) raised the question whether the

tannin present there has any effect on the semipermeability of its

membranes. The colloidal condition of the tannin, and its known
peculiarities chemically, suggested that it might be in a large

measure responsible for the physical

properties of the coat. He investigated

the position of the tannin by micro-

chemical methods^ and found that in

sections the barley grains showed a

sharply defined layer of tannin which

could easily form a continuous coat.

Treatment of seeds with tannin solvents

showed that with such treatment the Yig. 5.—Cellular arrange-

layer of tannin becomes broader and meat of a ]>ortion of the inner

more diffused. Alcohol (96 per cent) •^>^^'' ^^ ^^^ testa.-Camcra

J T , 1-1 . lucida, 4 mm. obj.. 4 ocular,
used alone does not dissolve tannm. 160 mm tube

Following the alcohol treatment with

iron sulphate solution as a tannin stain shows that the tannin layer

becomes if anything more sharply defined in alcohol of high grade.

tannin

marked subsequently treated with alcohol.

tannin

wet.

According to Reichard's view, the entrance of substances into

the seed would depend upon their ability to dissolve the tannin

layer, or to dissolve in it. Since strong alcohol does not dissolve

m
indefinitely without loss of vitality. But the presence of sufficient

moisture to dissolve or partially dissolve the tannin would allow

rapid entrance of alcohol, and a consequent killing of the embryo.

The bearing of these facts upon the resistance of dry seeds to organic

solvents discussed in an earlier section of this paper is obvious.

Hydrates, especially NaOH, have a powerful solvent effect upon

tannin; even in M/io solutions the solvent action is apparent, and
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as the concentration increases, the action is very rapid. On the

other hand, acids do not dissolve tannins, but rather precipitate

them from solution, according to Reichard.

semipermeable

Reich.\rd did not seem

used bv Brown. This

semipermeability is attributed to differences in the tannin content

from differences in the ripening process. He beheves that the

tannin is an "assimilation" product of chlorophyll, and that in

unripe seeds the tannin has not been fully deposited in the seed

coats. Or one can assume that the tannin for some unknown reason

has failed to reach the proper chemico-physical condition for

complete semipermeability.

While it seems entirely possible that the resistance of dry

ilcohol and other reagents such as ether, chloroform, etc;,

be

seem probable to me that semipermeability of these membranes

can be explained on these grounds.

There is a considerable amount of tannin in the testa of Xan-

thium, as shown by treatment with ferric chloride, ferric sulphate,

potassium dichromate, etc. But the tannin in this case does not

seem to form so definite a layer as Reichard reports for Hordeum.

It seems to be scattered through the tissue in minute granules,

occurring especially in the outer and middle layers of the coat with

only very minute quantities in the iimer layer. As has been shown,

treatment of the coats with molecular NaOH, which is a strong

tannin solvent, according to Reichard, does not destroy its semi-

permeable character. For these reasons it is the writer's opinion

that the property belongs to the cellulose, rather than to substances

associated with it in the coat. Further microchemical studies upon

the seed coat of Xanthium are in progress, and in time it may be

possible to analyze the conditions which cause the exclusion of

coat of seeds.

semiperme

4- semipermeability a widespread phenomenon

In addition to the work on Xanthium, a number of seeds in

various families have been tested. The results show that the
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lifeless membranes forming the coats of seeds frequently exhibit

osmotic effects, A number of widely separated families are repre-

sented in the list now known to possess such properties: Alismaceae

{Alisma Plantago-aquatica) , Gramineae (barley, wheat, oats, etc.;

probably most grasses), Chenopodiaceae (sugar beet), Rosaceae

(peach, apple), Legumlnosae (Vicia Faha, scarlet runner, lima bean),

Compositae (Xanthium, Helianlhus annuus). It should be said at

once that these seeds do not all exhibit the same degree of semi-

permeability. The coat of Xanthium apparently permits no passage

or only very slow passage of certain solutes, comparing favorably

with the coats of Hordeum and Triticum in this respect. Coats of

the sunflower and peach are only less efficient, while the bean coats

usually allow a noticeable passage of salts. The Leguminosae seem

to be less uniform in their behavior than any seeds tested. Certain

specimens have very good semipermeable membranes, others have

rather poor ones.

As pointed out in the introduction, Atkins found Leguminosae

not to possess semipermeable testas, but had overlooked the open

micropyles- Direct methods of testing proved that these mem-
branes do act osmotically. It was not found practicable to wax
these membranes onto rubber corks, because the great amount of

expansion of the membrane on soaking, after the apparatus was

arranged, always resulted in breaking the coat loose from the wax.

To overcome this difficulty, the wet bean coats were placed tightly

between two perforated rubber corks which were smeared slightly

with vaseline, and used just as in the case of Xanthium already

described. In this case the hole in the cork below the membrane
must

membran
Coats of Vicia Faba used with saturated NaCl solution gave a

rise of 72 mm. in 36 hours; and of scarlet runner a rise of 135 mm.
in 10 days, the rise continuing throughout this time, but amounting

to only 17 mm. during the last 4 days. The escape of the salt

through the coats of both these legumes was readily demonstrated

by use of AgNO^.
It is a pleasure to record the fact that Professor Stevens of the

University of Kansas has for more than 8 years been using the coats
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lima bean to demonstrate osmosis in his elementary

tubes.

ology. The coats are merely tied over the ends of glass

erular

behavior, and that successful use demands the testing of the
membranes, and the choice of those whose behavior with a definite
strength of solution is uniform. Thus chosen, the membranes may
be used to demonstrate admirably Ppeffer's discovery that osmotic
pressure varies directly with the concentration of the solution.

into

the

endodermis

i must there

penetrating the root beyond the endodermis. Later (25) he made
the^ further observation that the cellulose cell walls forming the
periclinal walls of the endodermis behave toward entering salts like

itself. That is, those salts which are excluded by
asm are excluded by the walls also. Lavison does not

asm

semiperme
ingly the only possible interpretation of his observation. It should

that

sem
phenomenon among lifeless plant membranes. Of course, the
membrane must be permeable to water if it is to be osmotically
active.

impermeable
allowing neither salt nor water to pass through. The possibly semi-
permeable

in future Investigations dealing with the entrance of salts into
plant tissues.

5. OSMOTIC PRESSURE AND IMBIBITION FORCES

experiments upon Xanthium seeds with rc^cenU

imbibition
measurmg

osmotic pressure, since the balancing of osmotic pressure c
hand agamst capillarity and imbibition on the other t

perfect semipermeable membrane is a ver>' simple matter
For this purpose saturated solutions of lithium chloric
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osmotic

employed. The imbibition curve for air-dry seeds known to

contain 8-9 per cent of moisture is shown in fig, 6. In the case of

both lower and upper seeds there was found a slight loss in weight

during the first few hours of soaking in this concentrated LiCl

solution. The loss is very small in amount, averaging 0.5 mg. per

r f

I I L I I

t# n. Hra.

seed in all the tests made. But
after the seeds have been in the

solution for 6 or 7 hours, there is
. . . . ,

, ... Fig. 6.—Imbibition curve for air-dry
a very slow mcrease m weight, so .^eds in saturated LiCl solution.

that at the end of 46 hours the

weight of the soaked seeds was the same as when first put into the

fluid. The exact significance of this behavior is not very clear, but

it is obvious that these seeds do not possess internal forces of

sufficient magnitude to withdraw any water from

the LiCl solution.

In order to test the balance between osmotic

pressure and the internal forces further, a number

of seeds were soaked first in water until they had

taken up about 44 per cent of their dry weight.

%

io

So

They were then placed in saturated LiCl, which was

kept saturated by keeping 40-50 grams of the undisr

solved salt in the bottom of the vessel and stirring

it up frequently.

The imbibition

curve is shown
Fig. 7.—Curve showing loss of water from seeds soaked in fig. 7. At the

in water before transferring to saturated LiCI solution; ^j^j q£ qj^^ hour.

^L-L-L.l I I I t I I I 1

imbibition force of air-dry seeds and osmotic pressure of

saturated LiCl solution approximately ecjual
more than three-

fourths of the

water had been withdrawn, and in 7 hours the seeds were only

2.5 per cent above their air-dry weight. The water was with-

drawn more and more slowly until at the end of 100 hours they

reached their oriirinal dry weight. The results shown in figs. 6 and 7

indicate that capillarity and imbibition force in an air-dry seed of

Xanthiiim, that is, one with 8-9 per cent of moisture, is approxi-

mately equal to the osmotic pressure of a saturated solution of LiCK
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One of the most difficult problems was to secure adequate data

as to the size of the pressures and forces indicated by the results.

The literature aside from the work of the Dhvsical chemists contains

disagreements, and the physical chemists

osmotic Moreover

interpretation

done. As the writer is not a physical chemist he has been at a

situation.

in the attempt

Hordeum
of NaCl an osmotic pressure of 125 atmospheres. A few years

earlier, Raciborski (28), who investigated the upper limits of

osmotic pressure in living plant cells, cites Dieterici as authority

for the statement that saturated NaCl has at 20"^ C. an osmotic

pressure of 375 atmospheres. Raciborski gives the pressure as

349,11 atmospheres at 0° C, the saturation concentration being

35 - 51 P^r cent. The figures given by Brown are apparently based

on the assumption that the law announced by van't Hope in 1887,

that osmotic pressure is proportional to concentration, a law based

on Ppefeer's work a decade earlier, applies to all concentrations

whatsoever, without any allowance for electrolytic dissociation or

hydration, both of which must play an important role in the pres-

sure of these concentrated solutions. On such an assumption the

pressure should be near 125 atmospheres.

That this figure is too low can readily be determined from data

as to the electrical conductivity of NaCl derived from the Landolt-

Bornstein tables. A 4 M solution would exceed 130 atmospheres,

so that a saturated solution should run to 160 atmospheres or

beyond, merely due to ionization.

Moreover, there is reason for believing that this law of the rela-

tion of osmotic pressure to concentration holds only for lower

concentrations, and that still further corrections are necessary in the

case of highly concentrated solutions; for the actually observed

pressures depart widely from the theoretical requirements as

concentration increases. Berkeley and Hartley (8) measured

the osmotic pressure of solutions of sucrose, dextrose, and galactose

by an igenious method, and have shown that dilute solutions give
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pressures agreeing with the gas laws. But curves representing the

pressures in higher concentrations show that the osmotic pressure

in

concentration.

customary

the basis of solution volumes. Morse, Fraser, and others, how-
ever, found a better agreement between increase of concentration

osmotic

rather Renner (31) has

summary
tion of osmotic pressures, and holds that this change from liter of

4 a _ _

agreement

asm
the former having been in error.

Although making this change brings agreement between
theoretical and observed pressures for more concentrated solutions

than was true with the old method of making up molecular solutions,

the observed pressures are still considerably above the pressures

demanded by our theories, after all these corrections and improve-
ments in method have been made.

The relation of the actual pressures found by Berkeley and
Hartley to the pressures demanded theoretically by both methods
of calculating pressure from concentration is shown graphically by
Philip (27, p. 53) by means of curves. Rexxer also shows a
similar diagram in his recent paper but does not mention Philip's

discussion. There is little doubt of the correctness of the pressures

found by the direct methods of measurement employed by
Berkeley and Hartley, as their results have been confirmed

w

recently by Trouton (36). who uses an entirely new method for

measurement much
from a solution as it will from pure water. He determines the

pressure necessary to force as much water from a solution of

sucrose into ether as the ether will take up normally from pure
water (r.05 per cent). The pressure required to force the water

from
taining 600 grams Berkeley

tmospheres with the same
agreement well within the limits of error.
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The findings of Berkeley and Hartley were discussed by

Callendar (13), who offers a plausible explanation for the high

pressures observed. He suggests that the solute probably enters

into a molecular complex with the solvent, forming hydration

compounds. This chemical combination of solute with solvent

reduces the number of free molecules of water in the solvent,

decreases therefore the vapor tension, or, what amounts to the same

thing, increases the osmotic pressure; for, as Callendar says:

(C There is a definite and simple relation between vapor pressure and

osmotic pressure which has been verified by Lord Berkeley and

Hartley for strong solutions/'

The degree of hydration is represented by a in Callendar's

discussion, and he believes a= 5 in the case of the sucrose solution

used by Berkeley; and in the case of Kahlenberg's (23) observa-

tions on the rise of boiling-points in concentrated solutions of NaCl,

the curve agrees with a hydration value of a = 6 up to a concen-

tration in which there are 6 molecules of NaCl present for every

100 molecules of water (Callendar 13, p. 493, diagram p. 492)-

Callendar assumes that the molecular complex formed by the

hydration is a definite chemical compound at any given concentra-

tion. In this he does not agree with Jones and Bassett (22),

who claim to have shown that such hydration compounds are

indefinite, and may vary from a few to many molecules of water to

each molecule of solute in any given concentrated solution.

If the compounds formed were indefinite, it would not be pos-

sible to explain the increased osmotic pressure of strong solutions by

hydration; but Callendar points out that the determinations of

Jones and his co-workers are erroneous at various places, and their

conclusions untrustworthy. The writer can only express it as his

opinion that Callendar's assumption is probably the correct one,

that the hydration compounds are definite, and that the osmotic

pressure of concentrated solutions depends partly upon the hydra-

tion value of the molecular complex formed.

If this opinion is correct, then Dieterici's and R.\ciborski's

figures for the osmotic pressure of saturated NaCl solutions, which

are based on vapor pressure determinations, are much nearer the

truth than Brown's figures for the same solution. Although the
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difference between the two figures is very large, the former being to

the latter as 3:1, inspection of the curves in Philip's little book
shows that at a concentration of 700 grams of sucrose per liter of

solution, the observed pressure would be to the theoretical pressure

calculated on the basis of solution volumes as 3 : i. Moreover, the

figures of Raciborski for saturated LiCl solutions (80. 7 per cent at

20° C.) were obtained by the same methods which Dieterici used

for NaCl; his results give to this solution an

osmotic pressure of 965.3 atmosph
W^^^

seem too high if NaCl has a value of

NaCl
M

(Smith's General chemistry).

interest

their magnitude. If this measure is correct for

the osmotic pressure of saturated lithium chloride,

then the internal forces causing entrance of water

into air-dry Xanthium seeds must be at the initial

moment in the neighborhood of 965 atmospheres.

It is as difficult as it is 'interesting to think of a

saturated aqueous salt solu-

tion being as "dry" as an
air- dry seed.

r^ , , . Ul »l »» JOJ JiS

i*rom saturated solutions *» Ai i1?i -JLTiic'c

NaCl
Fig. 8,—Curve of imbibition In M-NaOH,

will imbibe 7 per cent of showing the development of osmoticaUy active

their air-dry weiorht. It is substances within the semipermeable coat

readilv seen, then, if the f'^'f '^, "^""i
^^'^

'I^' P'T'',
'^'''

.

' ae\'eloped bursts the outer layers, but leaves
pressures given for the two Uie inner one intact.

solutions are correct, that

the imbibition force in a seed which contains 8-9 per cent of hygro-

scopic moisture (air-dry) is 965 atmospheres, and that the addition

of 7 per cent more water reduces the canillaritv and imbibition

from 965 atmospheres to 375 atmospheres, a loss of 590
m

The rapid increase of the internal forces with the decreasing

the
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based upon the figures presented in this discussion. What the

initial capillary or surface force would be if all hygroscopic water

could be eliminated without changing the fundamental nature of

the embryo must be left purely to conjecture; but the figures would

probably exceed those which Rodewald found for starch. He

States that dry starch on swelling develops a pressure of 2523

atmospheres (32, p. 227). At present we have no adequate means

of measuring such large forces.

III. Discussion

In widely separated fields of research.

many
im

sider every phase of the subject, and only the more Important

matters will be considered here.

The general occurrence of non-living semipermeable membranes

in plant structures, especially as seed and fruit coats, Is of the

greatest interest. A large amount of w^ork has been done upon

seeds with coats intact, especially upon seeds showing delayed

germination, In attempts to stimulate protoplasm to activity,

Fischer (16) used many dlflerent kinds of acids, alkalies, and salts

on seeds. Lehmann (26), Becker (6), and many others have used

Knop's solution, etc., as stimulants for resting seeds. In Becker's

paper especially the seeds used by him, mostly Composltae, show

such peculiar irregularities of behavior In germination that one

cannot escape the conviction that the coats are responsible for much

of it. If semipermeability of protective structures is as common as

now appears to be the case, much of the work done with salts and

other substances acting through the coats will lose considerably in

assumed

. No sa

em

Its significance. The very salts which are

seed may be excluded by the testa of the see(

can be drawn from studies in which the ph;

testa are not definitely known. This diso

what the writer has said elsewhere (34) regarding the necessity of

removing seed coats when the properties of embryos are being

investigated. The testa has physical and chemical characters which

may enable it to modify greatly any factor entering into germination

behavior, and the effects of these characters must be known before
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any sound conclusions can be drawn. Semiperm

common
disproved before proceeding to use stimuli acting through mem-
branes such as those referred to here.

With a numb
mcrease

imbibition This was noticed with

HgCL, AgNOj, several alcohols, acetic acid, and especially the

alkalies. The intake in these

cases cannot be considered as

due entirely to imbibition and

capillarity. Several things

7-

too

may
m

crease in weight. In the case

of the solutions of the heavy

metals their specific gravity has

something to do with the great

increase; but there is convincing

evidence that this is not the only

cause.

so

' 1 ' I ' ' I t J t 1 I I t t I t I t I I

U J« J* <» *«
1 1 1

31 ^-'j

Fig. 9.—Curve showing increase of

imbibition force in seeds with decrease

of water content; percentage of H3O is

The seeds^ become greatly based on absolute dry weight; air-dry

SWoIlen, until in niany instances seeds are considered to have 8 per cent of

they are perfectly cylindrical hygroscopic moisture in this diagram; the

^^i,.rj^. T . - force as here plotted is based on figures
and stretched to mordmate size. ^^^^^^^^ .^^ ^^^,

In these cases a fluid is found

between the coat and the rest of the seed. Evidently there is a

dissolution of various constituents of the embryo whose decompo-

sition products are osmotically active, which exert great pressure

upon the coat from within, and which thus cause a very large intake

of water. This is true especially when alkalies are used. Fig. 9
shows the curve of increase in weight of seeds kept in molecular

NaOH. The earlier part of the curve, up to 24 hours, resembles

the imbibition curve for water, only the entrance is a Httle more

rapid. Then suddenly the weight increases under the pressure of

dissolved organic substances from within, and by the end of three

days the outer layers of the coat have been bursted, leaving the

iimer layer intact. Through its translucent cells one can see the
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embryo, not much above normal in size, surrounded on all sides by
a liquid which is held in by the semipermeable membrane.

This curve is of great interest in connection with Fischer's
(i6) work on the seeds of water plants. When the seeds have a
brittle instead of an elastic coat, the pressure from within may be
great enough to rupture the coat, and allow oxygen or some other
requisite for germination to enter. There is no doubt that this

actually happens with acids and alkalies in the case of Alisma
Plantago-aquatica, one of the seeds which Fischer stimulated with
hydrogen and hydroxyl ions, and which Crocker (15) showed at
the same time needed only to have the coat broken to bring about
germination. In view of the eflfect of certain acids and alkalies on

treatment

semipermeable coats, the reason for germination

must
acids, alkalies, etc., on the colloids of the seed. Fischer (17, 18)

remarkable

mnscle, and has pointed

edema and glaucoma (19). A part of the

iiiLreasea weigtit may be due to the colloids in the embry
more water in fhr- rli'fToT-onf n*-^*^^ ^c .• „• _x!.-. • _ i__ ^ •

.

mos
from

imb
The behavior of the coat in retaining dissolved substances adds

after prolonged treatment in tar

semipermeable.

^

The high internal forces in dry
with recent work on the osmotic
plants. Fitting (20) shows that

forward

more 100 atmosph an

importance
lion deucit must withdraw the water from an arid soil. The value
of Fitting's work would have been enhanced if he had used boiling
or freezmg-point methods as a check to the plasmolytic methods of

determmmg the osmotic pressure. The possibility suggests itself
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r

that the forces which extract water from the soil particles and move
it through the plant may not be entirely osmotic whenever the force

some

needed runs high, but may involve capillarity and imbibit
wtII. a study of surface tension forces in soils should throw
light on this subject.

Many theories have been advanced to explain the cause of semi-

permeability. Chief among these are (i) the filter or sieve theory,

(2) the solubility theory, (3) the "Haftdruck'-' theory of Traube,
and (4) the hydrone theory of Armstrong. Each theory has a
certain amount of supporting evidence, and any of them could be
applied to the problems of physical or physiological semipermea-
bility.

Since Armstrong (3) used the hydrone theory to explain the

semipermeabihty of the coat of Hordeum vulgare as described by
Brown, I have given it more attention than the others, not that it

seemed to ofTer the best explanation, but because of its weakness.
Armstrong's conception of water as a mixture of hydrone,

hydrol, and hydronol was developed several years ago (l, 2, 4).
The hydrone compounds are composed of = OHa, which is related to

much as =CH The
com

the pol3Tneth

:e much more
Sim

molecule
by temperature. As the temperature

renders much more

molecules, which

s relations.' This

from the work of

(

to the rate of water imbibition by seeds of Hordeum vidgare.

Their results indicate that the velocity of water intake may
be a logarithmic function of the temperature. The temperature
coefficient for the imbibition rate follows approximately the van't
Horr law, indicating that chemical processes are invoh'ed in water
mtake. They suggest that the chemical change thus indicated is

the simplification of the complex hydrone compounds into smaller,

more active molecules.
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Certain solutes are believed to have the samCj or similar, effects

upon the hydrones as increase in temperature. For instance, acetic

acid, and other substances mentioned in this paper as leading to

supernormal imbibition, may increase the rate of entrance by

breaking down the mert complex molecules of water. If the

interpretation of the results of Brown and Worley is correct, the

measure of the rate of water intake may be looked upon as a

measure of the activity of water when in a certain state which

depends on temperature, or on the presence of certain solutes.

While this work is of the greatest interest, it is too early to make

any general applications of their results.

If the writer understands Armstrong's application of his

hydrone theory (3) to semipermeable membranes, the fine particles

which make up the membrane are assumed to be chemically united

to hydrone or hydrol, perhaps under the influence of surface force.

All the intramolecular passageways through the membrane are

therefore guarded by hydrone elements. When a salt goes into

solution the solute molecules also are believed to be hydrolated in

case of non-penetrating solutes. Now if a hydrolated salt presents

itself for passage through a hydrolated or hydronated membrane,

the salt is seized and held back by the mutual attraction of the

hydrolated surfaces of the salt and membrane. If on the other

hand an unhydrolated salt presents itself to the same membrane

the hydrolated passageways are indifferent to the salt, and it passes

through the membrane without the "chemical seizure" retarding

its entrance. Selective action would depend upon the salt rather

than upon the membrane, for an unhydrolated membrane should

allow all salts to pass providing other physical and chemical con-

ditions necessary to passage were met.

The penetrating salts, whether electrolytes or non-electrolytes,

are conceived to be those which can exist in water solution in unhy-

drated condition, or which attract water only to a slight extent;

whereas those which are excluded are those which form hydration

compounds of considerable stabiHty; and the semipermeability

depends on the mutual attraction of hydrated salt and hydrated

membrane.

It is the writer's opinion that Armstrong's rather fanciful
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ms

theory of the structure of water has not been wel

American chemists; perhaps It has not been given tli

deserves. As regards its application to the probl

permeability there seems to be some difficulty. The data obtained
at one point with Xanthium seeds argue against the hydrone theory
as a universal explanation.

For instance, Brown found that both NaCl and AgNO^ failed to

penetrate the coat of Hordeum. Armstrong says in effect that the

membrane is hydronated, both salts are hydronated, therefore they
do not enter, although the water in which they are dissolved may
enter freely. In my experinients NaCl does not pass through the

Xanthium coats, therefore both salt and membrane must be hydro-
nated. Now if Armstrong's theory is correct, a solution of AgN03
should also be excluded, for Brown's experiments have shown that

AgNOj is a hydronated salt when in solution. But this does not
happen, for silver nitrate is retarded but slightly, whereas according
to Armstrong's hypothesis the mutually hydronated surfaces

should attract each other so strongly as to prevent the passage of

the salt. Trichloracetic acid was exceptional in its behavior in

Brown's experiments, so that the hydrone theory cannot as yet
be accepted as a general explanation of selective semipermeability.

More facts are needed before the physiological semipermeability
of living or the physical semipermeability of non-living membranes
can be adequately explained.

Further studies on the seed coats of Xanthium and other seeds
are being continued. The microchemistry of the coat, its relation

to oxygen diffusion in respiration, its relation to the impermeability
of "dry" solvents, and its use as a measure of surface tension forces

m results

time

IV. Summary

1. The dry seed coats of Xanthium are impermeable to dry
alcohol, ether, chloroform, and acetone. Becquerel's results with
the coats of other seeds are confirmed.

2. Evidence of the diffusion of oxygen through absolutely dry
seed coats was not obtained.
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3. Selective semipermeability like that found in Hordeum

demonstrated

seem to be excluded : NaCl
K2Cr04, Na2S203, glycerol^ sugars^ HCl, tartaric acid.

5. The following enter, either slowly or rapidly: NH4NO3,

AgN03, NaN03, KNO3, KCl, HgCl., FeSO^, alcohols, ether, iodine,

KOH, NaOH, H.SO^, HNO3, acetic acid, lactic acid, citric acid.

6. The selective activity is independent of any living substance

in the seed coat.

7. The coat of Xanthmm can be removed and used as an

osmotic membrane, possessing a great advantage over the coats

investigated by Brown and Schroder.

8. The testa is comDosed of three lavers. the outer of which

semipermeable membrane. The middle

in

chalazal region. This last layer is probably the nucellar epidermis

from the middle

membrane c.

ssess osmotic

middle one.

';

efficient

together. The impairing of the membranes may be due to stretch-

ing, or to the effects of the macerating agent.

II. The inner layer is nearly pure cellulose, unsuberized, but

perhaps containing 'some tannin. The middle coat contains more

tannin than the inner coat.

form a continuous laver in

Moreover, treatment with tannin solvents does not destroy semi-

permeability. The evidence is adverse to Reichard's view that

semipermeability is due to tannin comoounds.
I \. Semipermeability has been demonstrated for the seed coats

of a number of plants in six widely separated families. Many dead

plant membranes may possess this property.

14- The capillary and imbibition force of the embryo of Xan-
thiufn as measured by the osmotic pressure of concentrated salt

solutions is about 965 atmospheres when the seed is air-dry.

15. An increase m the moisture of the embryo equal to 7
per

cent of its air-dry weight reduces the internal forces by 59°

atmospheres.
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16. The unusual intake of water noticed with certain substances,

especially with certain acids and alkalies, is due largely to the

development of osmotically active substances inside the semi-

permeable membrane.

17. There is some evidence unfavorable to Armstrong's

sem

University of Kansas
Lawrence, Kansas

LITERATURE CITED

1. Armstrong^ Henry E,, The origin of osmotic effects. Proc. Roy. Soc.

Lond. A 78:264-271. 1906.

2. , A dream of fair hydrone. Sci. Prog, in the Twentieth Century.

3:484-499. 1909.

3- , The origin of osmotic eflFects. II. Differential septa. Proc. Roy.

Soc. Lond. B 81 :94-96. 1909.

4*
J
Hydrolysis, hydrol^tion, and hydronation as the determinants of

the properties of aqueous solutions. Proc. Roy, Soc. Lond. A 81:80-95.

1908.

5. Atkins, W. R. Gelston, The absorption of water by seeds. Sci. Prog.

Roy. Dublin Soc. N.S, 12:35-46. 1909.

6. Becker, Hans, tJber die Keimung verschiedenartiger Friichte und Samcn
bei derselben Species. Inaug. Diss. Miinstcr. pp. 7-129. 191 2.

7» Becquerel, Paul, Recherche sur la vie latente des graines.

Nat. Bot. IX. 5:193-320. 1907,

8. Berkeley, Earl of, and Hartley, E. G. J., On the osmotic pressure of

some concentrated aqueous solutions. Phil. Trans, Roy. Soc. Lond.

A 206:481-507. 1906.

Ann

0. Brandza, Marcel Rev.

0-

10. Brown, Adrian J., On the existence of a semipermeable membrane enclos-

ing the seeds of some of the Gramineae. Ann. Botany 21
:
79-87. 1907.

ii^ ^, The selective semipermeability of the covering of the seeds of

Hordeum vidgare. 82-93. 1909

^2- , and Worley, F. P., The influence of temperature on the absorption

of water by seeds of Hordeum vulgare in relation to the temperature co-

efficient of chemical change. Proc. Roy. Soc. Lond. B 85:546-553.

1912.

13. Callendar, H. L., On vapor pressure and osmotic pressure of strong

solutions. Proc. Roy. Soc. Lond. A 80:466-500. 1908.

14. Crocker, Willlvm, Role of seed coats m delayed germmation. Bot. Gaz.

42:265-291. 1906.

y



198 BOTAXICAL GAZETTE [September

IS- Crocker, WilliaMj Germination of the seeds of water plants. Box, Gaz.

44:375-380. 1907.

16. FiscHERj Alfred, WasserstoflF und Hydroxylionen als Keimungsreize.

Ber. Deutsch. Bot, Gesells. 25:108-122. 1907.

17. Fischer, Martin H., tJber die Analogie zwischen der Wasserabsorption

Fibrin und Muskel. Arch. Gesamte Physiol. (Pfliiger's) 124:69-99.

18

20

1908.

Quellung des Fibrins. Arch. Gesamte

Physiol. (Pfliigcr's) 125:99-110. 1908.

IQ* , Das Oedem als koUoidchemisches Problem nebst Bemerkungen

liber die allgemeine Xatur der Wasserverbindung in Organismen. Kolloid-

Chem. Beih. 1:99-118. 1910.

Fitting, Hans, Die Wasscrversorgung und dit

Wustenpflanzen. Zeitsch. Bot. 3: 209-275. 191 1.

21. GiGLiOLi, Italo, Latent viability in seeds. Nature 52: 544-545. 1895.

22, Jones, Harry C, and Bassett, H. P., The approximate composition of the

hydrates formed by certain electrolytes in aqueous solutions at different

concentrations. Amer. Chem. Jour. 33:534-586. 1905.

23. Kahlenberg, Louis, The theory of electrolytic dissociation as viewed in

the light of facts recently ascertained. Jour. Phys. Chem. 5:339-392-

1901.

24, Lavison, Jean de Rufz de, Du mode de penetration de quelques sels dans

la plante vivante. Role de Tendodermis. Rev. Gen. Botanique 22:225-

241. 1910,

25* ; Recherches sur la penetration des sels dans le protoplasm, et sur la

nature de leur action toxique. Ann. Sci. Nat. Bot. IX. 14:97-139-

26. Lehmann, Ernst, Zur Keimungsphysiologie und -biologic von Ranunculus

sceleralus L. und einigen anderen Samen. Ber. Deutsch. Bot. Gesells.

27:476-494. 1909,

27. Philip, James C, Physical chemistry. Arnold. London. 1910.

28. RaCIBORSKI. M. M.. t)ber din ohprp HrnnyA rl^c n^^mof i*<;rhpn Druckcs der

I9II

lebenden Zellen.

471. 1905-

Math

29. Reichard, Albert, Zur Kenntnis des Gerbstoffgehaltes der Gerste des

Maizes und ungehopfter Wurzen. Zeitsch. Gesamte Brauw. 27:229-235*

253-258, 271-275. 1904.

30- , Hat der Gerbstoff der Samenhaut des Gerstcnkorns einen Anted

an der Halbdurchlassigkeit dieser Membran? Zeitsch. Gesamte Brauw.

33 :i45"i48, 157-160. 1909.

31. Renner, O., Uber die Berechnung des osmotischen Druckes. Biol.

Centralbl. 32:486-504. 19x2.

32- RoDEWALD, H., tJber die Quellung der Starke. Landw. Versuchs-Stat.

45:201-227. 1895.



1913] SHULL—SEMIPERMEABILITY OF SEED COATS 109

33- Schroder, H., Uber die selektiv permeable Hiille des Weizcnkornes.
Flora 102:186-208. iQii.

seeds. Bot. Gaz
germinat

35» TjEBBES, K., Keimproeven met suikerbietinzaad. Inaug. Diss. Amster-
dam. 1912,

36. Trouton, F. F., The mechanism of the semipermeable membrane, and a
new method of determining osmotic pressure. Proc. Soc. Lond. A 86:
149^154- 1912.



THE ORIGIN AND DEVELOPMENT OF THE EMBRYO
SAC AND EMBRYO OF DENDROPHTHORA

OPUNTIOIDES AND D. GRACILE. II

Harlan Harvey York

(with plate vii)

Embryo-formation in D. opuntioides

Following the arrangement of the nuclei in the micropylar end

of the sac, as described above, they enlarge, the one toward the

so-called polar nuclei becoming the largest. This nucleus becomes

the one functional cell from which the endosperm and embryo

are derived. Later the "syncrgid" and the polar nuclei begin to

degenerate and in a short time disappear. Preparatory to division,

becomes

ordinary mitosis

of the sac (fig. 46). This mitotic division was the first observed

following that of the megaspore mother cell. It was not possible

to count the chromosomes, but the number was apparently equal

to that seen at the division of the megaspore mother cell. The

two cells resulting from the division of the functional nucleus

divide transversely to the plane of the first division. After a series

of divisions a large oval mass of tissue is formed which occupies

the upper end of the sac. The cells of this body are large and

appear to be exactly alike (fig. 47). After this endosperm-like

mature

asm of one of the central cells becomes

almost

granular than in the others. This cell constitutes

stage of the embryo (fig. 48) . It divides by a wall

verse to the longitudinal axis of the flower, forming a 2-cellea

embryo (fig. 49). A division of these two cells in

them of

mbryo
The embryo thus arises indirectly from a single cell without

fertilization having occurred. The author examined carefully

more than 500 plants of D. opuntioides, occurring within a ra

Botanical Gazette, vol. s6]
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flowers. Microtome sections of more than 200 ovules mature
enough to show whether pollination had occurred gave no traces

of pollen adhering to the stigmas or pollen tubes within the tissue

of the style. Examination of 150-200 ovules of D. gracilc likewise

failed to show pollen tubes. If pollination does occur in these

i, the mode of

different from In recent studies

n JIavcscctts, the author observed

more than a mile distant from
fruiting abundantl}'. The berries of this plant contained normal
seeds. /
wind pollination in this case were very slight. Hence it is apparent
that this plant was producing fruit without having been pollinated.

In the following year a number of branches bearing pistillate flowers

were covered with cheese-cloth bags before the shedding of the

pollen had begun, and allowed to remain until there was no longer

any possibility of pollination. They produced fruit as abundantly
as" the uncovered branches. Thus it is evident that in Phoradcndron

flavesccns pollination is not necessary for the production of seeds.

In fact, pollination probably does not occur in plants under natural

conditions, for in studying sections of a few hundred young fruits

of this species, no pollen tubes or germinated pollen were seen.

There are 18-22 chromosomes present In the cells of the embryo
of D. opuntioidcs, which is the number found at the division of the

r

megaspore mother cells. There is thus apparently a constant num-
ber of chromosomes throughout all the different stages of develop-

r

fertilization. Since

learly

It seems evident that no reduction division has occurred previous

to the formation of the gametophyte. Estimates of chromosomes
made in the cells of the embryo of D. gracile show that there are

18-20. The cells of the endosperm in each species contain the same
number of chromosomes as is found in the embryo.

It was impossible to obtain a complete series of good sections

of the different stages in the development of the endosperm and
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embryo, owing to shrinkage of the material from lack of penetra-

tion of the fixing fluids. The growth of the embryo proceeds

very slowly as compared with the endosperm, and it is but a small

spherical mass of cells when the latter has come to occupy the whole

central region of the carpellary tissue (fig. 51). At first the embryo

is intimately connected with the endosperm, from which it gradually

separates as development continues. The micropylar end or the

radicle is first freed, while the cotyledons are last to be separated.

The embryo is strictly dicotyledonous, and when mature is almost

entirely imbedded within the endosperm (fig. 52). The endosperm

enlarges at the expense of the adjacent tissues. Soon after the

origin of the embryo, it begins to elongate in the direction of the

longitudinal axis of the ovary and at the same time becomes

flattened in the plane of flattening of the spike. Growth at first

is almost entirely upward and the apex of the endosperm reaches

to the base of the style. Later, by gradually digesting the remains

of the placenta, it advances downward into the plate of tracheids

at the base of the ovary. The endosj

axial region of the flower and lies in direct 'contact with the vascular

traces of the carpels (figs. 20, 21, ic) which later form a part of the

covering of the seed (figs. 22, 66).

The endosperm is composed of large parenchyma cells, the walls

of which are relatively thin and of a most uniform thickness. The

cells of the external layer are largest, attaining their greatest size

They are not specially

lerm

erm
modified for protection as in Phoradendron Jl,

form a true epidermis. They fit loosely together and seem to have

absorpti true

the outermost

asm
m iodine (fig. c.^). Since

. '

with tracheid cells, the greater bulk of food passing into the endo-

sperm must enter through them. Hence they are considered as

being primarily absorptive in function. The fact that the cells of

the outer layer fit loosely together also indicates that they are

capable of readily absorbing water when germination begins.

Sections of seeds which had just begun to germinate showed that
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these cells had become turgid and crowded closely together into a

very compact layer (fig. 55).

In the ripe seed the outer layer of cells contains large quantities

of a fatty substance which stains black in osmic acid and dark

blue in cyanin (figs. 53, 54). WTien germination begins, the fat,

as indicated in figs, 53 and 54, almost entirely disappears from them

and they become practically colorless. Large brown cystoliths,

the chemical nature of which was not determined, were found in

some of the cells. s contain

limited t<

inner
r

region of the endosperm and are in greatest abundance in the

chalazal part (fig. 53). There is a single layer of cells, densely

filled with chloroplasts and starch, subjacent to the outer cells

(fig- 55^ ^0- The cells adjacent to the cotyledons (fig. 55, i)

contain practically no chlorophyll and very little starch, but sub-

stances which stain like proteins. Immediately above this layer

the cells are abundantly filled with starch (fiEr. <;<;, z). The remain-

ing portion contains less starch and chlorophyll, but in addition

has large cystoliths of calcium oxalate (fig. 55, cs). The cells of the

embryo are also well supplied with chlorophyll. When germina-

tion begins, the chlorophyll present in the seed becomes greatly

intensified. It is important to note in this connection that chloro-

phyll is most abundant in the cells just below the outer layer of

cells which become almost colorless when germination occurs.

The chlorophyll in the endosperm is manifestly for photosynthetic

work, as a result of which food is furnished to the young plant

until it becomes fixed on its host. It becomes more evident that

the chlorophyll performs the work of photos>'nthesis from the fact

that the seeds will not germinate in the dark nor will germinating

seeds continue to develop if kept from the light. A number of

attempts to germinate seeds of D. opuntioides in a dark chamber

in the laboratory were made, but all failed. Also small dark

chambers were constructed out of black paraffined paper over seeds

that had been dropped on the branches by birds. At the end of

four weeks these seeds had not germinated, while uncovered seeds

near those which were covered had germinated. Seeds of Den-
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dropemon paroijolius were placed in the dark chamber with those

of Dendrophthora opuntloides and germinated as readily as those

under normal conditions. Chlorophyll is not present in the endo-

sperm of Dendropemon paroijolius, but is abundant in the embryo.

From this fact it is seen that the endosperm in Detidrophthora and

similar

imilating mention
radicles of the seedlings of Dendropemon parvifolius

rainated in darkness did not turn down toward the subi

grew Some, for exam
at an angle of 90°, while others were parallel to the substratum.

Thus the bending of the radicles toward the substratum is not

due to gravity or to attraction by the substratum, but their behavior

seems to be a negative response to the stimulus of light.

DuTROCHET (6) found that the "hypocotyls" of Viscum album

are negatively heliotropic. His observations were later confirmed

by WiESNER (39). The endosperm in its development, as seen in

this study, may thus be regarded as being parasitic, drawing its

nourishment through its outer layer of haustorial cells from the

adjacent tissues. It also becomes a storage tissue, containing an

photosynthesis occurs.

mbry

The viscin

Baltimore
study of the viscin has not been possible. Its structure is essentially

the same as described and figured by Johnson in Arceuthohimn

Oxycedri, and by Peirce in A. occidentale. Parallel with the

maturation of the embryo sac, the cells in the outer half

become colorless and besrin Later

they elongate obliquely toward the base of the style when the

formation of the embryo begins. In the ripe berry they are greatly

elongated and their walls consist of two layers. The outer layer

is composed of gelatinous material, while the inner is usually made
up chiefly of spiral cellulose thickenings (fig. 57). As a rule the

some

com mate
(%s- 58, 59)- In some cells the out(^r wall i<; snlrallv thickened
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membrane

thickness. Peirce

a similar structure, a ''sclerotic membrane/' in Arcadhohium

com

cells. tannm

Dcndrophthora opuntioides /
cens presents essentially the same structure as that here Just

described, though this was not recognized by the author in his

earher studies on this plant. The layer of viscin surrounding the

seed in Dendrophthora is much less in proportion to the size of the

berry than in Phoradendron flavescens. In the latter the viscin

evidently prevents extreme drying out and is useful in absorl)ing

water before germination begins. It is not necessary for the ger-

mination of the seeds, but if it is stripped from them they w

in a few weeks' time Seeds

from

time. In J
in Austin, Jl

)om temperature. During June 1910, 12 of the dried

berries were soaked in water for 24 hours, after which a part of the

pulp was removed and the seeds were placed in a moist chamber.

At the end of two weeks 4 of the seeds had begun to germinate.

Owing to the warm moist environment of Dendrophthora opun-

tioides, the pulp is probably not an important factor as a means of

protection and aid in germination of its seeds, since they germinate

almost immediately after being deposited.

The mature berries are bright red in color, oval in shape,

7-9 mm. long, and 6-8 mm. in diameter. Owing to the pecuUar

order of origin of the flowers, various gradations in the develop-

ment of fruits, from flowers to ripe berries, often occur in the same

spike. The seed is enveloped by a thin layer of viscin, which is

surrounded by a thick fleshly pericarp. The latter is covered by a

heavily cutinized single-layered epidermis (figs. 22, 66).

Embryo-formation in D. gracile

The micropylar nuclei of the sac enlarge as much as Oiey do

in D. opuntioides. jSIeanwhile the two polar nuclei, which are
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located some distance below them, are fusing and migrating upward

sac "he nucleus resulting from their union

becomes the nucleus of the primordial

the proembryo (figs. 6i, 62). Before division it enlarges greatly

At the same time two of the micropyla

to degenerate.' The other nucleus, wl

one in the sac of D. opuntioides from

below by

homolog

time a

before

nucleus occurs. The primordial cell of the proembryo divides by

ordinary mitosis (figs. 62, 63). The two resulting cells (fig. 64) by

further divisions form a proembryo, which is similar to that of

D. opunlioides (fig. 65). The development which now follows is

also the same as has been given above, hence further descriptions

are unnecessary. The origin of the embryo as seen in D. gracile

suggests the example described by Farmer and Digby (8) in Lastrea

pseudo-mas var. polydactyla Wills, in which the embryo arises from

a nucleus resulting from the union of two body cells of the prothallus

come from a normally developed spore and has the

number of chromosomes

mbryos of D. gracile and D. op

mode

that shown by the above mentioned authors between Lastrea

pseudo-mas var. polydactyla Wills and the closely related Lastrea

pseudo-mas var. polydactyla Dadds. In the latter the embryo
arises from a projection or budding out of the prothallus which has

arisen aposporously. In this same variety these authors also found

m the prothalli which had come
normal spores, quite similar

enomenon similar

Dadds' fern occurs in D. opunlioides

a supposition was seen. Owing to tl ma
make a detailed study of the division

microspore momother cell. At the division of the
D. gracile 9 chromosomes were foimd passing to each pole of the

spindle; 18-20 chromosomes were estimated in the cells of the

developing embryo. Apparently the same number is also present
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in the nuclei of the endosperm. From
that

nuclear behavior in the origin of the female

same as in an ordinary sexual plant.

Discussion
I

The embryos of D. opuntioides and D. gracile arise asexually.

In the former, reduction division does not occur preceding the

formation of the gametophyte, the nuclei of which thus contain

the diploid number of chromosomes. The gametophyte is apospor-

ous In origin. Examples of apospory in seed plants have been

described by Juel (i6) in Antennaria alpina, by Murbeck (22)

and Strasburger (32) in certain species of Alchemilla, by Treub

(34) in Balanophora elongata, by Overton (27) in ThaUdrum

purpurascens, by Lotsy (19) in Balanophora globosa, by Ostenteld

(25, 26), Rosenberg (29, 30), and Murbeck in species of Ilicra-

cium, by Winkler (40, 41) in Wikstroemla indica, and by Raun-

kiaer (28), Murbeck (23), and Juel (17) in a number of forms of

Taraxacum. Apogamy is associated with the aposporous origin

gametophyt these

the exception of Balanophora, the embryo arises from what is to

external appearances an egg. From a cytological point of view

the studies of Strasburger and Winkler are the most important.

The former regarded the cell giving rise to the embryo as a sporo-

phytic cell, since it possesses the diploid number of chromosomes.

According to this view the embryo may be said to develop

vegetative budding. Strasburger regards the process as a (

of apogamy and not parthenogenesis as some authors claim,

defines an eersr as a cell having the haploid number of chromosomes

He

emg
Win

the terms apogamy and parthenogenesis and the theoretical sig-

nificance of the chromosomes. According to him, apogamy is the

origin of a sporophyte from some cell or group of cells of the game-

tophyte other than the egg. He uses the term parthenogenesis

formation of an embry
* « «

from
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of this cell is haploid or diploid. Winkler also

other factors besides the number of chromosomes
character of the gametophyte as well as the sporo

NOUCHi's (42) studies on apogamy in Nephrodi

Yama-

hypothesis. If we accept Strasburger's narrow definition of the

seems logical to restrict the term
having the haploid number of chromosomes, that is, to bodies

developed after a normal sporogenesis. Regarding Dendroplt-

thora opuntioldes from this point of view, a true megaspore formation

? game

mbryo
phytic in character,

as in other similar (

Dcndrophthora

which we know.
from

among seed

from a cell of an endosperm-like mass, which like that of Dendroph-

a single egglike cell. If this cell isfrom

xpect
develop directly into a sporophyte, as nucellar cells do in Coele-

hogyne and Funkia. In Antennaria alpina (Tuel 16) or Thalictrum

exam
fertilization should, if it is really a sporophytic cell, give rise to a

same sex

lerm from

thermore

phenomenon if this nuck
In the ferns, aposporous prothalli whose nuclei contain the

sporophytic number of chromosomes are distinctly different in

structure and in possessing sex organs from the parent sporophytes.
Hence chromosome number cannot be the sole morDhoeenic factor

in the nucleus. If the determines
It is evident that the nuclei of an aposporous embryo sac must
differ in some manner from those of the parent sporophyte, in spite

of the identity in chromosome number. Morphologically the

nuclei of such an embryo sac may be said to be equivalent in the

same sense that the nuclei of a typical embryo sac are. The nucleus
from which the embryo sac of Dendrophihora opuntioides develop 7
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however, is not a mere vegetative one, but is potentially distinct

from all other nuclei in the sac. The functional nucleus in the
sac of D. opuntioidcs occupies the position of an Qg^ in the usual
t>-pe of embryo sac. It is different from a diploid ege in that it

dev

mbryo. It may

a proembryo or pseudo-endosperm. Owing to the very wide range
in meaning of the term endosperm, it is perhaps allowable to

designate the proembryo

sperm in the strict sense. >ph

mass

similar

He The embryo arises from one of

Dendrophthora. He asserts that

apogamous in origin. Lotsy arrived at the same

Treub, designates

Balanophora glohosa. Wintkler,

as somatic apogamy, since the nuclei of the endosperm possess
the diploid number of chromosomes. Winkler applies this same
term to the mode of origin of the embryo, for example in that of

the Lastrea pseudo-mas var. polydactyla Dadds, in which the
embryo arises by a budding out of the prothallus. Since in D.
opuntioidcs, as well as in Balanophora, the embryo does not arise

directly from the gametophyte, it may be spoken of as pseudo-
apogamous in origin.

The fact that there is a fusion of two nuclei in the sac of D.
m

gracile preceding the formation of the proembryo is presumptive
evidence that warrants the assumption that reduction has taken
place in the formation of the megaspores. The nuclei of the sac

have thus the haploid number of chromosomes. The nucleus
occupying the position of an egg may or may not be capable of being

fertilized. The two nuclei which occupy the position of polar

nuclei are, as in D, opuntioides, derived from the same nucleus,

ouch a fusion of sister nuclei is a phenomenon of unusual occurrence
among plants. It is not unknown among animals. Brauer (3)
has shown that in the majority of parthenogenetic eggs of Arkmia
sahna only one polar body is formed; a second one is occasionally
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produced. This one, however, never passes out of the egg, but
after migrating a short distance its nucleus returns to the egg

nucleus and fuses with it, thus restoring the diploid number of

chromosomes. Blackman (2) believes that the nuclear fusion

occurring in the aecidium of Phragmidium is a "reduced form of

fertilization." The fusion of two gametonhvtic nuclei in D.

com
one prothallial cell with pseudo
var. polydactyla Wills, which Farmer and Digby designate as

apogamy. They state:

We
the sexual fusion of gametes is replaced by a fusion of ordinary gametophytic

which This would in-

clude the process as it occurs in the Uredineae and probably the Ascomycetes,
and also the growing number of instances of apogamy in prothallia induced
by cultural conditions, as well as such cases of obligate apogamy as that of

the polydactyla varieties of the male fern.

According to them, conjugation of adjoining cells of the same
filament in Spirogyra might be looked upon as examples of an

analogous phenomenon. Whether the nuclei which fuse in D.

gracile, in Lastrea pseudo-mas var. polydactyla Wills, and in Spirogyra

really are undifferentiated morphologically is not definitely known.
The gametes of Spirogyra or Mucor, for example, are believed to be

morphologically alike. Aside from the fact that they are sometimes
produced on different individuals, does not their conjugation con-

stitute a process essentially like the examples just mentioned?
Physiologically the gametes of Spirogyra and Mucor are believed

to differ distinctly from each other. So in D. gracile, the author

regards the two gametophytic nuclei which conjugate as potentially

different from each other and from all other nuclei in the game-
tophyte. Externally they are alike. Therefore, may not their

fusion constitute a process essentially like that of the conjugation
of the gametes m Spirogyra? The union of the gametophytic
nuclei m D. gracile does not result in the mixing of parental charac-
ters from separate individuals and does not constitute a true sexual

process in this respect. Their fusion results in doubling the number
of chromosomes and furnishes a stimulus to further development.
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may be said to be like the usttal typ
of fertilization. This conju^ __ ^ ^ „ _^ _,
gracilc may also in a sense be regarded as a sexual process, in that

there is a gametophytic generation followed by a sporophytic in

which the sexes are in different individuals.

it to cases in which

apogamy

hence this

interpretation does not apply in D. gracilc. The union of the polar

nuclei in this plant should be regarded as a substitution process or

m some
tion. The body arising from the fusion nucleus represents a pro-

embryo or pseudo-endosperm, and the embryo is regarded as

pseudo-apogamous in origin, as in D, opuntioides. The term
pseudo-apogamy is not used here in the sense in which it was used
by Farmer and Digby. In Lastrea pseudo-mas var. polydadyla

Wills, there is a fusion of nuclei which the author believes is a sub-

stituted form of fertilization quite like that in D, gracile.

The presence of such a difference in the mode of origin of the

proembryo in two closely related species as shown here is indeed a
very striking phenomenon; perhaps, however, no more so than the

two different modes of origin of the sporophyte in the varieties of

Lastrea pseudo-mas already mentioned. This phenomenon ma\- be
due to the difference in the number of chromosomes present in the

gametophytic cells. The fact that in one example development
occurs without any sort of fertilization, while in the other it does

not take place until the number of chromosomes is doubled, sun-

must
chromosomes

in Nephrodi

for starting the sporophytic generation, Yama-
:ount of the origin of a sporophyte whose cells contain

number of chromosomes from a haploid gametophyte

un is evidence against this hypothesis. One of the most
important problems for solution is the determination of the factors

which have led to this difference. Since we know comparatively

little of the physiological relation of the Loranthaceae to their

hosts, it is almost useless to attempt an explanation of this phenome-

' **Dass einer Species (oder Varietal) die sexuelle Zeugung verloren geht und

Reproduktionsprozess
i»
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non. D. opuntioides and D. gracilc usually occur on different

species of plants, hence the food substances which they absorb are

probably different in some respects. This difference in the charac-

ter of food material may have given rise to the difference in the

development of these two parasites. In view of the facts just
J

mentioned^ such an interpretation seems quite allowable, since the

type of reproductive organs formed in Saprolegnia has been shown

to depend upon the character of the medium in which it is grown.

Summary and conclusions

The general plane of branching of Dendrophlhora opuntioides

and Z), gracile is isolateral.

The flower originates a short distance above the axil of the

subtending bract.

The floral axis elongates, filling the entire ovarian cavity, and

does not become attached to the carpels.

The ovules are greatly reduced, being practically naked nucelh,

which are borne on a central placenta. There are two nucelh

ODDOsitelv r>lared in th^ nlant^ of flattf^ninfr of the ^^mamelon
jj

In a number of examples vestiges of integuments were found.

A single archesporial cell, h>TDodermal in origin, arises in each

nucellus. The archesporial cell becomes the megaspore mother

cell, which gives rise to two megaspores. The one toward the apex

of the ^'mamelon'' gives rise to an embryo sac.

Following the formation of the 4-nucleate stage of the embryo

sac, the micropylar end of the sac grows almost straight downward

until it extends below the level of the insertion of the placenta.

It then curves outward into the tissue of the carpel, bends, and

grows upward beneath the lining layer of cells of the ovarian cavity

nntil tVif pnrl rif flio coo lioo n^ry-,I^d -^'k^-.r^ fT-iri. n-r^a.^^ r^f ftio "mnrnplon.almost

The embryo sac is hook-shaped; the short arm of which lies within

the "mamelon," the long arm in the tissue of the carpel. The

short arms of the embryo sac fuse, forming one continuous tube.

There are 7 or 8 nuclei in each sac, 2 antipodals in the chalazal

end of the sac, 3 or 4 in the egg apparatus, and 2 polar nuclei.

The 2 antipodal nuclei are sister nuclei and were originally the



tgiil YORK—DENDROniTIIORA 213

2 nuclei present in the chalazal end of the 4-nucleate sac. The 2

polar nuclei are sister nuclei and arc derived from one of the 2

micropy The
nuclei of the egg apparatus arise from the sister nucleus of the one
from which the polar nuclei are derived.

The nuclei of the 2, 4, 7, or 8-nucleate stages of the embryo
sac are apparently formed amitotically.

Pollination does not occur.

An embryo is formed in only one of the two sacs in each flower.

In D. opuntioidcs the egg nucleus gives rise to a mass of tissue, the

proembryo. From a central cell of the proembryo the embryo
develops. The endosperm is derived from the remaining cell of

the proembryo.

The embryo is regarded as pseudo-apogamous in origin.

In Z>. gracile the '^ polar nuclei " fuse and give rise to a proembryo
quite similar to that in D. opunlioides. The embryo and endo-

sperm arise in the same manner as in the latter.

The embryo is strictly dicotyledonous and is almost entirely

imbedded in the endosperm.

Apparently there is no chromosome reduction Drecediner the

megaspores in D. opuntioidcs, while in D. gracile

seem to occur. In the latter, the diploid number
of chromosomes is restored at the fusion of the '^ polar nuclei.

Bkoww University

Providence, Rhode Island
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EXPLANATION OF PLATE MI

X150.

Fig, 46.—Longitudinal section of two-celled proembryo; X150.
Fig, 47,—^Longitudinal section of proembryo; X150.
Fig. 48.—Longitudinal section of proembryo of D. gracilc, showing one-
^d embryo; X150,
Fig. 49.—Longitudinal section of proembryo with two-celled embr^'o;
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Fig. 50,—Longitudinal section of proembryo with four-celled embryo;

X150.

Fig. 51.—Outline of longitudinal section of endosperm with inclosed

embr>'0 of a young seed, taken from young berry about the size of berry A
in fig. 66; X26.

Fig. 52.—Outline of longitudinal section of endosperm with embryo

from mature seed, showing distribution of oil globules; X 17 .
5.

^^^- 53-—Portion of longitudinal section of endosperm from mature seed

taken at B in fig. 52; Xiso.
Fig. 54.—Portion of longitudinal section of endosperm from mature

seed taken at A in fig. 52; X150.
Fig. 55.—Portion of longitudinal section of germinating seed taken in

region C in fig. 52; d, cells abundantly supplied with chloroplasts; cs, cells

containing cystoliths of calcium oxalate, starch, and small quantities of chloro-

plast; s, cells filled with starch; e, cells filled with protein-like substances;

ct, cells of cotyledons of embryo; X 150,

Fig. 56.—Part of longitudinal section of carpel taken at in fig. 20,

showing cells (vi) which give rise to viscin; X150.
Figs. 57-59.—Portions of cells of viscin from ripe seed; X150.
Fig. 60.—^Longitudinal section of micropylar end of embryo sac of D.

gracile, showing fusion of polar nuclei; X 150.

Fig. 6r.—^Longitudinal section of micropylar end of embryo sac of D.

gracile, showing nucleus (d) formed by fusion of polar nuclei; disintegration

of egg and synergid just beginning; X150.
Fig. 62.—Same as fig. 61, with fusion nucleus (d) of D, gracile preparing

to divide; synergids and egg disintegrating; X150.
Fig. 63.—Division of fusion nucleus of D, gracile: probably displaced

integrating; X250.
fixation; the synergids and egg are dis-

Fig. 64.^Two-ceIled embryo of D. gracile: synergids have disappeared;

iw.
gracile f

egg disintegrating; X
Fig. 65.—Portion of longitudinal

which was composed of about 16 cells; X 150.
Fig. 66.—Lateral view of spike with berries in various stages of develop-

ment; also showing position of endosperm and cmbr>^o in relation to the system

of arrangement of different members of plant; B, flower in which formation

of proembryo has just begun; X 2 . 8.
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XENIA AND THE ENDOSPERM OF ANGIOSPERMS
E. M. East

As is well known, the term "xenia" was proposed by Focke to

describe any effect of pollen of another race upon the tissue of a

seed plant apart from that initiating the formation of an embryo.

As it has been exceedingly questionable whether any such effect

beyond a chemical irritation ever occurs, the word has come to be

applied to the appearance of the Fj hybrid endosperm produced by

the fusion of the second male nucleus with the so-called endosperm
r

nucleus of the embryo sac, when its characters are different from

those exhibited by the mother plant after self-fertilization.

Since the fact of this fusion was proved cytologically by GuiG-

NARD (lo) and Nawaschin (ii), data on this type of xenia have

interested botanists because of the differences of opinion existing

concerning the phylogenetic significance of the angiosperm endo-

sperm.

The most detailed observations on xenia have been those on

maize, since numerous maize varieties exist with differences in

endosperm characters. The behavior of the following factors in

heredity is known from the researches of DeVries (5), Correns

(2), Webber (12), East and HI^yes (7), and Emerson (9). In

addition, East (6) has found good indications of at least three

additional factors that modify the expression of the red and the

purple aleurone colors.

Factor

F.

C.
R.
P.

»

Action

Causing full development of starch grains

Causing yellow color throughout endosperm

Similar to Fi but not allelomorphic to it

Basic color factor necessary for color in aleurone cells

Present with C gives red color in aleurone cells

Present with R and C gives purple color in aleurone cells

Inhibits aleurone color when present with RC or PRC

Observations on crosses wherein these characters have been

concerned have made it possible to formulate the following law

regarding xenia:

217] [Botanical Gazette, vol. 56
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A^Tien two races differ in a single visible endosperm character in which

dominance is complete, xcnia occurs only when the dominant parent is the

male; when they differ in a single visible endosperm character in which domi-

nance is incomplete or in two characters both of which are necessary for the

development of the visible difTcrence, xenia occurs when either is the male.

statement can be
male nuclei always carry the same hereditary

formation of the endosoerm. The

requirement has been

recorded; the second requirement will now be considered.

In particular cases where xenia has followed the crossing of

races differing in endosperm color, aleurone color, or ability to

mature starch grains, the seeds are not uniform in appearance.

One may be half starchy and half wrinkled ; another may be half

yellow and half colorless; still another may have half of the aleurone

cells red or purple and the other half colorless. Examples of this

common
mo

Webber
cases the male nucleus may fail to unite with the fusion nucleus and

each divide independently, forming either the half-and-half seeds

or those which are mottled. Webber also suggested, as an alter-

nate hypothesis, the fusion of the male nucleus with one of the polar

nuclei, the other polar nucleus remaining independent and dividing.

East and Hayes have shown that Correns and Webber were

dealing here with two phenomena. The seeds that are mottled

become so only from the development or non-development of color

in the aleurone cells. They merelv exhibit irreeularitv of Mende-

lian dominance, since in some crosses practically all seeds hetero-

zygous for one of the factors producing aleurone color are mottled,

although homozygotes are fully colored. Furthermore, the

mottling does not extend to the color or other character of the

deeper endosperm tissue in case the parental varieties had such differ-

ences, which necessarily would be the condition if the endosperm

had been formed according to either of Webber's independent

development hypotheses. This criticism has also been made inde-

pendently by Emerson CS^.
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The other cases, where the endosperm is divided more or less

equally into two types, remain to be explained- The hypothesis of

development

ze from relev

plants,

sibility,

very plausible. As a third pos-

suggested ordinary ** endosperm

fertilization" with subsequent vegetative segregation similar to that

occurring in bud sports. This could be proved, according to them,

if among the Fi seeds of a cross between parents differing in two '

allelomorphic pairs, individuals should be found in which the

parental characters were combined differently. No such cases

have been recorded.

difficulty the second

hypothesis of Webber lies in the fact that individuals of this kind

are very rare, and when they have been found the investigator has

which

male This was

because they have occurred in selfed hybrids where both pollen

and egg cells were segregating various Mendelian factors. In the

experiments now to be described, this difficulty has been overcome.

The red color in the aleurone cells of maize is due to the inter-

action of two factors that may be represented by the letters C and

R; this color may be changed to purple by the presence of a third

factor P. Red is RC and purple is PRC, therefore, although it

must be understood both that other factors which have never been

lost in any variety may enter into the combination, and that othej"

factors which have been lost in certain varieties may affect the

development of color.

Six homozygous white varieties may exist with the following

zygotic formulae: PPRRcc, PPrrcc, PPrrCC, ppRRcc, pprrCC, and

pprrcc. Any cross between these varieties of such a nature that

the

purple color respectively.

Among the selfed maize ears that had

course of the wrlter^s experiments were a number giving red

wrinkled and white wrinkled seeds in the ratio of 3:1. These

white seeds must have either the formula ppRRcc or pprrCC.



220 BOTANICAL GAZETTE [sEPiEiiBER

White seeds from three such ears were planted In isolated plots and

used as male parents on the flowers of plants arising from white
I

seeds found on selfcd cars of 13 other families. A number of these

families had the proper formulae to produce color, and about

60,000 red or purple seeds were produced. There were all-purple

ears and all-red ears in several families. Other combinations gave

purple and white seeds or red and white seeds in the ratio of 1:1.

How this came about is clear if one assumes either of the formulae

given above for the male parent. Suppose the male parent had the

formula ppRRcc: a family with the formula pprrCC gives all-red

hite

one with the formula pprrCc gives ears with

i in the 1:1 ratio ; a family with the formula

rplc ears, while one with the formula PprrCC

gives ears with purple and white seeds in the i

:

Considering first only the all-purple and the

must conclude that the fusion of the "endosoerm

,
one

male did

and

would result, because a factor from each parent is essential for the

production of color.

Among these 60,000 seeds, 6 were found that showed the half

and-half condition; that is, color had developed on one side

not on the other. They were typical illustrations of the phenome-

non which Webber's two hypotheses were devised to explain-

They occurred in only o.oi per cent of the fertilizations, but in

spite of their rarity they show that Webber's first hypothesis,

assuming independent development of the male nucleus, is unten-

able, since independent development of the paternal and the

maternal No
Webber male

hypothesis

development

ment
. symmetry of the halves of the see

Webber's idea: at the same time it must be

pointed

compare

originate. Though it would afford some satisfaction, a precise

explanation of these rare aberrations is not a necessary requisite
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experiments. It is evident

maize

carrying the same hereditar}^ factors as are borne by
true gametes—

m

formation of the endosperm. For this

—always

mvestigating maize have been correct in treating the endospe
if it were an embryo. The endosperm characters have bel

exactly like plant characters. Two white varieties of sweet peas

of color. When they

hich are necessary for the production

3ssed, color develops. Color develops
maize m a quite similar manner when the two complementary

carried bv the "endosDcrm

mmale nucleus. Nevertheless, one should keep
problem is comphcated. Collins (i) found a white ear of maize
in a yellow variety that behaved as if its seeds were crossed with
the yellow. He interpreted the phenomenon as a mutation showing
reversal of dominance, although the data on succeeding generations

corroborated those obtained by pre\ious investigators in which
yellow was partially or completely dominant. It is not unlikely,

however, that Collins merely happened upon a plant from white
seed in which the male nucleus did not enter into the formation of

the endosperm, although other interpretations are possible. This
may seem like an odd statement after having shown that the two
nuclei always fuse, but it is made advisedly. In most varieties of

maize the two nuclei do appear always to fuse, but Hayes is now
working out the details in a cross in which a ^Mexican starchy com
IS one of the parents where the nuclei appear never to fuse. In
other words, it seems that there may be varieties of maize in which
endosperm formation is the ooDOsite of that iust described, and

other has been fomid. Butwithin each category- no change to the

may not such a change occur ?

Whether or not the last suggestion ever proves to be true

seems to me that from the data now collected one is entitled

discuss angiosperm endosperm formation from the viewpoint

experimental genetics.

The endosperm of the gjninosperms is essentially vegetal

gametophyte. It results from continuous cell
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formation originating with the germination of the megaspore,

although fertilization occurs during the process. From the time

of HoFMEiSTER the morphological character of the endosperm of

angiosperms was considered to be the same as that of the g^mno-

sperms imtil the double fertilization was discovered. This fact

gave rise to the idea that the angiosperm endosperm might be

a sporophytic rather than a gametophytic structure, its nature

being that of a monstrous embryo, or possibly that it is a composite

tissue neither gametophytic nor sporophytic.

Most botanists, however, have held with Strasburger to the

original idea that the endosperm is gametophytic. Strasburger

concluded that the second fusion is not a true act of fertilization

uniting the parental qualities and forming an embryo, but a vege-

stimulus to erowth. Miss

character

:mbryo, the monstrous

having a vegetative character and an indefinite and usually redun-

dant number of chromosomes in the act.

The difficulty in the situation appears to be the obscurity of the

phylogenetic history of the fusion of the two nuclei in the embryo

sac and the subsequent fusion with the second male nucleus. The

problem is further complicated by the irregularity of endosperm

formation in various species. Although triple fusion appears to

occur in the majority of angiosperms, the following important

general variations have been noted. In addition to these general

minor

Chamberlain 4). (i) Vegetative endosperm formation ma\

iliz

gymnosperms This

formed from

may
the endosperm be formed from the micropylar polar nucleus.

(2) The polar nuclei may not fuse, but divide independently.

(3) Fusion may include many cells.

Furthermore, endosperm formation may be initiated by free

nuclear di\ision, or the sac may be divided into two parts by a cell

wall after the first division. Even when the latter phenomenon
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occurs, endosperm tissue may be formed in both chambers, although
usually division proceeds only in the micropylar chamber.

These general cytological data being given, how do the facts

from pedigree cultures bear upon the problem ?

Just how much

mo
sperm is questionable. But in maize it is evident that Stras-
burger's distinction between vegetative and generative fertiliza-

tion will not hold. Cytological work on other species does not bear
out Miss Sargent's conception, since endosperms form quite
regularly without the interference of the antipodal vegetative ( ?)

nucleus. If the perfectly regular manner in which the above-
mentioned endosperm characters of maize are transmitted is con-
sidered apart from other facts, there appears to be no escape from
the conclusion that the endosne m

the matter

seem more
Coulter (3) has concluded that conditions in the embr>^o sac

an indefinitelavor fusions of any number or kind of free nuclei-

process without a necessary phylogeny that results in a growth
which is practically gametophytic. It is not dependent upon a

male nucleus, a polar nucleus, or even a reduction division.

experimental

male

m characters are indeed transmitted regu

reason for believing that the remaining maternal nuclei carry all

the characters borne by the egg because these characters are the

same in the nuclei concerned. The egg must usually have an
organization somewhat different from that of the other maternal
nuclei; although it is recognized that other nuclei sometimes func-

tion as eggs. It is likely that a differentiation has ensued which
makes a particular nucleus an egg, and that it is not wholly a matter
of position. The general belief in the vegetative character of the

antipodal cells of the embryo sac is an admission that they have
not received all the properties retained by other four cells. It is

not very heretical, therefore, to assume that the cell that becomes
the egg is different from its associates. Botanists hesitate to assume
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the differentiation during ontogeny admitted by zoologists. They
desire to believe that most plant cells can reproduce the whole

plant. But this is a belief and not a fact, and until it becomes a

m
chimeras

sperms.

Harvard University
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BRIEFER ARTICLES

THE USE OF CELLOIDIN MEMBRANES FOR THE DEMON-
STRATION OF OSMOSIS

(with TH31EE FIGURES)

Although the value of a celloidin, film as an osmotic membrane is

well known to botanists, little use of it has been made on account of

the difficulties experienced in manipulation. A description of the
method heretofore employed can be found in most textbooks on bacteri-

ology. In this method, a celloidin solution is poured into a test tube
or an Erlenmeyer flask and carefully rotated until a film which can be
lifted out is formed on the inside of the tube, the sac thus formed being
used as the membrane. Another method of preparing celloidin mem-
branes, first described by Bigelow and Gemberling,^ is generally

unknown to botanists, although considerable use has been made of it

by chemists. This method consists in pouring a celloidin solution on a
clean, mercury surface from which the membrane thus formed is removed
after the celloidin has sufficiently hardened. I have found that a three-

mch Petri dish forms a very convenient container for the mercur}^
After carefully cleaning the surface of the mercury, enough lo per cent
celloidin solution is poured on it to cover an area 3-4 cm. in diameter.
In 2-5 min. the ether and alcohol have evaporated sufficiently to allow
the membrane to be lifted. It is important that the celloidin film be
"ripe" before attempting to lift it; otherwise a stringy mass will be
formed instead of a sheet. As soon as its edge appears scalloped and the
surface shows small polygonal patches, the film can be raised. Its

general appearance at the time it is "ripe" enough to be taken off is

shown in fig. i.

Ihe best support for the osmotic membrane prepared as described
above is the bulb of a thistle tube having a stem a half-inch in length, a

with It can
be held in a test tube rack or in a small-necked bottle with the opening of
the

end (fig. 2, A), The overlapping portion of the membrane should then

with

' Bigelow, S. L., and Gemberling, A., Collodion membranes. Jour. Am
i>OC. 29:1576-1599. 1907.
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Stout Manila twine. As the membrane dries it adheres tightly to the

flange, and since it contracts somewhat on drying, it becomes stretched

m̂
^

Fig. I.—Celloidin film on a dish of mercury; the edges show the characteristic

appearance at time when it is " ripe."

ft u-
^' .^'^^'^"'^ ^^^ges in the formation of ceUoidin membranes: A, membrane

to th R r^
''^^' '^'^ ^"^^ ""^ ^ '^''^^^ ^"'^^i B, showing how the film adheres

e tlange; C, after tying the membrane on the thistle tube; D, a double membrane.

as taut as the head of a drum (fig. 2, B). The ends of the twine are then
cut off and the part of the film which extends more than a quarter of an
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inch beyond the twine should be trimmed ofif with a sharp knife (fig. 2, C).

This trimmed membrane after further dr>ang for an hour should then

be kept in a dish of water until needed for use. Mathews^ dried his

membranes over a steam coil for several days, but found that perfectly

dry membranes did not allow the solute to pass through very rapidly.

As considerable variation was found in membranes made in the

same manner and at the same time, various attempts were made to

reinforce them and make their tensile strength more uniform. The

method used for testing a membrane consisted in suspending the osmom-

eter and then pouring mercury into the tube until the membrane broke,

noting the height of the column of mercury in the tube at that time.

Usually there was not a rupture of the entire membrane, but a small leak

in one place, and that generally near the flange of the bulb. The differ-

ent methods used in making the membranes, and their tensile strength,,

as indicated by the height of the mercury column, are shown in the table

given below.

TABLE SHOWING THE RELATIVE STRENGTH OF VARIOUS MEMBRANES

The figures refer to the height (in cm.) of the column of mercury when the mem-

brane broke.

Method of formation

Not tied; put in water 5 min. after

being made
Not tied; air dried one hour, then
put in water

Membrane reinforced with bar net-
ting; not tied

Not tied; hardened in chloroform 48
hours

Double membrane; not tied
Single membrane, tied; air dried 24

hours
Same, then soaked 24 hours in water . .

Double membrane, tied and dried in
air an hour

17.0

IS o
730

9.0
27.0

94.0

8.0

45

12.

S

12.

S

29.0

59.0
8.0

36.0

3d 4th Sth

14.0

ITS

19.0

73-5

II.

62.0

238.0

16.0

54-0

8.5
52.0

230.0*

64.0

41 .0

22.0

2150*

Average

11.83

10.39

16.17

14.17

58-70

25-70

34 20

163.40

• No break In the membrane occurred when the height of the mercury column had reached ths

pomt.

As the above tests show, the double membranes are by far the

strongest. These are produced by making a second single membrane

and superimposing it over one made in the manner described above

(fig- 2, Z)). There may be one or two bubbles of air between the two

=» Mathews, J. H., Osmotic experiments with collodion membranes. Jour. Phys.

Chem. 29:281-291. 1910.
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membranes, but these do not seem to interfere with the work or the

strength of the membrane.

In three days an osmometer made in this manner and filled with a

25 per cent cane sugar solution, under ordinary laboratory conditions,

will send up a column of liquid 130-197 cm. high. When similar

osmometers are filled with a 10 per cent sodium chloride solution, the

liquid will rise 138-172 cm. in the same length of time and under the

same conditions. At the end of this time the water column begins to

sink slowly.

Attempts were made to render membranes semipermeable by using

tannic acid and copper ferrocyanide. Osmometers having membranes

prepared as described above were filled with a 5 per cent tannic acid

solution and then set in dishes containing the same solution. Enough

melted 10 per cent gelatin solution to form a film was poured in the

bottom of other osmometers, allowed to harden, and then treated with

the 5 per cent tannic acid as before. After standing in the tannic acid

solution for 48 hours, the osmometers were placed in water to soak out

the excess of tannic acid. The acid leeched out for a long time after-

ward. In some cases the leeching continued for as long as three weeks,

even after several changes of water. On account of the difficulty of

freeing the membranes of the excess of tannic acid, no further experi-

ments were made with this substance.

For the formation of the copper ferrocyanide membranes, M/20
solutions of copper sulphate and potassium nitrate were used. Osmom-
eters were filled with the copper sulphate solution and immersed in the

potassium ferrocyanide solution, while others containing potassium

ferrocyanide were placed in the copper sulphate solution (fig. 3)- ^he

latter method proved the better, as Pfeffer-^ found in his experiments

with porous clay cups. By the end of the third day the celloidin film

becomes impregnated with the copper ferrocyanide. There may be

some exosmosis of the potassium ferrocyanide and a consequent forma-

tion of copper ferrocyanide on the outside of the membrane, but this

is easily washed off with water. The precipitation membrane is not

formed uniformly throughout the ceUoidin, but has a mottled appear-
ance at first. Later the membrane becomes uniform in color and texture.

These membranes need not be used at once, but should be used
within a month. It was found by Bigelow and Gemberling that for

ceUoidin membranes standing in water for three months the permeabiUty
IS considerably decreased. The rapidity of the passage of the liquid

' Pfefper, W., Osmotische Untersuchungen. Leipzig. 1877.
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through the membranes and its consequent rise in the osmometer varies

considerably, the osmometers with the smaller, dr}^er membranes showing

a much slower rise. Membranes with a large osmotic surface, for

example 5 cm, in diameter, will allow the liquid to rise quite rapidly.

^.^^'

Fig. 3. potassium ferrocyanide solution and imm
in a copper sulphate solution; tlie precipitation membrane is being formed inside of

the celloidin film.

When an osmometer prepared in this manner is set up, water -v^-ill rise

to a much greater height than in those having untreated celloidin mem-

branes. In one experiment with this type of membrane the water rose

8 meters.

I am indebted to Professor J. B. Overton for advice and criticism

during the progress of this work, for which I take this opportunity of

expressing my appreciation.—Gilbert Morgan Smith, University of

Wisconsin^ Madison, Wisconsin.

^
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BOOK REVIEWS
Rhythm, periodicity, and zonation

Kuster's booklet^ on zone formation in colloidal media contributes little

if anything to botany as such, but is well worth while in presenting a point of

view held by a number of continental workers. The first chapter (pp. 23)

deals with equidistant zones, the second (pp. 41) with breaks, dislocations,

etc., in the zones^ the third (pp. 32) with excentric ring systems and polycentric

diffusion fields, and the fourth (pp. 7) with zoological considerations and dis-

cussion. His point of departure is the Liesegang rings. The concentric rings

are produced in a few hours after placing a droplet of 80 per cent AgN03 on

5-10 per cent gelatin plate bearing o. i per cent K^CriO^. The rings consist

of AgiCr04 and become more definite and more distant from each other as

the distance from the drop increases. The author mentions Ostwald's

explanation of the Liesegang rings on the basis of zones of stable, metastable,

and labile concentrations; also the fact that the explanation has been ques-

tioned.

The bands formed in capillary tubes show definite rhythm and polarity.

Aside from the AgjCr04 bands, there are others caused by impurities in the

gelatin which Kuster terms small rhythms, in contrast to the great rhythms
of Ag.CrO^. Many conditions modify the patterns given by the precipitate

of Ag2Cr04: contact with the dish in contrast to free gelatin, presence of

foreign bodies in the gelatin, tensions and pressures, and others. In fact,

patterns can be produced that resemble closely all the various patterns appear-
ing m^mottled leaves, in the arrangement of vascular elements of plants, and
m markings of tracheae.

The writer emphasizes the fact that the pattern differentiation of Ag.Cr04
precipitate shown in the gelatin plate is a self-differentiation occurring under
constant environmental conditions. This is taken to show that similar periodic
or rhythmic structural changes in the cell may be independent of rhythm in

the environment, a matter of self-differentiation. The work also indicates the
possibility of the independence of such differentiation from vitalistic pecu-
liarities The fact that a smiple diffusion process in gelatin gives complex
polarized precipitation patterns leads the author to conclude that perhaps the
compiex patterns m the organism may likewise be referred to a simple diffusion

fn t J; 4 r^^'''^' ^f"^^^'
^" Zonenbildung in kolloidalen Medien. Beitrage zur

/. . T""''r
""''^'^ Anatomic des Pflanzen (erstes Heftes). pp. x-Hut-

Ags. jj. Jena: Giistav Fischer. 1913.
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process in a colloidal matrix, rather than explained by appeal to complex regu-

lation processes. While this work deals in the main with analogies in morpho-

logical features, the writer emphasizes the fact that dynamic activities in the

non-living often show rhythmic action determined by internal characters of

the system rather than change of the environment. He cites, along with several

other examples, the periodic elimination of oxygen when a clean mercury sur-

face is covered with a neutral or slightly alkaline solution of hydrogen peroxide.

In his later work the waiter will undoubtedly turn more to the dynamic.

Rhythm in plant activity is held by many to be generally related to environ-

mental rhythm. Others feel that rhythm is a necessity of the very nature of

protoplasmic activity; activity must be followed by rest. An examination

of the facts that Kuster offers shows the possibility of rhythms in the organ-

ism independent of environmental rhythm, and as well independent of the

inscrutable features of protoplasm. In short, internally determined rhythms

may be matters of relatively simple chemical and physical laws.—Willlvm

Ckocker.

Makers of British botany

Under this title, Professor Oliver has edited a most interesting book.'

The book grew out of a series of ten lectures delivered by various botanists at

the University College of London in 191 1. These lectures have been supple-

mented by six other chapters, so that the w^ork might be more fully repre-

sentative.

The botanists included and those who prepared the sketches are as follows:

Robert Morison (1620-1683) and John Ray (1627-1705), by S. H. Vines;

Nehemi.\h Grew (1641-1712), by Mrs. Arber; Stephen Hales (1677-

1761), by Francis Darwin; John Hill (17 16-17 75), by T. G. Hill; Robert

Brown (1773-1858), by J. B. Farmer; Sir William Hooker (1785-1865),

and Sir J. D. Hooker (1817-1911), by F. O. Bower; J. S. Henslow (1796-

1861), by George Henslow; John Lixdley (i799"iS65), by Frederick

(18x9-1859), by F. W. Oliver;
W. Lloyd Praeger; Miles B
Sir Joseph Gilbert (1817-1001'

io-i8A0.bv W
arvey

W
Ward (1854-1905)

Thiselton-Dyer; The Edinburgh professors (1670-1887), by I. Bayley

Balfour.

It is impossible to review such a book in a brief space, but botanists will

be glad to know where biographies of these botanists may be obtained. Each

one stood for some phase of botany and contributed his share to its histor>'.

J. M. C.

' Oliver, F, W., Makers of British botany, a collection of biographies by living

botanists. 8vo. pp.332, pis, 26. Cambridge: University Press. 1912- 9^-
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Protein metabolism

CathcartJ

of monographs on biochemistry being issued by the publishers cited. There
are nine chapters under the following headings: digestion and absorption of
__ _ J • - «

influence

experiments

')

starvation
The author says :

"The present monograph does not pretend to cover the
whole literature of protein metabolism; it consists rather of the discussion of

the more important results published during the last decade." Yet the bib-
liography includes 430 citations. This indicates how extensive is the work
done on the protein metabolism of mammals alone as compared with the
scattering contributions to protein metaboHsm in plants. This little volume
makes readUy available to plant physiologists the status of our knowledge of
this subject^ in mammals. It brings one to the realization of some of the
striking similarities between protein metabolism in plants and in mammals,
as for instance the power of deaminization. One also comes to appreciate
some of the differences appearing in the two groups of organisms, as is shown
m the power of synthesizmg amino acids. •William

Herbals

_

Mrs. Arber^ has brought to tL knowledge of botanists some very inter-
estmg mformation concerning the early history of botany. She has given a
general sketch of the evolution of the printed herbal from 1470 to 1670 from a
botamcal and also an artistic standpoint. Many of these herbals are extremely
rare, and Mrs. Arber has done good service in making them more real to
potanists. Of course the text is full of interest, but the numerous illustrations
introduce one even more vividly into the botanical atmosphere of three or
lour centuries ago.

of th
"'^1 ""^ ^^' ''"''' '^''^^^'" ^'^^^' ""^^ Sive a better conception of the contents

, ,
^, „ °!.^;

.

"The early history of botany"; (ii) "The earliest printed
e Dais

;
(m) The early history of the herbal in England"; (iv) "The

botanical renaissance of the skte.enth and seventeenth centuries"; (v) "The

S;n?" / •^ T ? P^^"' description"; (vi) "The evolution of plant classi-

"Thp Hn . • ,
!"" evolution of the art of botanical illustration"; (viii)

J M C
""^ signatures, and astrological botany"; (ix) "Conclusions."

^^'^^'i'^.I^'^ll'T"''
"' ''"'"" metabolism, pp. viii+U^. New

Arber. AaMTTc TT^^u„i_ ..1 . . .
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MINOR NOTICES
The fresh-water flora of Germany, Austria, and Switzerland.

Paschers has begun the publication of a series of brochures dealing with the
fresh-water flora of Germany, Austria, and Switzerland, assisted by numerous
specialists. The plan includes 16 parts, 4 of which have Just appeared:
no. 2 (pp. 192. figs. 398), Flagellatae 2, by A. Pascher (Chr>^somonadinae,
Crytomonadinae, and Chloromonadineae) and E. Lemmeraiaxn (Eugleninae)

;

no- 3 (pp. 66. figs. 6g. M1.80), Dinoflagellatae (Flagellatae 3), by A.
J.'

Schilling; no. 9 (pp. 51. figs. 89. if 1.80), Zygnemales, by O. Borge and
A. Pascher; no. 10 (pp. 192. figs. 398. M4), Bacillariales (Diatomeae), by
H. V. ScHONFELDT. The numerous illustrations and analytical keys should
make the recognition of forms comparatively easy.—J. M. C.

WilUam
J

lished a "Dudley Memorial Volume," containing a paper by the late Professor
Dudley and appreciations and contributions by friends and colleagues. The
list of scientific papers is as follows: "The vitality of Sequoia giganka," by
VV. R. Dudley; "The morphology and systematic position of Calyciilaria
radiculosa," by D. H. Campbell; "Studies of irritability in plants. III.
The formative influence of light," by G. J. Peirce; "The g>^mnosperms
growing on the grounds of Stanford University," by LeRoy Abrams; "The
Synchytria in the vicinity of Stanford University," by
"The law of geminate species," by D. S. Jordan; "So
salt plants and salt spots," by W. A. Cannon; "North
the genus Amygdalus," by W. F. Wight.—J. M. C.

J

NOTES FOR STUDENTS
Cultures of the Uredineae.—The publications of 1912 on cultural work

with the plant rusts show an increasing tendency in all parts of the world
to clear up by systematic efforts rather than by sporadic cultures the problems
of biological relationships in this group of parasitic fungi. In the United
States, .\rthur, who for many years has been prominently associated with this
field of research, reports* six species which either have been shown to be autoe-
cious or have been connected with their antithetic generation for the first

time.^ These are as follows :7 Puccinia Lygodesmiae Ellis et Ev. from Lygo-
desmia juncea (Pursh) D. Don produced teleutospores on the same host
without the intercalation of pycnidia or other spore forms. Accldiospores of
Aecidmm monoicum Peck from Arabis sp. produced uredinia and telia on

' Pascher, A., Die Siisswasser-FIora, Deutschlands, Osterreichs, und der Schweiz.
farts 2, 3, 9, and 10. Jena: Gustav Fischer. 1913.

Arthur,
J. C., Cultures of Uredineae in 191 1. Mycologia 4:49-65. 19 12.

' Unless otherwise stated, teleutosporic material was used in making the infections
and the teleutosporic host is given first.



234 BOTANICAL GAZETTE [September

Trisetum subspicatum (L.) Beauv. and T, majus (Vasey) Rydb.; the species is

described as Puccinia monoica (Peck) Arthur. Gymnosporangium Nelsoni

Arth. {G. durum Kem) from Juniperus utahensis (Engelm.) Lemmon produced

only pycnidia on Amelanchier vulgaris Moench. Gymnosporangium effusum

Kern from Juniperus virginiana L. produced only pycnidia (Roestelia trans-

formans Ellis?) on Aronia arbutifolia (L.) Ell. Gymnosporangium gracilens

(Peck) Kern et BethoL from Juniperus monosperma (Engelm.) Sarg. produced

pycnidia and aecidia on Philadelphus coronarius L. In addition to these,

cultures of 15 species are reported as confirming previous work.

Eraser,* who has been investigating the rusts in Canada, especially

those inhabiting conifers, reports the following species whose relations have

been worked out for the first time. Necium Farlowii Arthur from Tsuga

canadensis sown on the same host produced only teleutospores but no pycmdia.

Melampsoropsis {Chrysomyxa) Pyrolae (DC.) Arth. from Pyrola am^ricana

Sweet and P. elUpiica Nutt. produced pycnidia and aecidia (Peridermium

Conorum-Piceae [Schw.] Arth.) on cones of Picea mariana (Mill.) B.S.P. and

canadensis tmntmum
mse (L.) B.S.P. produced aecidia {Periderndum PeckiiThiim,,

:ones of Tsuga canadensis (L.) Carr. Uromyces Spartinae Far!

Michauxiana Hitch, infected Arenaria lateriflora L., but failec

canadens

alternifl'

gularia canadensis, but failed to infect Arenaria lateriflora L. Melampsora

arctica Rostr. from Salix discolor Muhl. produced pycnidia and aecidia iCaeoma

sp.) on Abies balsamea (L.) MQl. Melampsora {Medusae Thum?) from

Populus grandidenlaia Michx. produced pycnidia and aecidia {Caeoma Abietis

canadensis Farl) on Tsuga canadensis (L.) Carr., and in one case pycnidia on

Larix laricina. Cultures confirming former work are reported for 12 species.

Of great interest is the discovery of the relation between certain fern rusts

and the aecidial forms known as Peridermium balsameum Peck on Abies

balsamea (L.) Mill. This relationship, suggested in this paper, is confirmed

in a later note,9 in which it is stated that Uredinopsis Osmundae Magnus,

U. Striithiopteridis Stormer, U. Phegopteridis Arthur, U. mirabilis (Peck)

Arthur, and U, Atkinsonii Magnus have as their aecidial stages forms of

Peridermium balsameum Peck on Abies balsamea. A complete account is

promised.

Hedgcock^o succeeded in establishing the relation between Peridermium

filamenlosum Peck and the Cronartium on species of Castilleja, The aecidi-

Fraseri, W. P., Cultures of heteroecious rusts. Mycologia 4: i75-i93- ^9^2.

, Note on the life histories of the fern rusts of the genus Uredinopsts.

Science N.S. 36:595. 1912.

Hedgcock
Peck. Phytopathology 2:176-177. 19T2.
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ospores were sown on two unidentified species of CasHlleja and produced

proposed.
flamenlosum

In Europe several papers on cultural work with rusts have appeared.
Prominent among them is a paper by Klebahn," who reports the results of
cultural experiments carried out from 1907 to 1911. Many of the results
are new, while others confirm or supplement the work previously published by
the author or other investigators. Unfortunately, the presentation is not
sufficiently clear and concise to enable one to distinguish those which are new
from those which confirm other work. In this respect the reports of Arthur,
and likewise that of Fraser, might well serve as models. The main results
given in the paper are summarized here. Uromyces Pisi (Pers.) DeBary,
sown on the young subterranean shoots of Euphorbia Cyparissias L. in the
spnng of 1906, produced the usual deformations with pycnidia and aecidia
m the spring of 1907, thus confirming the work of Jordi. Aecidiospores from
this culture infected Pisum sativum L. In another experiment Lathyrus vernus
Bernh. was infected by aecidiospores from E. Cyparissias coUected in another
locality. This result suggests that several forms of Uromyces have their
aecidia on that host. Uromyces lineolatus (Desm.) Schroet. from Scirpus
mnritimus L. infected Berula angustifolia Koch, Oemnthe aquatica Lamarck,
and Hippuris vulgaris L. Aecidiospores of Puccinia argentata (Schultz) Winter
from Adoxa Moschatellina L. infected leaves of Impatiens nolitangere L. and the
subterranean shoots but not the developing leaves of Adoxa. It appears,
therefore, that the infection of Adoxa takes place only in the subterranean
parts. A form of Puccinia on Carex crinita Lam. infected Ribes aureim Pursh,
R. alpinum L., R. Grossularia L., and R. Cynosbati L. This type, which was
described by Arthur as P. albiperidia, the author does not regard as distinct
from P. Rihesii-Caricis Kleb. Another form which had not been tested, and
which was collected on Carex tereliuscula Gooden.

,
produced aecidia on Ribcs

rubrum L., R. alpinum L., and also on Urtica dioica L. This was therefore
a mixture of P. Ribesii-Carids and P. Urticae-Caricis. A Puccinia from
Carex ligerica Gay produced aecidia on Taraxacum officinale Web. This rust,
therefore, belongs to Puccinia silvatica Schroter, which is a collective species
whose forms have not been separated. Puccinia Polygoni amphibii Pers. on
Polygonum amphibium L. infected Geranium Phaeum L., G. pralense L., and
G. sanguineum L., while Puccinia Polygoni Alb. et Schwein. from Polygonum
Convolvulus iniected. Geranium molle L., but none of the others.

ij^^
existence of specialized forms of Puccinia Smilacearum-Digraphidis

Kleb. was confirmed in the following manner. Aecidiospores from Paris
quadrifolia L. produced an abundance of teleutospores on Phalaris arundinacea.
The teleutospores from this culture produced aecidia freely on Paris quadri-

"Klebahn, H., Kukurversuche mit Rostpilzen. Zeitschr. Pflanzenkrankh

.

^2:321-350- 1912.
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r

folia and Polygonatum muUiflorum , but sparsely on Convallaria majalis L.

and Majanthemum bifolium Schmidt. Teleutospores of the same species from
another region infected Convallaria freely, but produced only yellow spots

on the other three liliaceous plants. Aecidiospores of Puccinia Symphyti-
Bromorum F. Miiller from Symphytum officinale L. infected Bromus inermis
Leyss., B. erectus Huds., B. rigidus Roth, and B. mollis L., thus confirming the

relation between this aecidium and the brome rusts. Out of 15 species of

plants on which Puccinia persistans Plowright from Agropyrum repens Beauv.

With
Thalidrum fl

(x)

Aecidiospores obtained by sowing Puccinia coronala f. agrosiidis Erikss. from
i4^ro5/w vulgaris With, on Rhatnnus Frangula (Frangula Alnus Mill.) infected

only ylgw//j alba L. of the 8 grasses used. Since plants of Calamagrostis were
not infected, this result is further evidence for the distinctness of the forms
of crown rusts on Agrostis and on Calamagrostis. (2) Aecidiospores obtained
by sowing Puccinia coronifera f . Lolii Erikss. on Rhamnus caihartica L. infected
Lolmm perenne L., L. temulentum L., Festuca elatior L., and Holcus lanafus L.
This coniirms the results of other experiments that the crown rusts known as

the forms Lolii and Festucae are not well differentiated. (3) Aecidiospores
obtamed by sowing Puccinia coronifera f. Hold Kleb. from Holcus lanatus L.
on Rhamnus caihartica infected both Holcus lanatus and Lolium perenne,
showmg that the forms Hold and Lolii are likewise not sharply differentiated.

(4) A crown rust on Arrhenalherum elatius Mert. et Koch was found to produce
aecidia on Rhamnus caihartica, and thereby proved to belong to Puccinia
coronifera Kleb. Since the aecidiospores infected Arrhenalherum elatius but
none of the other grasses subject to the attacks of crown rusts, this is considered
by the author as a special form, ArrhenatherL

Cultures with Phragmidium Rubi (Pers.) Winter, P. violaceum (Schultz)
Wmter, and Kuehneola albida (Kiihn) Magnus on some 26 species of Rubus
Showed that no specialized races exist within the species in these rusts; the
species, however, show differences in their behavior toward different species
01 Kubus. Phragmidium Rubi infected Rubus caesius L. and the species of the
^ORYLiFOLii group, but Only rarely the species of other groups. P. violaceum

nT.!^r Tu ""i
'^' *'^^'' 'P*^^^^ ^"t not R. caesius, and only rarely the

Sowin"' f""

^^.' ^°^^"^OLLn group. Kuehneola infected nearly all the species.

Lit. T
1^ ^^"^^^i^spores of Melampsora vernalis Mieszl. from Saxifraga granu-

acco^rn
7'Tt '^ confirmed the experiments of Plowright and of Dietel

positive r! U c
'' "^'^ ^' autoecious. A number of cultures did not give

Winter J Til' T^'""^^
""^ uredospores of Uromyces Alchemillae (Pers.)

been nrevlfi f""' '"'' infection, although successful infections have

of tirfZ "^

'T'"^
^'^ ^^ '^^ ^^'^^' -d by Fischer. The life history

has not ber!;ffi trr^^^"^
^^ P^^^^"^^l ^^ the rootstocks of AlchemiHa,

not been sufficiently cleared up. Puccinia Tanar.ti T,C from Tanacctum
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vulgare L. failed to infect that host. P. Pringsheimiana Kleb. grown on Carex
acuta L. failed to infect Ribes nigrum L., although R. Grossularia L. was freely
infected. An attempt to confirm Liro's observation that Pedintlaris pdustris
L. is the teleutospore host of Peridennium Plni Willd. (Kleb) was not successful.
Sowings of aecidiospores on a number of other possible hosts resulted in
failure, so that the teleutospore host of this important rust is still unknown.
Aecidiospores of Aecidium Circaeae Ces. from Circaea lutetiana L. failed to
infect Brachypodium sihaticum R. Sch., which was regarded as a possible
alternate host for this fungus.

In conclusion, the author adds some observations on the wintering of uredo-
spores of grain and other rusts. The uredospores of Melampsoridium helulinum
(Pers.) Kleb., Melampsora Larici Tremulae Kleb., Thecopsora Vaccinii (Alb.
et Schw.) Winter, and Kuehneola albida (Kuhn) Magnus were incapable of
surviving the winter. Some observations on an unknown species of Melamp-
sora on Populus alba L. indicate that the mycelium of this fungus persists in
the buds and produces uredinia on the unfolding leaves. All attempts to
infect grasses with teleutospores of Puccmia graminis failed. To account
for the appearance of the grain rusts in spring it has been suggested that the
fungus is carried over with the seed. To test this hypothesis further, the
author planted a number of plots with seed from plants badly infected with
rust, but the young plants were free from rust in every case.

Fischer publishes two papers on the specialization of certain rusts.
The first" deals with specialization of forms within the collective species
Piiccinia Saxifragae Schlecht. inhabiting various European species of Saxifraga.
DiETEL and H. and P. Sydow have shown that the forms associated under that
name can be separated into a number of species morphologically well marked.
The possibility that within these species there might exist physiological races
not morphologically distinguishable led Fischer to investigate the Puccinia
on Saxifraga stellaris in Norway. Sowings of the teleutospores were made
on 5. stellaris, S. rotundifolia, S. androsacea, S. nivalis, and Aizoon longifolia.
Only 5. stellaris was infected. In the course of these experiments, Fischer
observed that the newly formed teleutospores germinated immediately and
continued during the entire summer to infect the leaves of the plants on which
they were borne. The teleutospores of this species, therefore, act indifferently
like those of a mlcro-Puccinia or of a lepto-Puccinia. A differentiation of
the teleutospores into persistent and caducous types, which occurs in other
species with teleutospores of similar behavior, does not occur in this species.

In the second paper'3 Fischer gives further results of his investigations
on the life histories of forms of Uromyccs caryophyllinus (Schrank) Winter.

"Fischer, Ed., Beitrage zur Biologie der Uredineen. 2. Zur Biologic von
Puccinia Saxifragae Schlecht. Mycol. Centralbl. 1:277-284. 1912.

> Beitrage zur Biologie der Uredineen. 3. Die Specialization des
Lromyces caryophyllinus (Schrank) Winter. Mycol. Centralbl. 1:307-313. 1912.
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Formerly Fischer^^ had shown that the aecidiospores of the aecidium on

Euphorbia Gerardiana collected in a district of Switzerland infected Saponaria

ocymoides, but not other members of the pink family. Later, in a preliminary

paper,^5 he described the successful infection of Tunica prolifera by aecidiospores

from the same Euphorbia collected in another region (near Heidelberg). The

existence of specialized forms within the species Uromyces caryophyllinus

suggested by this experiment was confirmed by the experiments reported in the

present paper. In this series of cultures the aecidiospores from Euphorbia

Gerardiana collected near Heidelberg were sown on plants representing 10

species of the Caryophyllaceae, but only Tunica prolifera was infected. In

single instances o;ne uredo pustule was observed on Saponaria ocymoides and

one on Tunica Saxifraga, A repetition of sowings of aecidiospores, collected

in the region from which the material first used to infect Saponaria ocymoides

was obtained, resulted in a doubtful infection of Saponaria, but a fairly abun-

dant infection of Tunica prolifera. It is probable, therefore, that this material

consisted mostly of the Tunica-ioxm. These experiments show that Uromyces

caryophyllinus consists of at least two biologic forms, one Tunica prolifera,

rarely infecting Saponaria ocymoides, and one on S, ocymoides, whose relations

to Tunica prolifera are not fully known.

ScHNEiDER^^ reports the following results of cultures of rusts infecting

liliaceous plants. Uromyces Scillarum (Grev.) Winter, which occurs on various

species of Muscari and Scillay infected only Muscari racemosum, the species

from which the material had been obtained. The teleutospores were found

to germinate either immediately or after a period of dormancy. Puccinia

Schroeteri Passerini from Narcissus radiiflorus infected also N. pseudonarcissus,

Puccinia Allii (DC.) Rudolphi is reported by Sydow as occurring on 27 species

of Allium. Teleutospores from Allium sphaerocephaluni produced uredinia

on that species and also on A, sativum, A. hymenorrhizum , A, oleraccum, and

A, fistulosum. In one case pycnidia and aecidia appeared on A. sativum.

Uredospores of Puccinia Porri (Schw.) Winter from Allium Schoenoprasum

infected A, Schoenoprasum, and to a less degree A, ampeloprasum, A. sphacro-

cephalum. A, strictum, A, montanum, A.fistulosum, A. oleraceum, and A. hyme-

norrhizum. In one case, a sowing of teleutospores from A . Schoenoprasum on

plants of that species resulted in the production of aecidia. This fact is of

interest, since Tranzchell,'? as a result of experiments with the same form,

found that no aecidia were formed, whence he concluded that this was a true

Umi-Puccinia. The existence of hemi-forms is therefore still in doubt.

^Rev. Box. Gaz. 53:79. 1912.

tb.
Winter. Mycol. Centralbl. 1:1, 2. 1912.

us (Schrank)

^« SCHNETOER, W.
,
Zur Biologic der Liliaceen bewohnenden Uredineen. Centralbl

Bakt. 32:452, 453. 1912.

'7Rev.BoT.GAZ. 53:80. 191 2.
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Treboux/8 working at Nowotscherkassk in southeastern Russia, reports
the results of a number of infection experiments carried out in that region.

Since the literature on the subject was not available to him, he was unable
to consider the work of former investigators. The following is a list of the
successful infections. Aecidiospores from Ranunculus illyricus L. infected
Festuca ovina L. {Uromyces Festucae Syd.). Aecidiospores from Slum land-
folium MB, infected Scirpus maritimus L. {Uromyces lincolatus [Desm,]
Schroet.). Aecidiospores from Euphorbia virgata W.K. infected Astragalus
hypoglottis L. {Uromyces Astragali [Opiz.] Sacc). In former experiments,
uredospores from Astragalus virgatus Pall, infected A. cicer L., A. glycyphyllus

hamaeus

efolius Apparently
there is no specialization of forms within this species of Uromyces, Aecidio-
spores from Euphorbia virgata W.K. and E. Gerardiana Jacq. infected Caragana
frulescens DC. {Uromyces Genistae-tinctoriae [Pers.] Fuckel). Other legumi-
nous plants, including Astragalus and Medicago, were not infected either by
aecidiospores or by uredospores. Aecidiospores from another aecidium on
Euphorbia virgata infected Medicago falcata {Uromyces striatus Schroet.),

but not Astragalus, Caragana, and others. Aecidiospores from Cichorium
Intybus L. infected Juncus Gerardi Lois {Puccinia Junci [Strauss] Winter).
A sowing of aecidiospores from Taraxacum serotinum W.K. produced only
uredospores, probably those of Puccinia silvatica Schroet., on Carex stenophylla

Wahlenb. A ndropogi

L., which had persisted during an unusually severe winter, were capable of

germinating and infecting that host in spring. Apparently this rust lives

through the winter in that region by means of uredospores which have thick

walls. Teleutospores of Puccinia Stipae (Opiz.) Arthur from Siipa Lessingiana
Trin. infected Salvia aethiopis L., S. nutans L., 5. silvestris L., Thymus serpyl-

lum L., and Ajuga chia Schrcb.

Strelin,^9 in a series of cultures, shows the relation between the primary
uredinia {Uredo Muelleri Schroet.) and secondary uredinia and telia of

Kuhneola albida (Klihn) Magnus, confirming the work of Jacky showing that

these spore forms all belong to the same rust. Strelin also shows that the

fungus persists through the winter by means of the spores of the primary
uredinia which are formed in July and August. The primary uredospores
can infect the following spring only the old leaves which have persisted through
the winter.—H. Hasselbring.

'*Treboux, O., Infektionsversuche mit parasitischen Pilzen. I. Ann. Myc.
'0:73-76. 1912.

'^Strelin, S., Beitrage zur Biologic und Morphologie der KuehneoU albida

(Klihn) Magn. und Uredo Muelleri Schroet. Mycol. Centralbl. 1:92-96, 131-137.

1912.
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Cecidology.—Among the most important of the foreign contributions

is a paper by Karny,=«» in which the author describes a large number of gall-

making Thysaneura, including a number of new species. However, the empha-
sis is placed upon the animal rather than the plant side of the subject.

Almost excellent paper by Houard" on the galls of French West Africa

gives descriptions of 51 new species of gall-makers on 29 species of host plants.

The author describes both insect and cecidia and in most cases gives illustra-

tions of the cecidia. The grouping is with reference to the plants, a practice

Root nodules are the subject of two papers. Miss

cecidology.

root nodules on the Podocarpineae which are caused by Pseudomonas radkicola.

These nodules are modified lateral roots. The organism penetrates the root-

hairs and then the cortex, and the stimulus is in the meristimatic tissue, but
there is no differentiation of the meristimatic zone in the cortical tissue such as

IS found in the nodules of other non-legumes. The organism produces a

zooglea in the cells which stimulates the nuclei of the host and causes them
to div^ide amitotically. In the spring the cells immediately below the endo-
dermis at the apex of the nodular stele become merlstematic and produce new
cortical cells in the interior of the old nodes. The other paper on root nodules
is by BoTTOMLEY,^ who finds the nodules on the Myrica Gale are also modified
lateral roots. These nodules are also caused by P. radkicola and each mature
nodule shows four zones: (a) the apical meristem, {b) the infected thread
area, (c) the bacterial zone, {d) the basal zone in which the cells contain oil

drops. The bacteria eventually disappear and the basal zone is replaced by
the other zones.

_

A very important contribution to our knowledge of American cecidology
IS Bessey's^4 study of the nematode root knots. This disease is caused by
liekrodera radkkola (Greef) Mull., and was probably indigenous in some
tropical region of the Old World from which it has been distributed throughout
the tropics and a considerable part of the temperate zones. Records show
tnat about 480 species and varieties of plants, including nearly all the larger
tamihes, are subject to this disease. The life cycle is four weeks or more,
oependenton the temperature of the soil. The author gives a good discussion

1012"
^''^''''' *^' ^^"""^^^ohnende Thysanopteren aus Java. Marcellia 1 1 : 1 15-169-

HOUARD
velles). MarceUiaii:x76-309. 1912.'

22

Ethel

^
BoTTOMLEY,W.B.,The root nodules of MyrkaGale. Ann. Botany 26: iii-n?.

** Bessey, E. a.. The root knot and its control. U.S. Bur. PI. Industry, Bull. 217.

T0I2.

19^1.
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of the life history of the organism, methods of distribution, and methods of

control.

The potato eelworm is the subject of a brief paper by Essig.^5 He describes

the disease and the organism and suggests treatments. The disease is of such

great importance that California has established a quarantine against potatoes

from infected districts,

A recent importation from Europe is reported by Crawford.^ It is

Triozoa alacris Flor., which causes a rolling and distorting of the leaves of

Laurus nohilis and other species of Lanrus,

The olive knot is the subject of a very interesting paper by Horne^^
This disease is restricted to the olive^ and is due to Bacterium savastanoi E. F.

Smith. very

to the branches. It is distributed by means of a slime which oozes from the

galls during the rainy weather. Inoculation may occur through natural

cracks in the bark,

Fawcett^^ describes some very interesting citrus galls from Southern

California. He believes them to be different from the Jamaica lime and
orange knot, which is due to Sphaeropsis tumefaciens Hedges.

One of the most interesting cecidia is reported by Amundsen,=*9 who found
It on wistarias imported from Japan. It occurs on the stems at the base of

the buds and in most cases causes the death of the affected buds. Only the

pink-flowered plants were infected, and in commenting on this point the

author says "whether the fly which laid the eggs discriminated against all the

plants which ultimately would produce flowers of other colors and could pick

out the pink, or whether the pink varieties were grown in a different locality

than the others, could not be ascertained and is still a mystcr>\*'

H0USER30 describes a gooseberry gall as follows: "The plant is injured

by the insect working during the larval stage in the terminal buds of spurs and
branches, causing the buds to become abnormal both in size and structure.

The bud scales increase greatly in number and size, and lying closely one upon
another form a gall somewhat resembling in miniature the pine cone willow

galls so commonly encountered upon the tips of willow twigs." Secondary
buds are produced and become infected, thus forming a cluster of small cone-

shaped galls. The shoots from these galls give a witches' broom effect. The

25 EssiG, E. O., The potato eelworm. Monthly Bull. State Comm, Hort. (Cal.)

1:26-30. 191 1.

FORD

"'HoRNE, W. T., The olive knot. Ibid. 1:592-600. 191 2.

^^ Fawcett, H. S., Citrus galls. Ibid, 1:937-940. 1912.

"^ Amundsen, E. O., Wistaria gall fly. Ibid. 1:730-733- 191

2

Entomol. 5: 180-184.

deformer. Jour. Econ
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author also describes the insect, gives its life history^ and suggests methods of

control.

—

Mel. T. Cook,

Paleobotanical notes.—Miss Holden^^ has investigated specimens of a

conifer from the Trias of New Brunswick which she refers to VoUzia cohurgensis

Schaun She finds that the foliage of this species is araucarian, the organization

of the cone abietineous, and the anatomical structure intermediate between these

two groups. This species of VoUzia^ therefore, represents another early mesozoic

form which may be regarded as transition from the Abietineae to theAraucarineae.

Miss Bancroft32 has added to the evidence of the uniformity of the mesozoic

floras in describing some fossil gymnosperms obtained from the Jurassic of India.

The cycadophyte remains are of the Williamsonia type, and the vegetative

organs show a combination of the characters of Bennettitales and Cycadales.

Miss Bancroft33 has described a new stem genus {Rhexoxylon) from the

later Paleozoic of South Africa. Its general structure suggests relationship with

Medullosa and Sleloxylon, and it seems certainly to be an addition to the Medul-

loseae. A peculiar feature is the character of the inner series of vascular strands,

each one consisting of two parts, the outer small and normally oriented, the inner

larger and inversely oriented, the two parts being almost in contact. An outer

series of strands consists of normally oriented xylem. As contrasted with medul-

losean stems in general, the wood is compact, the medullary rays are uniseriate,

and the pittmg of the tracheids is biseriate,

Seward and Miss Bancroft^^ have added to the list of species of Scottish

Jurassic plants, describing new species in Thinnfeldia, Brachyphyllum, Masculo-

strobus, Conites, Strobilites, and Cedroxylm,

SEWARD35 has published a memoir dealing with two collections of mesozoic

plants: the principal one from Afghanistan, made by Mr. H. H. Hayden in 1907;

the other from Turkistan, made by Mr. Griesbach. The composition of the

Afghanistan flora is interesting, including the following great groups: Equisetales

(several species of Equisetiles), Filicales (one water fern and several true ferns,

including a new genus, Haydenia, of Cyatheaceae), Ginkgoales (3
genera),

Bennettitales (7 species, among them a new WilHamsonia and a new Nilssonia),

^' HoLDEN, Ruth, Some fossil plants from Eastern Canada. Ann. Botany 27=

243-255. pis. 22, 23, 1913.

32 Bancroft, Nellie, On some Indian Jurassic gymnosperms. Trans. Linn. See.

London IL Bot. 8:69-86. ph, 7-g, 1913.

» Bancroft, Nellie, Rhexoxylon ajricanim, a new meduUosean stem. lOd^
87^103. ph. 10, II. 1913,

^Seward, A. C, and Bancroft, N., Jurassic plants from Cromarty and Suther-
land, Scotland. Trans. Roy. Soc. Edinburgh 48:867-888. pis, i, 2, 1913-

ARD
Mem. Geol. Surv. India N.S. 4: no. 4. pp. 57. pls. 7. 1912.
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5 species of Podozamites (3 of which are new), and Coniferales (5 species, among
them a new Cupressinoxylon)

.

Seward,^^ in reporting upon a collection of fossil plants from the \\'calden

of Sussex, describes new species in Lycopodites, Selaginellilcs, Hausmannia
(Dipteridineae), Pelletieria (a new genus of Schizaeaceae), Teilhardia (a new
genus of ferns of uncertain aflSnity), Dickopteris, Coniies (cones of uncertain

affinity). In a general survey of the Wealden floras, the author concludes tliat

"while there is a very close similarity between the Wealden flora of England and

the corresponding floras in Eastern and Western North America, the number of

cosmopolitan types is smaller than in the case of the Middle Jurassic floras."

J. M. C,
^

Chondriosomes and myelin forms.—The problem of the chondriosomes, or

mitochondria, is approached from a new direction in a short article by Low-
sc:hin37 who happened to notice the formation of myelin forms^^ from lecithin in

a microscopic preparation. These myelin forms bore such a remarkable resem-

blance to chondriosomes that Lowschin made a careful examination of myelin

forms secured from commercial lecithin. The following are some of the more

important results: all the forms characteristic of chondriosomes were obtained

and their size varied from structures easily seen with a low-power dry objective

to those barely visible under the highest powers. In general, the size depends

upon the mass of the material, the fineness of its division, and the chemical and

physical characteristics of the surrounding medium; while the form is dependent

upon the composition of the bodies, their surface tension, and the nature of the

surrounding medium. It is to be noted that the elongated forms are found when

there is streaming in the surrounding medium. The myelin forms may appear

homogeneous or may show a finer structure, and the outer membrane may be

liquid or may have more consistency. In many cases a longitudinal splitting,

like that described by Lewitsky for chondriosomes, was observed. The myelin

forms arise, develop, and disappear. They may swell and flow together, forming

homogeneous threads {Chmidriokonkn), from which are developed granular

threads {Cho}tdriomUen), which may then break up into single granules (mito-

chondria), and these again may form into chains. One can observe directly the

formation of diplosomes and their division into two granules. The myelin forms,

like chondriosomes, may be fixed by chromic acid, osmic acid, or formalin, but

are destroyed by acetic acid.

Seward
Jour. Geol. Soc. 69:85-116. pis. 11-14, iQ^S

Quart.

37LowscHiN, A. M., Myelinformen und Chondriosomen. Ber. Deutsch. Bot,

GeseUs. 31:203-209. 1913.

*^By "myelin forms" is meant the emulsion for

emulsion-producing substances, form upon fatty acids.

under
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While LowscHiN admits that at present he is describing analogies, still

believes that these are too numerous and too striking to be merely accidental.

Charles J. Chamberlain.

Recent work among gymnosperms.

—

^Saxton^' has investigated one of the

two species of Actinostrobus, an endemic Australian genus, and therefore well

worth investigation. An outline of the results is as follows. The microsporophyll

bears three sporangia and about three months elapse between pollination and

fertilization. The archegonia are numerous and deep-seated, "a group of 25-30

being found abutting on the lower end of each pollen tube, which reaches about

halfway Aovm the prothallus," the older cells of which are generally 2-nucIeate

or 4-nucleate. In proembryo-formation, walls are formed when the two free

nuclei divide, so that there is a 4-celled proembryo. The completed proembryo,

consisting of few cells, fills the egg. Each cell of the proembryo (with perhaps

the exception of the two "apical cells") gives rise to a suspensor and an

embryo-initial, being as independent in embryo-formation as are the pro-

embryonal cells of Ephedra, The chromosome numbers are 8 and 16.

Takeda^^ has studied in detail the anatomy of the leaf of Welwitschia and

concludes that the evidence is all in favor of the Gnetales being gymnosperms, as

opposed to the view of Ligmer and Tison. Even the tracheae, the most striking

angiospermous anatomical feature, are in a transition stage, showing incomplete

perforations.

Takeda^^ has developed a theory of the so-called "transfusion tissue" of

g>Tnnosperms. He fbds that the "orthodox" transfusion tissue always arises

laterally, and is quite independent of centripetal xylem. Therefore, it is not a

vestige of the centripetal xylem and is not to be regarded as of phylogenetic

significance, its function being "water-storing."—J. M. C.

The development of gemmae in two species ofGemmae
Radula has been studied by IVI
.vaa*e.a nas Deen studied by Miss Willistox.4^ In R.flaccida, a native of tropical

America, the gemmae occur on the dorsal margin of the leaves, and formation
begins by the enlargement of a single cell around which a transparent gelati-

nous-substance is secreted. A periclinal wall divides the gemma initial into a
stalk cell which undergoes no further division, and an outer or mother cell

^wiich IS divided by an anticlinal wall. The next division gives a quadrant,
tne two outer cells of which immedintpW fnn-^f.-^^ o. o^.v.i ^^lu with two
cutting

apical cells with tw

J^Iin

'

A^^^B ?^ ^" ^^tributions to the life history of AcUnoslrohus pyramidaUs
Miq. Ann. Botany 27:321-345. ^/,.2^_^5.

*°T\KEDA H ^ *

Ann, Eotanv
'.' ^^"^^ P^^^^^ ^^ the anatomy of the leaf of Welwiisckia mirahihs.

•^ ^/•347 357* pi* 2g, 1913.

" Takeoa, H., a theory ot " traisfusion tissue." Ann. Botany 27:359-363- ifJ.
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The gemmae at maturity measure 0.5 mm. in diameter. The adult leaf

measures o. 8 mm. in diameter. In R. protensa^ a native of New Guinea and

adjacent regions, the initial becomes covered with a greater quantity of gelati-

nous material than in R,Jlacctda. As the gemma increases in size it finally

bursts through the gelatinous covering, which then clings to the base like a

collar.

The gemmae of Radula are arranged in two groups according to complexity.

In the first group the gemmae occur on margins of leaves, are irregular in out-

line when mature, and may be more than one cell thick; in the second they

occur on the margin and surface of leaves, are regular in development and sym-

metrical in form, and are only one cell thick. R. flaccida and R, protensa

belong to the second class.—W. J. G. Land.

Cytology of Hymenomycetes.—^Levine,« working in Harper's laborator>%

has investigated the carpophores of 24 species of Boletus and of several species

of PolyporuSj has had in cultures the mycelia of various Hymenomycetes, and

has secured some spore germination (none of the spores of Boletus germinated),

so that his observations of the nuclear phenomena are somewhat extensive. The

germinating spores of Pholiota praecox produce multinucleate germ tubes; in

cultures 48 hours old the cells of the mycelium are multinucleate; but in cultures

3 days old, both uninucleate and binucleate cells are found. The mycelial cells

of many species are binucleate, with clamp connections, etc. In the mature stipe

of Boletus granulatus all the cells are multinucleate; while those of the ring, of

the flesh and trama, and of the subhymenium are binucleate. At the end of the

second division of the fusion nucleus in the basidium, the centrosomes become

attached to the walls of the basidium and the 4 daughter nuclei remain connected

with them by fibrillar strands. The centrosomes determine the points of origin

of the 4 sterigmata and are carried up with the growth of the sterigmata and into

the spores, pulling the nuclei into the spores. AH the spores studied were

uninucleate at first. The conclusion is that an alternation of generations ''com-

parable to that in the Uredineae" is also present in these forms. "The sporo-

phyte begins at some indefinite point in the mycelium and extends through the

development of the carpophore.*'—J. M. C.

Aluminium salts-—Fluri^^ has claimed that aluminium salts render certain

plant cells incapable of being plasmolyzed by ordmary plasmolytic agents by

rendering the protoplasm highly permeable to these reagents, Szucs« finds that

the protoplasm is rendered less permeable to many agents by aluminium salts,

INK
the Boleti. Bull. Torr. Bot. Club 40:137-181. pis, 4-8. 1913-

^BoT. Gaz. 47:252. 1909.

^s Szucs, Joseph, Uber einige characterische Wirkung des Aluminiumions auf das

Protoplasma. Jahrb. Wiss. Bot. 52:269-332. 1913.
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and that the incapacity for plasmolysis is due to a hardening of the protoplasm.

The main evidence for the hardening of the protoplasm is the failure of chloro-

plasts to be displaced by a centrifugal force of about 1000 gravities, which

ordinarily displaces them readily. This process of hardening is reversed (physico-

chemically and physiologically) by transferring the cells to aluminium-free

solutions. The slow rate of reversing leads the author to postulate the tying up

of the aluminium in an indiffusible form. It is only in moderate concentrations

that aluminium salts produce the effect; in higher concentrations the protoplasm

does not harden. Anthocyanin cells cannot be thus hardened, probably due to

high sugar content. The author relates this to the fact that non-electrolytes

hinder the precipitation of proteins by ions. He also thinks that aluminium

salts are specific only in that their low toxicity enables them to bring about such

a fundamental physical change in the protoplasm without killing it. While most

salts produce such a change, it is not physiologically reversible.—William
Crocker.

Individuality of the chromosome.—A four-years' study of the vegetative

and reproductive nuclei of Carex aquatilis has brought Stout'*^ to the conclusion

that the chromosome is an individual organ, maintaining its identity through

successive cell generations. He finds that even in resting nuclei the chromosomes
are visible as definite bodies which can be counted, and that these chromosomes
can be traced through all the stages of vegetative and reduction divisions, except

synapsis. Spiremes are formed in both vegetative and reduction divisions, but

even m the spirem the individual chromosomes are distinguishable. In the

vegetative spirem there is no evidence of any splitting, the longitudinal splitting

"1 LUC Liiiumosome appearing
in the nuclear plate. In the heterotyp
somes form a more or less obvious double spirem. The heterotypic mitosis

separates whole chromosomes which have been previously paired. Although the

study would have been more satisfactory if the stages in synapsis had been more
complete, the results form an important addition to the already strong evidence
that the chromosome is an individual organ. Carex aquatilis, like Carex acuta

descnbed by Juel, forms only one pollen grain from a pollen mother cell, the

other three aborting at an early stage.-CHARLES J. Chamberlain.

SeedUng anatomy.—Hill and DeFraint:47 have worked long enough upon
seedlmg anatomy to have come to some very interesting conclusions. Citing
numerous facts that have been used in phylogenetic conclusions, they state that
ttiey see no necessity for preservmg seedling anatomy from the fate akeady
•^^eted^ou^ other structural features which were at one time considered as

mpnr,-!^r^'
^' ^".^^^ individuality of the chromosomes and their serial arrange-

ment m Care. a,natrhs. Archiv. Zellforschung 9:114-140. pis. ix, 12. 19x2.

structur^nf'
^'

,r"'

^""^ P^F^^. E., A consideration of the facts relating to the
structure of seedlings. Ann. Botany .7: .s;-,^,. ,9,3.
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indicators of phylogeny." ''In fact, until more knowledge is obtained with

regard to the interrelationship of plant members and the influence of en\Tron-

ment—in a word, the influence of physiological necessity on morphological

expression—^we cannot determine with any degree of certainty the precise value

of many anatomical characters." The same disposition is made of the size and
number of vascular bundles in connection with the transition phenomena.
"Sufficient has been said to show the enormous importance of physiology in

questions relating to vascular tissues; for our own part we are strongly of the

opmion that no real further advance in our knowledge of morphology, more
especially of the higher plants, is possible without an adequate investigation of

ogy LM
Inheritance of quantitative characters.—EitERSON and East^^ have dis-

cussed this subject rather fully and have presented data bearing upon it secured

from experiments with maize. Inheritance was studied in number of rows per

ear, length of ear, diameter of ear, weight of seeds, breadth of seeds, and height

of plants. The general conclusion is stated compactly as follows: "The results

secured in the experiments with maize were what might well be expected if

quantitative differences were due to numerous factOTS inherited in a strictly

Mendelian manner. It is quite likely that genetic correlations occur between
factors for distinct quantitative characters. These and the physiological cor-

relations so frequently noted make the results more difficult of interpretation,

but do not throw them out of the realm of Mendelian phenomena. Physiological

correlation is a phenomenon of development, not of inheritance, and as such has

less interest for students of genetics than for experimental morphologists. Even
m practical plant breeding, correlations of this sort are of importance mainly on
account of the physiological or morphological limits that they set to the perfect

development of particular combinations of characters."—J. M. C.

The individuality of the plastid.—In a preliminary papcr^^ published two
years ago, Sapehin found plastids even in sporogenous tissue, both in monoplastic

types, like Anlhoceros, Isoetes, and Selaginellay and in polyplastic forms, like the

majority of plants. In a second preliminary account^** he deals principally with

Lycopodium, which he finds to belong to the monoplastic type; and with Funaria,

which belongs to the polyplastic t>T)e. In the antheridium of Fumrm,
which starts as a polyplastic organ, cell division is not accompanied by any
division of the plastid, and consequently the spermatogenous cells soon become

** Emerson, R. A., and East, E. M., The inheritance of quantitative characters
in maize. Agric. Exper. Station, Univ. Neb., Research Bull. 2. pp. 1 20. figs. 21. 1913.

^'SAPEmN, A. A., tJber das Verhalten der Plastiden m sporogenen Gewebe.
Ber. Deutsch. Bot. Gesells. 29:491-496. figs. 5. 1911.

^"^
•, Untersuchung uber die Individualitat der Plastide. Ber. Deutsch.

Bot. Gesells. 31:14-16. 1913.
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monoplastic; each sperm receives one plastid. Sapehin claims that the bodies

described by Allen, in the spermatogenesis of Polytrichum, as blepharoplasts,

are nothing but plastids. Since Sapehin's account is not illustrated, one

must feel rather skeptical in regard to his interpretation of Allen's work.—Charles J. Chaaiberlain,

Botrychium Lunaria.—Langs^ has published the first of a series of papers on

the vascular anatomy of the Ophioglossaceae. From examination of Botrychium

Lunaria he concludes that the internal endodermis is a new formation without

morphological significance. The occurrence of occasional tracheids in the pith,

especially in injured plants, is accepted as conclusive evidence of the stelar nature

of the pith. These scattered tracheids are primary in their origin and by reason

of their position are identified as centripetal xylem; hence this species of Botry-

chium has mesarch stem structure.

Axillary buds are of constant occurrence in this species, as in Helmintho-

stachys, These develop only in case of injury to the terminal bud. The vascular

supply of the branch arises from the trace of the leaf immediately below by the

development of adaxial x>1em; occasionally the xylem of the branch may be

connected dir Petry

Lichens of the Galapagos Islands.—Stewarts^ has reported on the lichens

collected by the expedition of the California Academy of Sciences to the Galapagos
Islands m 1 905-1 906. These islands have long been of great biological interest,

so that any collection from them promises to be worth noting. The list numbers

47 species, 7 of which are undetermined. The genera represented are as follows:

Alectork (i sp.), Arthonia (4 sppO, Buellia (2 spp.), Chiodecion (i sp.), Cladonia

Parmelia (4 spp.), Perlusaria (2 spp.), Physcia (2 spp.), Placodium
nula (r sp.), Ramalim (5 spp.), Rinodina (i sp.), Roccella (2 spp.),
Tdoschistes (i sp.), Usnea (4 spp.), Verrucaria (i sp.).~J. M. C.

nnaria (i sp.),

Plants of northwestern* *««.o ui uurmwestem Canada.—Standleys^ has determined the pianis

coUected by an expedition to the Mount Robson region of eastern British Colum-
bia and western .\lberta in 191 1, under the auspices of the Alpine Club, whose
headquarters are at Banff, Alberta. The collection includes about 200 numbers,

species

gymnosperms

Artemisia, Aster, Gaillardia.—J

»

saceae. I

re, William H., Studies in the morphology and anatomy of the Ophioglos-

. On the branching of Botrychium Lunaria, with notes on the anatomy of

I old rhizomes. Arm. Botany 27:203-242. figs. 1-14. pis. 20-21. 1913-
young and old rhizomes.

^ Stewar
Acad. Sci. IV. i:43i-44'67i972.

Proc. Calif

_
« Standley, Paul C, Plants of the Alpine Club expedition to the Mount Robson

region. Canadian .-Upine Journal, special number, pp. 76-97. 191 2.
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London in English Literature. By Percy Holmes Boynton^ Assistant

Professor of English Literature in the University of Chicago,

358 pageSj 8vo, cloth; $2 .00, postpaid $2.17

This volume differs from all other volumes on London in

that it gives a consecutive illustrated account of London not from
the point of view of the antiquarian but from that of the inquiring

student of English literary history.

It deals with ten consecutive periods, characterized in turn

by the work and spirit of Chaucer, Shakespeare, Milton, Dryden,
Addison, Johnson, Lamb, Dickens, and by the qualities of Vic-

torian and contemporary London. The emphasis is thus dis-

tributed over history and given largely to the richer and more
recent literary periods. The temper of each epoch is discussed,

and then in particular those literary works which are intimately

related to certain localities in London.
The work contains four maps and forty-three other illustra-

tions, selected from the best of a great fund of material. As
further aids to the student or the general reader, the sources of

all material are indicated by footnotes and lists of illustrative

reading are appended to each chapter. There are also an

appendix with detailed references to illustrative novels, and a

carefully compiled index.

Social Programmes in the West. {The Barrows Lectures) By
Charles Richmond Henderson, Head of the Department i

Practical Sociology in the University of Chicago.

212 pages, 8vo, cloth; $i . 25, postpaid Si 38

The Barrows Lectures (1912^13) delivered with so much
success in the Far East by Professor Henderson are included

in this volume, which is also published in India by the Macmillan

Company. The subjects of the lectures are as follows: "Founda-
tions of Social Programmes in Economic Facts and in Social

Ideals," "Public and Private ReHef of Dependents and Abnor-

mals," "Policy of the Western World in Relation to the Anti-

Social," "Public Health, Education, and ]\Iorality," "Movements
to Improve the Economic and Cultural Situation of Wage-
Earners," and "Providing for Progress." The author, in his
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preface, says that " the necessity of selecting elements from the

social activities of Europe and America which might have value

in the Orient under widely different conditions, compelled a

consideration of the materials from a new point of view." The
introduction includes, besides a syllabus of the six lectures, the

Letter of Commission from the officers of the three great inter-

national associations for labor legislation, asking the lecturer to

present their aims wherever it was possible in India, China, and
Japan. There is also included a statement by Professor E. Fuster
of Paris, of the aims of the international associations on social

legislation.

Christian Faith for Men of Today. By E. Albert Cook, Professor

of Systematic Theology in the Congregational College of Canada.

276 pages, i2mo, cloth; $1.25, postpaid $1 35

This volume contams a clear and reasonable interpretation
of life from the Christian point of view, and some definite formu-
lation of those beliefs that have proved most effectual in the

development of individual character and in the promotion of the

welfare of society. Professor Cook believes that Christianity
is the religion which best meets the needs of all races and classes.

The convenient arrangement of the material in numbered para-
graphs, the valuable appendices, and the general systematic
treatment of the subject commend the book as a popular text

for college men and women, and for adult classes and clubs as
well as for general reading.

American Poems. Selected and Edited with Illustrative and Ex-
Pj(^natory Notes and a Bibliography. By Walter C. Bronson,
^'" "^

, Professor of English Literature in Brown University-D
680 pages, ismo, cloth; $1 .50, postpaid $1 .68

The book ofifers a most carefully chosen and well-balanced
presentation of the poetic works of Americans, covering the
entu-e period of our history. For the teacher as well as the
student the value of the work is greatly enhanced by the com-
prehensive Notes, Bibhography, and Indices. It is believed that
ttie book will have the wide popularity of Professor Bronson's
ear ler collection, English Poems, which has been adopted by
all leadmg American colleges.
The Dial The resources of the special collections of Brown University

nave supplied the editor with the best authorities for accurate texts,
and have made possible the widest range of selections.
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My Life. By August Bebel. {With a Portrait.) An A
phy of the Famous Leader of the Social Democratic i

Germany
344 pages, 8vo, cloth; $2.00, postpaid $2. 14

This autobiography contains the story, from the inside, of the
rise of the German trades-unions, and throws many interesting
sidehghts on the politics of Bismarck and Lassalle. Up to
the time of his death in August, 19 13, Bebel was the molding
influence of the Social Democratic party, which is, even under
the restricted franchise, a power in the German state. Bebel
gives a vivid description of the poverty of his early life and of
his wanderings as a craftsman in search of work all through
Germany—the Germany before the wars of 1864, 1866, and
1870-71, and before the Unification. Soon after his election to
the Reichstag he was convicted of high treason for the expression
of his views on the Franco-German War and had to spend some
years in prison, The international reputation of the author, the
extreme frankness with which he writes, and the striking suc-
cesses of the movement with which he is identified make this
a human document of remarkable interest and significance.

TJie Nalion. He is a rarp nnrrntnr Wf hum
Dy so doing makes it intelligible, and perhaps even aj

thousands who would otherwise pass by on the other side.

NEW BOOKS FOR THE EARLY AUTUMN
Chicago and the Old Northwest— 16'/3-1835. By Mild Milton

QuAiTE. Ready in September.

Artificial Parthenogenesis and Fertilization. By Jacques Loeb.
Ready in October.

Animal^ Communities in Temperate America, as Illustrated in the

Chicago Region. By Victor Ernest Shelford. Ready in

September.

A Manual for Writers, Covering the Needs of Authors for Infor-
mation on Rules of Writing and Practices in Printing.
By John Matthews Manly and John Arthur Powell. Ready in

September.

Materials for the Study of Elementary Economics. By Members
of the Department of Political Economy in the University of Chicago.
Ready in September.

3



THE UNIVERSITY OF CHICAGO PRESS

The Elements ofSuccessful Debating. By Lem^rett S . Lyon . Ready
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The Genus Iris. By William Rickatson Dykes. With forty-eight

wi
folio, half morocco. Price $37.50, postpaid $^i

254 pages, demi

A book of remarkable beauty as well as scientific importance.

Byzantine and Romanesque Architecture. By Thomas Graham
Jackson, R. A. Two volumes, with 165 plates'and 148 illustrations.
Vols. I and II, each 294 pages, crown quarto, half vellum ; two vols.

$12.50, postpaid $n. 25;.

Britain.
shed

$9.00, postpaid $9

The Dual of Turkestan. A physiographic sketch and account of some
travels. By W. Rickmer Rickmers. With 207 mans, diagrams, and
other illustrations. 580 pages, royal 8vo, cloth. ^^.„, ,_..^„-_ ,, _A highly mteresting record of travel and mountain exploration, com-
bined with some elementary physiography.

The Life and Correspondence of Philip Yorke, Earl of Hardimke,
Lord High Chancellor of Great Britain. By Philip C. Yorke,
M. A. Oxon. Royal 8vo. Three vols., with six illustrations. Vol. I,

PP 702; vol. II, pp. 606; vol. m, pp. 662. Price $13.50, postpaid
^?r4-22.
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A Superior Microscope
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of their known efficiency, practicability
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German under the title
i"

Announcement
The University of Chicago Press will pub-

lish about Octcber i an^.the^ book by Jacques

Loeb. The new work, entitled 'Artificial

Parthenogenesis and Fertilization/' pre^ejits

the first compiete treatment of the subject

of artificial parthenogenesis in English. Pro-

fessor Loeb Dublished four years ago a book m
Die chemische Ent-

wicKiungserregung des tietischen Eies, ^^'

V\ . O. R, King, of the University of Leeds-

England, translated the bock into Enghf^,

and the translation has teen revised, en-

larged, and brought up to date by Pr*>{^^

Loeb. It gives, as the author says m
preface, an account of the vaxious methods

by which unfertilized eggs can be
^^^^^J

develop by physico-chemical means, and

conclusions which can be drawn from thecn

Goncemine the mechanism by ^^'^^^^Z
,^

^>ermatozoon induces development. ^^^^

the problem of fertilization is intimately con^

nected with so many different problem:^ oi

physioIog>^ and pathology, the '^^^^^
the facts recorded and discussed in the t?oo

goes beyond the special problem indicaten

by the title.
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CAN FUNGI LIVING IN
LATE FREE NITROGEN ?

H. N. GODDARD

(with eighteen figures)

I. Historical introduction

middle of the nineteenth ce

that plants cannot make

nitrog

combined nitrogen which they ordinarily get from the soil. This

idea has become so thoroughly established in all later works that

any evidence of nitrogen-fixation by plants is received with unusual

interest. Such evidence has come almost entirely from studies of

lower organisms, such as bacteria, algae, and fungi.

The full establishment of the nitrogen-fixing power of certain

bacteria calls for Httle discussion in this paper. The important

and now classical studies of Hellriegel (2), Beyerinck (3),

WiNOGRADSKI
mc

not only those associated with root tubercles, but several others,

have the power to assimilate free nitrogen, especially when deprived

of sufficient quantities in the combined form. It is perhaps worthy

of note, also, that this power has been found in many cases to be

much augmented by a symbiotic relationship with other organisms,

such as algae, Leguminosae, and with other bacteria. A good

resume of the literature of this subject has been given by Chester

(7) ,
Koch (8) , and Heinze (9)

.

249
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With this well established knowledge regarding bacteria, the

suggestion has been easy that the closely related organisms, the

fungi, might also be found, at least some of them, to possess a

similar nitrogen-assimilating power. Acting on this suggestion, a

number of investigators within the last 1 5 years have given atten-

tion to this phase of the problem.

Inasmuch as this paper is concerned mainly with this question,

a brief historical survey seems desirable. The oldest work on

nitrogen-fixation is cited by Frank (id), and later by Froelich

(11), as having been carried on by Jodin (12) in 1862. A rich

fungous growth was observed on nitrogen-free media supplied with

sugar, tartaric acid, or glycerin. The purity of the cultures was

not certain, although atmospheric nitrogen compounds were

excluded and analytical methods were used. Later, Berthelot

(13) in 1893 reported nitrogen-fixation for three fungi: Aspergillus

niger, Alternaria tenuis, and a species of Gymnoascus, cultivated

on a medium containing Cohn's (cited by Smith 14) solution, to

which had been added tartaric acid or sugar and kaolin. He claims

purity of culture only for Alternaria, in which case he reports a

nitrogen gain as high as 98 per cent of the original nitrogen content.

During the same year, Frank (15) also reported nitrogen-fixation in

certain fungi which he found growing on a nitrogen-free solution of

sugar and mineral constituents. Later, using Penicillium clado-

sporioides Fres. {Eormodendron cladosporioides Sacc.) on a similar

solution, and applying chemical analysis to determine nitrogen

gain, he found a gain of 3
.
5 mg. in a 65 cc. culture.

Further positive results have more recently been reported by

Puriewitsch (16), Saida (17), Ternetz (18), Froelich (n),

and Latham (20) . Puriewitsch, using A spergillus niger and Peni-

cillium glaucum, cultivated on nitrogen-free media with tartaric

acid and varying quantities of cane sugar, secured a nitrogen gain

of 1.5-8.4 mg. for Aspergillus and 2.0-5.2 mg. for Penicillium.

SAmA worked with a large number of species, includmg Phoma
betae, Mucor slolonifera, Aspergillus niger, Endococcus purpurascens

,

Acrostalagmus cinnalarinus , Monilia variabilis, and Fusisporium

moschatum. He cultivated these on synthetic media with var>ung

quantities of sugar. He also used cultures with and without fixed
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nitrogen. In the first four species, he found a nitrogen gam,
running as high in one case as 10. 53 mg. in a 50 cc. culture of beet
sugar decoction. The. last three species showed negative results

throughout.

pycnidium

fixin

the amount of 6-10 mg. per i gm. of dextrose used. Later, the
same author (19) contributed another paper on other pycnidia

from

Phoma. nitrogen-free media

formula, but using varying

magnesmm investiga

Phoma as follows:

dextrose used. Ii

assimilated

mg. per i gm
same investigation, Aspergillus

Penicillium glaucum were reported to gain 1.71 and 3.8 mg.

s:m

Four years later, Froelich contributed a careful study of four
fungi isolated from decaying stems and leaves. The forms were
identified as Aliernaria tenuis Nees, Macrosporium commune Rbh.,
Hormodendron cladosporium Sacc, and Cladosporium herbarium
Link. These were cultivated on a medium similar to Wino-
gradsky's for Clostridium pasteurianum, with quantities of dex-

from 2 to 5 gm were
aerated by air freed from combined nitrogen. The author reports
nitrogen gains of 2 . 56-8 . 92 per i gm. of dextrose used. Froelich
also reported confirmation of Ternetz's results on Aspergillus niger
and Penicillium glaucum, although much smaller gains are reported
by Froelich.

Perhaps nitrogen-fixation

Latham
macystis nigra (A spergillus niger) , cultivated in solutions containing
ammonium nitrate, potassium dihydrogen phosphate, magnesium
sulphate, sugar, and a trace of iron. Some of the cultures were
modified by the addition of zinc sulphate, but this was reported
to have an inhibiting effect on the nitrogen-assimilating power.

fix
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in quantities all the way from 1.6 to 205 . i mg. The author
believes that the critical point of the fungus with regard to the

nitrogen supply is slightly below 160.3 mg. of nitrogen in 50 cc.

of the solution, and when a greater quantity of nitrogen is suppUed
fungus, it ceases to fix

seem
nitrogen-fixation by fungi

gators. WiNOGRADSKY
evidence

Berthelot on Aspergillus niger, while

was unable to confirm the work of eit

WITSCH or Saida, giving as his opinion that the
impure cultures or were in some other wav mistaken

P
Heinze (9) has recorded a repetition of the work of Purie-
CH and Saida, using similar solutions as well as numerous

modifications, including

of the fixed nitrofypn mr In no case was he able to confirm
the earher work. He fails, however, to give his

PURIEWITSCH
Ternetz

of Penicillium and Aspergillus in nitrogen-free solutions. It

may be added further that Breeeld (23) and Heinze (9) have
reported negative results with reference to the nitrogen-fixing
power of certain species of Ustilago and with Dematium-Mke fungi
and yeasts.

More

this

Pennington

(24) first reported no
nitrogen-assimilating power for a species of Fusarium isolated
from the soil.

pergillus

fixing

ti'

either m nitrogen-free or in nitrogen-containing media, using
methods similar to those of Froelich and Ternetz. Duggar

J20j

has very recently reported negative results for the foUowing
^ngr Copnnus comalus, Daedalea quercina, Polyporus sulphureus,
nchoderma lignicola, and Aspergillus nicer. With these he carried



igis] GODDARD—SOIL FUNGI 253

out two series of experiments^ involving about 400 flask cultures

ilture media. Analyses showed that in

no case was there fixation of atL^._^. ^___^ ^. ^ ^

in certain cultures of Aspergillus niger. In many cases, Duggar
reports there was a loss of nitrogen, which he attributes, usually

at least, to the production of gaseous nitrogen. A third series of

experiments is referred to, in which additional fungi have been

tested and the experiments of other investigators have been

duplicated with negative results.

It is beyond the province of this paper to consider the mycorhiza

fungi, any more than merely to refer to the work of Hiltner (27),

Frank (28), and others, who have reported nitrogen-fixation by
such fungi.

Discussion of these apparently very conflicting results w^ill be

reserved till a later part of this paper, the purpose here being only

this

time

begu

J
University of Michigan. The following purposes were in mind:

(i) to determine what species of fungi live habitually in an ordinary

agricultural soil; (2) to study their distribution as to depth and
nature of the soil; and (3) to begin some study of the part they

fertility. After isolating and making
I nitrogen-fixation

from
fungi possessed nitrogen-fixing power, such forms might well be

looked for in the soil. Furthermore, if any soil fungi were found to

fix nitrogen to any marked degree, such a fact would have important

bearing on soil fertiHty, as well as a large interest from the purely

physiological standpoint.

II. Isolation and identification of soil fungi

HISTORY OF SOIL FUNGI INVESTIGATIONS

Although many of the fungi living in the soil have been known
for some time, and many attempts have been made to isolate

mycorhiza forms, little work seems to have been done previously
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in studying the fungous flora of the soil as such. This is the more

surprising, since what study has been carried on indicates that there

is a very abundant and distinct group of forms which live habitu-

ally in the soil.

Perhaps the most extensive work in isolating and studying these

forms is that of Oudemans and Koning (29), who reported 45

species from a humous soil of the forest of Spanderswoud, near

Bussum, in Holland. It seems quite remarkable that of these

45 species, 32 were named as new species which inhabit the soil.

These belonged to the Hyphomycetes and Phycomycetes. Few

other similar studies seem available, although Adametz (30) has

carried on a study of organisms found in a field soil. He reports

having isolated, besides a number of bacteria and yeasts, the follow-

ing fungi: Penicillium glaucum, Mucor mucedo, M. racemosus, M.

stolonijer, Aspergillus glaucus, and Oidium lacHs. Again, Hagem

(31) has recently reported an investigation of Mucorineae which

he isolated from soil and air; 16 species were obtained from the

soil, and it is interesting to note that he named 8 of these as new

species.

Since the completion of this investigation, and after the appear-

ance of a preHminary paper by the author (Proc. Mich. Acad. Sci.

191 1), a paper by Dale (46) on soil fungi has been received. This

investigator reports and figures 20 genera of fungi isolated from a

sandy soil obtained from the Royal Agricultural Society's Farm
at Woburn, England. The resemblance between Dale's list and

that of this paper is certainly very striking. Not only many of

the genera, but a number of the species, are the same. I note

also in Dale's paper a reference to a recent paper by Jensen (47).

tion is being given to this subject.

much

selection of a soil plat

For the isolations of this investigation, a plat of rather rich,

clay loam was selected from a garden in Ann Arbor. It had been

m use for many years for raising common garden vegetables,

usually in rotation. As a rule, it had been heavily manured, but

durmg the last few seasons this had been less frequent and less
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abundant. manure
a garden crop had been raised. The entire plat was 20X 60 feet.

This was divided into three equal squares which were treated as
foUows: plat I was untilled and unfertilized; plat II was well
tilled but unfertilized; while plat III was both weU tilled and well
fertiUzed with stable manure. Samples of the soil from these

manner
made in the laboratory by the usual method, outlined by Duggar
(32, pp. 34-40). Pure cultures were then isolated and studied.

CULTURE MEDIA

Media

reference (i) to the idea of inhibiting the
\

(2) to getting a firm medium on which funj

veniently. Two methods were tried: (i)

medium, and (2) the medium
strongly acid by the use of oxahc or lactic acid. The latter method

provmg

mg method
successful, and was therefore employed for the first platings through-
out the investigation. m

niineral

nesium sulphate, during the sterilization. Less of this

steam

method
practically no bacterial growth appeared.

medium
most satisfactory

arm weather. Again, a medium
' ammonium

more characteristic cultures of some fungi, since with the latter a

medium
crust was often formed over the surface, which interfered with

ment. After considerable experimentation
media were finally used: medium

sively for the first platings; the growth of the fungi was also tested
on this medium in pure cultures; media 2 and 3 were used ex-
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clusively for the pure cultures. These media had the following

composition:
MEDIUM I

Distilled water 100 . o cc.

Gelatin 30. o gm
2.0 gmAgar

Monopotassium phosphate 0.2 gm.

Ammonium nitrate 0.2 gm.

Magnesium sulphate , 0,02 gm.

Sodium chloride Trace

MEDIUM 2

The same as medium i, except the gelatin was omitted

MEDIUM 3

Water

Agar.

100.00 cc.

2.00 gm
Monopotassium phosphate (M/ioo) o. 136 gm.

Calcium nitrate - (M/ioo) o. 164 gm.

Magnesium sulphate (M/iooo) 0.012 gm.
Cane sugar. . .^ (M/ioo) o.27ogm.

Medium 3 was not quite so transoarent as medium 2. How-

seemed
more media i and

80

method in common use among
)UGGAR (32). Medium i gav<

inhibiting effect of the gelatin medium
medium 2 grave 20. The

trong acidity. The quantities of the mineral

media were based on some studies on "opti-

mum
imum

confirmed in this investigation.

recommended. The same

SAMPLES

The method of taking the soil samples was a sUght modification
of that used by King and Doryland (35), at the Kansas Experi-
ment ^^faftr^r, :*, 1.^.. . -I . , -

^^^/'
. . r .

sam
cm. inside diameter
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brass rod, 11 cm. long and i cm. in diameter, made to operate
as a piston inside the tube. At one end of the tube is a collar

through which operates a small thumbscrew for holding the piston
in any position desired. The opposite end is sharpened for enter-
ing the soil. The brass rod is graduated so as to indicate the size

)le in cc. At the thumbscrew end, the brass rod
•m a convenient knob for holding. For use with

sam

cm

lengthwise of the lath and 2 cm.' apart from center to center.

runmng

sam first a hole, about 30 cm.
cm

plat. this

the lath. Next, the sampler, having

immediately

sterilized

the soil through one of the holes in
lath at the desired depth. After being turned

sam

into a sterilized

test tube provided for the purpose. The cotton plug was held
between the fingers while putting in the sample, and was returned
as quickly as possible. By this method, all surface contamination
was avoided and only fungi actually existing in the soil at the depth
of the sample were taken. A view of the whole sampling outfit
is given in fig. i

.

Samples of 2 cc. each were taken, and after being transferred
to the sterile, cotton-stoppered test tubes, were carried to the
laboratory and each treated with 18 cc. of sterile distilled water.
Each sample was thoroughly shaken, and as soon as the coarser

had
sterilized

which en

poured in the usual way.

10 cc. of the gelatin medium, which had been

and maintained at 42''-46'' C. From the first

)es 2 or 3 drops were transferred to the second,

X drops to the third. Plates were then
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Vigorous growth was generally obtained in 3 or 4 days, this

time being shortened by higher temperatures. As fast as indi-

vidual mycelia could be distinguished, pure cultures were isolated

by transferring to properly sterilized tubes of media. Medium 2

or 3 was usually used for this purpose, on account of the tendency

of the gelatin to liquefy in warm weather. Little difficulty was
encountered in getting pure cultures in this way. That the method
of plating was successful in keeping out all foreign spores was
demonstrated by a set of blanks, which was made at the time the

other plates were poured. These were poured like the others, but

Fig. I.—Sampling outfit

inoculated-,-— from sterile distilled water. On these, no fungi

developed until many days after Hberal growth had occurred on
the soil-inoculated plates, and then only an occasional mycelium
appeared on the very edge of the plate. In most cases, these

plates were perfectly clear for weeks after their preparation.

DISTRIBUTION AS TO DEPTH
In accordance with a previously stated purpose, these fungi,

after isolation, were studied with reference to the following points:
(I distribution as to depth; (2) distribution as to treatment of soil;

U) structural characters and identification. These will be consid-
ered in the order given.
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The studies of distribution according to depth were made on all

three of the plats previously indicated. Samples were taken in

different positions horizontally on each plat. Three depths were

tried at first: 2 cm., 8 cm., and 14 cm. Later, samples were taken

at only two depths: 4 cm. and 12 cm. Four sets of samples were

taken on dates and at depths indicated in table I. A scries indi-

cates a set consisting of a sample at each level given.

TABLE I

Date

April 28
July 1

2

12
August 15
October 12

12

12

Plat

I

I

II

III

I

II

III

No. of samples

2 series

I

I

I

I

Depths in cm.

2, 8,

2; 8,

2, 8,

2,

4,

4.

14

14

14

14
12

12

12

become ^-8 cm
of each plate, as accurately as possible without special device, to

determine the number of m\ The counting

my
from sam summary

obtained by these countings is given in table II. The averages

given were obtained by adding together all the countings made at

a particular depth and then dividing by the number of samples at

that depth.

TABLE II

Plat

I...
II. . .m l[[[[[[[[[

Average for 3 plats

Average number of icycelia per sample at each depth

2 cm.

68.6
101.5
17.8

4 cm. 8 cm.

21.

S

32.

s

36.

5

52.3

59^5

62.6 30.2 S5-9

12 cm. 14 cm

29.0

355
28.0

54-3
50.0
20.0

30.8 41.4

While the accuracy of the absolute values of these countings,

from which these averages are computed, might well be questioned,

nevertheless, it is believed that the relative values of the averages
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are significant. method

furthermore, the difiFerence in the times of taking

truesamples might well affect the absolute numbers. It is also

that the investigation of a larger number of samples would be
desirable before drawmg final conclusions. Nevertheless, the

comparative results indicate that the fungi in the soil investigated

low as 14 cm. No sam

uniformly

This

quite different from
King and Ddryland

made of the depths at which
fungi were found. From the results obtained, no definite rela-

tionship was discovered. Any particular species seemed about as

abundant at one depth as at another, down as deep as samples were
taken. The results for the three most abundant species are given
in table III.

TABLE III

Name

Fusarium (sp. ?)
Mucor ambiguus
Trichoderma nigro-virens

Total
NtJMBER OF
XSOIATIONS

Number of cultures at each depth

2 cm.

13

8

2

4
3

4 cm.

3
4

8 cm. 1 2 cm. 14 cm.

5
I

3
3
o

2

3
I

2 data were obtained, not from the orig

from the pure cultures isolated from th
2ason that the fungi were many of them

This

some

definite relationship

depth.

) far to be distinguishable. The data

insufficient for the drawing of final

jy go, thev do not seem to show any

ACCORDING TO TREATMENT
As prexiously stated, the three plats were differently treated
to tillaere and fprf;i;-^o4^:^^ tx _

'

, ., . a.^a
xpected that a m

different
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c

com This

heavily manured, and then well spaded and raked. The results,

however, did not seem to fulfil the expectation mentioned. Out of

about 60 pure cultures isolated, representing 18 different species,

but 2 species were found exclusively on plat III, while 3 were found
exclusively on plat I, and 3 on plat II. It would seem
able to suppose that these differences were due rather to the chances

of sampling or isolation than to differences in the flora of the plats.

The results WOnlrl inrllVatp tlipn q r^rn'h'iKilittr at l*^ocf fTiof fTi/^r/i

more

fungu

treatment It should

in this

months after the manure
applied. Any foreign fungi, therefore, which might have been

mtroduced with the manure may have begun to grow, and, finding

conditions imfavorable, have died out.

The conclusion that there is a rather constant and distinct

fungus flora in the soil is strongly confirmed by the work of other

investigators. Mr. Grossman, whose work has not yet been
published, has worked in this laboratory on a very different soil

from that used in this investigation. The soil used by him was a
fine, red

mile Out of about 12 or 14 species

from this clay soil, at least 8 are the same as those

ported here. What seems even more remarkable in this coimection
is that out of i8 species isolated here, 7 are the same as those found

OUDEMANS Amsterdam
Holland. And furthermore, 4 of these were named by Oudemans
as new species. Out of 13 genera found here, 8 were the same as

those found in Holland.

LIST OF FUNGI ISOLATED

list One asterisk

fungi found also by Grossman; two asterisks, those

Oudemans and Koning (29); three asterisks, those
in all three

may be found in figs, 2-16.

drawing
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Phycomycetes—(i) Mucor ambiguus VuUL; (2) M. stolonifer Ehrenb.

Hyphomycetes.—(3) * Myceliophthora sulphurea, n. sp.; (4) Coccospora
agricola, n. sp.; (5) * Fusarium, sp.; (6) ** Acrostalagmus cinnabarinus
Cda.; (7) * Pachybasium hamatum (Bonord); (8)

** Aspergillus calyp-

tratus Oudem.; (9) A. nidulans (Eidam); (10) * Penicillium glaucum Link;

(11) *P, bicolor Fries; (12) *P. candidum Link; (13) **P. humicolum
Oudem.; (14) * Hormodendron cladosporioides Sacc; (15) **Monilia
Koningi Oudem.; (16) *** Stysanus stemonites (Pers.); (17) Trichoderma
nigro-virens, n.sp.; (18) ** T. Koningi Oudem.; (19) Verticiilium chlamy-
dosporium, n. sp.

DESCRIPTIONS OF FUNGI

For the identifications the systematic works of Engler and
Prantl (36), Rabenhorst (37), and Saccardo (38) were used.

The work of Oudemans and Koning (29) was also found very use-

ful, and the work of Leger (40) was referred to.

Mucor ambiguus Ymll—Mycelium floccose, spreading rapidly,

soon covering the substratum and sending aerial hyphae 1-3 cm.

above; becomes dusty gray by formation of sporangia. Hyphae
branched, hyaline, 6-10 /x in diameter. Sporangiaphores very
variable in length; branching racemose-sympodial, richly mixed.
Each method occurs separately and the two are often combined
m the same fructification. In the racemose type the terminal

sporangia are often larger than the lateral, the whole appearing

clustered. iympodial

sporangiophore, and then a lateral branch forms basal to this wall.

The lateral branch continues growth, repeating the process, thus

developing a sympodial system. The two types of branching
are often combined by one or more branches of a racemose cluster

becoming elongated and developing in the sympodial way.
Branches of the sympodium 10-100 /i long. Sporangia globular,

60-100 /i in diameter, larger terminal sporangia 125 m, dusty
brownm color. Columella present, conical to globular, 35-50X40-
60 ;t m diameter, slowly deliquescent leaving a slight collar. Spores
elhptical, seldom globular, 3-5X5-7 M in diameter, smooth.-Fig. 2.

Dh
^^^ ^^^ showed extreme variation in the branching of its sporangio-

f '^Ji^^' ; u^ ^^^ diagnosis, so far as branching is concerned, comes very near
to M globosus^ Rabenh., its spores are typically elliptical and not globular.

me same time, the columellas are conical to globular and not pyriform.
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These characters correspond much more closely to if. ambiguiis. Consider-

ing all its characters, it was decided to refer it to that species.

This form was found very abundantly in all the cultures made. Its

abundance was exceeded only by that of Fusarium sp.

Myceliophthora sulphurea, n. sp.

—

Mycelium at first orbicular,

white, loose, and tufted in the center with a radiate border; becomes

sulphur yellow and
finally zoned with pale

yellow or white center,

alternate white and

yellow ridges, and a

white, radiate border;

reverse side orange
yellow; medium little

colored. Hyphae
branched, septate,

hyaline, 3-4 ix broad,

easily falling apart into

oidia-like segments of

very variable size and
form, some rounding
up into oval or globu-

lar conidia, others
remaining as undiffer-

entiated cells. Conidio-

phores scarcely differ-

entiated from the
mycehum

; sometimes pic. 2.—Mucor ambiguus Vuill.: a-c, sympodially

whole hyphae break branched sporangiophores, X8o; d-f, racemose spo-

up into oidia in other rangiophores, X8o; g, mixed racemose-s>-mpodial

racr^c ^^„ i- .1. sporangiophore, XiSoi A, columellas, X 180; i, spores,
cases rows of comdia, v-^s^

With yeastlike branch-
ing, form at the ends of certain branch hyphae. Comdia exceedingly

variable, from undifferentiated cells to oval globular spores 5-10X
10-16 /i in diameter; no chlamydospores,—Fig. 3.

The vegetative appearance of this form is very characteristic and very
constant, but the spores and method of fructification are rudimentary and very
irregular.

#
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Coccospora agricola, n. sp.

—

Mycelium orbicular, at first -v

with a tufted center and radiate border, becoming slightly z

with concentric grooves and ridges, turning pinkish brown espec

inside, finally forming a powdery pinkish brown surface with

reverse side weakly orange. Eyphae very little branched, sep

4-6 jU broad, hyaline. Conidiophores little

'V-,.:

Fig. 3. Myceliophthora sulphttrea, n. sp

hyphae bearing simple cor

hyph

a

up into oidia, X380; i, oidia-like conidia, X380.

of short side branches,

each bearing a single

spore at the end, or

sometimes forming race-

mose clusters; side

branches 1 2-30 ju long,

generally septate. Co-

nidia (chlamydospores)

large, thick-walled,

mostly globular, very

persistent, not being set

free in water, 16-25 p

in diameter; membrane

hyaline, 2-3 /x

contents highly granular

and faintly brownish.

Fig. 4.

The large, thick-walled,

persistent chlamydospores,

and the simple method of

fructification, were the most

strikingly characteristic fea-

tures of this fungus.

FUSARIUM (sp. ?)•

thick

;

Mycel white, chan-

com
indefinite extent, soon covering the medium
color pink, medium colored pink. Hyph ?

granular, hyaline

form a loose, cottonv web above the medium

knotted chains of chlamydospores. Conidiophores at first

le branches bearing a spore at the end, or lacking with the
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spore sessile; later developing into a Cephalosporium stage in which

the conidiophore lengthens^ becoming 30-80 ix long, cutting off

successive conidia (microconidia) at the end, older conidia pushed

aside by the younger to form a globular head enveloped in more

or less slime; head falling to pieces easily. Conidia varying widely

in size, form, and number of septa, Microconidia small and kidney

or oval-shaped, with no

septa, 3-4X8-12 jLt in di-

ameter. Macroconidia
typically sickle-shaped,

with 1-4 septa when old;

2-septate spores 4X 1 1-

20 ju; 3-septate spores 4-5

X25-36JU; 4-septate spores

5X38 /I. Conidial heads

globular, 30-35 /x in di-

ameter.—Fig. 5.

This was the most abun-

dant fungus found. It was
rather uniformly distributed in

all the plats and at all the

depths. Ten or twelve mycelia
of this were obtained on the
plates to one of any other

fungus.

ACROSTALAGMUS CINNA-

BARiNUS Cda.—Raben-

fig

.

—Coccospora

sketch; hyph Cj hj-phae

DEMANS
pi

bearing conidia on simple side branches, XiSo;

, r ,

.

1 . , d, clustered conidiophores, X380; e, simple co-

Myceltum orbicular,
nidiophores bearing conidia, X380; /, conidia

at first white, changing to (chlamydospores)

orange or rose pink, be-
coming zoned with white margin and zones of hght and dark pink

within

Hyph a broad. Conidioph
septate, twice verticillately branched, secondary branches 12 ju

form
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enveloped in slime; heads 8-14 ju in diameter, easily falling apart.

Conidia elliptical, i .5-3X4-6 /x in diameter.—Fig, 6, A.

This fungus, in most of the cultures, did not show the characteristic rose-

red color, but rather a decided orange. However, several luxuriant plate

cultures showing brilliant rose

pink were developed on me-

dium I by inoculation from an

orange culture. Orange cul-

tures were obtained again by
r

inoculation from the rose pink.

Pachybasium hama-

TUM (Bonord).—Raben-

HORST 37» I': fiS- 3^^>

Engler and Prantl 36,

i^: fig. 440, A.—Myce-
lium at first white and

scant, spreading to form

a loose web, sometimes

hardly visible on the sub-

stratum, soon forming

irregular, white, woolly,

tufts

mm. broad, giving a
m

Fig. 5.~~Fusarium (sp. ?): a, b, hyphae
bearing simple conidiophore, Xi6o; c, same,
X380; d, e, hyphae bearing conidial heads
(microconidia)

, X i8o; /-;, stages in formation
of conidial heads, X380; I, hyphae forming
chlamydospores, X180; m, same, X380;
microconidia, X380; 0, macroconidia, X380.

scattered, botryoidal ap-

pearance; tufts at first

white, becoming gray-

»

green as spores form; re-

verse color the same; no

coloration of the medium.

Hyphae sparingly

branched, hyahne, 3-5 M

• «

from the hemispherical

broad. ph

consisting of a twice or

minalthree times branched fertile portion and an elongated, rermuia.,

sterile portion; fertile portion verticillately branched or forked to

branches of the third order; end branches thick flask-shaped, 5"^/^

long, each having a
'""''^

sterigm
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ends with one or two short branches, septate, bent, and rising over

the' surface of the tufts giving a characteristic woolly appearance.

Conidia single, pale green, gray-green in mass, 3-4X5-7 ju in

diameter.—Fig. 7.

This description agrees well with Rabenhorst, except that the sizes of the

spores and of the flasklike end branches of the conidiophores are a little small.

However, there seems little doubt

that this is the same species.

Aspergillus calyptra-

; Oudem.

—

Oudemans and

pi Mycelium
floccose, spreading into a

thick, white mat of irregular

extent, little zonation, be-

comes avellaneous with age,

green where spores are pro-

duced thickly changing to

almost black; reverse side

avellaneous to fulvous; no
coloration of the medium.
Hypkae richly branched,
hyaline, septate, 3-4 /x broad.

(a

A

Conidiophores

clined, o. 3-c

base hyaline and septate,

upright or in-

highmm

ellipticalswollen end
verse pear-:

fructification

dark green changing to black,

Fig. 6.

—

A, Acrosialagmus cinnabarinus

Cda.: a, J, hyphae bearing conidiophores,

Conidial ^^^! ^' conidiophore with comdiiferous

cells and conidial heads,

X380.

conidia

ByPenicilliiim hicolor Fries: a-c, conidial

40-60X100-200 II long. fructifications, X8o; d-f, same, showing

Basidia nea rly cy

pointed, densely packed,
6-8

IX long. Conidia in long chains, ^

2-3 M in diameter.—Fig, 8, A,
Aspergillus nidulans (Eidam).

branching and conidiiferous cells, X380;

g^ conidia, X380.

smooth

Prantl 36,

h •Mycelium at first white, soon becoming chrome

cream
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media

2; reverse color ochraceous; medium colored reddish brown.

Hypha^

phores

globular,

upright, mm
diameter

Fig. 7.

—

Pachybasium hamalum
(Bonord)

: a, habit sketch; b, fruiting tuft

showing conidiophores and sterile ends,

X80; d, branching conidiophore with whorls
of conidiiferous ceUs, X380; c, fruiting
hyphae with sterile end, X 180; e, conidia,
X380.

;e, hyaline, 4-5 /x broad. Conidio-

long, septate; swollen end sub-

Conidial fructification irregularly

globular, loose, dark green to

black, 75-125 /i in diameter.

Basidia once branched, pri-

mary branches club-shaped,

about 5 ju long; secondary

branches ninepin form, 7 m

long. Conidia in long chains,

globular, 2
.
5-3 ju in diame-

ter.—Fig. 8, B.

Penicillium bicolor

Fries.

—

Mycelium at first

white, center becomes glau-

cous with white border, later

develops a sulphur yellow

outer zone which continues

to form in the new growth,

giving slight zonation, the

whole finally changes through

avellaneous to brown when

old; yellow develops more

brilliantly on ammonium

nitrate media (nos. i and 2)

;

less yellow and more glaucous

on calcium nitrate medium

reverse color fulvous

mediumto ferruginous;

colored brown. Hyph e

many septa, much curved Conidiophores—.-v^^^v^, iiiaiij scjjLa, mucn curveu, i . 2-2 ju Droaa. i^oniawj/n^'-"-

upright, septate, hyaline, 200-300 /x long, 2-3 /x broad, branched

1-3 times at the top to form a comnart fnirtification. Conidial

fructification 100-200' 'J— •'•'""' ^^-Aj-^uu/i long, consistmg ot brancnes 10 me ^cw"^
and at times to the third order (tertiary) , the last bearing whorls of
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r

conidiiferous cells on the end of which

fructification very compact: branches cylindrical

length, 8-10 /i long, 3 /x broad. Conidiiji

form, slightly bent, 8-9 /x long,

pale green in mass, 2-3
y

This answers closely to

the fungus described by
OuDEMANS and quoted In

Rabenhorst under the
name bicolor, as found in

humous earth in Holland.

I find nothing in Thom (33)
that seems to correspond to

it. It would appear to me
that this form has decided

specific characters, which
distinguish it sharply from

I globular

•Fig. 6, B.

P. crustaceum L.

Link

Penicillium can-
DIDUM Mycel
spreading, floccose, pure
white

sometimes

I

maming perfectly whi
especially on media
and 2, finally gray to

avellaneous in the oldest

parts; reverse color a, h, conidiophores with conidial fructifications,

yellowish to OchraceOUS -^^^J ^^ conidial head with sterigmata and conidial

chains, X380; d, sterigmata, X75<>; ^j conidia,

X380.

Bj Aspergillus nidnUns (Eidam): a, conidio-

Fig. 8.

—

Ay Aspergillus calyplralus Oudem.:

or even ferruginous;

medium uncolored.
Syphae branched, sep- phores with conidialfructifications,X 80; &, conidial

tate about ^ a hro;^d
^^^^ ^^'^^^ sterigmata and conidial chains, X380;

pi up to
c, conidia, X380.

250 ^ long, 3-4 ju broad, septate, hyaline, branched once or twice,

often not at all, 1-5 conidiiferous cells at the end. Conidiifero

9-1
100

> IX long, 3-4 ju broad. Conidialfructijication

150 /i long, often longer, loosely brushlike. Conidia smooth,
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thin-walled, pale blue-green by transmitted light, 2X3
varying Fig. 9.

This description does not fit P. catididum perfectly. The spores of the

form here described are oval and pale blue-green, while those of P. cattdidum

are described as globular and white. However, these do vary to globular,

although not typically. Again, the changing of the mycelium from white

to gray-green and avellaneous is unlike P. caiididum. However, this character

varied on different media. On no. 3, the gray-green showed more decidedly

than oni or 2. The white followed

by avellaneous was more decided

on no. 2. The color characters

and also the spores seem to cor-

respond more closely to the P.

camemberti described by Thom.

Differences in the other charac-

ters, however, would not at all

favor this name. On the whole it

has seemed best to call it P.

candidum^

Penicillium HUMICOLUM

OuDEMANS and

This

em
KoNiNG 29, pi. 26

fungus showed marked differ-

ences when grown on different

media. On media i and 2,
r

the mycelium was cream to

„, yellowish green, forming a

^;^;'^^''']}'^'-'^'^''f^^^^
wrinkled, cheesy, superficial

fructifications with conidiiferous cells, X 380- . ., v Ar.r\
y, conidia, X380.

^.A3»o.
^^^^^ vi\ii(^ becomes dark

green (atro-virens) over por-

tions where spores form; mat of Hmitcd extent, usually orbicular;

Fig. g. candidum

with a narrow cream

medium. When
medium

3, the mycelium formed no yellowish, wrinkled crust, but

produced an orbicular, dark green mat, somewhat raised in the

center and having a narrow white border; reverse color yellowish.

^yphae richly and irregularly branched, verv irregular in form,

many septa, short cells.

nlargements giving a gnarled

foamy and vacuolated
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Conidiophores erect, little branchedj

long, often very short, 3-4 ix broad.

130 /£

fructification

com
m

120 ju long, 15-20 ju broad, branched trichoto-

nches tapering, bent, 8-10 /x long; secondary

times Conidia in

long chains, hyaline, globu-

lar, 2-3 fx in diameter

Fig. 10.

This comes very close to

OuBEMANs' P. humicolum,
although the breadth of the

conidiophores and of the spores

is slightly larger for the fungus

here described. However,
there was considerable variation

in these sizes.

HORMODENDRON CLA-

DospoRioiDEs Sacc.

SORAUER 41, fig. 7.

Mycelium orbicular, smoky
changing to black, slightly

zoned with fringelike bor-

der; surface of mat be-

comes botryoidal and much
wrinkled; reverse color

black; medium not
colored. Hypliae much

--^^.-.

o^V

Fig. 10-

—

Penkilliiim humicolnm Oudem,:

, conidial fructifications, X80: c, hyphae

branched septate some- showing foamy, vacuolated condition, X380; d,

what gnarled sm to

brown (umbrinus), 3-5/* i, conidia, x 380.

broad
, Conidiophores a

little branched at the top, septate,

gnarled hyphae
J
e-h, conidial fructification show-

ing conidiiferous cells and conidial chains, X380;

75-100

Jructificatio7i a dense, irregular mass of spores borne in

th in

blunt or pointed, oval to elongate, 3-5X6-15 /i in diameter.

Fig, II-

MONILIA KONINGI
21^—Mycelium white

OUDEMAN KONING 29, pi

finely



272 BOTANICAL GAZETTE [OCTOBER

(light umbrinus) center which spreads and becomes somewhat
zonate by varying densities of color, the whole finally becomes

powdery brown ; reverse color brown to ferruginous ; no coloration

of the medium. Hyphae branched, septate, hyaline, 4-5 ju broad.

Conidiophores little differentiated from the mycelium, septate, once

or twice branched, the last

branching often being di-

• or trichotomous, each

division bearing a long

conidiiferous cell. Conidi-

iferous cells flask-fomij 2>^-

40 ju long, often arising

singly on simple side

branches . Conidial fructi-

fication either simple or

clustered, each flask-shaped

cell bearing a long chain of

conidia. Conidia in chains

up to 30, often connected

by a neck, terminal conidia

often larger, globular to

lemon-form, 6-9 /x in diam-

eter, brown (light um-

brinus), chains persistent.

—Fig. 12.

On the ammonium nitrate

media (nos. i and 2), this

fungus developed differently in

its general appearance. The

mycelium often formed a cream

colored, cheesy, irregular crust

, with a loose network of hyphae

^h
^
fl A

^ ^^^^ ^^^^' ^^^ ^^^^y ^^^^^^ ^^^ ^^d radiate grooves about
^raer. Later, spores formed thickly over the surface of the crust, giving

LmalioT^
^'''^^''^' Abundance of moisture favored this cheesy

Stysanus stemonites (Pers.).~-RABENHOEST 37, x^:/^- 337;
UUDEMANS and KoNiNG 29, pL 2Q.~Mycelium at first white,

Fig,

Sacc.

:

Hormodendron dadosportaides
hyphae with conidiophores and

conidial fructifications, X180; ^, compact conid-
ial fructification, X180; d, branching hyphae,
Xabout 300; e, conidiophore and fructification,
Xabout 300; /, same, X380; g, conidia, X380:
«, habit sketch.
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radiate, hemispherical^ soon dark brown (dark umber) in the center,

finally dusty brown with tufts of coremia, the whole having a nar-

row white border; reverse color rusty to dark brown; medium
often changed to creamy, ch

nitrate media (nos. i and 2).

3
.
3-4 . 1 ^ broad. Coremia

mass esDeciallv on ammonium
Hypk

bushlike I mm
o coremia

made
a slender stalk and an ex-

panded, cylindrical, brush-

like head ; head made up of

long hyphae which send

out short side branches

each of which bears a

a

basidium

each

sion bearing a basidium-

like cell. Basidia flask-

shaped, 5-7 /i long, each

bearing a long chain of

spores. Spores are also

produced in simple, umbel-
late clusters which are
borne on short side
branches. These clusters

form esneriflllv nf i'Uf^ o-Ana

^0
g

of the med
Fig. 12.

—

Monilia Koningi Oudem a,

Conidia ^^bit sketch; h, conidial fructification, X8o; c.

spores
in long chains, oval to

<'' sa"ie, Xi6o;^c, chain of conidia, X 380; /,

lemon-shaped, sometimes
joined by a short neck,

conidiiferous cells, X380; g

X380.

brow
ameter

mass.—Fig. 13.

Trichoderma nigro-virens, n. s

^vhite, spreading to form a thick

successive concentric, dark green
with Whitp trrpnr, ^^t,«. ^^..^^A^A ^

•Mycel

alternating
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zones finally almost black, sometimes brown to olive green, giving a

very characteristic and prominent black and white zonation with

a broad white border; reverse color sulphur yellow to reddish

brown on agar-ammonium nitrate medium: medium colored vel-

Hyph 2
. 4 ju broad.

^
a

d̂

pk

branches opposite or

alternate, two or three

times forked at the end,

each end branch bearing

2 or 3 conidiiferous cells,
+

each of which bears a

conidial head at the tip.

Conidii/i cells lon^,

J

Fig. i:^.~Slysanns stemonites (Pers.):

tapering^ abruptly pointed

15-20 fi long, 3-4 ju broad,

Conidial heads irregularly

globular, 4-8 /^ in diameter

when young, massed to-

gether with age to form

black, granular, masses

100-500 jct in diameter

orm the black

conidiophores at

last disappear, leaving only

which
zones

tuft of coremia, nat. size; b, tufts of coremia' ^ ^^'' "^ 'P'''^^'
whose

X2.s; c, d, conidial fructifications, Xi8o; e
conidiophores with conidiiferous cells and chlins
of conidia, X380; /.coremium, X8o; g,conidia,
X380.

^ement often simu-

lates chains. Conidia oval

to fusiform, green by trans-

mitted light, dark green to

u,a^^ m mass, 3-5X6-8 M in diameter—Fig. 14.
This was the third most abundant fungus found. It occurred in nearly

all the plates. Its identification was especially diflficult because of the rapidity
with which the conidial heads massed together, making it hard to determine
the character of the conidiophores. This was especially confusing on account
o the chainUke arrangement of the spores in the granular masses. The
Diacfc and white zonation was the most conspicuous character in the manner of

growth. In some cultures, the spore masses fused together in the presence
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ot abundance of moisture to form a continuous, inky black, somewhat slimy
surface.

r

Trichoderma Koningi Gudem.—Oudemans and Koxixg
29i pi' 31.—Mycelium sparse, loose,

first white and floccose, later bluish green and finally
(atro-virens) or olive green,

spreading loosely and ir-

regularly over the surface;

reverse color olive green;
no coloration of the
medium. Hyphae richly

branched, scattered, hya-
line, septate, 2.5-3.5/^

indefinitely

forming

me
ra ph

branched, opposite or alter-

times
forked, each branch ending
in 1-3 conidiiferous cells

each of which bears a co-
nidial head. Conidiiferous
cells flask-shaped, 8-10 m
^ong, 3-4 M broad . Conidial
AcaJj globular, without ,

shnie, 6-10 n in diameter,
easily breaking to pieces ^^^' ^i-—Trichodertna nlgro-virens, n. sp.:

Conidia pale ereen tran^'
'^> ^^^it photograph; fc, conidiophores, X80; c,

. .

"^cii, udiib- conidiophores showing conidial heads, X180;
parent, elliptical varying d-f, conidiophores showing conidiiferous cells

to globular, 2.5-3X3-4 iu

^"" '
''"'

^' ^ ^

diamete Fig- 15'

X380; *, conidiiferous cell, Xabout 750; g,

}8o: h, germinating conidia.

Verticillium chlamydosporium, n. sp.—Mycelium orbicular,
spreading into a thick mat with little zonation, at first white,

cream, and finally ochroleucous to ochraceous forming a firm
crust

ith (fl:

hyaline, 2-^3.3 ^ broad.

medium. Ilyph
J

Conidioph
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lately; end branches 15-30 /x long, in whorls of 3 or 4, tapering to

a knobbed end which bears a single spore. Conidia oval, hyaline,

2 . 2-3
. 5 ju in diameter, easily falling away. Chlamydospore forma-

tion especially common; chlamydospores multicellular, 4-9-celled,

with granular contents, thick-walled, globular, 10-25 M i^ diameter

when mature, slightly lobed, borne on short side branches which

are 15-30JU long, very persistent.—Fig. 16,

This chlamydospore-formation is the most characteristic feature of this

fungus. The older mycelium becomes a complete mass of these, matted in

with hyphae, which at last disappear, leaving the chlamydospores as a creamy

or ochraceous powder. The verticillate, conidial fructification forms more

abundantly in the young mycelium at the edges of the culture, while later

only chlamydospores are formed.

III. Assimilation of free nitrogen

GENERAL PLAN AND METHOD

[n this part of the investigation an effort was first made to

some qualitative indication of nitroeren-fixation in a trial with

this, it was planned

from the experimental

exact analytical methods, using any forms
of such power. In carrying out this plan ]

tions were made.

I. Culture solutions of 2=: cc. e^ch wprp prepared
which, after sterilization and inoculation bv means •j

were allowed to stand m the air protected only by germ-prooi

cotton stoppers.

2. A similar investigation was carried out, using 150 cc. Erlen-

meyer flasks instead of test tubes, and using 50 cc. of the nutrient

solution for ea^h culture.

3. Cultures of four fungi, which gave the most hopeful indica-

tion of nitrogen, were prepared in an apparatus for aerating by

means of air drawn through sodium hydroxide and concentrated

sulphuric acid. Each culture contained 100 cc. of the culture

solution.

4 those iC3" were put under bell jars
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which allowed entrance of air only through U-tubes containing

concentrated sulphuric acid.

5. Cultures of one of these four fungi {Myceliophthora sulphurea)

were made in Erlenmeyer flasks containing solutions with varying

quantities of ammonium nitrate, to see whether nitrogen-fixation

would not be possible when
growth was started by
small quantities of com-
bined nitrogen. These
cultures, each containing

r

50 cc. of the nutrient solu-

tion, were left exposed to

the laboratory air, being

closed only by cotton
stoppers.

The media for all these

cultures were made up by
the use of ammonia-free
water, as shown by tests

with Nessler's reagent..
This water, for some cul-

tures, was prepared by a
second distillation of dis-

tilled water, to which had
been added a small quan-
tity of sulphuric acid. The
first

^G

Fig. 15.

—

Trichoderma Konitigi Oudem.: a

typh

Tpnc oKtt^, j- 11 phores with conidiiferous cells and conidialwas always discarded as an l^^ ^,«„ ,^. ^^^
extra precaution. Some of

the cultures were made w
:ained from the c

heads, X380; e, conidia, X380.

^lichigan.

The chemicals used in all the investigations

Most of them were marked " Kahlbaum." Furtl

all submitted to chemical analysis, which showed
tree except the dextrose, which contained o . 1

they
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per 1
.
o gm. of dextrose. As pointed out later, this nitrogen did

not appear to be in a form which was available to the fungi.

In every investigation, all the glassware for the cultures was
cleaned with the greatest care by being placed for 6-24 hours in a

mixture of potassium dichromate and concentrated sulphuric acid.

All rubber for connections

was new and was first boiled

in a 10 per cent solution of

sodium hydroxide until per-

fectly clean-

Sterilizations were carried

out in an autoclave raised to

150° C. at least 20 minutes.

It was found that tempera-

tures much above this were

likely to cause some de-

composition of tl

giving a brown o

the medium (D

p. 20).

32 >

Inoculations were made in

by
platinum

small

a pure culture into about

10 cc. of sterilized distilled

Fig. 16— Verticiliium chlamydosporiim, water in a small test tube.
n. sp

: a, comdiophores, X8o; b, portion of Thpn
conidiophore with conidiiferous ceUs, X380;

from

c, e, chlamydospores, X380; d, young
chlamydospores, X380; /, conidia, X380.

the

held

inoculated with

germ

sterilized culture flasks by

means of sterilized pipettes

d beaker. That the cultures

spores from the same
containing media. Sucl

source were inoculated into nitrogen-

vigorous and char-

xplained

growth, with the exception of the first inv
er. Furthermore, some growth
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the nitrogen-free cultures, and microscopic examination established

the purity of these growths.

The fungi tested in this series of investigations include all those

previously given in the complete list, excepting Mucor stolonifer,

Penkillium glaucum, P. hicolor, and Trichoderma Koningi.

In the last four investigations, cultures were submitted to the

most careful chemical analyses to determine the quantity of nitrogen

in the culture at the beginning and at the end of the growth period.

Proper controls were used in each case.

In all the five investigations above mentioned, the results were

entirely negative for all the 15 fungi tried, under the conditions of

the investigations. The highest amount of nitrogen found in any
culture in a nitrogen-free medium, after the method of analysis had
been mastered, was o . 46 mg. in a 50 cc. culture. A repetition

of this culture under essentially the same conditions showed only

o.ii mg. gain. One other result of 0.31 mg. gain was obtained,

although the duplicate culture showed a gain of but o . 03 mg.

Aside from these results mentioned, all the values for the nitrogen

gain are well within the limits of error of the method. This error

IS somewhere about 0.14 or 0.21 mg. Indeed, it is doubtful if

results can always be obtained as accurately as this. In the cul-

mvestigat

mg
mng

CHEMICAL ANALYSES

For the chemical analyses, different modifications of the

Kjeldahl method were employed. In general, these methods were
m accordance with the official methods of the Association of

Chemists For nitrate-

free media, the Gunning method was used, modified by the use of

copper sulphate, according to the investigations by Hibbard (43)
and in accord with the method used by Ternetz (19; see Hoppe-
oEYLER 44). For the analysis of media containing ammonium
nitrate, the "Official Gunning modification to include the nitrogen
of nitrates " was used, modified by the use of copper sulphate as in
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nitrate-free method methods
follows :

-free method.—The material

in the form

Kjeldahl flask. This material

nearly to dryness as hereafter described. Next, :

ture of potassium sulphate and copper sulphate

the flask. The proportion of these which gave the

9 . 2 parts of K.SO^ to o . 8 parts of CUSO4. Then 25 cc. of sulphuric

acid was added, after which gentle heat was applied. This was

best

mcreased continued for

mmutes after clearing. The contents of the Kjeldahl flask

distillation

240 cc. ammonia made a

sodium
(40 gm. pure sticks to 1 20 cc. ammonia-free water^ . Two small

mu

ma

were now added, and then heat was applied until about 250 cc.

of the distillate had passed over into the standard acid. The
volume of the standard acid was in most cases 20 cc.

2. Method in presence of nitrates.

the digestion flask and when this was thoroughly cool, 30 cc. of a

mixture of concentrated sulphuric acid and salicylic acid were

added. In most cases these two, previously mixed, were added
m the proportion of i gm. salicyHc to 30 cc. sulphuric; but when
large quandties of nitrate were present, i gm. of salicylic was
used to 25 cc. sulphuric. The flas

5-10 minutes with frequent shakings, and then 5 gm. sodium
thiosulphate were slowly added and well mixed

tand

Heat

minutes
which minutes. Next,

gm. of a mixture of potassium
added

;

foaming
strong heat was applied tfll 1 5-30 minutes beyond clearing. Distil-

method
method was used throughout

ammonia For very small quandties
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ammonia

into N/20 sulphuric acid, which was then titrated by the use of

N/20 sodium hydroxide. In some cases with larger nitrogen

content, N/io or even N/5 solution of the acid was used.

Ammonia-free water was employed for all the distillations. The
distilled water of the laboratory was found to contain 0.21 mg. of

nitrogen in 300 cc. of the water. The ammonia-free water for this

was prepared by the evaporation of distilledwater to one-halfitsorigi-

nal volume after the addition of a small piece of sodium hydroxide.

After the titration, the quantity of nitrogen was calculated as

follows: I cc. N/ to I cc. N/
ammonia (NH3); i cc. N/io amnonia contains 1.404 mg. of

nitrogen; then the nitrogen present is equal to the number of cc.

N/
chemicals used in the an

obtained. marked
standard purity/' At the same time, the purity of the chemicals

was tested by a blank in which only the chemicals were used.

This showed the chemicals used in the nitrate-free method to con-

tam 0.42 mg. of nitrogen, and in the nitrate method 0.56 mg.
The amount of the proper blank was subtracted in each case from
the total nitrogen of the determination. The filters used in separat-

mg the mycelium from each of the cultures were analyzed and found
to be nitrogen-free.

The apparatus employed for the digestion consisted of 500 cc.

KJeldahl flasks of the oval form, each provided with a straight

bulb tube, which was inserted in the neck of the flask to prevent

loss of sulphuric acid. The distillation was carried out in

round bottom Jena flasks. These were connected with Kjeldahl

bulbs by means of rubber stoppers, and the bulbs led into glass

condensers which were placed in an upright position. The distil-

late was collected in a 500 cc. Erlenmeyer flask. The burettes

500

most
enamel All apparatus

time
In addition, they were rinsed at least twice with distilled water,

after which they were either inverted or covered.
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The standard solutions were standardized in two ways. First,

by titration of the alkah against standard succinic acid, which was

prepared by dissolving 5 . 903 gm. of C.P. salt in 1000 gm. of distilled

water. Second, these results were confirmed by reference to stand-

ard hydrochloric acid whose absolute strength had been deter-

mined by precipitation with silver nitrate and weighing of the silver

chloride. The sodium hydroxide was found to gain strength by

standing in glass, so this was checked every few days against the

standard acid.

Methyl red (45) was employed as the indicator for titrating the

distillate. This was found to give a much sharper and more

m ithyl orange. The

whole of the distillate was used for titration. The results were

found much less accurate when only part was used and computation

made for the whole. In standardizing solutions, phenolphthalein

was usually used as indicator, although with the strength of acids

m
Culture solutions were evaporated over a water bath, down to

about 10 cc, before addiner them to the digestion flask. Previous

to the evaporation, 5 drops of concentrated sulphuric acid were

added to fix any free nitrogen present. This precaution applied

especially to the cultures left exposed to laboratory air. In the

analyses when ammonium nitrate was present, this evaporation

was found to be especially necessary, since the heat resulting from

the mixture of the acid and water caused a loss of nitrogen in the

form of nitric acid or oxides of nitrogen. To avoid this, extra

precautions were taken. After the evaporation had been carried

to about 10 cc. m the usual way, this quantity was transferred to a

Kjeldahl flask with two or three small rinsings, and then the

evaporation was carried nearly to dryness in this flask over a water

bath. It was also found necessarv to ha.vp the contents of the flask

mixture

As a

acids. To accomplish this, the flask was cooled in ice watt

then held in ice water while adding the mixture of acids,

still further precaution, about 0.5 gm. of salicylic acid was added

to the material to be analyzed and thorougjily mixed before adding

the sulphuric-salicylic mixture. In using the ammonium nitrate
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in the form of the dry salt for the test analyses, it was found neces-

sary to have the salt thoroughly powdered before adding the

sulphuric-salicylic mixture. In nearly all cases the analyses were

carried through in duplicate.

By both methods of analysis used^ a series was carried through

with some substance of known composition and purity, in order to

make sure of accurate results from the method. Asparagin was
used for the nitrate-free method, while ammonium nitrate w^as

employed for the method including nitrates. For all small amounts

of asparagin, a suitably large quantity of the pure salt w^as carefully

weighed on an analytical balance and then dissolved in a quantity

of water measured up in a volumetric flask. For each analysis,

the desired quantity of this solution was measured oflf into an

evaporating dish by use of an acciurate burette. The solution was
then evaporated down to 5-7 cc, and was then poured into the

Kjeldahl flask, together wdth two or three small rinsings. The
following tabulation gives the results of these analyses in compara-

tive view:

TABLE IV
Blank determination gave N 0.42 mg.; cakulated per cent of N in asparagin,

18.70; solution I, 80 mg. asparagin dissolved in 200 cc. distilled water; solution 2,

1000

No.

I

2

3
4

5
6

7

8

9
10

12

Material used

100 mg
100 u

100 u

50
a

50
u

50
a

20 a

20 a

15
«

15
a

3
u

3
a

Axy salt

« a

« a

a u

« a

(50 CC. sol. l) . .

(50 cc. sol. 2) . .

(duplicate of 9)

.

(10 cc. sol. 2).. .

(duplicate of 11)

N obtained
less blank

mg.

17.97
18. II

18.04
8.98
8. 98
8.92
3.79
3-65
2.67
2.70

0.49

Calculated
amount

mg,
b

18.70
18.70
18.70

Difference

mg.
c

0.73
0.59
0.66

9.35 0.37

9.35 0.37

9.35 0.43

3-74 0.05

3-74
'

0.09
2.80 0.13
2.80 o.io

0.56 0.03
0.56 0.07

Percentage
obtained

d

17.97
18. II

18.04
17.96
17.96
17-83
18.90
18.25
17.80
18,00

Variation
from calc.

percentage

0.73
0.59
0.66

0.74
0.74
0.87
0.20
0.45
0.90
0.70

cated.

of no.

similar analvses were not run in

occurs in

small
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It seems probable that this is accounted for by the inaccuracy of

weighing and transferring so small a quantity, an error which

becomes relatively very great in so small an amount. If we

eliminate this result, it is quite evident from the table that the

nitrogen content of asparagin as shown by the analyses is a little

lower than the calculated amount. The difference is very small

and without much doubt is attributable to slight impurity of the

salt. Considering the 50 and 100 mg. analyses only, we see a varia-

tion in the different analyses, not made at the same time, of only

o . 28 of I per cent. This seems a good degree of accuracy for such

determinations. Of course, the per cent of error in quantities as

small as 3 mg. of the asparagin salt would have little significance.

Considering the absolute variation of the analyses, including 20 mg.

and below (not including no. 7), we see only o.i mg. difference

between the maximum and minimum variation from calculated

results. This is true ;h slightly impure asparagin. These

may be observed, larger than those

seemdealt with in the nitrogen-fi

say then that the limit of error of the method was not far above

0.1 mg. in each determmation. After considerable experience

with determinations under different conditions, it is believed that

this limit might run as high as o . 3 mg. in a long series of determina-

tions.

;hing up of the mvcelium
lyticalwere. all other quantitative weighings, on an exact Becker an

balance which weighed accurately to o . 2 mg. The filters were

first dried in an oven at 100° C. until they showed a constant weight

(about 6 hours) . The culture was then filtered and the filter con-

tammg the mycelium was dried to a constant weight. Glass-

stoppered weighmg bottles were used for all this weighing and

drying. As previously stated, the filters were found by a special

analysis to be nitrogen-free.

Analyses were also made to test the accuracy of the method
when nitrates were present. First, an analysis was made of 400 ^^^

of dry ammonium nitrate. This was the amount contained in the

nitrate cultures of the highest concentration. Next, an analysis

was made of the original culture solution from which all the cul-
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tures of investigation V were made. This solution contained, in
addition to the usual culture constituents, 400 mg. of ammonium
nitrate. From this solution 50 cc. were accurately measured

m
Then 50 cc. of this solution was taken for analysis. This contained

nitrate. The results of these analyses areammonium
given in table V.

TABLE V
Blank by nitrate method

mediuni, but no ammonium
ammonium nitrntp. ^c n^

N; control with other constituents of the
70 mg. N; calculated percentage of N in

No.

I

2

Material

N obtained
less blank

mg.

Calculated
amount

mg.

3

4

400 mg. dry NH4N03.. .

400 mg. (duplicate) . . .

^— *"• II —

^o mg. (50 cc. of solu-
• tion)

80 mg. (duplicate)

138-6
139-2

N obtained
less blank
and control

140.

1

140.

1

Difference
(6-a)
mg.

Percentage
N obtained

i

Deviation
from

calculated
percentage

e

1.5

0.9
34.6
34.8

0.4
0.2

27.79
27.79

28.04
28.04

0.25

0.2s
34-7
34-7

03
0.3

These results seem to show that the method is sufficiently
accurate for detecting any appreciable gain in nitrogen in the cul-
tures containing ammonium nitrate.

INVESTIGATION I

As previously stated, cultures were made in large test tubes,
each containing 25 cc. of the culture medium. This medium had
the following composition :

Water (ammonia-free) 1000.00 cc.

Rock candy (pure), M/20 17. 107 gm.
Monopotassium phosphate, M/ioo i . 361 gm.
Magnesium sulphate, M/500 o. 241 gm.
Calcium carbonate, M/iooo o. 100 gm.

For controls, ammonium nitrate was added to the above as follows

:

Ammonium nitrate 0.360 gm.

1 he following 1 1 different species were used for the inoculations

:

Mucor ambiguus, Myceliophthora sulpkurea, Coccospora agricola,

#
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Fusarium (sp. ?) ,A crostalagmus cinnabarinus , Pachybasium hamatum,

A spergillus calyptratus^ Hormodendron dadosporioideSj Monilia

Koningiy Stysanus stemonites, and Trichoderma ni^ro-virens. Four

inoculations were made with each fungus, two in N-free cultures

and two in ammonium nitrate cultures. This gave duplicates

of all cultures. Growth took place in all of these, except those

of Stysanus and Hormodendron. One of the duplicates for each of

these failed to show any germination, and evidence was obtained

later that the spores were no longer viable. In one or two cases

there were doubts about the purity of cultures. On these accounts,

it was decided to make another trial of the whole set. This result

while a visible amount

the amount was extrei

N
which

months

INVESTIGATION II

same
lines as the first, but with several modifications. First, Erlen-

meyer flasks of about 150 cc. capacity were substituted for the test

tubes. In each flask was placed 50 cc. of the culture medium
instead of 25 cc. as before. Second, the culture solution was modi-

fied, using a higher percentage of phosphate and nearly doubling the

amount of sugar, which was supplied this time in the form of

dextrose. The full formula was as follows:

Ammonia-free water 1000 . 00 cc.

Dextrose 30.00 gm.
Monopotassium phosphate 2.00 gm.
Magnesium sulphate o. 20 gm.
Calcium carbonate o, 10 gm.
Sodium chloride o. 02 gm.

For controls

:

Ammonium nitrate 2.00 gm.

This was a medium which had been found well adapted to luxuri-

ance of growth in agar and gelatin cultures. Third, 14 species of

fungi were used for the inoculations, including all in the complete
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7

list except Mucor stolonifer, Penicillium glaucum, P. hicolor, Stysanus

slemonites, and Trichoderma Koningi. New cultures had been
made of all of these and it was made certain that the spores were all

viable and the cultures all pure. Inoculations were again in dupli-

cate, giving four cultures of each fungus, two in N-free media and
two in ammonium nitrate media. All the cultures were placed

from

January
about 68 days.

Good growth took place in all the cultures and there were good
indications that all were pure according to the inoculations. This
was shown first by the fact that the duphcates in every case were
very closely similar. Second, each culture showed the peculiar

culture characters belonging to the species, such as coloring the

pmk
Hormodendron

submitted to microscopic examination

afterward

The

characteristic spores and fructifications, although spores were only

meagerly produced in the N-free cultures. The amount of growth
in the N-free cultures as compared with that in the ammonium
nitrate cultures, as it appeared to the eye, is shown in fig. 17.

Ihe mycelium in the former was very loose and flocculent and
almost wholly submerged. To the eye, it appeared to spread
through two-thirds of the Uquid in some cases, but as will be seen
in the analytical results, when dried its weight was extremely
small. It is worthy of note also that this growth all took place

within the first 2 or 3 weeks, after which it ceased entirely,

growth in the ammonium nitrate medium was very abundant.
Ihe mycelium soon reached the surface, where spores began to

form abundantly. The growth continued for many weeks and
finally resulted in a thick felt over the surface and a mass of

mycelium filling the liquid.

Five of these cultures which gave signs of the largest growth in

the N-free solutions were now taken for anal}tical examinations.
The mycelium of each was collected on a dried filter and dried to

a constant weight. The filtrate was evaporated as previously
described and analyses were made of both mvcelium and filtrate.
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A control was also analyzed to show the amount of nitrogen present.

The control was treated exactly hke the others except that it was

steriHzed immediately after inoculation.

*<

Fig. IT,—Ay Fusarium (sp. ?): a, on ammonium nitrate medium; &, on mtrogen-

free medium.

5, Acrosialagmus cinnaharinns: a, on nitrogen-free medium; &, on ammonium

nitrate medium.

C, Veriicillium chlamydosporium: a, on ammonium nitrate medium; &»
^^

nitrogen-free medium.

p, Pachyhasium hamaium: a, on nitrogen-free medium; h, on ammonium nitrate

medium*
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Table VI shows the results of this set of analyses. The nitrogen

of a blank determination has been subtracted in each case from the

total nitrogen obtained.

TABLE VI

Development period 68 days

No.

3

4

5
6

7
8

9
10

II

Fungus

Control inoculated with
Myceliophthora

Control inoculated with
Hormodendron

Av. for control

Myceliophthora
Hormodendron

.

Hormodendron (dup.).
Pachybasium
Pachybasium (dup.) . .

Acrostalagmus .......
Acrostalagmus (dup.)

,

Fusarium
Fusarium (dup.)

Dry wt. of
mycelium

mg.

6.0
7-1

9-4

5.6
8.6
9.0
6.0
4.2

Nof
mycelium

mg.

b

0.49
0.42
0.07
o. 14

0.07
0.28
O. 21

0.07
0.07

Nof
filtrate

mg.

0.49

0.42

0-4S

0.42
0.28
0.21
0.42
0.42
o. 14
0.28

0.3s
0.07

Total N of

culture

mg.

d

0.49

0.42

0.45

0.91
0.70
0.28
0.56
0.49
0.42
0.49
0.42
0.14

N fixed

(total

control)

mg.

« »

0.46
0.25
0.17
O.II
0.04
0.03
0.04
0.03
o-3i

From later work, it was believed that the dry weights of my
m

this seemed

remove every trace of dextrose. Again, the

nitrogen fixed, as indicated in column e, was high enough for nos.

3 and 4 to raise the question whether these two fungi might possibly

have a little nitrogen-fixing power. To test these points

same
investigations, extending from April 1 7 to J These cultures

in

gm
to 45 • o gm. in 1000 cc. of the solution. This

filtrates

smce the glucose was found to contain some nitrogen. In washing

100

earlier work. Table VII gives the results of these tests.
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It is seen from this table that the amount of nitrogen gain in

this case is well within the limit of error. The slightly higher

value in the earlier work is believed to be due to less skilful use

of the analytical methods. In harmony with this idea is the fact

that Myceliophthora was the first one of the set which was analyzed.

The results on the duplicate were thrown out altogether as worth-

TABLE VII

No.

12

13

14
15

Fungus

Control
Control (dup.)

Av. control

Myceliophthora
Hormodendron.

Dry wt. of
mycelium

mg.
a

2.8

30

Nof
mycelium

mg.
b

0.07
o. 14

Nof
filtrate

mg.
c

0.63
0.70

0.66

0.70
0.56

Total N of

culture
mg.
d

N fixed

(total

control)

mg.

0.63
0.70

0.66

0.77
0.70

O.II

0.04

less, due to a bad frothing in the distillation which evidently

some difficulty

exchanging the 500 cc. distillation flasks for the 1000 size,

zinc after which no

further difficulty of this kind was experienced. These results

foundation

under the conditions of the investigation.

INVESTIGATION III

with

fungi, omitting Acrostalaemus, in nitrogen-free media, according

the method employed by Ternetz
drawn

through strong potassium
acid. The apparatus is shown just as it was used in fig- iS.

three

500 cc. Erlenmeye

It

sets

ing series: a U-tube of pumice, saturated with strong NaOH
a U-tube containing strong H.SO^
sterilized, distilled water; a tube 2

a
with

cm. in diameter
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germ-proof cotton stopper. The tube leading from the last divided

into three, one entering each culture flask and dipping below the

liquid. Each tube before entering the culture flask contained a

bulb 2 cm. in diameter, which was also filled w^ith cotton loosely

packed. An exit tube passed out of each flask • The three from

Fig. 18.—Apparatus for investigations IV (-4) and III {B)

united

filter

% the operation of this pump a slow stream of air was kept bub-

bling through all the cultures of both sets during the entire culture

penod. By means of damns this stream was kcDt Quite uniform
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in all tlie flasks. Connections were made by means of new rubber

stoppers and rubber tubing, which had been boiled in a 10 per cent

solution of NaOH until perfectly clean. In addition, rubber

stopper connections were sealed with parafiin. There was every

indication that all the connections were air tight. The medium

used for these cultures was made up as follows

:

Conductivity water (ammonia-free) 1000 .00 cc.

Dextrose 45 • 00 gm.

Monopotassium phosphate. 3

.

cxd gm.

Magnesium sulphate o. 20 gm.

Calcium carbonate o. 10 gm.

Sodium chloride o. 02 gm.
r

Of this medium loo cc. was supplied to each flask and then all

apparatus except the U-tubes was sterilized in the autoclave at

115° C. Open ends were plugged with cotton during the steriliza-

tion and then connections were made as quickly as possible after

.removing these. Inoculations were made with th

Myceliophth

ns: Hormodendron,

Two controls were

inoculated with Myceliophth

Hormodendron, and both sterilized immediately after inoculation.

The latter of these controls became contaminated during the culture

period and is therefore not considered in the analytical results.

These cultures were allowed to develop from February 24 to May 4-

A perceptible growth occurred in all except the controls and

exammation, including microscopic, showed the cultures to be

pure. The growth, while perceptible, was very scant. To the eye

it appeared a little less than in those of investigation II, which

stood in laboratory air. At the end of the development period

previously mentioned, the cultures were disconnected and all

sterilized in the autoclave. As soon as possible analyses were

made as before, for mycelium and filtrate separately. The one

uncontaminated

in table VITT.

From table VIII it is seen that no indication whatever is shown

of nitrogen-fixation. The values for all the cultures are well within

the limit of error of the analytical method.
t
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In table VIII are also included some analyses of the medium to

determine whether it took up an appreciable amount of fixed nitro-

gen by remaining exposed to the air of the laboratory. One culture

was analyzed immediately after being made up, another after

being kept during the last development period (70 days) under a

bell jar^ to which air could enter only over a U-tube containing

concentrated H2SO4. A third was exposed for 70 days to laboratory

air, which could enter freely through the cotton stopper. The
analyses of these cultures show clearly that no fixed

method
from the air.

TABLE VIII

Development period 70 days

No Fungus

Dry wt. of
mycelium

mg.

I

2

3

4
5
6

Control

Myceliophthora
Hormodendron

.

Pachybasium. .

Fusarium

7

8

Medium immediately after
making up

Medium after standing
'

exposed 70 days
Medium under bell jar 70
days

30
1.3

3.1

Nof
mycelium

mg.

b

Nof
filtrate

mg.

ToUl N of

culture
mg.

d

N fixation

(total

control)

mg.

0.07
0.07
0.00
0.07

1.26
I. 19
I. 12

1.26

I. 18

I. 26

1.12

1.40

1.40

I-50

o.iS
0.08
0.06

O.IS

that

nitrog

approximately the same
IS shown in the filtrates in which fungi have been cultivated as in

the medium itself before inoculation. Furthermore, the spores

mtroduced in inoculation do not add an appreciable quantity of

INVESTIGATION IV

This

the previous investigation; but instead of being aerated, they

5 from w^hich all air was exclud«

U-tube containing concentrated
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acid (fig. i8). The bell jars were sealed by means of vaseline to

ground glass plates and water was kept in the pan enough to cover

the lower edge of the bell jars at all times. These all developed

some growth, not perceptibly different from the aerated cultures.

Each fungus developed its specific characters. Analysis was made

of only one of these cultures, but the dry weight of the mycelium

was foimd for all. A control was also analyzed. The develop-

ment period was the same as for those in investigation III (70

days). A comparison was also made in this investigation between

the growth in ammonia-free water, prepared by another distilla-

tion of distilled water acidulated with sulphuric acid, and in the

^conductivity water ^^ obtained from the chemical laboratory.

As seen from the dry weights in the table, no perceptible difference

could be detected. Very little growth occurred in either. The

data are given in table IX.

It is evident, by a glance at table IX, that these cultures showed

no evidence of nitrogen-fixing power. The' dry weights of the last

four are too small to give any expectation of finding nitrogen by

analysis. Repeated analyses of such amounts have shown no

appreciable nitrogen present. Moreover, the one analyzed (no. i)

fully confirms this idea.

INVESTIGATION V

this investieration to see whether 7

with sufiScient combined

show a power to

fix some

nitrate

This was especially desirable, since the

Ot JiERTHELOT (13), PURIEWITSCH (16), and LaTHAM (20)

own such decided nitrogen-fixation in such solutions,

medium used was exactly the same as that employed in the

• investigations, except that varying amounts of ammonium

made..w^v. «,vivj.v-\_i. xiicsc :3UiuLiuub were xiiiiuc as hjhv^^.^- *-

Erlenmeyer flasks of 150 cc. capacity were selected and cleaned

ready for the solutions. Then a solution exactly Hke that used in

investigation III was made up, using only half as much water, thus

giving a solution of double the strength of all the constituents.

ammomum
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was made in which exactly 16 gm. of the C.P. salt were dissolved

in ammonium-free water. The salt for this was of course weighed

out with the greatest accuracy on the analytical balance. The
solution was then made up to exactly 1000 cc. In a volumetric

flask, and was called solution B. Cultures were all made in dupli-

cate. First, 25 cc. from solution A and 25 cc. from solution B
were drawn off, by the use of an accurate burette, into duplicate

flasks. This gave 50 cc. cultures, each of which contained exactly

0.40 gm. of pure ammonium nitrate, or approximately an M/io
solution. Then 50 cc. of solution A were accurately drawn off

into a volumetric flask of 250 cc. capacity. This flask was then

filled to the mark with ammonia-free water, thus giving a solution

TABLE IX
Control, 100 cc, sterilized after inoculation, 1.32 mg. N

No. Name of fungus

3

4

5

^lyceliophthora

Honnodendron (conduc-
tivity water)

Fusarium (conductivity
water)

Fusarium (non-conduc-
tivity water)

Pachybasium

Dry wt. of

mycelium
mg.
a

Nof
mycelium

mg.
b

30

1.6 1

1.2

i.o
1.6

0.07

N of filtrate

less control
mg.
c

Total N
(ft-c)

mg.
d

Gain

0.08 0.15 o.iS

Not analyzed

of \ the Strength of solution B. Two culture solutions were now
made by accurately drawing off 25 cc. of this diluted solution of

ammonium
This gave :

:)
of solution A into

M/50 solution of ammonium nitrate. By the con-

this dilution Drocess. further culture solutions M'cre

M/ M/ and M/6 respectively of

ammomum nitrate, all solutions having the same quantities of the

other constituents as in investigation III. This may all be seen

X
m

and then allowed to stand in the laboratory without special pro-

from final sterilization
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took place in the M/io and in the M/50 media^ a change which was

more marked in the former. The cloudiness due to the undissolved

calcium carbonate had entirely disappeared and the medium had

shffhtlv brownish. This seemed to indicate some chemicalbecome

which acid had been formed

decomposition Later analyses

some form may
this change. In the other solutions no such change took

place, indeed the cloudiness increased rather than decreased, due

no doubt to loss of carbon dioxide during the boiling. This showed

mentioned

anomomum

TABLE X
Cultures in varying quantities of ammonium nitrate as indicated

No. Mol. wt. concentration
Amount In

1000 cc,

gm.

Amount in each
culture

(50 cc.)

mg.

Calculated
nitrogen

mg.

140.19
28.04
5.61

1. 12

0.22

^phth

Two fungi were used for these cultures:

made

I and Myceli-

The cultures

were allowed to develop from April 17 to June 5, or 48 days.

Vigorous and characteristic growth took place in all the cultures of

both fungi.

The Fusarium produced the characteristic pink coloration 01

the medium, the degree of color depending on the amount of growth.

At first the M/2S0 showed the best growth, but later this

although M/
m75o, and finally the best growth was in the M/io,

showed but little difference. Asand M/5
made

The growth of Myceliophthora differed in

M/^v ^^xx^ Axj-^c ctixu. au tiic ciiu vvais xii tut xtx/ ^j^^ ~-

Iso the mycelium, at least in the higher concentrations, developed

small amount of purple color on the surface of the mat, while the
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In the three higher con-liquid itself was made yellowish brown,

centrations a thick botryoidal mat was developed.
i

At the end of the growth period^ all of the cultures of Myceli-

ophthora were submitted to analysis to determine the amount of

nitrogen in the mycelium and in the filtrate. The M/50 culture

solution was analyzed for nitrogen content as a check on the purity

of the ammonium nitrate. The medium without ammonium
nitrate was also analyzed. The mycelium in each case was ana-

lyzed by the nitrate-free method, while the nitrate method was

used for all the filtrates. The results are all incorporated in

XI
TABLE XI

Development period 48 days

I

Xo.

I

2

3

4
S

6

7
8

9
xo

Concentration

II

12

First series

M/io.......
M/so
M/250
M/1250
M/6250.

. . . .

Duplicate series

M/io
M/so
^^/2SO
M/1250
M/6250

Dry wt. of N in the
mycelium mycelium

mg. mg.

a h

98.0 5-41
148.

1

7.51
242.6 4.91

76.

s

1 .40
26.6 0.70

98.6 S-iQ
166.6 7-58
257.2 519
76.4 I. 26

254 0.42

N in the
filtrate less

medium (12)
mg.
c

130-85
20.08
0.70

— o. 14
— O. 21

o
o

71

66

42
00

0.00

Total N

mg.

d
1

N supplied
as HN4NO,

mg.

136.26

27-59
5.62
1.26

140.19
28.04
5.61
1,12

0.49
*

0.22

13s 90
27-24
5.62
1 . 26

140.19
28.04

5.61
1. 12

0.42 0.22

N gain

mg.

/

3-94

0.4S
001
o. 14

0.27

4.29
0.80
O.OI
0.14
0.20

M/50 control, not inoculated, 27 . 80 mg. N.
Medium without NH4NO3 (50 cc), o. 70 mg. N.

It is difficult to find any evidence whatever of nitrogen-fixation

in these results, even though the combined nitrogen enabled the

fungus to begin a vigorous growth. The nearest suggestion of

evidence appears in analyses 4 and 5, where the mycelium seems

to have gained a slight amount of nitrogen. In the same analyses

the filtrates show a slight loss. Whether there is significance in

this or whether it is just a coincidence in the errors of two analyses

seems hard to say, since the amounts are so small as to give one

little confidence in their importance. Furthermore, the duplicate
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analyses show still smaller gains. In any case, these results could

only show that the fungi under these conditions had been able to

use a very small amount of the combined nitrogen, which the analyses

of controls has shown to be present in the dextrose. All preceding

evidence of this investigation has been against this idea, and we
are strongly inclined to hold to the idea that these results are due

to slight variations in the accuracy of the method of analysis.

Another interesting and perhaps important fact may be seen from

the last table. The amount of nitrogen present in the mycelium is

not proportional to the dry weight. This point was suggested earlier

in the examination of mycelia grown in nitrogen-free media, where
the hyphae looked somewhat shriveled and starved, as if the proto-

lacked some necessary constituent. It appears here that

the mycelium has the power of taking up a higher amount of

nitrogen than it really needs for the best growth, judging best

growth by the amount of dry weight, for in the two higher concen-

trations a larger percentage of nitrogen is shown, even though the

dry weight is much less than in the M/250 concentration. The
amount of nitrogen is also proportionally higher for the M/io than

for M/50. This holds for both series of cultures. If we take the

averages of the two series, the per cents of nitrogen in dry weight

asm

mycelium M/
W50, 5 per cent; M/250, 2 per cent; M/1250, 1.8 per cent;

W6250, 2 per cent. Or, stated more generally, the fungus will

assimilate about 2 per cent of its dry weight of nitrogen when this

IS supplied in such quantities that the fungus can use all that is

present, but when the nitrogen is in excess of what the fungus can

use, then a larger percentage is assimilated, running as high as 5-5
per cent. The evidence seems too scanty to make certain whether
such a generalization would hold in all cases. Why this larger per-

centage of nitrogen is present in the solutions of higher concen-

tration does not seem apparent. It mity be that the presence of

nitrogen compounds in excess causes the fungus to use these

instead of carbon compounds, which are used in greater quantity
when the nitrogen supply is limited. This investigation can only

raise this question, and suggest its value as a subject worthy oi

further physiological investigation.
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may

The loss of total nitrogen in the M/
been referred to. This

to some chemical action

during the sterilization. The dissolving of the calcium carbonate
and the slight change in the color of the culture solutions suggested
this, but no positive evidence of such nitrogen loss was obtained.
Another possible explanation might be that nitrogen in somp form

growing fungus. However, no evidence of sue
observed. This might raise another interesting

investigation.

metabolism

DISCUSSION OF RESULTS IN RELATION TO NITROGEN-FIXATION

As a result of this series of investigations, it may be said th
i find no evidpnrp -HrViQfMroT- iTrV,,w. c^^^^ „ :,,„t:i-.. „ i^.i^.r • .

forms investijofated to fix

the conditions used.

The question of why such conflicting results regarding nitrogen-
fixation by fungi have been reported by different investigators still

remains. This investigation was not carried on to settle this ques-
tion, but rather because it was hoped that by investigating a large
number of forms, and especiallv those in the soil, some funirl m^^ht
be found which cert

fungi

fixing power. There

alogy
much reason to expect it. However, we have 1

pointed in this expectation as a result of this series of investigations
Furthermore, while it was not desimed to work over forms Dre-

form, ilormodendron cladosporioides

results

have been reported by others. Both Froelich (ii) and Purie-
WITSCH (16) fixation
on both nitrogen-free and nitrogen-poor media. We
entirely unable to confirm these results.

It seems difiScult to explain the widely conflicting J. It

those
Latham (20), in which, as pointed out by Pennington (25),
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6 similar 50 cc. cultures, having about the same quantities of com-

bined nitrogen supplied to them, are reported to fix quantities of

nitrogen all the way from 44.9 to 193 .6 mg. This discrepancy is

even more striking if we use the figures in column 10 of her " table I,"

fixed. Here

same

33.3 and 205.1 mg. Latham's explanation that this is due to

passing beyond the optimupi or critical point in the supply of

combined nitrogen in the culture hardly seems satisfactory, espe-

ciallv with the scant evidence at hand on this Doint. Furthermore

great

com
seem to require creditable confirmation before being finally

accepted.

might also be possible to reiect some
methods of sterilization, inoculation,

poorly perfected. However, the same

and pure cultures were so

methods
), Ternetz (19)

It must be admitted, at the same time, that the weight of negat

evidence is increasing, and it seems likely that few if any fu

will be found to have nitrogen-fixing power, unless, perhaps,

may be in the case of the mycorhiza forms, regarding which m
evidence is much needed.

This investigation does not seem to add weight to the expla

tions suggested by Pennington of the conflicting results on t

question, namely, that difficulties with the Kieldahl method

that differences

, (33) work, mk

from

seems caoable of dving a limit

i differ-

;pesided

chemist

th the method. As to the

second explanation, a good deal more work needs to be added to

of modification
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conditions. While this

with these

makes it hard to think

factory explanation. occur

form

and showed no signs of nitrogen-fixation under any of the conditions.

If nitrogen-fixation is finally estabhshed for any fungous forms,

it seems probable that the character of the nutrient material sup-

may It is not felt that

this investigation supplies sufficient data along this Hne to permit

final conclusions. There is also the possibility, as already sug-

fixing

my

IV. Summary of results

This series of investigations would seem to Justify the following

generalization of results:

1. Many species of fungi live habitually in the soil, carrying

out their life history there, either in whole or in part. A consider-

able number of these have been found, so far, only in the soil.

2. These fungi are, at least to quite an extent, uniform in differ-

ent soils, and, unhke the bacteria, appear to be rather uniformly

distributed at different depths, at least as low as 14 cm,

3. Tillage and manuring seem to produce little change in the

number or kind of these fungi. This conclusion is not regarded as

final.

4- These fungi may be cultivated and isolated as pure cultures,

without interference from bacterial growth, by the use of 20-30

medium
forms 14 species,

shows any power of assimilating free nitrogen when grown in

nitrogen-free media under the conditions of these investigations.

Myceliophthora and orobabh' Fusarium show no such power even

media
Myceliopk

assimilates
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compound. The nitrosfen assimilated

is approximately 2 per cent of the dry weight of the mycelium in

gU
t up to and including M/250. In higher concentration,

nitrogen is in excess of what the fungus can use, the

nitrogen assimilated increases up to 5.5 per cent in the

I M/io concentration. Also, the od imum
indicated by dry weight occurred where the fungu
the nitrogen, in which case the amount of nitrogen s

2 per cent of the dry weight.

The amount
;

seem
make either in

media

seem
forms, since analysis failed to show that they could use that present
• - 1 « _. —

fnedium

me
Umit

determinatio

nitrogen. In analyses involving larger quantities of nitrogen, the
^^1 ^^^b

may

mvcelium
media

within the limit

mycehum
f deficient in some necessary element. In these cases, mycelia

ing a dry weight of 3-6 mg. gave amounts of nitrogen within

limit of error Prkmr^rci^l^r fi,:^ •^^,, u^

index of nitrogen-fixation

somethin
m

more
fixation
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PHRYMA LEPTOSTACHYA L., A MORPHOLOGICAL
STUDY

Theo. Holm

(with plates viii-x)

the sole member of ''Ordo CXLVI
Phrymaceae,"^ the monotyp

mere

)

Bentham and Hooker, and until very recently by all American

authors. As may be seen from Schauer's excellent description,

the structure of the fruit ("caryopsideus monospermus ") and of

the seed C'exalbumitiosum, embryon rectum, radicula supera cet.")>

besides the peculiar calyx ("superiore [labiol tripartito laciniis subu-

latis apice reduncis, inferiore [labio] brevissimo bifido"), these

characters are much too distinct for admitting the genus among

Verbenaceae, even as an anomalous genus. For many years the

family Phrymaceae was thus ignored, until it became reestablished

by Briquet' in a paper dealing with the anatomy of Phrymaceae
Stilboideae, Chloanthoideae, etc. ; and further, in the treatment by

this same author in Engler and Prantl's Naturliche Pjlamen-

familien.

Only one species is known, P. leptostachya L., but a few varieties

have been described by Briquet. These are paroijolia (Rafin.)

Briq., from the Allegheny Mountains, and preserved in the her-

barmm of Delessert; inciso-crenata Briq., cultivated in the

garden of Ventenat; and lanceolata Briq., from Arkansas and

Pennsylvania. The geographical distribution is quite remarkable,
the species occurring in Canada (New Brunswick, Ontario), in the

Atlantic States southward to Florida, and also in the Himalayas
and m Japan; the variety lanceolata occurs with the type in Japan.

Notwithstanding the fact that the internal structure, of the

mature plant only, has been described by Briquet, there are still

ScHAUER, J. c, in De Candolle
"Briquet,

J. I, Mem. Soc. Phys. et Hist. Nat. Geneve 32:1894-97.
Botanical

[306
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some points worthy of consideration drawn from the seedling and

compared with the mature stage. Moreover, the origin of the

secondary tissues in the stem deserve attention, besides the general

structure of the root system.

The seedling

difficult

Being a truly sciaphilous plant and developing only a small number

m
dispersing its seeds, or better the fruits, by animals. The

hooked at the

likely to adhere fruits

become scattered, and the seedlings are so very much like those of

other sylvan types with opposite leaves that they may be mistaken

for entirely different genera, of Labiatae and Compositae, for

instance, when their cotyledons have dropped.

Fig. I represents the seedling (natural size) of P. leptostachya,

that

remain inclosed within the seed, surrounded by the thin

pencarp y short hypocotyl, and the primary

much longer secondary root (r) soon

from

them, as may be seen in fig. 2 (r). In the axils of the cotyledons

buds are already visible at this very young stage {B in fig. 2) ,
but

dormant shoot

the seedling consists of a long, cylindric, glabrous, and erect epicotyl

{Ep. in fig. i), and a few short pubescent intemodes \vith leaves of

approximately the same outline as those of the mature plant.

Characteristic of the seedling of Phryma, therefore, are the h}pogeic

cotyledons, the long epicotyl, and the early development of a

secondary root, exceeding the primary in length and thickness. By
this structure the seedling is easily distinguished from the corre-

sponding stage of most of the other sylvan types with opposite

leaves
; for in the Compositae, for instance, the cotyledons are epigeic

;

and among the Labiatae, Collinsonia^ is the only North American

^ Compare Medicinal plants of North America. Merck's Report. New York.

April 1909.
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germinate As for the

seedlings of the Verbenaceae, the cotyledons are epigeic in the

genera examined by Lubbock^ (Verbena, Lippia, Clerodendron,

Callicarpa, StachytarphetGy and Rhaphithamnus)

.

The subterranean organs of the mature plant
__ 1

An examination of the subterranean portion of the mature

plant (fig. 3) shows that the primary root has faded away com-

pletely^ but is replaced by several strong secondary roots, which are

brownish, somewhat fleshy in texture, and which traverse the

ground horizontally, all developed from the lowermost, very short

internode of the floral shoot. Furthermore, the presence of several

axillary buds {B) is observed, covered with opposite, scalelike

much
this a new floral stem

stem Dortion of Phrvma thus mere

rhizome

Is, and a secondary system of roots. Similar to

the seedling, the aerial shoot of the mature plant commences with

a long internode preceding a few shorter ones, terminated by the

long, very slender, loosely flowered spike. There is, therefore, a

great resemblance between the habit of the seedling and that of the

mature plant, with the excention of the earlv disaoDearance of the

the

The root

None of the roots, neither the primary root nor any of the

secondary roots of the seedling or of the mature plant, contain

fungal hyphae, otherwise not infrequent in plants growing in shady

localities; and in none of the roots was secondary increase to be

traced beyond the stele. Root hairs abound, and a distinct exoder-
--*- with the cell walls suberized, and with foldings on the radial

Is, was observed in the secondary roots, but not in the primary.

i cortical parenchjTna is homogeneous, compact, filled with

ch in the secondary roots only. The endodermis is thin-walled,

< Contribution to our knowledge of seedlings. London. 1892 (p. 367)-

mis
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and the pericambium consists of a single stratum with no Indication

of developing cork or secondary cortex. But inside the pericam-

bium the stele soon increases in thickness in the usual way, and

already at the seedling stage. While no pith was observed in the

primary rootj this tissue is well represented in all the secondary

roots, attains quite a considerable width in mature specimens, and

contains deposits of starch.

We have thus in Phryma two very distinct types of roots:

nutritive roots, represented by the primary root; and a combina-

tion of contractile and storage roots, as shown by the secondary

roots with contractile exodermis and starch deposits in cortex

and pith.

The aerial stem

In seedlings and in young, purely vegetative shoots the inter-

nodes are cylindric, while in mature plants the stem becomes

the flowers. Furthermore

sharply

more
from the insertion of the leaves; these nodes are generally purplish,

while the other parts of the stem are green. Similar nodes occur

in various other plants, as among Labiatae, Scrophulariaceae,

Polygonaceae, Acanthaceae, Caryophyllaceae, etc., and they may
be located either directly at the insertion of the leaves or some dis-

tance therefrom. Accordinsf to Rtixzou.^ tht structure

families the

more collenchvma

this author explains the function of these nodes to consist in facili-

tating the bending of the stem, when such is necessary. In Phryma,

however, the internal structure is almost identical throughout the

internode, including the swelling, but the function seems to be the

same as observed by RtJTZou.

The stem structure of Phryma in general is very uniform in

young as well as in mature specimens, in the basal as well as in the

apical intemodes. The cuticle is thin and smooth in the sub-

terranean stem portions, but becomes gradually thicker and longi-

5 Bot. Tidsskr. Kjbhvn 1 2 : 248. 1880-1881

.
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tudinally wrinkled in the internodes above. The epidermis is thin-

walled, and shows two types of hairs, pointed and glandular. The
pointed hairs consist of a few cells in one row, covered with a

granular cuticle; while the glandular hairs have a two-celled head

sm|

the

basal internodes, while the long-stalked hairs abound in the

inflorescence. The pointed hairs are frequently curved to almost

hooked, and occur especially on the upper internodes. Within the

epidermis are a few (one or two) continuous strata of coUenchvma,

i in the aerial internodes, not h

parenchyma attains its greatest

•rhizome

The

walled compact layers; no crystals and no deposits of starch were

observed in any part of the cortex.

The endodermis is present throughout the stem, but it is not

sometimes difficult

and of the same shape and lumen
chyma

; moreover, the endodermis

uniformly

inner face of the endodermis
pericycle, relatively poorly developed in Phryma; as a closed sheath

m
fruits have matured; in the pseudo-rhizome
by parenchyma with isolated strands of s

other internodes it is either uniformly thin
with a few stereids, but with no regularity.

The herbaceous stem of Pkrvma (^nt^^

while in the

the formation of secondarv mestome
no other secondary tissues were observed. primary

visible
strictly collateral

; there are 6 in the cylindric epicotyl of the seed-

ling, and they are arranged in two broad groups ; in the mature
plant the mestome strands constitute 4 broad strands, one in each
angle of the quadrangular stele. These primary strands contain
eptome, cambium, and short rays of hadrome, in which the young
vessels, reticulated and scalariform, are much wider than the
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primordial, spiral and annular. An endoxyle (fig. 7) is quite well

represented, especially in the subterranean internodes as well as in

the swollen portion of the upper internodes. Between these pri-

mary mestome strands in the various stem portions (of seedlings and

mature individuals) there are several strata of secondary mestome,

that is, leptome and thick-walled libriform, but with no vessels.^

It is interesting to trace the origin of these tissues, the leptome

and the libriform, and it might be stated at once that only the

leptome develops from the pericycle, and only sometimes. What
seems to be more important for the development of these secondary

tissues in Phryma is undoubtedly the peripheral portion of the pri-

mary parenchymatic or medullary rays, which is still meristematic

and capable of producing new tissues. Fig. 8 shows a small part

of the interfascicular tissue, taken from the base of a very young

lateral inflorescence, and here may be seen the thin-walled, large-

celled endodermis (End), inside of which are small strands of young

leptome, some perhaps developed from the pericycle itself, while

others have developed in the tissue inside, the primary parenchy-

matic ray. As may be readily seen from this drawing, there is no

real indication of any definite sheath such as a pericycle of one or

of several strata. There is, on the other hand, a very distinct

meristematic tissue in the periphery of the primary parenchv-matic

(medullary) ray giving rise to leptome, sometimes bordering on the

endodermis, or some distance from it. In other words, this par-

ticular section (fig. 8) does not show the derivation of the secondary

leptome from the pericycle alone, but from a meristematic tissue

within the endodermis, a tissue of several homogeneous strata.

^Sanio (Bot. Zeit. 1863:101) proposed the term "libriform": "einfache (d. h.

Mgetheilte) bastartige Holzfasem oder Holzzellen, fibrae sive cellulae libriforrnes

simplices. Um einen kurzen Ausdruck zu gewinnen werde ich dieselben Libriform-

fasern, und das daraus bestehende Gewebe Libriform nennen." Haberlaxdt
(Physiol. Pflanzenanat. 1896:138), however, calls attention to the fact that the dis-

tinction between libriform and stereome depends upon the dififerent location of these

tissues, and more so than in respect to their structure. Sanio's '"libriform" applies

to the stereids in the hadrome, and it is customary, therefore, to use this term for

mechanical cells (stereids) that are developed inside the cambium, and stereome for

those outside. However, from a physiological point of view, it seems unimportant

whether such mechanical cells are located inside or outside the cambial zone, hence

the distinction between libriform and stereome is not well founded except topo-

graphically.
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In the internodes of the seedling, this structure, as described

above, occurs in the apical internode, and with no indication, so

far, of any development of secondary hadrome inside the leptome.

T6 trace this, the origin of the secondary hadrome, we must

examine the next internode, the one below the apical, shown in

fig. 9. Here are seen the innermost strata of the cortex (C) and

the endodermis (End) ; also, on the left side of the section, a part

of one of the primary mestome strands {M) has been drawn, con-

sisting of leptome (Z) and a short ray of vessels. The broad inter-

fascicular tissue consists, on the other hand, only of several well

defined leptomatic strands, and of a tangential cell-division within

the large, thin-walled " parenchyma inside the leptome. There is

actually no indication of any distinct pericycle in this section either,

but there is certainly a very pronounced indication of the presence

of a meristem in the periphery of the primary parenchymatic

(medullary) ray. The result of these tangential cell-divisions

within the leptome may be seen in fig. 10, which has been drawn

from the epicotyl of the seedling. It consists of the development

of thick-walled libriform in such a way that the innermost tangential

cell wall becomes Hgnified, and very rapidly so, while the outermost

is still meristematic, so as to give rise to another libriform cell in

the same radius as the first developed. There is no distinct ring

of cambium, therefore, since the innermost cell wall of each cell,

which divides tangentially, becomes lignified almost at once, while

the outermost remains active so as to yield another cell to the

secondary hadrome, and always in the same radius.

In comparing the structure of these internodes of the seedling

with that of an old internode of a mature specimen, which is drawn

in fig. 15, we notice the continued growth of the interfascicular

hadrome {H) as many radial layers of thick-walled libriform, while

the leptomatic strands are about the same, and located in thin-

walled parenchyma; no pericyclic sheath seems to be differen-

tiated in this section either. This internode (fig. 15) was from the

aerial portion of the stem, and examining the structure of the

pseudo-rhizome, we notice a marked difference (fig. 16) consisting

in the development of a partly stereomatic pericycle outside the

primary mestome strands (s in fig. 16). As shown in this figure,
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there are two thin-walled, parench}Tnatic strata between the

endodermis {End) and the leptome (Z), Interspersed with stereids,

and these two strata evidently represent what various authors have
terpreted structure

same pencycle may

ma
sur

rounding the leptome, hence representing a homogeneous, in this

stereomatic

endoderm
old, subterranean internodes of the main stem, and in the oldest

internodes of the inflorescence, when the fruits have matured.
But in all the other internodes, whether of seedlings or of mature
plants, there is no pericyclic stereome, and barely any indication of

a parenchymatic pericycle either. Moreover, the origin of the

mestome strands in

demonstrated

ids of leptome and thick-walled libriform arise from
meristematic, peripheral strata of the primary parenchv-matic

(medullary)

mestome
to be more exact, the interfascicular strands, seems to be different

when we compare a number of dicotyledonous, especially herba-
ceous, stems, it might be appropriate to present a brief abstract of

the history of the pericycle. The term "pericycle" was proposed
by Van Tieghem^ and applied to the parenchjina, of one or

several layers, which he found in the stem between the endodermis
and the mestome strands, as well as in the roots between the endo-
dermis and the outer face of the leptome, and between the endo-
dermis and the protohadrome vessels. To the activity of the

pencycle Van Tieghem ascribed the origin of the interfascicular

arches of cambium with the subsequent development of secondary
mestome strands. Morot,^ in describing the pericycle in general,

' Sur quelques points de I'anatomie des Cucurbitacees. Bull. Soc. Bot. France
29:280. 1882.

^^'^^'^^ches sur le p6ricycle ou couche p6ripherique du cylindre central chez les

Phan^rogames. Ann. Sci. Nat. Bot. VI. 20:249. 1885.
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calls attention to the fact that while the pericycle is always present

in roots (frequently called pericambium), it is not always to be

found in stems; on the other hand, he agrees with Van Tieghem

in respect to the function of the pericycle. Gerard^ and Herail^"

question the assertion of Van Tieghem in respect to the function

of the pericycle in stems, and describe a number of cases where

the interfascicular tissues develop independently of the pericycle.

Moreover, Herail describes some cases of secondary mestome

developing in the pith (Melastomaceae and Campanulaceae),

Pinally, Haberlandt" makes no use of the term pericycle in stems,

but only in roots; and in reference to the secondary increase in

stems, he speaks of a ''cambium ring^' being the direct product of

a ^'procambium/' and of an interfascicular cambium owing its

existence to a meristem in the primary parenchymatic (medullary)

rays.

In Phryma the presence of stereids is actually the only distinct

indication of a pericycle, as scattered strands in the pseudo-

xhizome, or as a closed sheath in narts of the inflorescence. The

origm

m the outermost lavers of the leotome

in any particular tissue, such as a pericycle for instance, inside the

endodermis. Therefore, I am most inclined to believe th^tPhryma

lacks a pericycle; in any case, the interfascicular tissues appear to

develop independently of it, especially the libriform. However,

term

endodermis ?

because they are ''peri "."cyclic," even if we do not always regard

Van Tieghem, that

parenchyma from
tissues arise. It seems also worth while to compare this pericycle

of stems with the well known pericambium of roots, where it

the

stem

9 Passage de la racine k la tige. Ann. Sci. Nat. Bot. VI. 15: i88r.

" Recherches sur I'anatomie compar^e de la tige des Dicotyledones. Ann. Sci

Nat. Bot. VII. 2 : 1885.

II Physiologische Pflanzenanatomie. Leipzig. 1896.
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IS occupied by a broad, thin-walled pith, which is hollow in aerial

internodes, but solid in the subterranean internodes, where it con-

tains deposits of starch, but no crystals. As mentioned above, the

nodes show no other modification of structure than an enlargement

of the parenchyma tic tissues, cortex and pith; partly also of the

h}'podermal collenchyma; furthermore, in these nodes the peri-

cycle is very incomplete and without steroids; also the development

of libriform goes on more slowly, so that several strata of cambium
may be observed between the primary mcstome strands.

The leaf

Briquet

forms

same ±7 A.

basal to the apical internodes of seedlings as well as of adult speci-

mens. The leaf is described by Gray" as "ovate, acuminate,

coarsely serrate." A little more is given by Torrey,'^ who calls

them ovate, but distinguishes between the lower ones ("abruptly

narrowed at the base, and furnished with long petioles") and the

upper ones ("nearly or quite sessile"). Schauer describes the

leaves as " ovato-oblonga, in petiolum longum attenuata, acuminata,

grosse crenato-serrata"; and finally, the Himalayan plant is said

Hooker may
be seen from the drawing of the seedling (fig. i), the shape of the

lowermost leaf-pair is broadly ovate and abruptly narrowed at the

base, while the leaves above are elliptic. In fig. 4 I have drawn a

fol

specimen from the mountains

this specimen showed this sai

specimen from Ohio, in which the uppermost

Fig. 5 shows a

showed this outline, while the basal pairs were much broader.

Finally, fig. 6 shows a leaf of a Japanese specimen, in which all the

leaves were ovate and with the margin crenulate. Among some

examined

" Synoptical flora of North America. Second Edition. 2 1 :334- 1886.

'* Natural history of New York. 1843 (P- 53)-

'* Flora of British India 4:561. 1885.
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from Nippon all

from

from The leaf margin was

same extent from
on the same individual. It is thus somewhat difficult to define the

typical leaf-form in Phryma; it varies much, but the ovate outline

may be the fundamental one.

stomata
the dorsal face, and the chlorenchyma being differentiated into a

pneumatic tissue. On both

smoo

where it is wrinkled. The enidermis

thick-walled where it covers the veins, and the cell-lumen is some-

what wider on the ventral face than on the dorsal (fig. 17). Viewed

:rmis

undulate on both faces of the blade, and the stomata lack su

sidiary cells. Short, almost sessile, glandular hairs (figs. 12, i

abound on both faces of the leaf, and, as may be seen from the draw-

ings, the head is two-celled. Besides these glandular hairs there

are also, and especially on some
multicellular hairs (in one row) with cuticular pearls. The chloren-

mp
cells (P in fig. 17) covering three strata of an open pneumatic

tissue (iP+ in fig. i pneumatic
shows intercellular spaces of considerable width (fig. 18).

The mechanical tissues are poorly represented, there being only

hypodermal layers of collenchvma

ome of the midrib
ported by an arch of thin-walled stereome {S in fig. 19). A broad,

endodermis
midrib, but there

7 ^

parenchyma sheaths (fig. 17). All the mestonie

strands are collateral, and the median is the broadest. The

petiole, when examined just
same structure as the midrib

;
shows exactly the

mestomc strands, one on each side of the median. Finally, it may
be mentioned that the throat of the corolla of the flower is not
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naked as stated by Schauer, but covered with numerous hairs,

glandular (fig. 11) as well as pointed (fig. 14),

Summary

Phryma represents a sciaphilous type, well marked by the struc-

ture of the ample leaf blade, with low palisade cells and very open

pneumatic tissue; also by the poor development of the mechanical

tissues in the stem as well as in the leaf. The vegetative reproduc-

tion is confined to the few buds on the short pseudo-rhizome, and

the roots produce no shoots. For dispersing the seeds the plant

is well equipped by the hooked teeth of the persistent, reflexed

calyx.

Brookland, District or Columbia

EXPLANATION OF PLATES VIII-X

Fig. I.—Seedling of Phryma Icptostachya: the dotted line indicates the

surface of the soil; Ep, epicotyl; Cot^ the achene with inclosed cotyledons;

ZTj h>^ocotyl; iJ, primary root; r, secondary root; natural size.

FiG. 2. idling

other letters as above; magnified.

Fig. 3,—^The pseudo-rhizome of a mature specimen: 5, base of stem;

-S, bud which will produce a floral shoot in the following year; X2.
Fig. 4.—^Leaf of a specimen from Virginia: two-thirds natural size.

Fig. 5.—^Leaf of a specimen from Ohio: two-thirds natural size.

Fig. 6.

Fig. 7,

Japan
;doxyl

X480.

Fig. 8.—Cross-section of the basal internode of a lateral inflorescence:

£?wf, endodermis; Z, secondary leptome; X744.
Fig. 9.—Cross-section of one of the apical internodes of the seedling:

C, cortex; M, hadrome of a primary mestome strand; -P, pith; other letters

as above; X744.
Fig. 10.—Cross-section of the epicotyl of a seedling: L and H, interfas-

cicular leptome and libriform; other letters as above; X744-
FlG.

Fig.

II.

12.

X600
600

Fig. 13.—Same; X600
Fig. 14- X600
Fig. 15,—Cross-section of an old internode of a mature specimen: L and

600



3i8 BOTANICAL GAZETTE [October

Fig. i6.—Cross-section of a subterranean internode of a mature specimen:

S, stereomatic pericycle; Camh, cambium; other letters as above; X744-

Fig. 17.—Cross-section of lateral part of leaf blade: Ep, ventral epidermis;

£^+, dorsal epidermis; P, palisade tissue; P+, pneumatic tissue; X600.

Fig, 18.—Pneumatic tissue of leaf, superficial section; X360.

Fig. 19.—Cross-section ofpart of midrib of leaf: 5*, stereome; i,leptome;

fl", hadrome; X600,
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NUCLEAR DIVISION IN SPIROGYR.\ CR.ASSA

M. L. Merriman

(with plates XI AND XIl)

Although the cytology of Spirogyra has been investigated

probably more than that of any other alga, it still offers a fruitful

field of inquiry. The varying accounts, beginning with Stras-

BURGER^s paper in 1882 as to the chromatic or non-chromatic nature

of the parts of the nucleus and the role they play in karyokinesis,

have left many questions open.

5, crassa was chosen for this investigation on account of the

large size of the nuclei, spindles of which can be detected with a

magnifying glass. Specimens were fixed in weaker chromacetic,

Flemming, and Bouin mixtures. Sections were cut 3-5 /* in thick-

ness. When spindles of the metaphase were sectioned, 3-5 sections

of one spindle were obtained. The stains used were safranin and

gentian violet, Heidenhains hematoxylin with iron alum. Extended

observ'ationsupon other species with smaller nuclei, but more easily

studied in the living cells because of their greater transparency, have

aided in making the interpretations given in this paper. In order

to interpret sections of the large nuclei of 5. crassa more satisfactor-

ily, nuclei in different stages of division were also dissected from the

filaments and from them whole mounts made. This dissection was

necessary as nuclei in S, crassa are surrounded by a substance

in the cell and so rendering 'them

chromatoph-

being

of

m
mounted specimens three mem

branes can be distinguished clearly, one surrounding a central

dense spherical body, a second surrounding a less dense larger body

containing the first, and lastlv a third which is continuous with the

continuous

demonstrated These

319] [Botanical
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membranes when not easily s€

demonstrated by the use of me
division is marked

nucleus and the gathering of granules in a vertical plane about

the nucleus in the short axis of the cell. A study of the nucleus

m
body, the so-called nucleolus, and the surrounding part, nuclear-

asm may
fine network, the interstices of which are occupied by coarse or

fine granules (fig. 5) . Or in place of the granules a deeply stained

but vacuolar material may form the junction of the threads (figs.

I, 2, 4). This vacuolar-like material seen at the iunction of the

chromosomes
metaphase and anaphase. It also resembles that seen

for here the material is likewise thickened at the comers
four granules inclosing a vacuole.

The central body may appear from the staining to b(

density (figs, i, 2, 3), or it may be more or less vacuc
In a later stage the central body may appear to disim

deeply stained granules, while in the meantime the netwc
coarser and accumulations at the interstices of the de€

material more pronounced. This at times may consist

tous (fig. 3) instead of granular or vacuolar masses, he:

Gregoire's view (8) that there is no strict morphoL

between chromatic granules and an achromatic
stratum

may obtain. These variations are due doubtless, as Digby (S)

suggests in Galtonia, to the colloidal nature of the chromatic

substance.

As the central body disintegrates (fig. 6), the space about it

becomes erraduallv rl^^irf^i- ^^;»,^,'^— ^- ,„:*.'u 4.1 '^^.^^a\r^^^ nf the

mass which now occupies several times...^^^ y.iixx^n iiow occupies several times tne origiiiai ajj".^--.

The fact that the space previously occupied by the network becomes
clear, leads to the conclusion that network and nucleolus have

become centralized in the spherical mass ffiss. 7 and 8) now con-

larly disposed.
filaments of varying dimensions i

rvers of nuclear division in Spirogy
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1

unanimous

wholly transformed into the substance of the spindle; the dis-

agreement is as to whether the network furnishes any of that

substance. The chromatic nature of this network is shown in

figs. 2 and 3,

The nuclear membrane still intact shows that as yet none of

the bodies previously seen in the space has been cast into the cyto-

plasm, unless in solutes by diffusion. This was confirmed by the

study of whole mounts (fig. 8). Hence we may conclude that the

enlargement of the central mass is due to the inclusion of the

substances of the network, all now showing an increased staining

capacity. It is possible, as in fig. 6, where short filaments are seen

distributed throughout the nucleus and superimposed on the cen-

tral mass, that the latter as it disintegrates only contributes the

granular material to the spindle.

With the enlargement of the central mass the evolution of the

spindle proceeds. The suspensors increase in size, while streams

of granules appear to penetrate the nuclear membrane and connect
with the centrally lying mass (fig. 7). These later increase as the

mass of chromatic material changes its shape from that of a sphere

(figs. 6-8) to a cylinder (figs. i3-i6). Now the streams of gran-

ules appear to cause the cylinder to swing so as to lie with its long
axis parallel with the long axis of the cell. In the fully developed
spmdle nothing of a fibrous nature is to be perceived but lines of

granules staining as the cvtoDlasm. and so alwavs distinguished

mass. These lines of granules terminate

masses masses
to envelop the daughter nuclei (figs, 34, 36).

staining

occupymg
tne nuclear membrane still visible. The more deeply stained ma
terial is in the form of short filaments (fig. 12) or lumplike masse:
(ngs. 13, I-), xhe chromatic material here with its dumbbell
shaped (figs. 13^ 19^ 20) or somewhat elongated granules ofter

(7

Tecipitates secured by Fischer when nuclein

ith Flemming and chromic acid mixtures

may be reasonably compared w^ith those in
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fig- 2 (7» P- 34), secured when 20 per cent albumose is precipitated in

a concentrated aqueous solution of sublimate. Fischer has figured

both of these bodies of unequal staining capacity, precipitated

from the same substance and appearing as stages in division. The
fact that they are secured by precipitation might indicate that in

Spirogyra we have a similar case. The dumbbell-shaDed bodies

in the centrally lying mass may
imm )n. They are

MiTZGEWITCH

(12) as the chromosomes, although in the species st

writers 12 chromosomes were found. As in 5. crassa they are

variable as to number and shape and in all cases far exceed the

number of chromosomes heretofore ascribed to Spirogyra, there

them not chromosomes

amorphous masses of chromatin
centers for the absorption of the less dense surrounding material.

:her (7)

alum, could be stained only a li^

hematoxylin, but when inclosed in

albumose solution their

overcome. This suggests that the clue to the difference in the
m m

component

kinds of material

mpositi

fill the nuclear snare, in nuclei fixed

mixture

undifferentiated
gularly

With the elongation of the nucleus, the nuclear membrane

asm The
mass of material now gradually condenses, changing from spherical

to cyHndrical, the deeply stamed material accumulatmg more along

the central axis, Here it may be seen to be composed of oblong

bodies, when filaments are arranged so as to be seen endwise (fig-

filament In all cases an areolar

marks off the entire spherical mass from the spindle. The
• stained bodies are also distinguished from the others by
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areolae. These bodies may
Tption the finer granular matter is transformed

to the denser state. bodies

as that around the entire mass, may be of no mc
nificance, as Fischer (7) obtained, when staining

albumose

'ceptible diameter. *

drawings had been made

me
make whole mounts of the i

different an apnearance from

These presented

entirely different interpretation of the stages which show striations

of granules and longitudinal arrangement of the deeply stained

bodies. When such nuclei in stages just before and up to the com-
plete dissolution of the nuclear membrane are examined, a contin-

uous spireme including both kinds of material can be seen distinctly

(fig. 9) .
The coils of this spireme are connected by anastomosing

bridges. The deeply stained bodies, which seemed irregularly

disposed in the thin sections (figs. 10, 13), in the whole mounts

spireme; a spireme

material

investigators on other plants.

neme

spireme, however, appears to be not ereatlv dissimilar

morethat seen in Allium in the prophase. In Allium there was
regularity in the arrangement of the chromatin masses and linm
forming the spireme. In Spirogyra (fig. ii) also an apparent

division of the spireme Ihis parallelism

in Galtonia. In
Gregoire (8) has interpreted it as an apparent splitting

causea by progressive alveolization of the chromosomes; in Allium,
BoNxVEviE (2) has attributed similar appearances as due to the
chromatin gathering at the peripheral portion of the chromosome,
forming a spiral coil within; while the writer (lo) in Allium
regarded the apparent split as the result of an aggregation of
granules forming a quadripartite thread.

The great similarity of this spireme to that described by other

'-*



324 BOTANICAL GAZETTE [octobee

writers is further evidence that in Spirogyra, as in Allium, we have
here but a stage preparatory to the organization of chromosomes,
and all bodies seen in preceding stages are but amorphous precipi-

tates, their great variation being due to the colloidal nature of the

chromatic substance. But slight pressure on the cover glass of

these whole mounts appears to destroy the spireme appearances;

as

some

and fine granules. These dark bodies sometimes
granules. Examination of many slides and of

centrally lying material has been slightly displaced by the knife

(fig. 17) indicates that the bodies appear oblong only because the

filaments indicate a definite

number of these darkly stained bodies which appear to behomologous
with those termed chromosomes by Mitzgewitch (12), Wissel-
INGH (13), Berghs (i), and others. Their appearance as lying in

a spireme in whole mounts and their subsequent behavior in rela-

tion to the finer granular material show them to be, with the

other material, but parts of the as yet unorganized chromosomes.

find

stained

m An illustration of this may
m

show this longitudinal arrangement. A second section, cut deeper
in the same spindle and so taking in less of the chromatic material,

does not show such a bewildering array of bodies. Here the spireme

formation can be seen as distinctly as in the case of the whole
mounts. It is also in this stage that there can be seen a beginning

chromatic material

material to the poles. This orientation

inter\ that at this

Tiod m karyokinesis the chromatin masses may have acquired
metrical charges, thus bringing about a state of mutual repulsion,
sharp split or rift along the equatorial circumference of the spmdle
'es not appear, but instead, the interior (figs. 20-22) and then the

uator (fig. 23) becomes gradually cleared of material. As this

^armg proceeds, it is coincident with an amalgamation (figs. 23,

)
of the two kmds of material. Amalgamation when observed in
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living material appears to be due to the gradual loss of the more

liquid portion streaming each side. This leaves the interior of the

cylindrical-shaped spindle clear as amalgamation proceeds. When
one looks down with low power upon a nucleus in this state, as in

fig. 22, the mass appears to have separated, though no actual separa-

tion of the chromatic material has occurred; for use of higher power

shows all the bodies still united in a spireme, although all the

material has left the interior. Similar strepsinema stages in the

whole mounts show that this amalgamated material is also in

spireme formation (fi.g. 25), though no differentiation is to be seen

but the line indicating its double nature. The general shape

assumed by the spireme in its convolutions is flatter now than at

the earlier stages. This flattening culminates in the elongation of

its coils (fig. 26). As a result of these changes there is but one kind

of material of intensive staining capacity, pointing to either pole.

This amalgamation can be compared with that in Allium where the

parallel threads made of granules fuse to form tubular chromosomes.
In Spirogyra, as in Allium, the spireme evolves from substances of

two staining qualities; in both, the amalgamated materials yield

tubular chromosomes staining intensively with hematoxylin and
anilin stains. Similar elongation of amalgamated filaments is

shown by Berghs (i). He did not observe a spireme, and as he
terms the earlier indefinite deeply stained bodies the chromosomes,
these amalgamated filaments he terms "pseudochromosomes."
As their formation from irregular masses of chromatin by absorp-
tion and condensation proceeds to an organized spireme behaving
in Its entirety as the spiremes in Allium that segment into chromo-
somes, It is difficult to see why these amalgamated substances should
be called "pseudochromosbmes."

These coils of the spireme, now completely on the peripheral
part of the cylinder, pull apart (figs. 26, 27). A definite transverse
sphttmg does not appear, but instead there is a gradual elongation
and constriction as of viscid masses. At last, attenuation brings
about a separation of the chromatic strands, not at any definite
dividmg line, but at various points in the spireme. This was con-
hrmed in the study of living, dividing nuclei of a more transparent
species of Spirogyra. Further evidence that the spireme ruptures
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near the poles.

) fact that chromosomes

most of the material is a]

e chromosomes are com

by an anastomosing network (fig, 30) , a beginning of that seen in

the developed daughter nuclei. Often, if not always, strands are

left after the assembling of the chromosomes at the poles. These

chromatic masses persist in the cell after the membranes of the

daughter nuclei are formed. As they can be traced step by step

to the chromatic material of the metaphase, they may rightfully

be termed chromidia and not considered metabolic products

Their frequent occurrence at this

stage of division suggests that the casting out of such masses may

be a normal phenomenon, and that these chromidia are active in

the secretory or other functions of the cell.

Derschau (4) observed in the leaf epidermis cells of Berberis

chromatin protuberances from the nucleus beginning to turn green.

He considers them chromidial substances lavine the foundation of

asm

the chloroplasts. chromatopho

chromatoph

,, although Meyer (i

investigations led him

phores. Farmer and Digby (6) describe in certain varietal and

hybrid ferns the ejection from nucleus into cytoplasm of chromatic

droplets durmg early stages of heterotypic mitosis and also during

telophase. Future research may likewise connect in Spirogyra

these chromidia with the origin of chromatophores and pyrenoids.

As the chromosomes elongate and assemble at the poles, a split

lengthwise can be seen in each, in some more definitely than in

others (figs. 28-30). Sections cut obliquely (fig. 27) show the tubu-

lar or hollow formation of the chromosomes ; those cut trans\'ersely

the ringlike nature resolvuig later into the four thickened masses

inclosmg a vacuole. The number of these chromosomes could not

be ascertained definitely, but it seemed to approximate 14, ^^"^^

rather than less. This would correspond with that found by

Karsten (9) in Spirogyra jugalis.
As the chromosomes near the poles they become V-shaped

(fig- 33)- When condensation has sufficiently proceeded, the ma-

)
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tcrial is seen to assemble more at the ends of the double V's, thus

presenting the appearance of tetrads (fig. .28). The V-shaped

chromosomes represent but the loops or portion of the loops of

the original spireme now ruptured. Each V has the characteristic

chromatin

spireme

.e more
are homologous with the structures described by Berghs (i) as

reappearing from the mass of ''pseudo-the true •mes

mterpretation which seems
their whole history is taken into consideration.

After rupture of the spireme, the chromosomes do not form
daughter spiremes, but joined by anastomosing bridges of linin

m fisfures
to

aissimilar to those of Gregoire (8) in Trillium, where each of
anastomosed chromosomes after polar assemblage becomes by
alveolization an elementary reseau, at once of an alveolar and
reticular nature. The chromosomes in the ring or disk gradually

chromatic material

more

masses (figs. 35,.36) lying withm a granular material that formerly
was at the ends of the spindle and into which the chromatin re-
treated. These masses are crossed by cavities, spherical or poly-
hedral. At this time the chromatic masses are surrounded by a
clear space, around the margin of which the nuclear membrane
begins to evolve (fig. 37).

Summary

published is as follows

:

A spireme originates from material derived fromana nuclear network. The
aggregations varying in appearance", in"numblr
capacities.

most from

materials

chromosomes. They greatly

Spirogyra; although a comparative

chromosomes m any species
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investigators indicates that these are the bodies heretofore desig-

nated as chromosomes.

This spireme in the pachyneme stage is composed of deeply

stained short filaments intermixed with material of a granular

nature. granular material

from the nucleolus^ the filamentous from the nuclear network.

These two materials amalgamate to form one of intensive stain

ing capacity. The amalgamated material retains the spireme form

Ihis spireme

cylindrical,

ture. '

later elongates^ becoming

struc

This spireme does not appear to split either transversely or

longitudinally, but separates at various points as would a viscid

mass It pulled m more
chromosomes for each daughter nucleus result from the elongation

of the coils of the spireme. These are not to be considered
*

'pseudochromosomes. '

'

At this stage and subsequently chromidia are discharged into

the cytoplasm. It is probable that these chromidia are concerned

development

karyokine

autonomous bodies. The advantage of this form

in the

chromidia

Spirogyra crassa does not in the behavior of its nucleus in

karyokinesis present a unique case, for the stages can be homolo-

gized with similar stages in Allium, as typical of the higher plants.

Normal College
New York City
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EXPLANATION OF PLATES XI AND XII
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Whole Zeiss oc. 12

and Leitz obi. 6.

fixed

/
Whole

somes; Zeiss oc. 12 and Leitz obj. 6.

Sections fixed in Bouin fluid (fig. 33), in Flemming (fig. 35),

in chromacetic (figs. 36, 37); also a whole mount (fig. 34); Leitz oc, 4 and

1/12 oil im.
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FILICES PURDOMIANAE
J

Carl Christensen

(The ferns collected by Mr, Willmm Purdom in 1 910 in Shensi during
the Arnold Arboretum expedition to northern China have been placed in the
hands of Dr. Carl Christensen of Copenhagen. His report upon them is
found in the following paper.—C. S. Sargent, Arnold Arboretum)

Alphabetical list of species

marked
province of Shensi.

I. Adiantum aristatum Christ.—Tai-pei-shan, no. 79.

2. A. erythrochlamys Diels.—Tai-pei-shan, no. 78.

Z- A. pedatum L.—Tai-pei-shan, nos. 71, 80.

4. Asplenium adiantum nigrum L.—No. 74.

5- A. Sarelii Hook.—Nos. 73, 76.

6. A. varians Hook, et Grev.—No. 75.

7. A. trichomanes L.—Tai-pei-shan, no. 77.

8. *Athyrium acrostichoides (Sw.) Diels.—No. 49.

9. A. Biondii Christ.—Tai-pei-shan, no. 43.
10. ^. crenatum (Sommerf.) Rupr.—Northern Chili, no. 64.

ii«. A
. filix-femina (L.) Roth.—No. 48.

lib. A. filix-fcmina (L.) Roth var. muUidenlalum (Doll)

No. 62.

12. A. Henryi (Bak.) Diels.—Tai-pei-shan, no. 42.

Nos
13. A. mongolicum (Franch.) Diels var. Purdomii

58, 60.

13^ 20.

14. A. Sargentii, sp. nov.—^Tai-pei-shan, no. 10.

T-S- A. spinulosum (Maxim.) Milde.—Tai-pei-shan, nos. 57,

331]

16. (?) ^. suhsimik Christ.—No. 50.

17. Blechnum ehurneum Christ.

—

^Wilson no. 4723.

18. Cheilanthes argeniea (Christ) Hook.

—

Wilson no.

19. C. lanceolata, sp. nov.—Tai-pei-shan, nos. 24, 25

20. Cheilanthes sp.—No. 15.

[Botanical Ga:
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21. Coniogramme Jraxinea (Don.) Diels.—No. 82.

22. Cryptogramma Stelleri (Gmel.) Prantl.—Tai-pei-shan, no. 72.

23. Cyclophorus pekinensis C. Chr.—^No. 91.

24. C. Sheareri (Bak.) C. Chr.—Tai-pei-shan, no. 97.

25. C taeniodes C. Chr.—No. 83.

, C. taeniodes var. furcata.—No. 89.

^pteris fragilis (L.) Bernh.—No
*

27. C. moupinensis Franch.—Tai-pei-shan, nos. 14, 63.

28. * Doryopteris concolor (Langsd. et

29. Drynaria reducta Christ.—No. 87.

30. Dryopteris lacera (Thunb.) C. Chr,

31. * D. Linnaeana C. Chr.—Nos. ^<.

No

No

*
32. "^

( ?j Z>. marginata (Wall.) Christ.—No. 67.

33. * D. nipponica (Franch. et Sav,) C. Chr.—Tai-pei-shan,

no. 38.
*

34. ""D
*

Tai-pei-shan, no. 88.

35. ^ D. phegopteris (L.) C. Chr.—No. 70; new to China proper.

36. D. polylepis (Franch. et Sav.) C. Chr.—Tai-pei-shan,
nos. 37, 55.

37. *D. Purdomii, sp. nov.—Tai-pei-shan, no. 44.

38. * D. sericea, sp. nov.—Tsin-ling, no. 66.

39. Gymnopteris Upinnata Christ.—Tai-pei-shan, no. 28.

Matteuccia intermedia, sp. nov.—Tai-pei-shan, nos. i, 8,

9, 12.

Microlepia Wilfordii Moore.—No
42. Polypodium (Goniophl.) amoenum Wall.—No. 85.

43- P' {Gon.) subamoenum Clarke var. chinense Christ.

Tai-pei-shan, no. 2,2.

44- *i'. (Pleopeltis) clathralum Clarke.—Tai-pei-shan, no. 96.

45- P- {PI.) eilophyllum Diels.—No. 90.

46. P. {PI) lineare Thunb.—Tai-pei-shan, no. 93.
46a. P. {PL) lineare var. contortum Christ.—Nos. 92, 94-

47- P. {PI) oligolepidum Bak.—No. 95.
48. P. {PI.) shensiense Christ.—No. 84.

49- Polystichum acanthophyllum (Franch.) Christ.—Nos. 21,

52 (inpart),
54, 56, 34(?).

50. P. aculeatum (L.) Roth.—No. 61.
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51. P. Braunii (Spenn.) Fee.—Tai-pel-shan, nos. 40, 51, 59.

52. P. craspedosorum (Maxim.) Dielsvar. Giraldii Christ??!

No
53. * Polystichum gracilipes, sp. nov.—Tai-pei-shan, nos. 17,31.

54. P. lachenense (Hook.) Bedd.—Tai-pei-shan, no. 46.

moupinense (Franch.) Bedd,—Tai-pei-shan, nos. 36, 39,

53,65(?).

56. *P. Thomsoni (Hk

ST- P- (Cyrtomium) Jalcatum (L.) Diels var. polypk

Piels(?).—Tai-pei-shan, nos. 81, 86.

58. Pteris multifida Lam.—Tai-pei-shan^ no. ii.

. 59. ^ Woodsia lanosa Hook. var. attenuata, var. nov.—No
60. W. polystichoides Eat.—Tai-pei-shan^ nos. 23, 29, 41.

61. Lycopodium annotinum L.—No. 2.

62. Selaginella sanguinolenta (L.) Spr.—No. 27.

(>2,* S. Stauntoniana Spring.—No. 26.

Remarks on some species with descriptions of the new forms

Adiantum aristatum Christ, Bot. Gaz. 51:356. 191 1.

A. monochlamys var. latedeUoidea Christ, Nuov. Giom. Bot. Ital.

N.S. 4:88. 1897.—-Tai-pei-shan, no. 79.

Christ

Mem
as the recently described A. aristatum does.

Adiantum erythrochlamys Diels.—Tai-pei-shan, no. 78.

Probably this is what Christ has named A, monochlamys t}T)us elongaius

(Nuov. Giorn. Bot. Ital. N.S. 4:88. 1897). It differs;, from the typical A.

fnonochlamys Eat. in the completely entire m'argins of its pinnae and in its

very large indusia.

Athyrium mongolicum (Franch.) Diels var. Purdomiii var.

nov.—Habitu, magnitudine, rachi sursum complanata, alata

typo similis, differt: rhizomate vix repente, apice squamis atro-

bruimeis nitidis linearibus longe acuminatis dense onusto; pinnis

basi aequalibus, i.e., lacinia anteriore vix aucta; laciniis approxi-

matis fere quadratis apice truncatis leviter crenato vel obtuse
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dentato;^ indusiis magnis persistentibus tenuibus, fere omnibus
reniformibus, nonnulfs bre\iter hippocrepiformibus, nullis rectis.

(typ
same.

Athyrium Sargentii, sp. nov.—Rhizomate erecto, squamis latis

rufo-brunneis vestito. Stipitibus dense fasciculatis pallidis, basi

nigrescentibus incrassatis, 2-3 cm. longis, nudis. Lamina lanceo-

cm. circiter longa, medio 6-7 cm
membranacea. laete viridi. bin

')

laete viridi, bipinnatifida. Rachi gracili,

supra sulcata et pilis pluricellularibus mollibus pubescente. Pinnis

15-20-iugis, sessilibiis, recte patentibus, inferioribus reductis et

reflexis, medialibus maximis, 3-3.5 cm. longis, vix i cm. latis,

oblongis, basi vix auriculatis, ad costas costulasque utrinque sparse

hirtis, profunde pinnatifidis.' Lobis patentibus sinubus acutis

separatis, integris vel leviter crenatis, apice obtusis vel truncatis.

Venis 4-iugis, simplicibus, ascendentibus. Soris 3-6 in lobo,

medialibus; indusiis brevibus (vix 2 mm. longis), lineari-ovatis

vel ovatis, turgidis, pallidis, marginibus integris, persistentibus,

reniformibus

of

Shensi: Tai-pei-shan, Purdom no. 10. This new species of the group

Giraldii
tnongolicum (Franch.) Diels. It resembles the former, which I have not seen,

m Its basal scales, the inflated bases of the stipes, and in the shape of the

triangul
From A. mongolicum, which it resembles closely in size, cutting, and general

habit, it differs in its basal scales, the rachis not being winged upward, and

ipecially

Cheilanthes lanceolata, sp. nov.—A leuritopteris rhizomate breve

squamis rigidis lanceolatis brunneis mar
mm ad

fragillimis, atropurp
tenuissimis pallide brunneis deciduis instructis

ad 20 cm. longa, medio q-6 cm. lata, versus 1

Lamina

lulum angustata, tripinnatisecta, pUis squamisque omnino desti

tuta

rachi glandulosa. remotis infimis

cm
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oblongis, sessilibus^ obtusis vel acutis. Plnnulis 4-5-jugis, ovatis

vel oblongis, obtusis, inferioribus late adnatis i cm. longis, 5-7 mm.
latis, superioribus decurrentibus, versus apicem pinnarum con-

fluentibus, profunde lobatis. Lobis ovatis, obtusis, maximis

crenatis. Indusiis subcontinuis, levlter fimbriatis vel potius

erosis, pallida- luteis.

Shensi: Tai-pei-shan, Pukdom nos. 24 and 25. A most distinct species

of § Aleuritopteris, characterized by the lanceolate shape of the lamina,

which is entirely destitute of hairs and scales. In general habit it resembles

not a little the Mexican C. aurantiaca (Cav.) Moore, although the pinnae are

somewhat more divided. The stipe and rachis are very fragile.

63.

Cystopteris moupinensis Franch.—Tai-pei-shan, nos. 14 and

No doubt specifically different from C sudetica A. Br.; the indusia are

eglandulose.

Dryopteris lacera (Thunb.) O. Ktze.—No. 68.

Very typical. A. filix-mas var. Giraldii Christ, Nuov. Giorn. Bot. Ital.

N.S. 4:94. 1897 is no doubt this species.

Dryopteris Purdomii, sp. nov.

—

Lastrea rhizomate (?), sUpi-

tibus ad jo cm. longis stramineis gracilibus, supra bisulcatis et

decidue hirtis. Lamina anguste lanceolata, 30-35 cm. longa,

medio vix 5 cm. lata, utrinque attenuata membranacea, bipinna-

tifida. Rachi gracili straminea, pilis albis brevibus patentibus

deciduis sparse pubescente. Pinnis inferioribus 2-3-jugis abbre-

viatis, 1-2 cm. longis, inter se 7 cm. remotis, medialibus maximis

3-4 cm. longis, basi i. 2-1. 4 cm. latis, sessilibus, 3 cm. inter se

remotis, e basi latiore versus apicem breviter acuminatum sensim

attenuatis, plerumque curvatim erectis, supra pilis brevibus antrorsis

praesertim ad costas costxilasque setulosis, infra ad costas costu-

lasque pilis patentibus albidis subdense hispidulis, marginibus

ciliatis, ad alam i rmn. latam pinnatifidis. Laciniis obliquis,

triangulari-acutis, marginibus revolutis integris, basali superiore

parum longiore. Venis indivisis, ca. S-Jugis, obliquis, basalibus

marginem supra sinum acutum attingentibus. Sons medialibus,

numerosis, exindusiatis. receotaculo oiloso, sporangiis setosis.
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ji-shan, PuRDOM no. 44. Most like a very narrow form of

(Wall.) C. Chr., which it resembles in pubescence and in

triangular-oblong pinnae; but it is much smaller, and its setose receptacles

and sporangia mark it clearly. D. rufostraminea

very

Dryopt Eudryopteris rhizomate ( ?)

,

tibus strictis, griseis, glabris, ad lo cm. longis, basi squamis

tenuibus ovato-acuminatis integris dense onustis. Lamina o

oDionga, 25 cm. longa, 10-12 cm. lata, versus apicem pmnatmdum
sensim attenuata, basi rotundata, textura crassa, opaca, in sicci-,

tate supra brunnea infra grisea, ubique pilis articulatis brevissimis

in aetata omnibus deciduis dense griseo-tomentella, bipinnatifida

vel potius subbipinnata. Rachi griseo-straminea, superne sulcata,

in parte inferiore squamis bnmneis minutis sparse vestita. Pinnis

7-10-jugis, adscendentibus, alternis, inferioribus 4-=;-iugis breviter

maximis )

longis, 2-2
.
5 cm. latis, latere posteriore paullulum latiore saepe

inaequilateralibus, ad apicem breviter acuminatum vel non rare

obtusum serratum e medio sensim attenuatis. Segmentis secundi

ordinis basalibus pinnarum inferiorum liberis, basi cordatis et

utrinque auriculatis auriculis brevibus obtusis, sequentibus iis

aequalibus, i .
c; cm. lends, «; mm. latis. basi Dosteriore decurrenti-

marginibus crenatis vel iriterdum ?

superioribus ala i mm. lata connectis, * omnibus obtusissimis.,

Venis furcatis vel bifurcatis, 6-8-jugis. Soris medialibus; indusiis

reniformibus, rufis, subglabris, persistentibus. Sporangiis glabris.
j'

• Shensi: North of Sian Fu, Tsin-ling Range, Purdom no. 66. A most

distinct fern, in its peculiar pubescence unlike all other species of Ettdryopleris,

to which subgenus it no doubt belongs. . The whole frond is clothed with very

short articulated hairs resembling those occurring in the subgenus Cteottis;

they are found equally throughout the surfaces and not mainly confined to the

costae above as in Ctenitis; the costae are, like the veins, scarcely visible

from the upper side. In venation, especially in the decurrent secondary veins,

,

m color, indusium, and basal scales, our species agrees with most species allied

,

to D. filix-mas; in general habit it resembles not a little D. cristata. The type

specmien consists of three fronds, of which two are pubescent as described,^

while the third is absolutely glabrous, but otherwise perfectly similar to the

two others; it is probably an older leaf with all the hairs fallen. As in several -

other species of the same relationship, the lower 2 or 3 pairs of pinnae are

Stcnic

%

/
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Gymnopteris bipinnata Christ in Lecomte, Not. Syst, 1:55.

I gog.—Gymnogramme Ddavayi Christ, Nuov. Giorn. Bot. Ital.

N.S. 4:17. pi. 3. fig. J (non Baker).—Tai-pei-shan, no. 28.

Matteuccia intermedia, sp. nov.—Species critica inter M.
struthiopteridem et M. orientalem medium tenens, a priore quae
habitu magnitudine similisj differt: paleis basalibus nigris, rachibus

paleaceis, lamina longe stipitatis, versus basin breviter decrescente,

pinnis lobatis nee profunde pinnatifidis, venis tertiariis circiter

5-Jugis, pinnis fertilibus 6-7 cm. longis, 3-4 mm. latis recurvatis;

a posteriore, quae venatione, colore, rachi paleacea similis, differt;

pinnis angustioribus, inferioribus 2-3-jugis abbreviatis.

A most critical form, intermediate between M, strulhiopkris (L.) Tod.
and if. orientalis (Hook.) Trev. The sterile leaf resembles M. slruthiopt

in size and in breadth of pinnae; it differs in (i) the long stipe, which is up to

20 cm. long, o. 5 cm. or more thick, broadly furrowed above, in the lower part

and especially at base clothed with large (2 cm. long by o. 5 cm. wide), nearly

black, glossy, and entire scales; (2) the lamina being very shortly attenuate

dow^nwards, the lower 2 pairs of pinnae only being somewhat abbreviated;

(3) the rachis, like the costae of the pinnae beneath, clothed w-ith several minute

blackish scales; (4) the pinnae, which are not very close, linear, 10-12 cm.

long by I. 5 cm. broad, incised not more than a third of the w^ay down to the

midrib into broad, obtuse lobes; basal lobes scarcely prolonged, but the lower

one considerably broader and imbricating the upper side of the rachis, under

surface pale, glandular with scattered yellowish glands; (5) the venation, the

tertiary veins being very oblique, about 5 to a side, the lower ones curved

upward and running to the sinus. M, orientalis has much broader and more

deeply cut pinnae, the basal ones not at all abbreviated. Fertile leaf Viiih stipe

and rachis rather scaly beneath with light-brown, crisped scales; stipe

30 cm. long, lamina 40-50 cm, long, about 10 cm. broad; lower pinnae a little

shortened, median ones 6-7 cm. long, 3-4 mm. broad, at first erect, later

recun-ed from the erect base with hanging tips; costae scaly beneath, the veins

distinctly seen on the upper side, Indusium apparently wanting.

As a whole, our new species is perhaps nearest to M. orientalis, resembling

it in color, the scaly rachis, and especially in the large fertile leaves, but in

general habit it is much more like M. struthiopteris. It is possible that Stru-

thiopteris orientalis var. brevis Christ, Bull. Soc. Bot, France, Mem. 1:44,

from Szechuan and Hupeh, is just our species. Shensi: Tai-pei-shan, Pitrdom

nos. I, 8, 9, 12.—Recently I have received from Professor Bower, of Glasgow,

a very similar exindusiate form from Darjeeling, Sikkim, British Himalaya,

leg. W. Cave.

PoLYPODiuM CLATHRATUM Clarke ill Trans. Linn. Soc. II.

Bot. 1:559. pl' S2. fig, I. 1880.—Tai-pei-shan, no, 96.
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The young sori are perfectly concealed by large, appressed, thin, peltate

scaleSj which in the mature sori appear as a lacerated, blackish network between

the sporangia. This network (clathrate scales) is formed from the thin,

peltate scales by the outer (surface) cell-walls having been dissolved, while

the remaining cross-walls become thick and black.

PoLYPODiUM EiLOPHYLLUM Diels.—P. LewtsU Christ, Nuov.

Giorn, Bot. Ital. N.S. 4:97. pL i. fig. i (non Baker).—No. 90.

Polystichum gracilipes sp. nov.—Species parva e grege

F, deltodon (Bak.) Diels rhizomate erecto, squamis angustis fulvis

sparse vestito. Stipitibus fasciculatis, gracilibuS; ad 6 cm. longis,

vix I mm. crassis^ stramineis, versus basin squamis parvis ovato-

acuminatis breviter iimbriatis onustis^ sursum rotundis, Lamma

lanceolata, simpliciter pinnata, 10-15 cm. longa^ vix 2 cm. lata;

subtus pallide viridi, subcoriacea, rachi tenui, squamis parvis

ovato-lanceolatis longe acuminatis fimbriatis deciduis praedita.

Pinnis 2c>-25-jugis, approximatis, brevissime petiolulatis, quad-

rangularibus, 8-10 mm. longis, 4-5 mm. latis, basi posteriore

cuneata mar
pidatis; pinnis inferioribus parum abbreviatis; pagina inferiore

squamis minutis costam et margmem

medium tenentibus vel saepe costae magis approximatis; indusiis

magnis

Shensi: Tai-pei-shan, Purdom nos. 17 and 31. Closely related to P-

lanceolatum (Bak.) Diels, from which it differs in its longer stipe, scaly rachis,

auricled upper base of the pinnae, and large, persistent sori. Both edges of

the pinnae bear about 5 cuspidate teeth each.

WooDsiA LANOSA Hook. var. attenuata, var. nov.—A typo

diflFert: lamina versus basin sensim attcnuatis; pinnis inferioribus

minutis; stipitibus vix 2 cm. longa, lamina 5-6 cm. longa, i cm-

lata; pinnis oblongis nee ovatis.

Shensi: Tai-pei-shan, Purdom no. ig. Perhaps a new species. The

whole frond is very densely covered with long grayish hairs, those of the

rachis and costae beneath intermixed with some very thin, narrow, hyalme

scales. The rather thick and short rhizome is densely clothed with broad,

red scales.

Copenhagen



BRIEFER ARTICLES

IMBEDDING AND WARMING STAND

(with two figures)

The warming and imbedding stands for paraffin work used in labora-

tories are unsatisfactory. Commonly a plate of copper or other metal

supported on legs is employed, and by some the apparatus devised by

Dr. Ferguson is used. The apparatus here described was devised

five years ago, and it is at the suggestion of various botanists that this

description is published. The apparatus is a modification of a familiar

temperature stage for microscopes.

Fig. I,—Side view of apparatus: ^, water intake; B, water outlet; C, opening

for thermometer.

arming

factory for the following reasons: (i) temperature cannot be controlled;

(2) the imbedding trays cannot be removed quickly for cooling for fear

of disturbing the orientation of the imbedded materials (and rapid

cooUng is essential for best results). The apparatus here described

does not possess these objectionable features and permits of rapid work.

The apparatus consists of a copper box constructed on the prmciple

of a water jacket of a condenser. The dimensions of the one employed

width The box is

provided with an inlet for water on the bottom (figs, i and 2, A), and an

outlet for water on the upper side (figs. 1 and 2, B). There is also pro-

vided on the upper side an opening into which is fitted a stopper with a

339] [Botanical
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thermometer (figs, i and 2, C). The box is provided with a specially

constructed stand, though if desired this may be replaced by a simple

tripod stand. Greater stability is secured, however, by having a stand

made especially for the copper box.

In constructing the water box it is desirable to have the top of the

box made of slightly heavier sheet copper than the bottom, 14 oz.

copper for the bottom and 16 oz. copper for the top being satisfactory.

By observing this precaution, all bulging due to water expansion or

water pressure will manifest itself on the lower side, and a plane surface

is maintained on the upper side, which of course is essential for good

imbedding.

B

Fig. 2.—^Top view of apparatus

In using the apparatus the box is first filled with water and the water

supply then shut off. The box is heated by a Bunsen flame, and when

the desired temperature is attained, as indicated by the thermometer,

the flame may be removed. A constant temperature may also be main-

tained by continuous heating and then regulating the flow of water;

this latter being the better method.
After the material has been oriented, it is rapidly cooled by replacing

the warm water with a stream of cold water. If paper trays have been

used for imbedding, they may be sufficiently cooled for removal and

immersion in water in 30 seconds. For bringing the stand to the proper

temperature the same time is required. The top of the box should of

course be kept free of paraffin.—L. Knudson, Cornell University, Ithaca,

^L



CURRENT LITERATURE

BOOK REVIEWS
r

Oxidations and reductions

Dakin's monograph^ on oxidations and reductions in the animal body is

of interest to the plant as well as animal physiologist. Chap, i includes an
introduction and discussion of the nature of oxidizing and reducing agents in

the body as well as the methods of investigation. Chap, ii deals with the

oxidation of saturated fatty acids, unsaturated acids, fatly acids with branched
chains, and dibasic acids. Chap, iii discusses the oxidations of a amino,
a hydroxy, and a ketonic acids, the oxidation of phenylalanine, tyrosin, tryp-

tophane, and related substances, and the oxidation and reduction of amino
acids by microorganisms. Chap, iv treats of the oxidation of carbohydrates;

chap. V of the oxidation of purin derivatives; and chap, vi of the oxidation of

hydrocarbons, phenols, aldehydes, amines, and indol derivatives. The volume
also includes a bibliography of 21 pages and a full index.

A quotation from the preface gives the point of view of the work: '*The

statement that fats and sugars are oxidized in the body to carbon dioxide and
water, while proteins yield urea in addition, are no longer considered all-

sufficient explanations of the chemical role of these in animal economy. The
study of chemical structure is rapidly changing the whole aspect of biological

science, and we may confidently look forward to the time when the orderly

succession of chemical reactions constituting the activities of the living cell

will be resolved into their individual phases." The author does not enter into

"the purely biological aspects of the subject, and also the thermodynamics

of the problem of oxidations and reductions have been necessarily omitted as

outside the scope of the work. References to many enzymes, ox>'genases,

peroxidases, etc., which, so far as is known, are without action upon the prin-

cipal groups of substances which furnish energy to the organism, have also

been omitted."

In discussing the nature of the oxidizing and reducing agents of the anim'al

body, he treats as improbable the Schonbern theory of "activation of oxygen

in its polymerization," the Clausius and Van't Hoff view of the separation

of the oxygen into its atoms or ions, and the Hoppe-Seyler conception of the

resolution of the oxygen by nascent hydrogen or other reducing agents. He
accepts as very probable the Moritz Traube peroxide theory of oxidation.

'Dakin, H. D., Oxidations and reductions in the animal body. pp. viii+ijs.

New York: Longmans, Green & Co. 191 2. One of the monographs on biochemistry.
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The main evidence for the theory is the likeness between the oxidations pro-

duced in the animal body and those produced in vitro by hydrogen peroxide.

It is held that hydrogen peroxide cannot be the eflFective peroxide in the

organism because of the general presence of catalase in active tissues. Organic

peroxides are probably the effective agents. The following are listed as

peroxide-forming substances: elementary metals and non-metals (hydrogen,

phosphorus, zinc, etc.), hydrocarbons, terpenes, alcohols, aldehydes, acids,

carbohydrates, ethers, phenols, and aromatic bases and alkaloids.

The following are a few of the reactions mentioned that show the resem-

blance between the oxidations in the animal body and those carried on in vitro

by hydrogen peroxide. The normal fatty acids in the body undergo oxidations

in the j8 position, butyric acid yielding acetoacetic acid. Hydrogen peroxide

alone of all the various chemical oxidizing agents brings about precisely the

same reaction.

CHiCH.CHaCOOH -> CH^COCH.COOH
butyric acid acetoacetic acid

Glucose may be oxidized to glucoronlc acid in the body, while hydrogen

peroxide is the only reagent capable of effecting this change outside the body.

enzene

the same reaction is brought about by hydrogen peroxide, but by scarcely any

other reagent. Among the dibasic acids, oxalic acid is oxidized readily by

laboratory In

the body oxalic acid is oxidized with great difficulty, but the other three men-

very similarly

hydrogen peroxide. The saturated and unsaturated fatty acids are about

equally readily oxidized in the body and by hydrogen peroxide. To most

laboratory reagents the saturated acids are far more resistant than the unsatu-

rated. It seems probable from this that botanists^ are wrong in assuming the

greater ease of oxidation of unsaturated acids in the plant.

We need not enter into our knowledge of the details in the course of the

complete oxidation of any of the various substances yielding energy. It ^viU

suffice to say that many steps are not yet known and others are in dispute,

but it is evident that the course of oxidation of any one substance varies con-

srderably with the conditions. The following quotation emphasizes a pomt

commonly stated by botanists: animal

is most remarkable, especially when phenomena such as those presented by

diabetes and alcaptonuria are concerned. In these conditions oxidations of a

single readily oxidizable product of metabolism (glucose and homogentisic

acid) may be completely restrained without in the least impairing the capacity

of the body for effecting the oxidation of other substances.—William Crocker.

^BoT. Gaz. 54-543-545. ^912.
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Britton and Brown's Illustrated flora

This well known work, issued in 1896, has reached a second edition'
About 300 pages have been added to the text, and the number of species
has been increased from 4162 to 4666. Every species is iUustrated, and one
sees at a glance that the illustrations have been made more effective This
appeal to the eye in distinguishing species is a great contribution to students
of the flora represented. It is not merely a service to amateurs, but ihc pro-
fessional botamst who is not a taxonomist, but who must know his material
finds his labor of determination vastly lightened. Even for the professional
taxonomist, the admirable drawings clear up the vagueness that belongs to
many descriptions. In preparing the new edition, good service has been done
also m testing out the numerous "new species" that have been described
smce the first edition. The enthusiasm for new species has been recognized,
and the sober second thought has been applied. Some have been relegated
to synonymy; others have been noted for further study; and of course some
have been accepted.

The area included is probably well known, but a statement of it may be
helpful. It extends from the Atlantic Ocean westward to the load Meridian,
so as to include the whole of Kansas; and northward from the parallel of the
southern boundary of Virginia and Kentucky to the northern limits of Labra-
dor and Manitoba. The western limit is crossed only to include the whole of
Nebraska.

The nomenclature follows the code recommended by a commission of the
Botanical Club of the American Association in 1907, and therefore is somewhat
at variance with the Vienna Code of 1905. A unique and extremely valuable
feature of the work is the citation of the type species of each genus. So far as
the reviewer knows, this has never been done on so extensive a scale, and it

xnust have meant an enormous amount of labor.

The authors are to be congratulated upon this fresh and very helpful con-
tribution to the botanists of the country. Probably not all can own these

distributed

included.—

T

hin

A plant chemistry

Haas
chemistry of plant products. Section I (49 pp.) is devoted to

3BRITT0X, N. L., and Brown, A., An i

States, Canada, and the British Possessions. enlarged

XXI

Compo
PP- 037. New York: Charles Scribner's Sons. 1913.

^ Haas, Paul, and Hill, T. G. An introduction to the chemistry of plant prod-
ucts. 8vo. pp. 40I. London: Longmans, Green & Co. 1913.
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fats, oils, waxes, and phosphatides; II (ii6 pp.) to carbohydrates; III (23 pp.)
to glucosides; IV (41 pp.) to tannins; V (30 pp.) to pigments; VI (19 pp.) to

nitrogen bases; VII (17 pp.) to colloids; VIII (42 pp.) to proteins; and IX (68

pp.) to enzymes. The book is especially written for plant physiologists, and

apparently gives the several subjects their proper proportional consideration

as demanded by the aim. It is a very swn

microchemical

used in the field. The avoidance of a technical form of presentation makes
the work usable by those of slight chemical training. In discussing chlorophyll,

the authors make the barest mention of the older work on the subject, done,

as they say, in the main with impure products. The discussion is based on the

WiLLSXATTER This gives in

the simplest and most direct way the picture of our present knowledge of chloro-

phyll The treatment of chlorophyll is typical of the method of the book and

shows one of its great virtues. important
IwANOW on metabolism of fats, but this could hardly be expected, since the

book deals with little literature of a later date than 1910. ' The treatise is one

every plant physiologist and probably every botanist dealing at all with

physiology Crocker

MINOR NOTICES
Nigerian plants.—The British Museum

Amaury
Mr

The determinations have been made
by several specialists, and the collection has proved to be unusually rich in

novelties. Of the 1016 species and varieties enumerated, 195 are new, and

among them are 9 new genera, as follows: Alphonseopsis and Dennettia

Afrohameli

(Logan
(Acanthaceae)

, and Amauriella (Araceae). The new species are distributed

among 31 families, those receiving the largest additions being Rubiaceae (34).

Acanthaceae (21), Orchidaceae (20), and Apocynaceae (12).—J. M. C.

NOTES FOR STUDENTS
Caprification.—Baker6 has pubUshed an interesting study of caprification

PhUipp

inflo staminate

Rendle, a. B., Bake- ^r.1.1^, A. ij., iiAKER, E. G., Wernham, H. F., and Moore, S., Catalogue «.

the plants coUected by Mr. and iVIrs. P. A. Talbot in the Oban District, South Nigeria.

PP- X+I57- pis. 17. London: Longmans, Green & Co. 1913.

c .* ^^^l' ^' ^•' ^ ^^^^i" "^^ caprification in Ficus nota. Philippine Jour. Sci. 8:

Section of Gen. Biol. 63-83. 1913.

/
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flowers. On other trees of the same species only carpellate flowers arc found

within the inflorescence, although in the latter cases rudiments of stamens

sometimes appear. Pollination is effected by means of a new species of

Blastophaga {B, nota Baker), which in its appearance and behavior presents

striking differences from the published accounts of the pollination of the fig.

Upon gall-bearing trees of Fiats nota, the production and maturing of

inflorescences is almost continuous, and the broods of the gall-producing

Blastophaga constantly overlap one another; thus failing to show the definite

seasonal stages of insect and gall as described in the case of the Smyrna fig.
w

A short time before the opening of the staminate flowers in the gall-fig or

caprifig, the wingless males of Blastophaga efnerge from some of the galls

within the inflorescence. These males immediately begin gnawing holes into

other galls within the same inflorescence, deserting these holes at once Avhcn

they are found to contain insects other than the females of Blastophaga, and

copulating with the females when they are present. After copulation the male

does not enlarge the opening, thus assisting the female to escape from the gall

as has been stated in other descriptions, but it proceeds to gnaw openings into

other galls which may or may not contain females of Blastophaga. Most of

the males die soon after copulation with one or a few. females. The .females

gnaw their way out of the galls which inclose them. The interior of an

inflorescence soon becomes an active mass of winged females of Blastophaga^

and of insects of several other genera which mature within the gall at the same

time. tmie

by the male Blastophaga as described for other species of Ficus), and the bodies

of the females become dusted with pollen. The scales which have kept the

inflorescence closed against the escape of the insects up to this time now wither

and the females escape. Some of these females fly to younger inflorescences

upon the same tree or upon similar gall-bearing trees and enter the inflores-

cences, In the young gall-forming inflorescences the carpels are of such form

that the in5;erf r^n in^prf tTip ovipositor into the funnel-shaped stigma and

of the carpel. WTien this has been done the

conditiojis arc supplied for the development of new galls. But when these

females fly to trees upon which are the inflorescences which produce ripened

figs, the story is different. In the inflorescences of these trees the styles and

stigmas are of such form that the insects cannot place their eggs within the

It wathin the inflorescence, finally ,d>ang vnih-

.;« tVi^ ^iroriVc nf fTip flnvvprs. But meantime.

egg within the ovary

ovary, and the females run

eggs wathm the c

inflorescence

upon the stigmas the pollen which they brought from the gaU figs or caprifigs.

Fertilization, seed formation, and ripening of the figs follow. •

' . Baker finds not only this new species of Blastophaga, but one new genus

and five new species of parasitic insects accompanying Blastophaga in infesting

the inflorescences of Ficus nota,—O. W. Caldwell. .
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Anatomy of Japanese conifers.—The difficulty in distinguishing the wood
of closely related conifers by their anatomical structure is clearly illustrated by
Fujioka's detailed studyT of the anatomy of 37 species of Japanese Coniferales.

The primary object of the investigation, as outlined in the preface, was to

secure a more reliable basis for distinguishing the various Japanese woods of

similar external appearance. In the "Tabelle zum Bestimmen" which sum-
marizes the results of the investigation, the 19 genera investigated are separated

into 16 groups. Evidently no simple and reliable basis for distinguishing

species was discovered, nor were the following genera separated: Taxus and
Torreya; Thuyopsls, Cryptomeria, Chamaecyparts, and Cimninghamia. The
1 *

. • a

GOTHAN*
r to tne wood of the gymnosperms

criticisms.
« . « •

The use of traumatic resin canals as a basis for separating the Abieteae

{Abtes and Tsuga) from other conifers is unreliable, since any given specimen

submitted for identification may be uninjured and therefore may not possess

these structures. As the reviewer has pointed out,^ tertiary thickenings are

not invariably a reliable diagnostic character in separating the wood of Larix,

Pseudotsuga, and Picea. Similarly

Cupressineae.

distinguishing

type

sistence of the latter in the Taxodineae and Cupressineae in regions of phylo-

genetic significance, for example, cone axis, injured wood, young root, etc. As
is commonly the case with structures undergoing reduction, the ray pitting is

extremely variable in a given species or genus of the Cupressineae, just as is

the occurrence of marginal tracheids and the recurrence of resin canals in the

wood of the Abieteae and Sequoia.

gymnosperms^j „x nicvij^ 63'niiiusperms ana angiosperms empnasizes uiciaui, ^^^^~

although internal structures are invaluable in blocking out the general outlines

of a natural classification of plants, they are too conservative to be significant

m distinguishing closely allied species and genera.—Irving W. Bailey.

Cecidology Among the European contributions is a paper by Schellen-

; author claims that galls caused by fungi serve for storage for

i-ujiOKA, M., Studien uber den anatomischen Bau des Holzes japanischen

Nadelbaume. Jour. CoU. Agric. 4:201-236. ph. 18-24. 1913.

Auu''-?^^^^'
^•' ^^ Anatomic lebender und fossiler Gymnospermen-Holzer.

Abh. Preuss. Geol. Landesanstalt. BerUn. 1905.
Bailey, I. W., The structure of the wood in the Pineae. BoT. Gaz. 48 :47-55-

/'i. 5. 1909.

V. r ^^fff^^^ESG, H. C, tber Speicherung von Reservestoffen in PikgaUen.
Verhandl. Schweiz. Naturl. Gesclls. 9^.277-279. 1911.
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the parasite. These storage materials are the same as those found in other parts

of the plants except that they have a much higher concentration.

SwANTON^^ describes a mite gall on Geraniu?n hicidum caused by Eriophyes

geranii canestrinL This gall does not occur on other species of Geranium on the

British Islands, but does occur on three other species on the continent. E. rubiae

Can. attacks the apical leaves of Ruhia peregrina, causing them to appear as

flowers.

In the American literature we note a new species by Cockerell" under the

name of Cecidomyia peritomatis. This is especially interesting because of the

very few galls known on Capparidaceae.

A very interesting paper by White^^ on the bearing of teratological develop-

ment in Nicotiana on the theories of heredity begins with a brief review of our

knowledge of teratology. The mutant of Nicotiana tabacum was obtained from

Alquiza, Cuba, in 1907. The malformation consisted of a flattened stem accom-

panied by many smaller teratological features, especially in the flowers. Five

generations, involving more than 1000 plants, have been grown, each individual

showing the original mutant characters which are shoAvn in tables. The results

of his experimental work are summarized as follows: "From the results of

hybridization and selection, one mav draw the conclusion that the fasciated

norm
lodifying

effect. underlying cause, and

variableness is onlv the external manifestation of the capricious working

cause." very

the cytology of the mutant and the normal, which he concludes by saymg that

"the evidence warrants one in the suggestion that chromosomes are characters

of the zygote and gametophyte, on the same development with other plant

characters."—Mel. T. Cook.

Araucarineae,—Thomson^4 has made a detailed study of the anatomy of

the araucarians, and has reached certain conclusions in reference to the affinities

of this much discussed group. He has taken into account leaf gaps, leaves,

pitting of secondary tracheids (including bars of Sanio), resin tissue, medullary

rays, bast and periderm, annual ring and tangential pitting, and fossil forms.

The rerenf dUrii«mn rnnrprn^cr tliP oriVin of the araucarians has presented

zx SwANTON, E. W., New and rare British plant gaUs. Jour. Botany 50: 283, 284.

1912.

13 Cockerell
Entomol. 6:279, 280. 1913.

" White, O. E., The bearing of teratological development in Nicotiana on the

theories of heredity. Amer. Nat. 47:206-228. 1913.

anatomy

Araucarineae. Phil. Trans. Roy. Soc. London B 204:1-50- P^^- ^'7- ^9^3
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two alternatives: derivation from the lycopods, suggested by Seward; or

derivation from the Abietlneae, supported by Jeffrey. Thomson dissents

from both, and concludes that the araucarians have been derived directly from

the Cordaitales. The objection to a lycopod origin is based chiefly upon the

presence of leaf gaps, which Thomson regards as of fundamental importance

in indicating an origin by way of the fern stock.

The objections to derivation from the Abietineae deal with many details,

the pith of them being that in the various anatomical details used araucarians

resemble Cordaitales more than they do Abietineae, Jeffrey has appealed

to the Mesozoic plexus of "Abietinean-Araucarian" forms as indicating the

origin of araucarians from the Abietineae; but Thomson concludes that these

transition forms indicate that Abietineae have been derived from the arau-

carians, and he claims that this conclusion is confirmed by the fact that the-
«

araucarians are of greater geological age than the Abietineae. This last state-

ment is based upon the fact that Thomson and Allin'^s investigated certam

Permian and Carboniferous forms that had been referred to PityoxyJon and

found that they do not belong to Abietineae.—J. M. C.

Marine flora of Woods Hole.—For a number of years Davis has been

studjdng the marine flora of Woods Hole and vicinity, part of the time in con-

nection with the biological survey of the Bureau of Fisheries. The results have

now appeared in two sections'^ of a bulletin of the Bureau of Fisheries, and

represent the most complete study of our marine algal flora up to this tinie.

The first section deals with the ecology of the flora, such factors being dis-

cussed as the coast, the bottom m deeper water, the tides and tidal currents,

the effect of ice, depth of water, light, temperature and seasonal changes, and

salinity of the water. The characteristic algal associations are described, their

number reaching 57. Special reports are also made on the algae of Spindle

.
Rocks, Woods Hole Harbor, and on the distribution of the marine algae in the'

deeper waters of Buzzards Bay and .Vineyard Sound. This section is accom-

panied by 47 descriptive charts.

'

. . -

The second section is a catalogue of the marine flora, the number of forms

enumerated, with data concerning their distribution, being as follows: Cyano-

phyceae 37, Chlorophyccae 52, Phaeophyceae 74, Rhodophyceae 96.—J. M- C.

'5 Thomson, R. B., and Allin, A. E., Do the Abietineae extend to the Carbon-

iferous? Bot.Gaz. 53:339-344. 191 2. .

Bradley Moore of
^.i.,i.c, ijjsjiiji^r, 1 -.>i.uuji±,, vjenerai cnaracienstics oi tne rtifeai w-g,

Blizzards Bay and Vineyard Sound in the vicinity of Woods Hole; also A catalogue

of the marine flora of Woods Hole and vicinity. Bull. Bur. Fisheries 31:443-544,

795-833- 1911.



Recent Publications
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The University ofChicago Press

Chicago and the Old Northwest, 1673-1835. By Milo Milton
Quaije, Professor of History in the Lewis Institute of Tech-
nology.

470 pages, 8vo, cloth; $4 . 00, postpaid $4 . 23

This book recounts, in a manner at once scholarly and
dramatic, the early history of Chicago. Important as this
subject is, it is not treated solely for its own sake. The author's

from
has been to trace the evolution of the

From the point of view of
and the Northwest alone the work is local in character, although
the locality concerned embraces five great states of the Union;
m the larger sense its interest is as broad as America, for every
foot of America has been at some time on the frontier of
civilization.

This task has never before been performed in an adequate
way. The one really brilliant historian of IlHnois, Mr. Edward
G. Mason, died with only a few fragments of his great work
completed, and no one has yet come forward to take his place.
It is believed that this book will take rank as the standard history
of Chicago in the early days.

Animal Communities in Temperate America, as Illustrated in
the Chicago Region. By Victor Ernest Shclford, Instructor
in Zoology in the University of Chicago.

380 pages, 8vo, cloth; $3.00, postpaid S3 . 22

This volume by Dr. Shelford presents the principles of
field ecology, illustrated by the more widely distributed animal
habitats of the eastern half of temperate North America, and
the aquatic habitats of a much larger territory. Six chapters
deal with general principles.

In several chapters animal communities of lakes, streams,
swamps, forests, prairies, and various soils and topographic
situations are considered from the point of view of modern

A verv vahialile feature of the book is thedynamic ecology
three hundred figures ofVidely distributed animals chosen to

represent the chief t>^es of animal communities and their

characteristic modes of life.



Artificial Parthenogenesis and Fertilization. By Jacques Loeh,

Head of the Department of Experimental Biology, Rockefeller

Institute for Medical Research.

318 pages, i2mo, doth; $2 . 50, postpaid $2 . 68

This new work presents the first complete treatment of the

subject of artificial parthenogenesis in English. Professor Loeb
published four years ago a book in German under the title Die

chemische EntwicUungserregung des tierischen Eies. Mr. W. 0.

R. King, of the University of Leeds, England, translated the

book into English, and the translation has been revised, en-

larged, and brought up to date by Professor Loeb. It gives, as

the author says in the preface, an account of the various methods
by which unfertilized eggs can be caused to develop by physico-

chemical means, and the conclusions which can be drawn from
them concerning the mechanism by which the spermatozoon
induces development. Since the problem of fertilization is in-

timately connected with so many different problems of physi-

ology and pathology, the bearing of the facts recorded and

discussed in the book goes beyond the special problem indicated

by the title.

The Mechanistic Conception of Life. Biological Essays by Jacques

Loeb, Head of the Department of Experimental Biology,

Rockefeller Institute for Medical Research.

238 pages, i2mo, cloth; $i . 50, postpaid $1 . 65

The achievements of Professor Jacques Loeb in the field of

experimental biolog>^ insure any book of his a wide reading.

His experimental work at the universities of Chicago and Cali-

fornia, as well as in his present position, gives this column an

especial significance. Professor Loeb here presents many of the

current problems in biology, and discusses the question whether
the phenomena of life can be explained by physical and chemical
laws. He finds it possible to control by physical or chemical
means not merely the processes of reproduction, but also the

conduct of animals with reference to environment.
Johns Hopkins Hospital Bulletin. M eager to know more of the origin of

hfe will find no modern book of its size nearly so instructive or inspiring-

t

A Manualfor Writers. By John M. Manly and John A. PoiveU.

226 pages, limo, cloth; $1 . 25, postpaid $1 .35

A book designed to aid authors and all others who are

ith the writing of English. It aims to answer the

practical questions that preparation of



manuscripts for the printer, business letters, and any sort of

composition where correctness of form is an important element.

It treats in a clear and convenient way the matters of

grammar, spelling, and general form which writers need most

to be informed about, and gives full directions on the preparation

of ^^copy'^ for the printer and the correcting of proof. The
chapter on letter-writing is unique and gives just the help that

is constantly wanted and that other manuals deny.

C. £. Raymond, Vice-President of the J. Waller Thompson Co. It

seems to me to be the most comprehensive and comprehensible of

any of the works on this subject which I have had the pleasure of

seeing.

Elements of Debating: A Manual for Use in High Schools

and Academies. B\ Leverett S. Lyon, of the Joliet High

School
148 pages, i2mo, doth; $1.00, postpaid $1.07

This book does not pretend to originality in material; its

aim is to put the well-established principles of the art within

the reach of young students. It therefore presents the elements

of public speaking so freed from technicality that the student

may assimilate them in the shortest possible time and with the

least possible interpretation by the teacher.

The book consists of ten chapters and a number of appen-

dices. Each chapter is preceded by an analysis of the subject

and followed by a series of suggested exercises. The whole

ubjects
ubject is treated in a direct, practical way with

possible clearness, and
familiar and interesting to high-school boys. It is entirely

modern in that it lays stress on efficiency

retical perfection. from some of the

uments ever written, and a list of suggested 1

added in an append

Londo Holmes Boynton, Assistant

Professor of English Literature in the University of Chicago.

358 pages, 8vo, cloth; $2 .00, postpaid $2.17

This volume differs from all other volumes on London in

that it gives a consecutive illustrated account of London not from

the point of view of the antiquarian but from that of the mquirmg

student of English literary history.
. .

It deals with ten consecutive periods, characterized m turn

by the work and spirit of Chaucer, Shakespeare, Ivlilton, L)ryden,

Addison, Johnson, Lamb, Dickens, and by the qualities of \ ic-

3
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torian and contemporary London. The emphasis is thus dis-

tributed over history and given largely to the richer and more
recent hterary periods. The temper of each epoch is discussed,

and then in particular those literary works which are intimately

related to certain localities in London.
The work contains four maps and forty-three other illustra-

tions, selected from the best of a great fund of material. As
further aids to the student or the general reader, the sources of

all material are indicated by footnotes and Hsts of illustrative

reading are appended to each chapter. There are also an
appendix with detailed references to illustrative novels, and a

carefully compiled index.

The Providence Journal. Mr. Boynton's agreeable study is not and does

not pretend to be in any sense a complete work. But it is in itself

a volume to give enjoyment to everyone who feels the peculiar charm
of London and to supply a much-felt need.

L

Social Programmes in the West. {The Barrows Lectures) By
Charles Richmond Henderson, Head of the Department >

The

Sociology in the University of Chicago

212 pages, 8vo, cloth; $1.25, postpaid $1.38

191 2-13) delivered with so much
success in the Far East by Professor Henderson are included

in this volume, which is also published in India by the Macmillan
Company. The subjects of the lectures are as follows :

" Founda-
tions of Social Programmes in Economic Facts and in Social

Ideals," "Public and Private Relief of Dependents and Abnor-
mals," "Policy of the Western World in Relation to the Anti-

Social," "Public Health, Education, and Morality," "Movements
to Improve the Economic and Cultural Situation of Wage-
Earners," and "Providing for Progress." The author, in his

preface, says that "the necessity of selecting elements from the

social activities of Europe and America which might have value

in the Orient under widely different conditions, compelled a

consideration of the materials from a new point of view." The
introduction includes, besides a syllabus of the six lectures, the

Letter of Commission from the officers of the three great inter-

national associations for labor legislation, asking the lecturer to

present their aims wherever it was possible in India, China, and

Japan.^ There is also included a statement by Professor E. Fuster

of Paris, of the aims of the international associations on social

legislation.

n Transcript. The lectures will be of value to American readers in

that they concisely place before them the social problem in its most

fundamental aspects.

4



Christian Faith for Men of Today. By E. Albert Cook^ Professor

of Systematic Theology in the Congregational College of Canada,
276 pages, i2nio. cloth; $1 25, postpaid $1 35

This volume contains a clear and reasonable inteq)retation

ollife from'the Christian point of view, and some definite formu-
lation of those beliefs that have proved most effectual in the

development of individual character and in the promotion of tlic

welfare of society. Professor Cook believes that Christianity

is the religion which best meets the needs of all races and classes.

The convenient arrangement of the material in numbered para-

graphs, the valuable appendices, and the general systematic

treatment of the subject commend the book as a popular text

for college men and women, and for adult classes and clubs as

well as for general reading.

Watchman, It is written for those who feel the currents of thought of

this age and have conceptions framed by science, sociology, and history

and need something more acceptable to their reason than current

traditional conceptions. The treatment of the Scriptures is reverent

but free, and does not disturb faith, but resets it according to modern

conceptions. The analysis and heads of chapters and topics give

clearness to the treatment.
4

My Life. By August BebeL {With a Portrait.) An Autobi

phy of the Famous Leader of the Social Democratic Party

Germany
344 pages, 8vo, cloth; $2.00, postpaid $2. 14

This autobiography contains the story, from the inside, of the

rise of the German trades-unions, and throws many interesting

sidehghts on the politics of Bismarck and Lassalle. Up to

the time of his death in August, 1913, Bebel was the molding

influence of the Social Democratic party, which is, even under

the restricted franchise, a power in the German state. Bebel

gives a vivid description of the poverty of his early life and of

his wandermgs as a craftsman in search of work all through

Germany—the Germany before the wars of 1864, 1866, and

1870-71, and before the Unification. Soon after his election to

the Reichstag he was convicted of high treason for the expression

of his views on the Franco-German War and had to spend some

years in prison. The international reputation of the author, the

extreme frankness with which he writes, and the striking suc-

cesses of the movement with which he is identified make this

a human document of remarkable interest and significance.

The Nation. He is a rare narrator He humanizes a great cause, and

by so doing makes it intelligible, and perhaps even appealmg, to

thousands who would otherwise pass by on the other side.

S



PUBLICATIONS OF THE CAMBRIDGE
UNIVERSITY PRESS

HE University of Chicago Press has become the American

agent for the scientific journals and the following books

issued by the Cambridge University Press of England:

BOOKS

The Life and Correspondence of Philip Yorke, Earl of Hardwicke,

Lord High Chancellor of Great Britain. By Philip C. Yorke,

M. A. Oxon,, Licencie-es-Lettres of the University of Paris.

Royal 8vo. Three Vols., with six illustrations. Vol. T, pp. 702; Vol. II, pp. 606;

Vol. Ill, pp. 662. Price $13.50, postpaid $14.22

This solid and significant work is based on the Hardwicke

and Newcastle manuscripts and, in addition to the life of Lord

Hardwicke, gives the whole history of the Georgian period from

1 7 20 to 1 764. An account of the great judge's work in the King's

Bench and in Chancery is included. The characters and careers

of Walpole, Newcastle, Henry Pelham, the elder Pitt, Henry

Fox, the Duke of Cumberland, George II and George III, and

various incidents—such as the fall of Walpole, the Byng catas-

trophe, and the struggle between George III and the Whigs

appear in a clearer light, which the author, by aid of original

papers and manuscripts, has been enabled to throw upon them.

These documents are now published, or brought together and

annotated, for the first time.

The Genus Iris. By William Rickatson Dykes. With Forty-

eight Colored Plates and Thirty Line Drawings in the Text.
4

254 pages, demi folio, half morocco; $37 . 50, postpaid $38 . 36

This elaborate and artistic volume brings together the avail-

able information on all the known species of Iris. The account

of ea^ch includes references to it in botanical literature and_ a

full description of the plant, together with observations on its

peculiarities, its position in the genus, its value as a garden

plant, and its cultivation. As far as possible the account of the

distribution of each species is based on the results of research in

the herbaria of Kew, the British Museum, the Botanic Gardens

6



of Oxford, Cambridge, Berlin, Paris, Vienna, and St. Petersb
and the United States National Museum at Washington.

The most striking feature of the book is the forty-eight
size colored plates, reproduced from originals drawn from lb
plants—making it a volume of great beauty as well as of scien
importance.

Byzantine and Romanesque ArcJiitcchire. By Thomas Graham
Jackson, R.A. Two Volumes, with 165 Plates and 148
Illustrations.

Vols. I and IT, each 294 pages, crown quarto, half vellum; two vols. $12 50,

postpaid, $13 . 25

This work contains an account of the development in Eastern
and Western Europe of Post-Roman architecture from the fourth
to the twelfth century. It attempts not merel}- to describe the
architecture, but to explain it by the social and political history
of the time. The description of the churches of Constantinople
and Salonica, which have a special interest at this time, is fol-

lowed by an account of Italo-Byzantine work at Ravenna and in
the Exarchate, and of the Romanesque styles of Germany,
France, and England. Most of the illustrations arc from
drawings by either the author or his son, and add great artistic

value to the volumes.

7 he Duah of Turkestan. A Physiographic Sketch and Account of
Some Travels. By W. Rickmer Rickmers. With 2oy Maps,
Diagrams, and Other Illustrations.

m

580 pages^ royal 8vo, cloth; $9 .00, postpaid $9.44

A record of exploration of a little-known region, combined
with some elementary physiography. The book discusses the
various geographical elements in the natural organic system of

the Duab of Turkestan (or Land between the two Ri\-ers)

between the Oxus and the Jaxartes, the information being strung
on the thread of an interesting story of tra\el and mountain
exploration. The author was at great pains to obtain t}pical

views of physical features such as mountains, valleys, and glaciers,

and also of vegetation, village life, and architecture; and there
are many diagrams for a clearer understanding of the text.

The book is especially suitable for colleges, libraries, and
schools, and for all students or teachers of physical geograph}'

and natural science.

7



JOURNALS
*

Biometrika. A journal for the statistical study of biological problems.

Edited by Karl Pearson. Subscription price, $7.50 a volume;

single copies, $2 .50.

Parasitology. Edited by G. H. F. Nuttall and A. E. Shipley. Sub-

scription price, $7 . 50 a volume; single copies, $2 . 50.

lal of Genetics. Edited by W. Bateson and R. C. ]

scription price, $7 . 50 a Volume; single copies, $2 . 50.

Sub-

The Journal of Hygiene. Edited by G. H. F. Nuttall. Subscription

price, $5 . 25 a volume; single copies, $1.75.

The Modern Language Review. Edited by J. G. Robertson, G. C.

Macaulay, and H. Oelsner. Subscription price, $3.00 a volume;

single copies, $1.00.
'

V

The British Journal of Psychology. Edited by W. H. R. Rivers and

C. S. Myers. Subscription price, $3.75 a volume.

i Edited by Professor R. H. Bifeen,

B. Wood. Subscription price, $3. 75

%

The Biochemical Journal. Edited for the Biochemical Society by

W. M. Bayliss and Arthur Harden. Subscription price, $5.25 a

volume.

The Journal of Ecology. Edited for the British Ecological Society by

Frank Cavers. Subscription price, $3.75 a volume; single copies,

$1.25.

Note.—Prices on back volumes vary, and postage from London is

charged on back volumes and single copies.

THE UNIVERSITY OF CHICAGO PRESS
CHICAGO, ILLINOIS

N
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FINE INKS ^R ADHESIVES
For those who KNOW

Higgins

Drawing Inks
eternal Writing ink
Engrossing Ink

J )
Taurine Alticllage
Photo Mounter Pa5te
Drawing Board Paste
Liquid Paste
OfAce Paste
Vegetable Olue, Etc.

Are the Finest and Best Inks and Adhesives
Kmancipate yourself from the us^; of corrosive and
in-smelH'jg inks and adhesives and adopt the Hig-
glns Inks and Adhesives. They will be a
revelation to you, they arc so sweet, clean, well
put up, and withal so efiicient.

4

At Dealers Generally.

CHAS. M. HIQQiNS & CO., Mfrs.
Branches: Cblcago, London

371 Ninth street. Brooklyn. N. Y.

FOR
AMUSEMENT

AND
EDUCATIONAL
PURPOSES

X

r^RIGINAL and exclusive Lantern SKdes—
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temperature coefficients in plant geography
and climatology'

Burton Edwaed Livingston
AND

Grace Johnson Livingston

(with three figures)

Introduction

Plant geographers and climatologists have long been convinced

that temperature is one of the most important of the conditions

governing the distribution of plants and animals, but very little has

finding

may
conditions that are geogra

concomitant therewith. The progress of descriptive ecology has

shown clearly enough that these associations have their geographical

limits, and increased accuracy of description has developed hand in

hand with the idea that association boundaries must be considered

as peripheries of certain complexes of environmental conditions.

It is common, in recent papers upon plant and animal geogra-

phy, to give considerable attention to descriptions of the climatic

complexes which characterize the vegetational or faunal areas dealt

with, but such description of climates has thus far usually consisted

in the mere Quotation or comnilation of various meteorological

data. these data with

nomena, in such a way as to throw light upon the

* Botanical contribution from the Johns Hopkins Universit;
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characteristics of the areas occupied by the respective associations,

it will first be necessary to devise methods, and frequently instru-

ments also, by which the climatic conditions of any given area may
be so integrated as to bring out their relations to the processes of

growth and reproduction in organisms. In the beginning, such

with

influence

must eventually appreciate that single conditions, or any group of

conditions comprising less than all the effective ones, cannot be

considered as determining natural processes. Complexes of envi-

ronmental factors must need's be analyzed into simpler ones,

for purposes of study, but after knowledge of the effectiveness of

each has been experimentally obtained (through maintaining all

conditions other than the one in question not only constant but at

a known and stated value or intensity), they must then be recom-

bined and their effects integrated before real knowledge may be

available.

If a plant thrives in a given locality, so as to form a part of the

flora of that locality, it is obvious that there have not occurred here,

since the arrival of its ancestors, any environmental conditions

incompatible with its existence. In this we merely make the

biological observation that the organism is and has been adapted'

to the environment in which we find it, and that the environment

is and has been adapted to the organism. Thus, when the range

or geographical extent of an organism or association has been

determined, it is clear that the area or areas so circumscribed have

been characterized for some time in the immediate past by con-

ditions none of which have been adverse enough to annihilate the

forms dealt with. Outside of these areas the conditions have not

been such as to bring about the permanently successful entrance of

these forms, up to the present time. It is of course clear that

entrance may have been accomplished here, but if this has been the

case each such entrance must have been followed by the occurrence

conditions

'-'ii a bumewnat matter-ot-tact view ot biological adaptation, set

paper: Livingston, B. E., Adaptation in the living and non-living

he following

Amer. Nat

47:72-82. 1913. See also Henderson
York. 1913.

New
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Furthermore, the internal conditions (or the nature) of an
organism being duly considered, the success attained by it in any
locality is an index of the extent to which the environmental

conditions of that place have been favorable to successful growth,

both vegetative and reproductive. Thus it frequently becomes
apparent that the conditions of one locality have been more or less

favorable to the success of a given form than have those of another

locality.

The difficulty, however, which ecological science has not yet

been able to surmount lies in the extreme complexity of the system

of conditions which affect the success of organisms. The numerous

component factors of an environmental complex fall into categories

of water ^ non-aqueous materials, heat, ligJit, and mechanical conditions.

It is obvious that the limiting condition that has prevented the

occurrence of a certain plants for example, in a given area, may
belong to any one of the foregoing categories; mechanical conditions

may have failed to bring the seed hither, moisture conditions, or

anm
hilated the plant after it was really introduced, or annihilation may
have followed from adverse temperature or light conditions, etc.

The distributional problem is made still more complicated and

difficult by the perfectly clear but seldom emphasized proposition,

that each separate or component condition of an environmental

complex is a variable in at least two dimensions, as it werej each

such condition must always be considered with regard to its intensity

and also with regard to its duration. To illustrate by means of a

water factor, a desiccated soil may cause the death of a given seed,

but this result would probably not be accomplished if the soil were

dry for only a day or a month; the condition of dry substratum

must be maintained for a certain minimum period if it is to be

effective as a limiting condition. Some less well defined environ-

mental factors have to be considered in regard to a third dimension

which may vary, namely, quality. Light, for example, may reach

chlorophyll tissue in seemingly sufficient intensity and during an

apparently sufficient time period to produce a requisite amount of

carbohydrate, but this may fail to happen because the radiant

energy is of too short or too long wave-length. Here quality is as

important as is either intensitv or duration.
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Finally, the difficulties of distributional, as of other physio-

logical problems, are greatly aggravated by the fact that each

organism is always in process of internal alteration, passing thus

through various more or less well defined and conveniently sepa-

rable phases of development. Thus, a certain quality, intensity, and
duration of the Kght condition may be wholly without sensible

effect upon an unsoaked seed, while the same dimensions of the same
factor may be fatal to the same plant when in a more active develop-

mental phase. In the study of external conditions it is thus useless

to attempt to establish relations between these and organisms,

unless adequate consideration is given to internal conditions or

developmental phases of the latter. Quantitative ecology must not

only try to find out to what environmental conditions its organisms

are subjected, and to what degree and for how long these conditions

are present, but it must also determine during what developmental

phases of the organisms the conditions are effective. It is this

im
relations without adequate knowledge of the physiological nature,

different

temporarily out of account those mechanical
which may, in

inmental

conditions which control growth and reproduction, after the intro-

duction of an organism into a given region, are nearly always

naturally in a state of flux. Day and night changes and the march

of the seasons, together with more markedly irregular fluctuations

m wind

upon both living things and non-living ones, but these effects are

m
of inanimate objects. As has been previously emphasized by one

furnishes, at anv instant, a summation

of the effects of all the processes which have gone on in the body

difficulties, however, lies

history. One of our greatest

differentiate this integrated record, but we may nevertheless be

3 Livingston, B. E., Climatic areas of the United States as related to plant

growth. Proc. Amer. Phil. Soc. 52: 257-275. 1913.
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sure that each of its component terms involves at least a quality,

intensity, and duration of some environmental factor. It is thus

seen that what is most needed for etiological studies of the geo-

graphic distribution of organisms^ as well as for all other studies

which deal with the conditioning or causation of life processes, is

comparative measurements of these processes, or of groups of them,

and corresponding measurements of the conditioning environ-

mental factors. To accomplish such measurements and thus to

institute the requisite comparisons is now practically impossible

in most cases; methods need first to be devised and then to be

applied, and the world does not yet offer satisfactory facilities for

either. Measurements which can be carried out in present-day

laboratories, while applicable in some cases, especially with forms

not influenced by light, are quite inadequate even for making a

rational beginning in the quantitative study of environments in

general. In planning a campaign for this sort of study it is obvious

that the effects produced by any environmental factor cannot be

adequately studied unless that factor, as well as all the other

effective ones, is under control by the experimenter. A laboratory

where such experimentation as is here indicated may be carried out

is now feasible, with recent advances made in the physical sciences

and in physiology, and the scientific and practical importance of the

results to be obtained, especially from the standpoint of agriculture

and forestry, may perhaps soon warrant the provision of the needed

facihties, somewhere in the world." Until such facilities may have

become available, it will be profitable, however, to prepare the way

for them by carrying out such quantitative or semi-quantitative

comparisons between vital activities and environmental conditions

as are at present possible.

The present Daoer involves some of the results of an attempt

for

idonal method for interpreting climatic te

geographic purposes. This sort of stud

in the case of olants. bv the fact that the

hat

Abbe, who also

quotes DeCandolle to the same effect. See Abbe, C, First report on the relations

between climates and crops. U.S. Dept. Agric, Weather Bureau, Bull. 36. p. 23,

1905.
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the plant body follows very closely upon that of the surroundings,

and that soil temperature and air temperature are, roughly speaking,

somewhat closely related. Furthermore, the heat condition of

plants, as approximately measured by the temperature 'of the

surrounding air, varies only in respect to intensity and duration;

quaUtative fluctuations are not met with here. Geographically,

the present study deals with the area occupied by the United States.

F

Direct temperature summation

The eflfectiveness of temperature conditions to promote plant

growth in any locality has been measured by phenologists,^ by means

of the direct summation of the daily mean temperatures, such

summation extending through the period of any particular phase of

plant development which might be considered; for example, the

period extending from the time of germination to that of flower-

ing or of seed-maturation. In these temperature summations a

minimum temDerature is assumed

amount day as the season

number of degrees, arbove

which represents the mean temperature for that day. The mini-

mum has sometimes been o*^ C, more often a somewhat higher

temperature. In the employment of such temperature summations,

each station of observation is characterized each year by its sum-

mation index, and after a period of years these indices may be

averaged to give a measure of the temperature factor in general,

for that particular place.

In a way somewhat similar to that followed by workers m
phenology, Merriam** has obtained normal summation indices of

temperature for a large number of stations in the United States,

and has presented these in the form of a chart showing climatic

zones, each characterized by its own range of temperature summa-

* In this connection see Abbe, loc. cit.

Merriam, C. H., Laws of temperature control of the geographic distribution of

animals and plants. Nat. Geog. Mag. 6:229-238, 1894. The same work was again

reported, in stiU more abbreviated form, in part III of the following paper: MeeriaM,

C. H., Life zones and crop zones of the United States. U.S. Dept. Agric, Div. Biol.

Survey, Bull. 10. 1808.
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tion indices. So far as we know, this is the first chart of its kind to

be prepared upon the basis of temperature summation, and the

temperature zones of this writer have come into rather general use
^

among American phytogeographers.

A method of direct summation, similar to those employed by

phenologists but dealing in a more refined way with the tempera-

ture conditions of plant environments, has been described by

MacDougal.^ This author summed the temperatures above the

freezing-point of water for the period occupied by certain develop-

mental phases of certain plants; but, instead of adopting as the

terms of the summation the daily means or the means of daily

maxima and minima, his integration was performed, with a pla-

nimeter, upon automatically traced thermograph records. The
resulting indices of environmental heat conditions are expressed

by MacDougal in terms of "hour-centigrade-degree" units. This

method has never been employed in climatological or phyto-

geographical studies, so far as we are aware. It seems to be the

simplest and most promising of all the direct summation methods,

but of course requires reliable thermograph tracings. Each year

or season is to be treated separately, and the resulting annual

indices may be averaged for a period of years, to give a normal

index.

Temperature eflSciencies

such temperature summations as

Merriam have seemed in many
constituting

basis an apparently reliable criterion for the measurement of the

intensity and duration aspects of the temperature factor, yet it

must be regarded as highly improbable that any fundamental and

general principle regarding the influence of temperature on plant

life may be derived from the relations thus brought out. It seemed

to us that the apparent value of temperature summations must rest

themselves

physiology not indicated m

7 MacDougal, D.T., The temperature of the soil. Jour. N.Y. Bot. Garden

3:125-131. 1902.
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, Now, as far as temperature influence is concerned, the most
fundamental generalization that physiology has yet been able to

attain is that which may be termed the principle of temperature
coefficients. This is primarily the application of the chemical

principle of van't Hoff and Arrhenius to vital phenomena.
This principle states that, within limits, the velocity of most
chemical reactions doubles or somewhat more than doubles for each

m C} The principle fails to hold rigidly,

vague form

to express in an approximate way a fairly general truth in chemical

phenomena.
4

A considerable literature has developed about the application

of this chemical principle in physiology. Clausen' determined

the rate of evolution of carbon dioxide from seedlings and buds at

several different temperatures and found that this rate somewhat
more than doubled for each rise in temperature of i<

upper limit of about 40° C. Cohen'" calculated from measure-

ments of 0. Hertwig" that the time consumed by developing frog's

eggs, for the' completion of certain developmental phases, about

doubled for each fall in temperature of 10°. Miss Matthaei"
studied the influence of temperature on the evolution of carbon

dioxide from leaves in darkness and also on the fixation of this gas

by leaves in light, and showed that the van't Hoff-Arrhenius
principle holds also for these plant processes. A temperature

coefficient of the same order of magnitude as is required by this

principle was found, for a number of different physiological pro-

» For one clear statement of this principle see van't Hoff, J. H., Lectures on

theoretical and physical chemistry, translated by R. A. Lehfeldt. London. No
date (author's preface dated 1898). Part I. pp. 227 f.

> Clausen, H., Beitrage zur Kenntnis der Athmung der Gewachse und des

pflanzlichen Stoffwechsels. Landw. Jahrb. 19:893-930. 1890.

Cohen

Fisher. New York. 1902.

« Hertwig, O., tJber den Einfluss der Temperatur auf die Entwicklung
fusca und Rana esculenta. Arch. f. Mikroscop. Anat. und Entwickli

51:319-381. 1898.

13 Matthaei, Gabrielle^—^., ^„^i^x:.i,i,c. u, x^.j jcxpenmencai researcnes on vegeiauic a3a«""""—
and respiration. IH. On the effect of temperature on carbon dioxide assimilation

Phil. Trans. Roy. Soc. London B 197:47-105. 1904.
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cesses in animals, by Loeb'^ and his co-workers, and Snyder'* has
emphasized the value of non-chemical temperature coefficients in

the study "of physiological velocities. An excellent statement of

this whole problem, especially with regard to plants, is included in

Blackman's Dublin presidential address/^ where he discusses also

the determination of the eflfect of temperature on the rate of

division of the flagellate Chilomonas paramoecium, as carried out by
Maltaux and Massart,'" and points out that the temperature

coefficient here really dealt with has a magnitude of about 2.4.

Blackman's this

quotation here, for their general bearing on the nature of the

question with which wt are. deaHng:

To me it seems impossible to avoid regarding the fundamental processes

of anabolism, katabolism, and growth as slow chemical reactions catalytically

accelerated by protoplasm and inevitably accelerated by temperature. This

soon follows if we once admit that the atoms and molecules concerned possess

the same essential properties during their brief sojourn in the living nexus as

they do before and after.
'

In much of the work that has been published on \ital tem-

perature coefficients, relatively simple physiological processes

have been considered, and it seems allowable to conclude, at least

tentatively, that most of the elementary chemical processes of

living things go on according to the principle of van't Hoff and

'* An apparently complete list of citations for the contributions bearing upon this

general subject, including those here referred to, up to November igo8, is given in the

Charles D. Snyder. Science

followmg personally polemical article: Loeb, J., Roj
and Burnett, T, C, On the encouragement of Mr.
N.S. 28: 645-648, igoS, This paper is to be reac

cahner reply: Snyder, C. D., A reply to the communication of Messrs. Lc

WELL, Burnett, and Robertson. Science N.S, 28:795-797. 19^8.

^4 Snyber, C. D., Der Temperaturkoeffident der Geschwindigkeit de

leitung. Arch- Anat, und Physiol., Physiol, Abt. Jahrg, 1907. 113-145-

, A comparative study of the temperature coefficients of the ve

various physiological activities. Amer. Jour, Physiol. 22:209-334. 19^-

's Blackman, F. F,. The metabolism of the olant considered as a catalytic

Snyder

7 —
Science N.S. 28:628-636. 1908.

Association, Dublin meeting, 1908

Maltaux. Maria, and Massart. Tean. Sur les exdtans de la division

Bnixelles 4:369-421. 1906.

Bnixdles IS : 1-53. 1906; Recueii de Tlnst. Bot.

-4.
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Arrhen temperature

within the ordinary limits of environmental tei

er of magnitude of from about 2 . o to about 2

.

irded as a fundamental principle in physiology

This may

When, however^ many of these elementary or component

combined

exam

coefficients of this same
magnitude must obtain. Russell"^ states rather authoritatively

that "the effect of temperature on the rate of growth of a plant is in

nowise like its effect in accelerating chemical change," and cites

BlALOBLOCKT
4

The last named
writer studied the influence of temperature upon the rate of growth

his

coefficient

with the temperature itself. Considering, however, the

fact that these results of Bialoblocki appear to differ very

markedly from those of the later workers who have dealt with the

question, we are inclined not to give them such conclusive weight

as does Russell. In considering the matter before us, it is to be

remembered that the principle of van't Hoff and Arrhenius has

never been supposed to hold, even for simple chemical reactions,

excepting between certain limits, and that these limits should not be

expected to be the same for all processes. Furthermore, as has

been emphasized by Blackman,^' Russell (loc. cit. pp. 20 f.),

MiTSCHERLiCH,=»o and others, the full possible eflfect of a rise in

temperature is frequently precluded by the failure of some other

:ondition correspondingly to alter. To illustrate,

we may suppose (as Blackman, loc. cit. 1908, suggests) that the

environmental

'^ Russell, E. J., Soil conditions and plant growth. London. 1912

Boden
emiger Culturpflanzen. Landw. Versuchsstat. 13:424-472. 1870.

"ioc. cit.; also Blackman, F. F., Optima and limiting factors. Ann. Bot

19:283-295. 1905.

at MiTSCHERLICH •bneh-

menden Bodenertrages. Landw. Jahrb. 38:537-552. 1909.

, tJber das Gesetz des Minimums und die sich aus diesem ergebenden

Schlussfolgerungen. Landw. Versuchsstat. 75:231-263. 1911.
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Wl
in temperature, but that the process Is retarded by the accumulation
of the products of the reaction. In such a case it is obvious that,
with increasing temperature, a point might sooner or later be
reached at which the removal of these products might not proceed
rapidly enough to allow the full temperature effect to become
manifest. Thus, the rate of removal of the products must be
adequately increased with the rise in temperature; otherwise the
effect of this rise becomes masked by the effect of another variable,

namely the mass action of the products. From these considerations
it does not seem surprising that complex vital processes such as
growth may frequently fail, under natural conditions, to exhibit the
usual chemical temperature coeflScient. In some of these cases,

proper alterations in other environmental factors might disclose the

the limitations

lie in the nature of the protoplasmic mixture,

the coefficient might persist in spite of any attempt at external

adjustment.

The most satisfactory study on the influence of temperature
upon growth rates in plants, so far as our knowledge goes, is that

of pRicE/^ who determined temperature coefficients for the opening
of flower buds of the plum, peach, apple, and other fruits, and
found the van't Hoff-Arrhenius principle generally to hold.

Beginning with resting buds, the time period required for blooming
is reduced about one-half for each rise in temperature of io° C.

The same author figures maize seedlings which suggest that the rate

of growth in length of shoot about doubles for each rise of lo*^.

The present aspect of the entire question leads us to the con-

clusion that there are many cases in which growth rates and other

complex processes in plants and animals exhibit temperature

coefiicients of about 2.0, and that, in other cases, this same coef-

ficient may probably be operative, but may be obscured by the

limiting effect of some other environmental or internal condition.

It must also be supposed that temperature coefficients of other

orders of magnitude may be encountered, not only for complex life

Price, H, L., The application of meteorological data in the study of physio-ax

logical constants. Ann. Rep. Virginia Agric. Exp. SU. 1909-1910.
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processes, but also for some of the elementary ones. The elemen-

tary processes of growth itself (that is, the immediate phenomena
which condition growth, the ones first met with in a rational

attempt to analyze the complex process) are all or nearly all

physical in nature, and not to be regarded as chemical. They
include such physical changes as coagulation, precipitation, altera-

tions in elasticity, swelhng by imbibition and osmotic action, and

many others. It thus becomes apparent that the reason why the

chemical temperature coeflScient appears to be manifest in growth

phenomena cannot be that these phenomena are primarily and

immediately chemical in their nature, but that, physical though

they are, they depend in turn upon other internal changes that are

unquestionably chemical. Thus, for a single example, the precipita-

tion or coagulation of colloid material met with in the formation of

cell walls in plants must logically be dependent upon the continuous

presence of the precipitating substances in the peripheral layer of

the protoplasm of each growing cell, and within a certain range

of concentration, and this continuous presence indicates chemical

processes which must be effective not very far back (in the chain

of causally connected phenomena) from the precipitation itself.

Under such circumstances it might be expected that a physical

complex such as growth would frequently exhibit a chemical

coefficient

lysical changes which make uj

sufficiently to permit the m
m

some
ficients possess values widely different from that postulated by

the yan't Hofp-Arrhenius principle. Thus, for example, the

temperature coefficient of osmotic pressure, within the range

encountered in living cells, approximates the familiar quantity

o.cx)3665, as usually employed, for each single degree above the

zero point of the Centigrade scale, the pressure at 0° being taken as

a basis. umty
at 4°, 14°, 24°, and 34° become i. 01466, 1.05131, 1.08796, and

1. 1 2461, respectively, and for each 10° rise in temperature the

pressure is increased by only about 0.04.
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On the other hand, within the temn^-rafurp rt^r^af^ nnfT, «rKtVU

some

approximating
called tor by many chemical reactions. To illustrate, the vapor
tension of^water at 4^" is 6,097 mm. of mercury, and the tensions
at 14'', 24^, and 34'' are 11.908 mm., 22.184 mm., and 39.565
mm,, respectively. Here the three temperature coefficients corre-

sponding to these three rises of lo"" in temperature are 1.95, 1.86,
and 1.78, respectively. The vapor tension of water must

important this

may
constituting the fundamental energy condition of the phenomenon
of transpiration.

Application of temperature coefficients to climatology

If the processes of growth and development do really exhibit

temperature coefficients, it is plain that the study of environmental

integrations should deal with these rather than with temperatures
directly. It is also plain that if direct temperature summations
do, in certain cases, furnish adequate criteria for evaluating the

effectiveness of temperature conditions, then this state of affairs

must be true only within certain limits, and the experimental

study of temperature coefficients furnishes the only adequate

means for locating these limits and establishing the direct summa-
tions upon a rational basis. It seems worth while, therefore, to

make a first attempt in the direction of the application of velocity

coefficients to the study of effective temperature conditions as these

characterize climatic and vegetational areas. Such an attempt, of

course, must be very unsatisfactory from an idealistic point of view;

nevertheless, it should serve to emphasize the need of quantitative

studies in this connection and should also be of value in showing

what sort of climatic and distributional observations are most
likely to be of value as ecology becomes more exact.

For the present study we have tentatively assumed that the

temperature coefficient of growth and development has a value of

2.0 for each rise of lo"^ C, a value which somewhat closely approxi-

"BiEDERMAN, R., Chemicker Kalendar. 1903. Bd. 2. Berlin. 1903. pp. 84, 85.
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which have so far resulted from most

seemsstudies of temperature relations. It

likely to be too low than too high for ranges of temperature com-
1 . A -* *

warrant any attempt at a cl

ahnost certain that the m
Indeed

coefficient will be found to vary, not only with different plant forms
with

with the values of the temperatures ^considered. It is readily

conceivable that the relation which we are seeking may be deter-

mined satisfactorily only by the use of a temperature coefficient

which is itself a variable, changing in value with the progress of the

organism through its life cycle and with the annual march of the

seasons, as well as with variations in the temperature itself. The
time is not yet ripe, however, for even an a priori discussion of

this matter.

Having

measure
in advancing growth (the intensity factor), we must make a similar

assumption in case of the duration factor. For what period of

time should we apply our assumed temperature coefficient ? This

same
direct

^
temperature summations, and its answer, as in that case,

must involve the relation of tim6 to the developmental stages in

tnt '--rani, x.is concerned. Since it is here desired to deal with the

who, ^^pi^m the broadest and most general way, it is requisite

to fix upon a time period, which will, as nearly as possible, approxi-

mate the period of active growth in the majority of higher plants.

As one of the authors^^ has emphasized, the controlling climatic

season of active growth.

prmiarily effective for most

mated

autumn
present study.

adopted

may be approxi-

verage or normal

I which intervene

in spring and the

\r^t> fiirfnr in the

'' Proc. Amer. Phil. Soc. 1913; as already cited.
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Since the individual data from which was derived Day's chart^^

of the average length of the frostless season in the United Slates
have not been published as such, the average lengths of the frost-

less season for the various stations in the United States with which
we have been concerned have been taken from the 106 climatic

summaries by sections,^^ published by the Weather Bureau.
Not only is it necessary to fix upon the length of time during

which temperature integration is to be made, it is also requisite, for

each station, to establish the month and day with which the

summation is to begin, and likewise that with which it is to termi-

nate. These dates must of course be chosen with reference to the

beginning and ending of the period of active growth. The first is

following

first

in autumn. Limmg

nun
in case this period were taken as beginning with the first day in the

year having a daily mean of 40° F. or above, and ending with the

last day having this temperature), then they should bear a definite

relation to the real first and last dates of the active period. Such
methods have been frequently used in phenology. By our method,

the beginning and end of the average period of active growth are

determined from frost data rather than from mean daily tempera-

tures. The two methods would probably prove equally satis-

factory, with no great discrepancy in most cases. ^< rf"?*^ '

'*

The geographical distribution of plant associpHo'^/^ i' of

species involves the effectiveness of chmatic features throughout

many years, and a knowledge of these features for any single year

is of but little value in the present connection. This consideration

involves still another sort of climatic integration that has not

yet been mentioned here; namely-, the averaging of the effective

conditions for long periods of time. This operation has been

implied, however, in the preceding treatment of the average length

^ Day, p. C, Frost data of the United States, etc. U.S. Dept. Agric, Weather

Bureau, Bull. V- 191 1.

*5 Summaiy of the climatological data of the United Sutes, by sections, U.S.

Dept. Agric, Weather Bureau. No date. These pamphlets appear to have bcea

prepared about 1909-1910. The data generally extend through 1908 or 1909.
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of the frostless season. temperat

em
mean temperat

but what has been tenned the normal mean temperature for each

day of the frostless season. Fortunately, these data have been

calculated by Bigelow and have been made available through

publication by the U.S. Weather Bureau.** These have been

here employed.

The plan of this study is: (i) to sum the normal daily mean
temperatures of each station considered, for the period of the

average frostless season; (2) to sum the temperature efficiencies

corresponding, respectively, to the normal daily means and to the

adopted coefficient for 10° of variation; (3) to plot both sets of

temperature indices so obtained in the form of charts; and (4) to

compare the form and location of the climatic areas or zones thus

exhibited.

The temperature indices

As in the case of direct temperature summations, so in that

of the summation of temperature efficiencies, it is necessary to

establish a temperature which may be taken as a starting-point.

This should approximate the temperature at which general plant

growth is evident and should be chosen according to the same

criteria as are employed by phenology in similar cases. For both

series of summations we have taken the rate of growth and develop-

ment as unity with a daily mean temperature of 40° F. (4-4° C)-

Normal daily means below 40° F. do not occur in Bigelow's

tables. If they did occur, growth on such dates would be taken as

nil, on the basis of our assumptions.
For each of the direct summations, the normal daily mean minus

39, for the date next following the average date of the last frost in

spring, is taken as the first term. To this are added the normal

daily means, each decreased by 39, for all dates up to and including

the average date of the last frost in autumn. Practically, the

summation of the unmodified normal daily means was first made

»« Bigelow, F. H., The daUy normal temperature and daUy normal precipitation

of the United States. U.S. Dept. Aerie. Weather Bureau, Bull. R. 1908.
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times the
in the average frostless season was substracted from the

For the summations normal
efficiencies corresponding, respectively, to the normal daily

same
summations, thus giving what may be termed

normal frostless season.

ficiency for growth during the

term this the efficiency index

called the direct index. It is

these two indices and the charts formed from theni that are to be
compared.

sununation will be

normal
esponding

basic
assumption, namely, that the growth rate is unity at 40° F., and
that it doubles for each rise of 10^ C. (18° F.) above this. We shaU
employ the Fahrenheit scale, not because it is in any way as
satisfactory as the Centigrade, but because temperature observa-
tions in the United States and the published data deduced there-

from have the antiquated form.

be

Fahrenheit scale, and if u be the corresponding

then

efficiency

unity: if

<—40

U=2 18

I fulfils 1

then

so

on. It becomes necessary, therefore, merely to interpolat

3f u corresponding to

with. The equation

may

logM = -^(/-4o),

from which the requisite values of « may readily be obtained.

Another way of stating the above relation is this:' The tempera-
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ture efficiency (w) for any Fahrenheit temperature (/) is the eight-

eenth root of 2 effected with an exponent equal to the given

temperature minus 40. From this the values of u may be directly

calculated. Only one cycle of eighteen quantities, however, needs

to be so determined in any case, for the coefficients of the second

cycle are double the corresponding ones of the first, etc.

The following table presents the approximate values, derived

as above, for the efficiencies corresponding, respectively, to the

from to 99° F.

XIMATE EFFICIENCY INDICES FOR TEMPERATURES, IN WHOLE DEGREES,
40° TO 99° F., ASSUMIN'G THE EFFICIENCY TO BE UNITY AT 40° AND TO

DOUBLE OF 18 DEGREES

Temperature,
degrees F. (/)

Efficiency (u)

40.

41.

42.

43-

44.

45-
46.

47-

48.

49-
50-

51.

52.

53-

54.

55-

56.

57.
58.

59-

• V

I .0000

1 • 0393
I . 0802
I. 1226
I. 1666
I. 2 I 23
I • 2599
1.3096
I

.
3606

I. 4142
I

. 4696
I 5273
I 5874
I . 6493
I. 7142
1.7815
1.85x2
1.9240
2.0000
2.0786

Temperature,
degrees F, (/)

60
61

62

63
64
65
66

67
68

69
70

71

72

73

74

75
76

77
78

79

EflSciency (««)

2. 1603
2.2451
2-3331
2 4245
2.5198
2.6192
2. 7212

2.8284

2.9391
3 • 0545
3-1748
3 • 2986
3-4283
3-5629
3.7024
3 8480
4.0000
4-1572
43206
4.4902

Temperature,
degrees F. (/)

Efficiency («)

80.

81.

82.

83-

84.

85.

86.

87.
88.

89.

90.

91.

92.

93-

94-

95-

96.

97-

98.

99.

4.6662

4 . 849c

5 • 0396

S • 2384

5-4424
5.6568

5.8782
6.1090
6

.
3496

6-5972
6.8566

7.1258

7 .
4048

7 . 6960
8.0000

8.3144
8.6412

8
.

9804

9 3324

9 . 6980

Efficiency indices and direct indices for the mean frostless season

in the United States

All of the climatological calculations involved in this study

have been carried out, and at least once repeated, on a computing

machine employed (170 in number)

*7The authors)rs wish here to acknowledge with thanks that they have had the

assistance, at various points in this work, of Mrs. Edith B. Shreve, Mr. H. E. Pulling,

and Mr. J, W. SmvE. It is also a pleasure to state that the study was made possible

by the Department of Botanical Research of the Carnegie Institution.
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BiGELOw's paper already cited, with a few omissions on account of
the lack of corresponding frost data. Each series of summation

the

isoclimatic
way

showing
range of the efficiency indices and the other the corresponding
range of the direct ones.

different

that
chart appears about as valuable for bringing out the temperature
characteristics of phytogeographic areas as does the other. A
detailed study of the two charts, however, made it clear that they
differ, as regards the relative form and relative numerical charac-
teristics of their respective zones, in many particulars. The two
charts are here presented as figs, i and 2. The numerical efficiency
data from which these charts were derived (with the aid, at certain
points, of probabilities based upon topographic contour lines repre-
sented on the original maps^^) are each placed near the position
of the corresponding station, the latter represented by a small circle

names
To compare the two series of indices, the ratio of each direct index
to the corresponding efficiency index was obtained, thus giving a
ratio for each station. These ratios have been placed upon a map

presented as fig. 3.

harting the

isoclimatic

interpretation of our charts
will not be taken up here. They are to be studied, of course, in

connection with Day's chart of the average length of the frostless

season, with the charts given by B. E. Livingston, and with any
vegetation map of the United States which it is desired to ii

along these lines.

terpret

mentioned
marked similarity in the form and position of the isoclimatic lines

which are represented. Of course it is at once to be observed that

38

iirect summation indices are uniformly much larg

U.S. Geol. Survey contour map of the United States, 18X 28 in.
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corresponding ones of the other series, and simple inspection of the

two charts seems to indicate that the former indices are rather

uniformly about ten times as great as the latter. No ratio between

these two indices really exists which is common to all our stations,

but what we wish first to emphasize is that the two charts arc

outstandingly and even surprisingly alike in the general form of

their isocUmatic lines. The stations for which data are available

are so irrationally distributed over the country (being relatively

closely crowded in the eastern part, with low climatic gradients,

and widely separated in the west, with high gradients) that an

average ratio, or any other statistical function of the ratio series,

must be without meaning, but it is clear from the ratio chart (fig. 3)

that ratios between 9.00 and 10.00 characterize almost the entire

area of the United States. In other words, for the great majority

of stations the magnitude of the ratio in question does not depart

more than 5 per cent from the value 9 . 50. Considering that all

our original data must be regarded as only roughly approximate,

this appears to indicate a very good agreement between the results

of the two methods. We may state, therefore, that for most of

the area of the United States, the two methods here employed for

estimating temperature effectiveness for plant growth give results

which agree within the limits of a plus or minus variation no

greater than 5 per cent. It will be noted that this statement

practically involves the placing of the phenological method of

direct summations upon a much more satisfactory basis than this

method has heretofore possessed; it now appears that the direct

summation method gives the same general form of chart as does

the other method of temperature integration, and this empirical

treatment really ascribes to the former method some degree of the

theoretical foundation upon which the latter rests.

The similarity between our two summation charts, however, is

only approximate and superficial. If it held rigidly, either of the

two charts would suffice for both, and any efficiency index might

be deduced from the corresponding direct index, merely by dividmg

the latter by the proper constant. The efficiency indices are not

uniformly ten times the summation indices, nor is there any ratio

other than ten which may be assumed with the aim of attaming
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greater uniformity of detail in the two charts. The numerical data

indicate, furthermore, that it would be quite impossible to make

one chart more like the other by choosing other values through

which to pass the isocHmatic lines.

The most striking difference between these charts (figs, i and 2)

is seen in the basin and Pacific regions. Nowhere on the Pacific

coast does the efficiency index fall below 400, while the northern

half of this coast characteristically exhibits direct indices below

4000, Tatoosh Island, Washington, having a direct index as low as

3054. Thus it has been impossible to draw the lines on the chart

of direct summations so as to bring the northern area with indices

above 4000 (from Great Salt Lake to the Columbia River) into

conjunction with the southern area having the same sort of indices

(California, Arizona, etc.) . On the efficiency chart these two areas

become joined, however. Other less striking quantitative differ-

ences are clearly enough indicated, and this sort of inspection

establishes the fact that the ratio of the direct summation index to

that of efficiency can by no means be regarded as constant for the

whole country. It is of course to be remembered that the hypso-

metric map has been called into requisition in the placing of our

isoclimatic Imes, the stations for which data are available being far

too few and too far apart to give the detailed information which

such charts require. Nevertheless, it seems perfectly clear that

while the isocHmatic lines may really have other positions than the

ones here assigned them (it is safe to suppose that ahnost every

centimeter of these fines would be displaced to some extent if more

data were at hand), yet the discrepancies between the two charts

are not primarily to be related either to lack of data or to careless

or inefficient interpretation of the information at hand.

Our arithmetical treatment of this question of the value of the

ratio of the direct index to the index of efficiency brings out the

fact that this ratio varies, for the stations employed, from 7-49

(Tatoosh Island, Washington) to 10.44 (San Luis Obispo, Cali-

fornia) or 10.33 (Anniston, Alabama). As has been mentioned,

the values of these ratios are presented in fig. 3, where lines are

shown for the ratio values 8.00, 9.00, 9.50, and 10.00. This

chart brings out the geographic distribution of these various values.
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What may be the meaning of this new kind of climatic chart, as
regards vegetational distribution, plant activity, or any other
phenomena influenced by climatic conditions, cannot yet be sur-

mised, but the chart does indicate a very Important truth as far
as climatology and climatological methods are concerned. If we
look upon the normal daily mean temperature as in some way
involving a criterion for the approximate evaluation of the naturally

ef!eclive heat supply, it is shown that the summation of these nor-
mals for the period of the frostless season does not give, excepting

in a very superficial way, the same chart for the United States
as does the corresponding summation of temperature efficiencies

following the assumptions here made.
It may be said that the direct index is a measure of one dimen-

sion of the temperature factor of a climate, while the efficiency

index as here employed measures another dimension. WTiich of

the two dimensions more nearly approximates the measure of the

temperature effectiveness of a climate, as far as plant growth is

concerned, will no doubt remain for a long time undetermined.

The present independent status of the direct summation method
for the treatment of temperature data rests upon phenological

observations in the open, while the status of the other method of

treatment (employing temperature efficiencies instead of the daily

mean temperatures themselves) is foimded upon deductions from

the chemical velocity coefficient of van't Hoff and Arrhenius,

upon physiological experimentation under more or less controlled

conditions, and upon the fact that all physiological processes are

chemical in their nature or else depend upon other processes which

are chemical. It must be admitted, on physiological grounds, that

some sort of efficiency summation seems likely to prove more

truthful and more valuable in vegetational-climatic studies than

the direct summation of temperatures. The latter method of treat-

ment has no a priori or logical basis (although, as has been seen,

it is not altogether without pragmatic or empirical points in its

favor) , and appears, superficially at least, to be quite arbitrary in

its theoretical conception.

The details of the distribution of our various ratio values deserve

attention, for they bring out quite unequivocally, not only that
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these values do indeed vary, but also that their variations are in

accordance with the geographical positions of the stations con-

cerned. It is clear from fig. 3 that the portions of the United

States characterized by ratios below 9.00 lie mainly near the

margins of the country. The lowest ratios of our series occur in

western Washington. Other areas with ratio values below 9.00
are indicated for northwestern California, southeastern California

and southwestern Arizona, southeastern Florida, northeastern

Maine, and north-central North Dakota. It thus appears that a

line representing a ratio of 9 . 00 may be passed, according to the

indications of fig. 3, around the area of the United States, entering

mentioned.

sufficiently

from which fier. ? is taken, were drawn

From this chart (as of course also from

from

fig. 3) it is evident that the ratio values with which we are dealing

are consistently distributed, with few or no exceptions. An area of

high ratios occurs in the Appalachian Mountains, having the

highest value at Anniston, Alabama *(io. 33). Another similar

Mountains

maximum
(Williston, North Dakota and Durango, Colorado). A small area

of high values lies about Moorehead, Minnesota (9.84), and

Huron, South Dakota (9.82). A less pronounced but strongly

and consistently indicated area occupies the southern peninsula

Michigan and eastern Wisconsin, the maximum
Huron, Michigan (9.69). Finally, a somewhat

Obispo,

CaUfornia (10.44). Interior areas of low ratios require no dis-

cussion; they are few, and are generally based upon the evidence

of single stations.

From the study of this chart it seems clear that the ratios of

direct temperature summations, for the normal frostless season, to

the corresponding efficiency summations as here derived, must be

considered as a measure of some climatic characteristic. Just

what this characteristic may depend upon we are not here attempt-
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iner to find out: it obvimmK^ h^^ fn An wTf>» ^\>^ r^r-A^i^ ^f «,««„:^,.j-.

normal

m
seems

limits may bring out the nature of those characteristics of the

this paper*

measured

Conclusions

I. The method of direct

A for most of the area of

United States, nearly the same climatic zones as does our method of

efficiency summations; for practical purposes and for the present,

the former method, till now based solely on phenological observa-

tions, seems thus to be placed in closer logical connection with the

temperature coefficients of chemical, physical, and physiological

processes than has heretofore been the case.

2. The similarity between the results derived by these two
methods of temperature integration, however, is only superficial

and roughly approximate. The ratios of direct summation to

efficiency summation range in magnitude, for the mean frostless

season in the United States, from a minimum of 7 .49 to a maximum
of 10.44.

3. A rational and consistent cUmatic chart represents the

geographical distribution of these ratio values; on such a chart the

marginal regions of the country are frequently characterized by low

ratios and the two main mountain systems appear to control areas

of high values.

4- There seems to be no doubt that the ratio here brought

forward quantitatively represents a climatic dimension or charac-

teristic, which appears to be some sort of function of the daily

normal temperatures upon which this whole study has been based

and of the time distribution of these temperature data within the

period of the mean frostless season.

Laboratory of Plaxt Physiology
Johns Hopkins University



APOGAMY IN ATAMOSCO
LuLA Pace

(with plates XIII AND Xiv)

Atamosco texana Greene {Zephyranthes texana) is one of the

Amaryindaceae, and is caHed amatylUs, atamosco lily, or rain Kly.

The so-called rain lilies in this region bloom in the summer and
autumn for a few days after each rain. This one is not quite so

weU known here as the white lily, Cooperia Drummondii, which is

about twice the size and much more abundant in this locality; but
I00-200 miles farther west Atamosco is the more plentiful.

The first collection of material was made for clas"
-

ovules and embryo sac are very large; but very early ^i me prt^^ra-
tion of this material interesting things were noticed. So the

material

permitted. I regret exceedingly
complete it at that time under the direction and with the suggestions

• and criticisms of Professor Strasburger. But it gives me great

pleasure to acknowledge my indebtedness to him for his kindly

interest and stimulating suggestions during the first part of the

work.
M

Material

The material was all collected in one locality, near Waco,
Texas; and in this particular place Atamosco is quite abundant over

two or three acres. But as the flowers are soUtary and often pre-

cede the leaves, it is not easy to find young stages. I now have

plants under cultivation and hope to get these desired stages later.

Two collections have been made, one in 1909 and the other in

191 1. The intervening year I was abroad and no collection could

be made. The material was fixed in chromacetic acid (0.25 per

chromic I per cent acetic acid) . In some <

osmic acid was added to co cc. of

absolute acetic

Botanical

and alcohol-formalin (t

[376
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part of 10 per cent formalin) were also used. The triple stain,

found most satisfactory.

hematox)

Pollen

The pollen is quite normal in every way in the anthers sectioned

(fig. i). The tube nucleus is usually somewhat amoeboid in shape

and occasionally has more than one nucleolus. The generative cell

with its nucleus and bit of cytoplasm about it is quite small. In
this figure the generative nucleus has the chromosomes segmented.

The number is 12 and was counted in several other grains in the

same anther. But in the majority of the pollen grains studied the

generative nucleus was in the spirem stage (fig. 2). In this same
anther a few grains were seen with possibly two generative nuclei;

but it is pro])abIe they are the sperm nuclei, as they are both in the

same cell. A germinating pollen grain from the stigma shows the

generative nucleus in mitosis and in advance of the tube nucleus

(%• 3)- Ii^ fig- 3? (^ this nucleus is shown with greater magnification,

and the remainder of this nucleus, w^hich was in the adjacent section,

IS shown in h. The chromosomes show longitudinal splitting and
there are 12.

Embryo sac

mother

when first distinguishable (fig. 4). The ovule now increases rapidly

in size and the mother cell becomes very large. The division of the

mother cell has not been seen. Many ovaries with ovules showing

large mother cells have been cut, and many that w-ere apparently

the same size had mature sacs. The development of the sac

be very rapid, for several ovaries had mature sacs and mother cells

definite order. But

m
the

mitosis

spirem

The two-nucleate (fig. 5) and four-nucleate sacs show nothing

unusual. rmal appear

ance. In figs. 6 and 6, a the anaphase stage of the two nuclei from
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mi Topylar end of a four-nucleate sac are shown. The entire

figures being found in two adjacent sections, both are drawn
separately, as the number of chromosomes is so large that it is

difficult to reconstruct the two fierures and make one accurate

drawing,

section.

5 almost para

chromosomes
the same end in the next section shows 13, giving 24 chromosomes

this make
seems

r

ber. The other nucleus is almost perpendicular to the section and

chromosomes
from

A meta-

in fig. 7. It also shows the 24 chromosomes. A similar one mi

from the mic A somatic cell

this

taken from the walls of the ovule is given for comparison (fig. 8);

it shows 24 chromosomes. Fig. 9 is a telophase of this same

division from the micropylar end of the sac. The old spindle of the

previous division is still quite distinct, but less so than the spindle

This spindle shows wall beginnings in the one

parallel with the sections. Only one end of the other spindle

appears in this section, as it is perpendicular to it. But this

nucleus, which already has the nuclear membrane developed about

it, shows approximately 24 chromosomes.
The 8 nuclei arrange themselves in the usual fashion, egg

apparatus, antipodals, and two polars that fuse, each group being

very distinct and almost diagrammatically organized. The iiliform

apparatus is well developed, but not so strikingly as in Parnassia

(20 a). The indentations so noticeable in the Parnassia synergids

are not often seen at all in Atamosco (fig. 10). It was present in a

few instances, but was never a deep notch. The only noticeable

feature of the sac is the large nuclei containing little other stainable

e nucleolus. There are often two nucleoli in

div in the svnermd nuclei also. They both

material

occasion

the triole stain, or if sfainpd in the iron hematox>' )

they are apparently alike. The antipodal end of the sac has the

usual organization (fig. 1 1) . The three antipodal cells are definitely

organized, but are without cell walls. The polars are in contact in
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the center of the sac. Fig. 12 shows the egg apparatus after the

pollen tube enters. One male nucleus is within the egg near the

nucleus, the other is just below it. The primary endosperm nucleus

Ues just above the antipodals and the fusion of the polars seems

to be complete. Fig. 13 shows about the same stage. In this case

one male nucleus is still not in contact with the egg, while the other

has already fused with the polars, sho\ying only as a bit of ver>'

dense nuclear material in the upper part of the primary endosperm

nucleus, in which all the nuclei are still evident (fig. 13, a). Some-

what earlier stages were found with the polars still quite distinct

male n

similar

hich

icleus some distance away. The adjacent qvnile

condition to that in fig. 13, a. Another sac in

tube has entered is shown in fig. 14. The sperm

nucleus is not in contact with the egg nucleus, but the other sperm

nucleus has begun fusing with the almost completely fused polars

(fig. 14, a). Here both sperm nuclei have very dense masses of chro-

matin, looking like a very thick spirem except for thin places at

intervals. These thin places seem to be only very delicate threads

\vhich with slight magnification are not easily seen, and the nuclei

then have the appearance of having the chromosomes already

segmented. In fig. 15 the micropylar end of a sac is given with

the male nucleus just in contact with the egg nucleus, but there is

no evidence that it is fusing, not even a flattening of either nucleus.

The triple fusion is already completed and the spirem is forming

for the first division. One part of this nucleus is ver>^ much denser

than the remainder of it and is probably where the male nucleus

entered. The very large nucleolus seems to be budding. In another

sac the male nucleus lies directly in front of the egg nucleus, but

is not in contact with it, while the primary endosperm nucleus of

this sac has completed the first division. Here the wall has

but it quickly disappears, for the endosperm contains many nuclei

before permanent walls appear. The male nucleus does not always

come in contact wdth the egg nucleus, or if it does, it moves away,

as it is not in contact in older stages (figs, 17-23).

About 600 sacs have been seen in which the sperm nucleus is

within the egg. In very few instances are they in contact, and

these were always the earlier stages. The flowers probably always

formed
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4-

wither within 24 hours after opening. Those brought in and

polUnated had all done so. These withered flowers show the male

nucleus within the egg.

Fig- 16 shows an early prophase in the division of the egg. The

develops in the usual way, and is very long. Fig. 17 showsspirem

the segmentation completed, with a very pale nucleolus and

approximately 24 chromosomes. The male nucleus is at some

from Fig. 19 shows

similar membrane

male

but sometimes the spindle is forming with the membrane of the male

nucleus apparently still intact (fig. 21). A spindle is shown in fig.

22, and here the male nucleus is disorganizing. A late anaphase

of the egg has the male nucleus entirely without a membrane (fig.

23). The chromatic material is organized into approximately 12

seem to be more or less nerfectlv formed

somes , although there are evident signs of disintegration. There is

nothing in the egg or in this nucleus itself to suggest the possibility

of its being a cell of the embryo. This suggests the possibility of

"merogonie."

somewhat

somes

nucleus apparently in contact with the spindle (fig. 24). This sac

has four endosperm nuclei, two near the base of the sac and two

near the middle. Fig. 25 is that of an undivided egg. The pollen

tube has the three nuclei in it. There are about 64 endosperm

nuclei in the sac and but little trace of the synergids in the adjacent

sections. Other sacs in this ovary have embryos with about 16

cells. It is probably a case of a delayed pollen tube and the

endosDerm nnrlfiiis HiViHinpr hefore fusion with the maleprimary

this

probable,

stage was

most
It is also

this to be the s,ecnr\(\ nnllpn tube to enter this saC. But

if so, all trace of the other one has disappeared.

erm
stain a brilliant red in the safranin-gentian-violet combination.
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An endosperm tissue 2-4 cells in width, but which does not com-
pletely fill the sac, and with many free nuclei still present, is found
with the embryo of 30-40 cells. There is such a mass of long curved

chromosomes in the endosperm that no satisfactory count could he

made from any of my preparations. In several instances one could

count 50 and know there were still others. One such nucleus,

which was in three adjacent sections, is shown in figs. 26, 26, a,

and 26, b. It seems clearer to show ea &
to reconstruct the nucleus from the three sections. Here more than

60 chromosomes q^n be counted in all three sections, but it is certain

that there were several cut chromosomes, as some were evidently

shorter than others, and in this plant the chromosomes all seem to

be approximately the same length. The number would be 60 from

the fusion of two polars with 24 each and a sperm nucleus with 12.

It is possible that.in some cases the polars only enter into the fusion,

which would give 48. But the triple fusion seems the common
condition in the material examined. This is probably the fourth

di\'ision of the endosperm of this sac. These divisions arc not

always exactly simultaneous; for in one instance in the second

division one nucleus has completed the mitosis, the new nuclei being

already perfect, while the other nucleus was still in the anaphase.

Embryo

The embryo shows nothing unusual in its development. The

first division has already been described, and is shown in figs. 20-24.

One two-celled embryo was seen with a vertical wall, but in all

others it was the usual horizontal wall (fig. 27). This figure shows

the pollen tube entering one synergid.

Abnormal sacs

the

form. These sacs have the antipo-

microp\

the side. The organization of the two groups of cells is as perfect

and as characteristic as if they were in the usual position. About

2000 ovaries have been cut; many were too young to show mature

sacs, and of others no record was kept. But in about 300 ovaries
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that were mature, there were side eggs in 56 and in these 56 ovaries

there were 205 of these abnormal cases. The other sacs in these

ovaries had nothing unusual in their nuclear arrangement. In the

majority of these abnormal sacs there was nothing unusual except

the position of the cells, and only those with cells in unusual positions

were included in the above statements.

micro

sac with no synergids. The' whole of this sac was not seen, so just

what the arrangement of the other cells was could not be deter-

mined may
two young embryos, one of about 6 and the other of lo cells, located

exactly as these two egg cells were, and with endosperm of 30-40

nuclei. Two other sacs with embryos similar to this were seen.

Occasionally more than two eggs may be organized in a sac (fig. 29).

m
eggs, and two of which show intermediate characters and may

function as synergids. This leaves only one antipodal and two

polars which have already fused and lie very near the antipodal.

Two eggs and two synergids are sometimes found in the one Qgg

apparatus. Sometimes more than one egg apparatus is organized.

One was seen with two at the side of the sac, in addition to the usual

micropylar apparatus. Not all of this sac was seen, but it has at

least 12 nuclei in it. The egg apparatus in these side positions Is

usually normal in all other particulars; but in one case in which it

is at the side near the antipodal end of the sac, the egg is turned

themselvc

bring their apices toward the edge of the sac.

What m There

are 15 nuclei present, and it is possible there should be 7 instead of

6 in the micropylar group, making 16 altogether, but in tracing from

section to section I could not be quite sure. Fig. 31 is from a sac

almost normal seems

some
micr

behind

The sperm nucleus is in contact and

rm
polars, as there is a dense portion in this otherwise almost clear

nucleus. In many of these sacs the antipodal end contains no
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nuclei unless the egg apparatus approaches that region. Tig. t,2 is

from

antipodals at the micropylar end of the sac, 4 are in the lower part
of the sac near the antipodal region, two syncrgids and two eggs,
while the two polars are the only normal feature of the sac. The
pollen tube is entering the egg apparatus.

As was said above, in the large majority of these abnormal sacs
there are the usual 8 nuclei, and these have the usual organization,
but the groups are not in the usual position. Fig. 2)Z shows a
common arrangement except the antipodals here are not exactly at
the micropylar end. The egg apparatus is perfect (fig. t^t,, a), as are
the polars and antipodals, each group showing its characteristic

differentiation. A four-celled embryo in a similar sac is shown in

%• 34-" Here, the primary endosperm has not divided. Porsch
(21) and those holding the archegonium theory would regard these

extra groups as the organization of additional archegonia. If the

two groups of cells usually found in an embryo sac are archegonia,

remarkable.

cry

EupJwrbia procera

LEWSKi (15) figures 4 groups of 4 nuclei each. From each of these

groups one nucleus moves to the center to form the primary

endosperm nucleus, leaving 3 in each of the grouj^s. The micro-

pylar group he calls the egg apparatus, and that one is the only one

figured as functioning. But each of the groups at the side of the

sac have the appearance of an egg apparatus.

Discussion

almost diagranim

^ery small sperm i

^m ery

sperm

sperm

smaller Land (14) figu

Silphium. Na\v

shows a similar one in Ildianihus. Guignard gives a like condition

in Iris (7), and in some of the Ranunculaceae (9) and Solanaceae
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(lo); and Strasburger (27) figures a small more or less coiled

sperm for Urtica dioica. Less difference in the relative size of the

two nuclei appears in Cypripedium (19). Other instances might

be cited, but these are sufficient to show that a difference in the

size of the sex nuclei is not unusual.

spirem

sperm

This was supposed to be a case of the early prophases taking place

before the fusion of the sex nuclei. Guignard (8) shows such a

case in Lilium Martagon, and Cypripedium (19) and Calopogon

(20) both show this condition. Blackman (i), Chamberlain (3),

and Ferguson (6) have all figured early stages in mitosis before the

fusion of the sex nuclei in Pinus. In all of these, however, the

sperm nucleus was as active as that of the Qgg, both nuclei being

in approximately the same stage. But in Atamosco only the &gg

nucleus formed a spirem (fig. 16). It soon began to seem strange

that there was no increase in the size of the sperm and no evidence

of fusion. So more and more material of this stage was cut. In

all cases where the pollen tube had entered the sac this condition

was seen. More than 600 examples like figs. 12-15 were found, and

about half as many in which the spirem in all stages is formed in

the egg nucleus (fig. 16). Two-celled embryos show no trace of

this sperm nucleus (fig. 27); and a few spindles and telophase

stages of this division also give no trace of it.

development

many

made. In one ovary the third mitosis was

J material was not well fixed, some

m two nuc ei ot the mehaving taken place. „„^ „. ^

more than 12 chromosomes were certainly present; but in both

instances the nuclei were in the chalazal end of the sac; so this

might only mean a repetition of the condition Strasburger (25)

found in Lilium Martagon, of which he says:

Die Schwesterchromosomen bei der homootypischen Teilung des im

Chalazaende der Embryosakanlage (die hier direkt aus der Embryosakmut-

terzelle hervorgeht) befindlichen Kerns, statt wie sonst, ohne Langsspaltung

in die Kernspindel eingefugt zu werden, eine solche Langsspaltung, wie bei
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einem typischen Teilungeschritt erfahreiij was eine \'crdoppelung der Chromo-
somcnzahl zur Folge bat.

This was the state of the problem when I left Bonn.

A new collection was made this last autumn. Even from this

collection the division of the mother cell has not been obtained.

As was stated above, the development of the sac must po on very

rapidly, for in some ovaries certain ovules are in the mother cell

stage while others have mature sacs; and these seem not to be

related to any part of the ovary or to follow in any special succes-

sion; they occur apparently without any order. The buds appear

at the surface of the soil one day with the mother cell undivided

and the flowers are open the next and usually last only one day;

so the whole development must go on very rapidly.

There is no evidence that permanent walls came in at the

division of the mother cell. The two-nucleate sac (fig. 5) never

shows any evidence of disintegrating megaspores; so it belongs to

the Lilium type described by Coulter and Chamberlain ("5, p.

73), in which these two nuclei are the daughter nuclei without

separating walls, and the nuclei of the four-nucleate sac are the

four megaspore nuclei without separating walls. A discussion of

this question was given in the paper on Cypripedium (19), and ^Iso

by Coulter (4). A recent paper by Brown and Sharp (2) shows

this condition, and the same view is presented.

The third division in the sac I was fortunate enough to get in

nearly all the ovules of one ovary. In many of these the chromo-

somes w^re quite distinct and several counts were made (figs. 6, 7,

9). In all cases approximately 24 chromosomes could be counted.

The sporophyte number is 24 (fig. 8); therefore the reduction

division seems not to have taken place. This gives the egg the

sporophyte or diploid number of chromosomes; and, according to

Str.\sburger's definition, when such an q^ develops an embr}0

without fertilization it is a case of apogamy. He says (26, p. 80):

Daher ich das Kriterium fiir echle Parthenogenesis in dcr Weiterentwick-

lung cines Geschlectsproduktes erblickte, das mit der ihm normal Zukom-

menden haploiden Chromosomenzahl anhebt, Wenn em diploides Ei einen

keim bUdet, so bezeichnete ich dessen Entwicklung als Apogam, das Ei sclbst

als apogames Ei.
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He also says that such a diploid egg is in reality already fertilized^

und zwar in dem SinnCj dass der Zustand, den die Befruchtung in seiner

Mutterpflanze schuf , in ihm noch fortdauert, da er nicht durch den Vorgang

der Reduktionsteilung, gewissermassen durch Entfruchtung, aufgehoben

wurde.

It is already from its organization endowed with the double

number of chromosomes, so it goes on, so far as the chromosome

number is concerned, developing like the cells of a bud or an

adventive embryo. The development of these Anlagen would

hardly be compared to genuine parthenogenesis, in spite of the

fact that no fertilization takes place here. But Winkler used a

different terminology, based on a somewhat different conception,

especially with reference to the importance of the haploid or

diploid number of chromosomes. He (29) would call this ^^ somatic

parthenogenesis," He defines parthenogenesis (p. 11) as

die apomiktische Entstehung eines Sporophyten aus einem Ei, und zwar {a)

somatische parthenogenesis, wenn das Ei einen Kern mit der diploiden, unre-

ducierten chromosomenzahl besitzt {h) generative parthenogenesis, wenn der

Kern des Eies mit der haploiden Chromosomenzahl ausgestattet ist.
n

He defines apogamy as

die apomiktische Entstehung eines Sporophyten aus vegetative Zellen des

Gametophyten, und zwar (a) somatische Apogamie, wenn die Zelle oder der

Zellkomplex, die 'den Sporophyten liefern, in ihren Kerne die diploide Chromo-

somenzahl besitzen {b) generative Apogamie, wenn die Kern der Mutterzellen

des Sporophyten nur die Haploide chromosomenzahl fuhren.

That is, Winkler would call the development, without the aid

male gamete

'ment tophyte)

apogamy. There can be no question concerning the latter, but

there may be a difference of opinion as to whether the development

of both diploid and haploid eggs without fertilization should be

called parthenogenesis.

In Atamosco the organization of the egg, with the exception of

the presence of the diploid number of chromosomes, is perfect

far as morphological evidence goes. The whole egg apparatus

is characteristically developed, being quite distinct in appearance

so

*.
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from all other cells of the sac. Even the syncrgids are not to be

confused with the egg, each showing its own pecuh'ar characters

(figs. 10, 11). It happens that more than one egg is sometimes

organized^ and apparently all' these eggs in Alamosco, but no other

cell, may function. As all the nuclei of the female gamctophytc

have the diploid number of chromosomes, it might be thought that

any cell could develop a sporophyte, and therefore advcntivc

:mbry But no evidence

of adventive embryos was found; and only a few sacs with two

embryos were seen, and in every instance they were paralleled in

other sacs by an egg in a similar position (figs. 28, :^t^. 34).

If the egg be considered a diploid gamete, then this should be

considered parthenogenesis, but we usually define a gamete as a

cell that fuses with another before developing, and it would seem

that it should at least be capable of so doing if it is called a gamete.

But this egg cell lacks this gamete character; for Alanwsco seems to

show conclusively, not only that it is capable of developing without

fertilization, but that it will not fuse with the male gamete although

the two nuclei be in contact (figs. 15-24)- If ^^ inability to fuse

shows that it is really not a gamete, then this is apogamy. It is

certainly apd^amy if we consider it from the standpoint of the part

taken in the process by the male nucleus. Apogamy mighty be

defined as the development of a sporophyte from a diploid egg with-

out fertilization. Vegetative apogamy would be the development

of a sporophyte from vegetative cells of the gametophyte, while

parthenogenesis would be reserved for the development of a sporo-

phyte from an egg with the haploid number of chromosomes.

In 1900 JuEL (11) showed that Antennaria alpina has very few

staminate individuals, and even these have anthers entirely stenle

or only slightly fertile. The megaspore develops without the

reduction division. The Alchemilla group was investigated by

MuRBECK (16) in 1901 and by Str.-vsburger (23) in 1905- I" ^^^

apogamous species the reduction division does not take place in

the megaspore development. In the microspore series, m some

species, the cells develop no farther than the mother cell stage,

others disintegrate after the first division, while still others com-

plete the tetrad division and imperfect pollen is produced. In

»
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1904 Overton (18) investigated Thalictrum, finding the pollen

normal. In some instances there was a reduction division in the

development of megaspores, while others developed without this, a

case exactly parallel to that of Marsilia as shown by Strasburger

(24) in 1907. In Taraxacum officinale Juel (12, 13) in 1904 and

1905 states that the embryo sac mother cell divides only once, the

inner daughter cell developing the sac, but no reduction division

takes place. The reduction division does take place in the micro-

spore development.

Rosenberg (22) in 1907 found in Hieracium that the reduction

division takes place in the microspore development, but in some

species, at least, they are disintegrating even at this time, and

the mature anthers are empty. In some species the megaspore

development is occasionally normal, giving a haploid gametophyte;

but it usually happens that some sporophyte cell (epidermal,

chalazal, or nucellar cell) produces the embryo sac. So this is a

case of apospory in the development of the sac; and as a diploid

egg is organized, it is also a case of apogamy in the development of

the embryo. The work of Winkler (28) in 1904 and of Stras-

burger (26) in 1909 with Wikstroemia shows reduction in the micro-

spore development with but little pollen maturing, while reduction

does not take place in the megaspore development. In 1910

Strasburger (27) added Elatostema to the apogamous angiosperms.

It also has the reduction in the pollen development with much

irregularity in the pollen, some anthers producing pollen of normal

appearance. The mother cell of the ovule begins the reduction

division but returns to the vegetative mitosis; but in some cases

reduction does take place. From these it seems that reduction

always takes place in the microspore development, the failure being

only in the megaspore series, and in some species it is only partial

here.

normal

some species of Taraxacum, and Atamosco, the others all having

little pollen or defective pollen. The female gametophytes for

four genera are diploid, while in the other three both haploid and

diploid female gametophytes are developed; but it is not known

that these haploid eggs develop parthenogenetically. According to

•»
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Yamanouchi (30) this is true for the fern Ncphrodium, which
develops a haploid sporophyte from a haploid unfertilized egg.

SUMMARY OF APOGAMOUS ANGIOSPERMS

Pollen Female gamctoph>te

Urticaceae
Elatostema

Ranunciilaceae
Thalictrum

Rosaceae
Alchemilla \
Eualchimilla/ ' " '

Th\Tnelaeaceae
Wikstroemia

Compositae
Antennaria
Taraxacum
Hieracium

Amaryllidaceae (Leucojaceae)
Atamosco

Defective

Normal

Defective

Diploid or haploid

Diploid or haploid

Diploid

Little

Little

Normal or little

Little

Normal

Diploid

Diploid

Diploid

Haploid or diploid

Diploid

Strasburger (24) that egg not only is not

fertilized, but is not capable of being fertilized. He says (p

Womit kann namlich das apogame Ei einer Marsilia besser beweisen, dass

es weder Befruchtungsbedurftig noch Befruchtungsfahig ist, als dass es den

Spermatazoiden den Eintritt in das Archegonium unmoglich macht? Die

diploide Chromosomenzahl bedingt es also, dass im Ei dass Befruchtungs-

bedurfnis sich nicht einstellt und damit auch der Reiz wegfallt, derdie Tatig-

keiten sonst anlost, ist welche die Befruchtung vorbereiten. Also kommt doch

wohl eine grundsatzliche Bedeutung an dieser Tatsache zu, dass nicht die

elnfache, sondern die doppelte Chromosomenzahl im Kern vertreten ist.

In the apogamous Marsilia the canal cell does not disintegrate,

rannnf f^nfpr ih^ prrhpfronium. StRASBURGER SSperm
the

.Itogether

quotations just given, and as he said in discussing this question

me

(18, p. 278) says that in

micro

erm

the fusing of the second sperm nucleus with

: Pnf TiT<5 nrpnarations failed to show the

the
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An diesem Grunde darf ich auch nicht positiv behaupteiij dass zur normalen

Keimentwicklung stets Befruchtung notwendig ist, wenn auch alle sonstigen

Tatsachen und die Beobachtungen an Pflanzen im. Freien kienen Zweifel

stattfinden

Zahl der Chromosomen fuhrt.

In Atamosco I have been able to settle this question beyond a

doubt I think; for about 30 cases of an egg dividing with the sperm

inactive although In contact, or nearly so, with the egg nucleus

were examined. The sperm gradually disintegrates (figs. 18

21-24, 27) and evidently the egg is incapable of fusing with tlie

sperm, the latter being perfectly normal in every way so far as

appearances go, for the sperm had the haploid number of chromo-

somes, and the pollen seemed entirely normal, and pollen tubes

enter the sac in the usual way. The other sperm does fuse with

the polars either before or after their fusion. This would seem to

show that the triple fusion is not of the same character as that
T

which takes place when the sperm and egg fuse. So Atamosco seems

to prove Strasburger's theory that the diploid egg is incapable

of fertilization.

On thp rnmnlpfinn nf fVi^ inrm-Tr T rprir^rfprl fn ProfesSOr STRAS-

Febniary J

^ Mm'
1912, he says:

Die Schwerpunk Ihrer Arbeit wird darin liegen, dass der Eikem, weil er

doppeltchromosomig ist, die Aufnahme dem Spermakem versagt, ungeachtet

die ubrigen Einrichtungen bei der Y^ ^ - ^ -- ^-^ -^-^ c^.m^lcern

bis in das apogame Ei hineinfiihren.

Pflanze

I.

is 12.

chromosomes

Summary

normal. The haploid number of chromosomes

sion in the embryo sac shows the diploid,num-

3. Usually the ordinary 8-nucleate sac is organized, but occa-

3 micropylar enc

sometimes more

organizing.

4- Two male nuclei come into the sac with the pollen tube, one
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but

in the egg.

first

5. A diploid ^gg seems to be incapable of fertilization.

Baylor University

Waco, Texas
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EXPLANATION OF PLATES XIII AND XIV

All figures were drawn gnification is

that of the original drawings, which are reduced one-half in reproduction.

The abbreviations used are as follows: e, egg; g, generative nucleus; w, male

tynergid

Fig. I.—Pollen grain: tube nucleus (amoeboid) and generative nucleus

with 12 chromosomes; Xiooo
Fig. 2. 1000

Fig. 3.—a germinating pollen grain from the stigma; the generative

nucleus in advance of the tube nucleus and in mitosis: .00
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000Fig. 3, a.

Fig. 3, b,—The remainder of the above nucleus from ihe adjacent section;

TOOO

Fig. 4. X600

Fig. 5.—Two-nucleate sac; daughter nuclei without separating walls;

X400

Figs. 6 and 6, a.—Two adjacent sections of the same sac; both nuclei of

chromosomes

be counted at one end; possible

1000

Fig. 7.—Metaphase at chalazal end of four-nucleate sac with 24 chromo-

somes; Xiooo.

Fig. 8.—a somatic cell from ovule walls in metaphase, showing 24 chromo-

000

Fig, 9.—Telophase of the third division of the sac; remains of previous

spindle; the uncut spindle of the present division shows the beginnings of wall

formation; the cut spindle is perpendicular to the section, so only one end of

000

Fig. 10.—The egg apparatus from mature sac; filiform apparatus well

synergids; Xiooo

Fig. II.

Fig. 12.

X400
600,

Fig. 13.—^Micropylar end of the sac; Xiooo

Fig. 13, a.—Primary endosperm of same sac

plete; Xiooo.

Fig. 14.

Fig. 14, a.—Triple fusion from same sac

Fig. 15.—MicroDvlar end of sac; X600

1000

000

Fig. 16.—Egg nucleus with well developed spirem and male nucleus near

000

Fig. 17.—Egg nucleus showing approximately 24 chromosomes; male

1000

Fig. 18,—Micropylar end of sac; egg nucleus with approximately 24

>mosomes; the nuclear membrane has disappeared; Xiooo.

Fig. 19.—Egg nucleus similar to that in fig. 17; Xicoo.

Fig. 20.—Egg nucleus similar to that in fig. 18, but sperm still has nuclear

000

Fig. 21. egg

TOGO

Fig. 22,—Metaphase in the egg

1000

Fig. 23,—Anaphase in egg nucleus; male nucleus has approximately 12

1000



394 BOTANICAL GAZETTE [NOVEMBER

Fig. 24.—Micropylar end of sac; male nucleus very close to spindle of egg

nucleus, which is in anaphase stage; X600.
Fig. 25,—Undivided egg with about 64-nucleate endosperm; other sacs in

this ovary have embryos of about 16 cells; pollen tube contains three nuclei;

X600.

Figs. 26, 26^ a, and 26, b.—^Three sections of the same endosperm nucleus in

1000

X600
syne

Fig. 28. ;ynergids

Fig. 29.—^Diagram of sac with three, possibly five, eggs, one antipodal, and

two fusing polars; X 105.

Fig, 30.—One antipodal in the usual position, the group of six nuclei in the

micropylar end of the sac having the appearance of antipodals; a perfect egg

apparatus is organized on one side; one cell near the antipodal region has the

egg organization, and four nuclei are fusing in the upper end of the sac; X 105/

Fig. 31.—Egg apparatus slightly to one side, showing male nucleus in the

egg, behind and just in contact with the nucleus; X600.
Fig. 32.—Egg apparatus of four nuclei near the antipodal region; pollen

tube entering; Xiooo.
Fig. t^Z'—The very common type of abnormal sac except that the antipo-

exa

Fig. zi, a

Xios.

X600
Fig. 34.—Four-celled embryo from a side egg; primary endosperm nucleus

still undivided; X105.
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THE TEPARY, A NEW CULTIVATED LEGUME FROM
THE SOUTHWEST
George F. Freeman

(with eleven figures)

extreme

gul

ing in contrast with such as is found in the more humid sections.

So widely distinct are the atmospheric conditions that none but

the hardiest and most adaptable of introduced plants are able to

withstand the violent readjustment made necessary by the new

environment, even though water in abundance be artificially sup-

plied. Professor J. J. Thornber of this station is authority for

the statement that only a small percentage of plants or varieties

developed in sections having a decidedly different climate from that

of Arizona may be successfully cultivated here.

Alfalfa, which has been grown within the territory for many

years, is now thoroughly acclimatized and is today our greatest

single farm product. Among other crops introduced since the

European settlement of Arizona and southern California and thor-

oughly acclimatized may be mentioned barley, the white Sonora

wheat, the olive, pomegranate, and several varieties of figs, dates,

and citrus fruits. Realizing that the plants which are most suc-

m r peculiar

climate of Arizona are those which have been

longest grown within its borders, the writer hi

drawn to some of the native economic plants of 1

these may be found varieties of agricultural

Among

thin the confiin

the ruins that now crumble

m tne desert sands were populated witn a nappy aim ^lu^i-^^^ww.,

race, years when the canal systems which still can be distinctly

traced ran on higher • levels and watered more lands than those

which at the present time distribute the waters of the Gila and Salt

rivers. Here amon? the Pima and Papago Indians, descendants

3951 [Botanical
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may
pum;

under whose husbandry they were produced. Centuries of adapta-

tion have therefore produced types eminently suited to withstand

the extremes of heat and drought to which the climate and indiffer-

primitive people often exposed them

forms

the The need for a

leguminous food plant to restore nitrogen to soi „
pumped water, and the necessity of finding drought- resistant

crops suitable for use where "dry-farming" is being attempted,

has directed the attention of the Arizona Experiment Station to

these beans for several years. Tests at Yuma under irrigation,

and at McNeal under dry farm conditions, have already demon-

strated the ability of these native beans to fulfil all of the require-

ments of drought-resistance and fertilizing value, and in addition

they have the ability to produce profitable crops of a staple product.

During these agricultural tests, made for the most part from

seeds secured originally from the Indians, it was noticed that many
apparently different sorts occurred. In order to study the differ-

ent varieties in their native condition, therefore, and to secure

sam

August 19 lo among
J

some 50-100 miles

inches of rainfall

Quijotoa mountains 3

Here

fully with no irrigation save that of a little flood water which came

mountam
During the cours

In addition to thes^

Mr. Cavillo from t

one year at Yuma:

of beans were secured.

J.J
from beans secured from the Pimas at Sacaton; some

samples were contributed bv Mr. MenageR ?

Oasis, which he picked from beans
finally, as a result of a three dav? among the
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Pimas at SacatoQ, 16 additional samples were secured. This

mass of material when carefully sorted yielded 71 apparently

distinct sorts. These were planted on the testing grounds at the

university during the summer of 19 10 and produced strains of

the most widely diverse types and economic values.

The first lot of seed coming into the hands of the writer were

10 samples obtained originally from Mr. Cavillo at Santa Rosa,

but which had been grown for one year at the Experiment Station

at Yuma. In working over this material two distinct types were

observed. The first type was characterized by a larger size,

averaging about o . 23 gm. When present at all, the markings

or flecks were much coarser; there was an absence of lines radiating

from the hilum, such as are used by botanists to distinguish between .

the kidney and lima beans. Another distinguishing character-

istic of this group was the smoother, more glistening surface of

the seed coat. The second t>T)e averaged distinctly smaller

(about 0.15 gm.); the markings or flecks when present were much

finer; distinct lines radiating from the hilum were frequently

present; the surface of the seed coat lacked the characteristic

glossiness of the first type. Inquiry soon developed the fact that

Indians and Mexicans of southern Arizona and Sonora distinguish

sharply these two classes, the latter designating the first type as

"frijoles" and the second as "teparies." It is interesting to note

that they think of these two legumes as being quite as distinct

as we should think of rye and wheat. After once becoming

familiar with the differences between the two t>pes, anyone

recognizes without hesitaUon and at a glance whether any given

sample is composed of teparies or frijoles, in spite of the fact that

previously he may never have seen that particular variety.

Frijoles

The common frijole undoubtedly belongs to Phaseolus vulgaris

Linn. The Papago equivalent of the bean is mon. Jhey call a

certain yellow bean soam mon (5Jaw= yellow, won = bean), n

like manner they call the pink bean yura mon. The word yura

is of Yaqui origin and is said to refer here to the white man rather

than to the color of the bean, thus meaning "the white man bean.
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a

This also accords vnth the Indian tradition that beans had been

secured from the white man, but that they had grown teparies

long time." Distributional and other evidence also points to

the more southern (5'rigin of beans, which in all probabiHty were

brought northward by the earlier Spanish settlers and missionaries.

Teparies

tep

[s state pave; std-te meaning white and pdi^e having reference

le kind of plant to distinguish it from the mon or bean. In

manner they speak of soam (yellow) pave and spate mook

muddy) p common statement

Lired beans from th

man, but had grown pave

women
trikingly uniform answer that their

mvari

Quijot

same

people went away ''long ago." However, two different old women
said that they remembered having gathered dark colored wild

teparies during their childhood in the mountains farther south (pre-

sumably in Sonora). It is a common statement by Mexicans that

the yellow tepary grows wild in Sonora and makes vines like a

morning glory in the damp soil of canyons. Weight is further given

to these statements and traditions concerning the local origin of

these varieties by the greater resistance of teparies to extremes of

climate than is Dosse<^<^pH hv hp^nc: Adaptation through a longer

seems

domestication from the wild state in the same

them more
When
make

will frequently

\r^ ck fiA(\ of red

Pima
1910, in which the crop was a total failure on account of an insuffi-

cient^ water supply, the writer noted a few yellow tepary plants

growing as an admixture among the beans. Under conditions such



.:r^3fillBsW;^r. -T-r4 Jm'.'J.--/^ _ j-_

lj-»'>'

Fig. I. •Tepary above, bean below: both planted May
-^ ^ ^ ^

August

producing

presence or absence of pod;
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that the most vigorous of the beans had produced but two or three

pods, some of the tepary plants had as many as 200 ripe pods and

the average was more than 100. During 191 1 pink beans which

were planted May 17 had not bloomed on account of the heat as

late as August 20, although they have been well irrigated during

that time (fig. i). Teparies planted alongside the beans on the

same day and given identical treatment had by that tmie ripened

an abundant crop of seed. It is a common statement among the

Pima Indians that when the beans are destroyed by insects the

teparies go free.

the

differs

from the bean in being more

more It remains

yet to describe those morphological distinctions which compel

as does the kidney bean.

same

Characters of the tepary

The characters of tepary are best indicated by contrasting

them with those of the kidney bean {Phaseolus vulgaris) and the

lima bean (P. lunatus). The seeds are smaller, averaging about

0.15 gm. instead of about 0.23 gm. for beans and 0.50 gm. or

more for limas. When present at all, the markings or flecks on

teparies are much finer than on the other two. The seed coat of

the tepary lacks the characteristic glossiness of the kidney bean.

The length of the petioles of the first pair of aerial leaves are

strikingly different in the tepary and the varieties of P. vulgaris

and P. lunatus. Measurements of the mature petioles of the first

number

mm
24.33 mm., and for the limas 43.7 mm. The first pair of aerial

leaves of all three species are simple, but those of the tepary differ

from the others in having truncate instead of cordate bases (figs-

2 and 3) .
They are also smaller and narrower, the averages being

as shown in table I.



rff^ft^*^^.

^ KUUBt

bottom

riG. 2.—Seedlings showing first pair oi aerial leaves; top, bean; middle, tepar>-;

« « 4
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TABLE I

Av. length
mm.

Av. width
mm.

Ratio
L.

Tepary
Kidney bean
Lima bean .

.

SS-T2
47.32
72.80

33 M
45.86
66.89

1.67
1. 01

1.08

The apices of all the leaves of the tepary are more acute than

those of either the kidney or lima beans, and they are also much

smoother (not crumpled and rough;.

a

Fig. 3.—-Typical leaves of bean (a) and tepary (b)

The length and breadth of the terminal leaflets of 100 normal

mature leaves taken at random and including several varieties

each of both beans and teparies were measured with the following

results

:

TABLE II

Av. length
mm.

Teparies
Beans. .

Av. breadth
mm.

63.80
78.80

36.59
64.70

"' Ratio
B.

1.74
I. 21

smaller than those of the

the wings are narrower in comparison and the

' F r
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more strongly reflexed in flower. The calyx tube is

deeper in the tepary, and the two upper teeth are united to form
one prominent acuminate tooth rather than being separate and
nearly obscure as in the bean. The lower three teeth of the calyx
tube of the tepary are also much longer and more tapering than
those of the bean, being described as acuminate rather than acute
triangular to obtuse or rounded as in the latter species (fig. 4).

The bracts subtending the calyx of the bean are large and nearly

a
Fig. 4.—Flowers of tepary (a) and bean (b) above; dissected calyx tube and

bracts of each below.

measurmg The cor-

responding bracts of the tepary are exceedingly small, incon-

spicuous, and early deciduous. They are lanceolate in outline and

are about I mm. loner bv o. k-o pect

the tepary resembles the lima bean. The flower of the lima differs

from that of the bean or tepary in having its banner of a different

from

purple tinge

other two soecies is either white or colored in the norm
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In all three species, at the opposite side of the hilum
micropyle, the raphe ends with a more or less prominent >

com
hilum

limas

but does not pass entirely through it. The raphe of the lima there-

fore ends in a V-shaped, two-pronged elevation rather than in two

rounded, completely separated elevations as in the other two species

(fig. 5). The character generally used in botanical keys to dis-

tinguish between the lima and kidney bean is the presence of vas-

cular lines radiating from the hilum. These are distinctly visible

in the former, but lacking in the latter

^l species. This character is very variable in

i

m

a

Fig. 5.—Ventral view

the tepary, being prominent in some varie-

ties and entirely wanting in others, with

every degree of variation between these

extremes.

Since the tepary does not belong to

either of the species which include the

varieties of the kidney and lima beans, the

question arises whether it has heretofore

of lima bean (fl), bean (J)'
^^^" recognized aniong the domesticated

and tepary (c). beans.

In the monographs of Jarvis' and

Irish' on the garden beans, five genera are recognized: Phaseolus

(kidney bean), Vicia (broad, English, or Windsor beans), Vigna

(cowpea), Dolichos (asparagus bean), and Glycine (soy, soja, or

coffee bean). To these Tracy^ adds macunna (velvet bean).

The economic species of Phaseolus, according to each of these

writers, are three i^ P. vulgaris (kidney bean), P. lunatus (lima

' Jarvis, C. D., American varieties of beans. Cornell Bull. 260. pp. 149-245- ^9°^-

» Irish. H. C, Garden beans cultivated as esculents. Missouri Bot. Card. .A.nn.

Kept. 12. pp. 81-165. 1909.

3JRACY W W., Jr., American varieties of garden beans. U.S. Dept. Agric
Bur.Pl.Ind.BuU.109. pp. 5-173- 1907.

* The seven species of common bean {P. vulgaris Savi, P. compressus Martens,
P. gonospermits Savi, P. carinatus Martens, P. oblongus Savi, P. ellipticus Martens,

^'^ /'/f "" ^^'tens), which were separated by George von Martens {Die
Menbohnen i860) according to the shape and size of the seed, are now recognized
as varieties of P. vulgaris L.
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muUiflorus (runner Baileys states that the

moth bean {P. aconitifolius Jacq.) is cultivated as a human food

in India, and that P. Mungo Linn., with its vars. glaber Roxberg

(adzuki bean) and radiatus Hook., are widely cultivated in southern

Asia. It has already been show^n that the tepary differs specifically

from P, vulgaris and P. lunatus. It may now be distinguished

from P. multifiorus, P. aconitifolius, and P. Mungo by the following

characters:

TABLE III

Leaflets

.

Flowers

.

Tepary

Stem . .

.

Simple
4"5, small, at the

end of raceme
which is gen-
erally inferior

to the leaves

Nearly smooth
or slightly

puberulent

P. multijlorus

Simple
Large and

showy, In

many-
flowered

racemes

Minutely
pubescent

F. aconitifolius

2-3 lobed at apex
Very small, yellow-

ish, in heads at

the ends of axil-

lary peduncles

R MuHie

Brown hairy

Simple
Rather small, yel-

lowish, in a capi-

tate cluster of 5

or 6 on the end of

stout hairy axil-

lary peduncles

Densely clothed
with long brown
hairs

Since it is evident that the tepary does not belong to any of the

species now recognized as cultivated esculents or ornamentals,

remains to compare The

Kei IS lists 141 species of Pk

North and South America

90

iseolus have been reported

from Mexico and Central America, and I have no doubt but many

remain yet undescribed," Upon going over the available litera-

ture I have been able to find 54 species recorded as growing in the

"'antral America. IndianMexico

grown

smce The physiological evidence from

hardiness and drought-resistance of th supports

view. more than likely, therefore, thatthis

domesticated from wild plants growing within this region or adja-

cent Mexico rather than from species indigenous to moist tropical

^Bailey, L. H., Cyclopedia of Amer. hort pp. 1294-1296. 190^-

^ Rose, J. N., Notes on useful plants of Mexico. Contrib. U.S. Nat, Herb,

5 •212. 1899.



4o6 BOTANICAL GAZETTE Inoyember

countries farther south, which were undoubtedly the original

home of the less drought-resistant P. vulgaris and P. lunatus.

I have been unable to secure descriptions of all of the wild species

reported from Mexico and Central America, but the specific

characters of the greater part of the list has been gone over very

carefully. -

Micheli (Mem
pi. 12. 1903) is a close relative of the tepary. The latter differs

from this species, however, in being glabrous or only slightly pubem-
lent, while P. brevicalyx is described as pilose. It further differs

strongly in the following points: petioles 2- 10 cm
cm.) rather than i-^ cm

rather than broadly ovate and spreading, calyx never punctate

with

The description of P. proriferus M. E. Jones, though very

mcomplete, mdicates that this

from the teoarv in beiner more
the rhombic-ovate, abruptly acuminate leaflets.

^

The following description of P. acutifolius Gray^ seems to agree

with the tepary in every particular:

P. ACUTIFOLIUS, sp. nov.—VolublHs ; ramis gracillimis puberuHs; foIioHs

subovato-lanceolatis e basi ad apicem usque attenuatis acutis integerrimis

scabrido-puberulis; pedunculis paucifloris folio brevioribus, bracteis bracte-

olisque subulatis minimis deciduis; pedicellis flore aequilongis; calyce pro-

funde bilabiate, labio superiore vix emarginato dentibus lateralibus et infimo

ovato-oblongis subaequalibus tubo paulo brevioribus; legumine compresso

lato-lineari falcato pubescente; seminibus complanatis leviter rugosis.—

Mountain valley 30 miles east of EI Paso; Sept.—Plant in general aspect and
fohage much resembling a slender narrow-leaved variety of P. helvolus; but

the leaves are more tapering and pointed; the 2-3-flowered peduncles are

shorter than the leaf, and seldom longer than the common petiole; and the

pedicellate flowers are smaUer than those of P perennis. It belongs to the

section Drepanospron, having a flat and falcate legume, not much curved,

two inches long, a quarter of an inch wide, 8-9-seeded. Seeds oval, compressed,
somewhat shining, lightly rugose. The leaflets are from one to two inches

long, varying from ovate-lanceolate to lanceolate from a broad base.

Specimens of the tepary have been submitted to Dr. J. N. Rose,
who states in a letter: "I quite agree with you that your Indian

' Gkay, Asa, Pkntae Wrightianae. pp. 43. 44.
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bean is different from P. vul^

to it. I would suggest that
;

In a later letter he says: ^^We
which look very much indeed

acutifoUus

wild

Unfortunately

^^
Fig. 6.—Phaseolus acutifoUus var. tenuifoUus A. Gray

folius. Several plants occur in univ

Gray

ginal Photographs of these plants and also pressed

submitted Robinson

Gray Herbarium where the tvTDe specimen of P. acuiijolius

several of its varieties are found. turned
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Dr. C. A, Weatherby, who after careful comparison
types left by Dr. Gray wrote as follows:

The type of P, acutifolius Gray is a plant collected bv Wright
Texas in Sept. 1849. Your plant is evidently near it, differing in its much
longer petiolules of the central leaflet and in its broader leaflets. The plants

the photographs] with narrow leaflets are P. acutifolius var.

Gray [fig. 6]. There is also a second variety mentioned by Dr.

Gray in the Plantae Wrightianae [2:33] without name, which has leaflets

larger and broader than in your plant and of which I will send a tracing.

tenuifolius

u^^ xTZ-IFbVJh^ .lifttv^-^+ttft^^A^:^ -"K^^ffit:!:^-^^*^^

ijoli

The tracing of the type specimen of P. acutifolius Gray furni

by Dr. Robinson was found on comparison to be intermedial

form between P. acutifolius var. tenuifolius on the one extreme
the teoarvon fhp nfTiAr TVi^f^o^:^

—

c t\^ r^^ .,r'r. i„^„-^^ Kmci

unnamed variety of P. acutifolius than

the small specimen of the tepary which I submitted to Dr. Robin-
son, was identical with the tepary as grown upon the testing grounds

at this station. In fact, this tracing might have been drawn from

any one of a number of herbarium specimens of the tepary which
I have made during the present season (figs. 7-9).

measurements
acutijolius found in

the leaves of the specimen

>nal Herbarium were furnisl
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TV^fc B

/J4'

type specimen mad

under the direction of Dr. B. L. Robinson, Gray Herbarium
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»

f

^--f^/ c. wncHT, C-«L

:l^

^fS k ^J^^'^^^^^i
acutifalius var.: from tracing of Dr. Gray's unnamed variety

Wright
for the writer under the

Herbarium

^
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J- J the

similar measurements the

of the broad-leaved variety furnished by Dr. Robixson. The
measurements of the tepary were made from 100

random from some 30 varietal plots during August

TABLE IV

Length terminal leaflet .

.

Width terminal leaflet. .

.

Length lateral leaflet

Width lateral leaflet

Length terminal petiolule
Length petioles

Phaseolus
acutifolius

Tepary

40-46 mm.
16-21

30-42
12-23
8-13

30-40

40-^5
22-52

38-78
20-jo
16-34

(av. 64) mm.
(av. 3 7)

(av. 56)

fav. 3s)
(av. 22)

20-100 (av. 68)

Grav's umumed
variety

56-71 mm.
22-41

42-52
23-38
11-18

25-46

may ^ be noted that the tepary leaves are decidedly

ler than those of the t^-pe of F. acutifolius, and that

the Detiolule of the terminal leaflet they far exceed

the specific type. In most

measurements must

remembered, however, that of this latter there is but one specimen,

and that upon it there is only one well matured leaf whose measure-

ments are 1

comparisons

maximum In view of the above careful

ems possible. The tepary and

this

Gray's unnamed broad-leaved variety are identical. Thus, in

their broad leaves and robust growth they exhibit the opposite

extreme of variation from the type of P. acutifolius that P. acuti-

folius var. tenuifolius does in the direction of narrow leaves and

slender habit. Gray's mention of

as follows:

P. ACUTirouus; var. foliolis majoribus ovatis acuminatis, legumine

majo.e (s-poUicari).—VaUeys of Sonora, Sept. (949).—Plantae Wrightianae

(2
: 33)

.

Although Gray recognized it as a distinct variety, his failure to

give it a name and more careful description is probably due to the

fact that he had only one specimen. This lack of material I am

now able to supply. I feel, therefore, that I am safe in adding

to the species of Phaseolus which are used as esculents the name of
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T

the tepary (P. acutifolius A. Gray), and suggest that this variety

be called P. acutifolius var. latifolius. The description is as follows

:

r

Phaseolus acutifolius a. Gray var. latifolius, var. nov—Tepary.
Annual: stems recumbent, spreading or twining, o. 5-3 m. long, glabrous
to puberulent

: leaves smooth above, with prominent veins beneath, glabrous
throughout or slightly puberulent beneath ; stipules lanceolate, 2 mm. long.

mm
leaflets stipellate; terminal leaflet stalked, large, 4-9.5 cm. long (av. 6.4 cm.),

2.2-5.2 cm. wide (av. 3 . 7 cm.) , average ratio length to width i . 74, ovate to

broadly lanceolate, gradually narrowed and acute at apex; petiolule of termmal
leaflets 1.6-3.4 cm. long (av. 2 . 2 cm.) ; lateral leaflets same general shape as

terminal leaflet but slightly smaller and inequilateral, 3.8-7.8 cm. long

(av. 5.6 cm.), 2-5 cm. broad (av. 3.3 cm.): inflorescence axillary; bracts

and bractlets small, deciduous: flowers medium sized, pedicellate, white or

pale violet: calyx short, 3-4 mm. long, broadly campanulate, 4-toothed (upper

two lobes uniting into one), teeth acuminate, pubescence on teeth and calyx

scattered and fragile: banner broad, emarginate, in flower more than half

reflexed, biauriculate at base, 8-10 mm. long; wings exceeding banner, obovate

to spatulate, 10-15 mm. long, auriculate on one side; keel narrow, two or

three turns to the spiral: stamens in two sets (9 and i): legume 2-7-seeded

(average 4.9), 5-9 cm. long (av. 7.3 cm.), 8-13 mm. wide (av. 10.5 mm.),
ciliate when young, puberulent, slightly pubescent, or smooth when mature,

straight or slightly curved : seeds of different varieties white, yellow, brown,

or bluish black to deep violet, either self-colored or variously flecked (no red-

seeded varieties have yet been observed), round oval to nearly round (as the

navy bean) to strongly flattened (like a diminutive lima).—Fig. 10,

The following table gives the averages of size and shape of the

determined by measurement
mens

25 normal speci-

Majdmum varietal average
. . .

Minimum varietal average. .

.

Average for all varieties

TABLE V

Length
mrn.

9.78
6.93
8.56

Width
mm.

6.68
3-88
5-68

Thickness
mm.

4.76
2.66
3.80

Ratio
L.

W.
Ratio

T.

1.80
1.32
I -.49

2.10

1.20

C0ULTER8 gives as the habitat of P. acutifolius "mountain
valleys west of the Pecos, and in adjacent New Mexico and Mexico/'

» Coulter, J. M., Botany of western Texas. Contrib. Nat. Herb. 2 : 89. i894-
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I do not know of authentic specimens of P. acutifalius or its broad-

leaved variety being recorded from Arizona,' but I have little

doubt that a close search of the canyons of the southern part of the

state will reveal its presence. The tepary is grown by the Indians

and Spanish settlers throughout southern Arizona and northern

Sonora. The further limit of its cultivation is not known to me,

but it probably extends from southwest Texas, across New Mexico,

Arizona, California, southward into northern Mexico.

^

lun>

a c
4

Fig. 10.—Pods of bean {a), tepary {h), and lima bean (c)

In order to discover whether the tepary has yet found its way

into the hands of the . commercial seedsmen, a list of^ the leading

seedsmen of the country was secured. Especial attention was paid

to making this list as complete as possible with regard to the seeds-

men of the Southwest. Catalogues were then secure

named Wherev

from the description, or lack of description, there appeared

» It has already been mentioned that the four Arizona specimens in the herban

of the university, which were labeled P. acutijolius Gray, are P. acultfoltus \

tenuijolius Gray.
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mi
the teDarv, it was ordered from this

1

manner 216 more or less distinct varieties were secured. Nothwith-

standing the fact that anyone familiar with the tepary could tell

at a glance that none of these belonged to this group, all of those

varieties which in any way resembled it were planted. In the

seedling stage further confirmation of their relationship to P.

first

made unnecessary by the uniformly

Varieties

Domesticated from the neighboring canyons and cultivated

small patches, attended at best bv a crude husbandry, and

summer
from the mountain washes for

of its native hardiness. Like

domestication in the Droduction of a nimiber

more or less distinct manifest themselves

m
the seed. The habit of growth
but Kttle change, with the exception that the white-seeded sorts

smaller

darker colored seeds.

Food value of the tepary

There is considerable difference of opinion as to the relativ(

palatability of beans and teparies. Among the Indians and Mexi

cans the pink bean is preferred to the tepary, as they say it has i

better flavor. These people, however, make the same difference

in from the

pink shipped

Teparies should be soaked 12 hours before cooking, during

which time they swell to at least twice their original volume and

more than double in weight. In this respect they markedly

surpass absorpt er of

the tepary is probably due to its greater initial specific gravity,

which is about 1.3.^ as comnared with 1.22 for the bean. After
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soaking and cooking thoroughly, the tepary is no more dense or

heavy than the bean, having overcome this in its greater expansion.

A gentleman well acquainted with the customs of the Mexican

and Indian users of the teparles states that these legumes are

preferred to the bean and are highly prized for the preparation of

light soups. At first I thought this might be due to the extraction

of less solid matter, resulting in a thinner, more delicate soup.

An experiment, however, was carried out whereby an equal dry

weight of beans and teparies were boiled until well done. The

liquors were then made up to equal volumes, well shaken, and

100 cc. of each evaporated to dryness. Contrary to expectation,

the dry residue was greater for the teparies than for the beans.

The residue from the teparies was much clearer, more gelatinous,

and dried into a translucent, horny flake; whereas that from the

beans was more friable, and dried into a somewhat brittle mass.

Under the husbandry of the Indians, this group has shown great

variation. I have been able to segregate and grow more than 40

distinct agricultural varieties and I do not doubt that many more

exist which I have not yet secured. In productivity, especially

where the conditions are adverse, the tepary far exceeds the bean.

In 9 experiments covering three years' work at Yuma, two at

Tucson, and three at McNeal, the average yield of the tepary

varieties has been slightly in excess of four times the average for

the varieties of the kidney bean. The explanation of these greater

yields on the part of the teparies, in all probability, Hes in the

perfect physiological adaptadon of these native plants to the

climatological environment in which they had their development

both as wild and domesticated species. As examples of this

perfect adaptation may be mentioned the following:

a) Ability to germinate quickly in the presence of a low mois-

ture content of the soil. This enables them to take advantage

of the sudden desert downpours which wet the ground and then

rapidly disappear by evaporation. Teparies, which are able to

germinate and come up in 3-5 days' less rime than the bean, are

thus able to get their leaves into the air and their roots into the

soil by the aid of showers which would be wholly inadequate for

securing a stand of a less specialized crop.
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When tepary seeds are placed in moist soil and the soil is

pressed snugly about them, they will take up enough moisture to

cause the skins to wrinkle within 5 minutes. When thrown in

water, they will wrinkle within 3 minutes to a condition such as

is assumed by the skin of the kidney bean only after 3-6 hours of

soaking (fig. n).

b) When once the tepary has established itself in the soil, it is

able to withstand protracted seasons of water famine without

permanent injury. The ability to recover from the effects of

Fig. II.—Above, beans dry (a) and teparies dry (b); below, beans after soaking

m water 45 minutes (a) and teparies after soaking in water 3 minutes (b)

.

m

drought marked This

them at a great disadvantage in a competition with the tepary

farming
met in the practice of dry

extremes
temperatures and will bloom and set seed during any month
May to November. On tJie other hand, when the blooming p<

of beans happens to fall within the season of extreme heat, the
will for the most part either abort before blooming or else the flo

will fall without setting pods. For these reasons the tepary
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more sure and dependable crop, often giving fair returns when
beans are a total failure (fig. i). As a dry land cropAs a dry land crop in the south-

Mountain regions the tenarv will in the

m
importance.

Arizona Agricxiltural Experiment Staiion

Tucson^ Arizona

4



A COMPARISON OF THE AMERICAN BROWN-ROT
FUNGUS WITH SCLEROTINIA FRUCTIGENA

AND S. CINEREA OF EUROPE
W. A. Mat HE NY

(with six figures)

Is the American brown-rot fungus (Sclerotinia frudigena) of

stone fruits identical with the fungus bearing the same name and

occurring throughout Europe, but there found exclusively upon

pome fruits ? That S. frudigena should occur in Europe only on

pome fruits and in this country only on stone fruits appears unusual

and to many improbable. If 5. cinerea is the fungus attacking

-stone fruits in Europe, as all the European writers maintain, then

the suggestion seems pertinent that our brown rot of stone fruits is

caused by the same fungus. In fact, Aderhold and Ruhland (5)

assert that our species is S. cinerea. They came to this conclusion

after an examination of a few preserved apothecia sent them by

Norton, and in the absence of a more extended study their evidence

appears inconclusive.

At the suggestion of Professor C. F. Hodge of Clark University,

the writer has undertaken a comparative study of these two species.

At first it was intended merely as a study in variation, but it soon

of necessity became a problem in taxonomy. Our final interest

was to determine as nearly as possible which one of the above

species agrees more neariy with the rot of our stone fruits.

Historical sketch

fructig

persica, and Pyrus. This
writers, notably Fuckel

fruit

frudigena to a fungu which

same name was retained by other

Albertini and Schweiniz (6),

Rabenhorst

Botanical

Monilia ft

In 180 1 Persoon (18)

[418
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known today. Kunze and Schmidt (14) a little later referred it

to Oidium fructigenum, under which name it received attention

from many writers, among the first of whom should be mentioned

Ehrenberg (10), Cooke (8), Duby (9), and Fries (ii). In 1822

Persoon (19) renamed this fungus Acrosporium fructigenum, a

classification which was never accepted by other writers. Wall-

ROTHio (29) placed it in the genus Oospora, calling it both 0.

Candida and 0. Jructigena, while vON Thumen (27) first classed it

as Oidium Wallroihii, but later (28) changed it to 0. Jrucligcnum.

The first writers to attach any economic importance to this fungus

were von Thumen (28) and Hallier (13). Schroter (25) in

1893, being confident of its ascomycetous nature, placed it in the

genus Sclerolinia. This classification was confirmed in Europe in

1904 by Aderhold (i). Norton (16) had first discovered apo-

thecia in 1902.

Sclerotinia cinerea was first described as Monilia cinerea by

Boxorden (7) in 185 1 . He noted it forming small, gray, sometimes

brownish conidial tufts on fruit. This species has many times been

confused with S. Jructigena, in fact many of the descriptions given

the one could apply equally well to the other. Saccardo (23)

in 1886 recognized Monilia cinerea, while Schroter transferred it

to the genus Sclerotinia along with M. Jructigena. Woronin (30)

in his excellent study published m 1900 established beyond a

doubt the fact that the species are distinct. This opinion is held

by SORAUER (26).

Difference between S. fructigena and S. cinerea

Several points of difference between these two species have been

cited by Aderhold (2, ^. ±) . Woronin (30) , and others. Of these,

triking

I.

>S. cinerea.

Jructige

2. There is a difference in shape of the conidia, those of the

while

latter more

Jructigena are light brownish-yeiiow

..rTiHf. fhc^^p of S, cinerea are ash-gray
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and always small. It is noted that the conidial tufts of the former

often grow together, exhibiting a smooth upper surface. This

does not occur with the latter species.

4. S. fructigena occurs on pome fruits, while 5. cinerea occurs

fruits

fructigena

ends, while those of S. cinerea are rounded on the ends. The former

are without oil droplets, the latter possess them.

Observations

Our observations in this study are limited to behavior on fruit

and in pure culture, size of conidia, and size of asci and ascospores.

No apothecia could be obtained from Europe; however, the

measurements made bv Aderhold and Ruhland were available.

mum
fruits

J. Westerditk
fructigena

J

moisissures, Amsterdam

Mummied fruits bearing 5. fructigena were sent me by the following

persons: Dr. Luigi Montemartini of the University of Pavia;

Professor Dr. C. Wehmer of Hannover; Professor Dr. Paul

SoRAUER of Berlin; Gy de Istvanffi of Budapest; and Professor

Dr. G. LusTNER of Geisenheim. Similar fruits were also obtained

from the government experiment stations at Geisenheim and

Dahlem mummied fruits from

ment of Agriculture of New South Wales.

Among the fruits sent me bv Dr. Lustner were some
urns Its outward appearance was

trikingly different from that of S. frudigen
matter

fruits a

Both species were easily isolated on

id then in pure cultures. This plan gave an easy

method of observing the forms as they grew side

times on the same near or anole and oftentimes m
same

Behavior on fruit.—Quinces taken from

external
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k&-

A B
Fig. I.

—

A, quince bearing the European S. frudigena; conidia taken from a
mummied fruit obtained from Dr. P. Sorauer of Berlin; B, quince taken from the

the European S. cinerea behaved in a similar way.

spores

Fig. 2,

—

S, frudigena on a pear; inoculated from a fruit obtained from Dr. C
Weumer of Hannover.

*4
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frudigen

Europe, and with conidia from Sclerotinia-mieci^A plums grow-

mg m Worcester The growth of /> was very slow,

however, producing in two weeks large, yellowish conidial tufts

which arrange themselves in rings (fig. i, A). The quinces inocu-

lated with S. cinerea and the local Sclerotinia behaved in exactly the

same

In different varieties of apples, 25 experiments gave exactly similar

A B
Fig. 3.

—

A.SJrudigena on a pear; inoculated from fruit obtained from Dr. LuiGl

MoNTEMARTiNi of Pavia; B, local Sclerotinia on a pear exactly similar to A: this pear

was inoculated lo days after A, and both photographed the same day, 13 days after

the inoculation of ^.

results as those obtained with the quinces, that is, large, yellowish

conidial tufts from the S. Jrudigena, and no conidia at all from the

5. cinerea and the local Sclerotinia. If the apples were cut in

quarters, and the conidia placed directly on the exposed flesh of

the fruit, an abundant growth of spores was obtained. Quartered

apples inoculated in this manner with the spores of S.

always gave large, yellowish tufts of conidia. When

fructigena

unlike those of 5. /)

small — Mm ^J *

The local Sclerotinia spores produce
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resemblance
respects

On pears, loo experiments were tripd. 'With the S. Jrudigena
inoculations the results were uniformly the same as on the quince
and apple.

similar fruit, but the usual large, yellowish

local

tufts were produced (fig. 2).

fructigena

times the same results

were

separately.

no different from those obtained when they were grown

grown

[OR IN PURE CULTURE.—Pure culturcs of the Euroi^ean

fructigena and of the local brown-rot fungus have been

I by side during the past year (fig. 0- Hundreds of

mam
bread ^gar, beet decoction, apple gelatin, etc. It was thought that

should these fungi be identical, a similarity in cultural growth

might appear in some of these media. No evidence of any such

similarity has so far been observed. Cultural characteristics of

different

experiment

Comparison of the conidia of S. fructigena, S- cinerea, and

local Sclerotinia

In the accompanying table are arranged the comparative sizes

of the conidia of S . fructigena and S. cinerea as they have been given

by different writers.

Author

y;

Saccardo (23)
Lindau (15)
Woronin

Schroter
Aderhold and Ruhland

Conidia

5. fructigena S. cinerea

I5-I7XIC>-I2

12-13X9-^^)
12.1 X S.&to

13-2 X 9-9
18x10-1215

13.8 X 9-9
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9"

- '.•m*'" '

-*!5j

-^-Va^^^ -^

Fig. 4,

—

A, local Sclerotinia and European 5. Jructigena on the same pear; B,

local Sclerotinia on a pear surrounded by 5. Jructigena taken from fruit sent by Dr-

Gy de Istvanffi of Budapest.

A B
Fig. s.—4, local Sclerotinia from plums on i per cent sugar, i per cent malic

acid, and 6 per cent gelatin medium; B, S.fructigena from Europe on the same medium;
both plates had the same external conditions; in both plates the gelatin is liqueEed

in B sooner and to a greater extent.
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Before attempting to give the size of the conidia of the American

brown-rot fungus, it was considered necessary to make a series of

comprehensive measurements of the spores taken from fruit from

different parts of the country. Such measurements were made.

The method of this work was that of the ordinary laboratory pro-

cedure. An ocular micrometer having a scale value of 3 . 6 ju was

used. Unconscious selection was avoided by measuring all the

spores that arranged themselves in bunches on the slide, or always

measuring the one nearest the right side of the eyepiece scale.

Care was taken to allow the spores to become fully turgid in the

water before the measurements were started.

The results obtained in these measurements are of considerable
r

interest from another point of view. Woronin and Pollock (20)

have suggested that these conidia vary in size to a considerable

degree according to the host or culture. Others suggest that light

and darkness also cause a variation in size. In none of these

instances, however, is the method of measurement mentioned or

the number of conidia measured. In the results obtained in this

study no such variation was ever in evidence. On the other hand,
+

when all the measurements were done and the figures computed

for a mean, variation in size of conidia was found to be practically

nothing.

SPORE MEASUREMENTS

(In each case the upper row of figures represent microns, and the lower row the

number of spores of that size.)

Spores rROM mummied plums sent by J. W. Adams, Fraxklix, Ind.

No.
spores

measured

145

Length

"5
3

12.2

4
13

13

13-7
20

14.4
5°

151
27

15.8 16.6, 17.2

19 6

18

Width

7.2

4
7.9

23

8.6
31

9-4
47

10.2

19

10.8
II

"•5
7

12.2

3

Mean

14.4^

9-4M
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4

Spores from mummied plums sent by F. K. Hackett^ Laconia, N.H,

No.
spores

measured

107

Length

13

4

13-7

7

14.4
12

151
31

15.8
14

16.6

14

17. 2

7

18

13

18.7

3

19.4
I

20.1

I

Width

8.6
8

9.4* 10.2

8 21

10.8

34 23

12.2
II

13

2

Mean

IS-IM

10.8m

Spores from mummied apricots sent by E. H. Smith, Berkeley, Cal.

No.
spores

measured
Length

146

12. 2

2

13

7

13-7
12

14.4
26 30

15-8
21

i6.6

15

17. 2

II

18

7

18.7

S

Width

12.2 13

IS s

14.4

3

T5-I

2

19.4
6

20.1

4

Mean

iS-i^

10. 8m

Local Sclerotinia on cherries

No.
spores

measured

"^33

Length

"5
2

12.2

7

13

13

13-7
m

15

14.4
28

i=:.i

36

15.8
14

16.6
6

17. 2

6

18

5

Width

7-9
17

8.6

34
9-4
34

10. 2

28

10.8

14

II 5

3

12.2

3

194
I

Mean

15I'*

QM

Local Sclerotinia on apricot

No.
spores

measured
Length

166

II-5

2

12. 2

II
13
18

137
27

14.4
41

151
21

15.8
17

16.6

4

17.2
8

18 18.7

3

Width

7.2

4
7-9

II

8.6

37
9-4
49

10. 2

28
10.8 II.

5

14 16

12.2

7

Mean

14-4/'

9.4M
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Local Sclerotinia on Baldwin apple

*No.
spores

measured

1

Length

4

Mem

' ^^^^^^

12.2

5

13 13-7
41

14.4
62

151
32

15.8
21

16.6

13

1 17. 2

17

IS

16

18.7

13

119.4 20.

1

9 2

14.4/i

245 Width
1

7.9
II

8.6

24
9-4

41

10. 2

62

10 8 TT C 12. 2

17
13

9

A ^ ^ ^b A ^b A A & H ^ fl A 10. 2 M

42
1

' • J

39

* It 4

^L ^k ^h ^b

V fl W

A ^ fl K

^ V

A * k fl 1

^^ ^^» ^^" f

* • • •

1

V W W W W V W H V V

'

1

CoNiDiA OF S. friicitgena^ from fruit sent by Dr. Gy de Istvaxffi, BuDAPEST

No.
spores

measured
Length

1

i

Mean

18

14

18.7
21

1

19.4
27

20.2

30
i

1

20.8

35

21.6

49

22.3

13

23

6
23-7

4

24.4
2

1

2I.6fl

]

201 Width

8.6
1

7

9.4
18

10. 2

5°

10.8
'

62

II-5

31

12. 2

19

13
8

13-7

3

14.4

3

10. Sm

CoxiDiA OF 5. fruciigena, from an American quince which h.u> been inoculated

WITH CONIDIA SENT BY THE GOVERN-MENT EXPERIMENT ST.ATION AT DaHLEM (BeRLIN)

No.
spores

measured
Length Mean

I

1

17. .2

4
1

18

16

18.7

7

19.4
18

20. 2

22
i

20.8

23

21.6

64

22.3

24

;
23
12

23-7

5

1

244
3 2

25-8

I

21. 6m

202
1

+

WidthI

8.6
10

9-4
II

1

10.2

19

10.8

67

II-5

21

12.2 13

15

13-7
T9

HA
II I

I
1

5-8
2

16.6 A » «

ft « * V

* • -

• • •
1

^

10. 8 m

-

CoNTDiA OF S. Jructigena, on a pear

m

No.
spores

measured
Lengtl1

J

27-9

3
1

f * *

Mean

-

18

4
18.7

4
1

19.4
10

20. 2

16

20.8
1

24

J

21.6

47

22.3
82 28

23-7
22

24.4
21

25

25

M 25-

ro

8'26. 527.2 22. 3M

303 Width

10.2

I

10.8
12 49

12.2

61
13

48
13-7 144 15-

1

32

158
4

16.6

3

17.2

I

18 1

1

21. 2ft

I • * * * i

45 40~
1

1

1
— "
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CoNiDiA OF 5. cinerea, from fruit sent by Dr. G. Lustner, Geisenheim

No,
spores

measured
Length

i8i

"•5
4

12.2

15

13

24
13-7
30

14.4

44
151
34

15.8
I

16.6
18 I 5

17.2

s

Width

8.6

7

9-4
14

10.2

31

10.8

49

"•5
24

12. 2

25

13

13

13-7

9

14.4

9

Number of American brown-rot conidia measured, 942; average size, 14 . 7 Xg .9 f^-

Number of conidia of S. cinerea measured, 181; average size, 14. 4X10.8^1,
Number of conidia of S. frucligena measured, 665; average size, 22.iXii.2m.

Asci and ascospores

Some

18

Mean

I4.4M

10.8/X

fruclig^ In the accompany-

measurements

Author

Aderhold and Ruhland . .

Reade (22)

PoUock (20)

S. fruciigena

Asci

120-180

X
9-12

I25-2IS
X

7-10

130-179
X

9-2-ii-S

Ascospore

II-12.S
X

5.6-6.8

10-15

X
5-8

II 4-14
X
5-7

4

5. cinerea

Asci

89.3-107.6
X

5-9-6.8

Ascospore

6.2-9.3

X
3.1-4-6

The following explanation should be given of the above n
ments. The asci and ascospores of S. fruciigena measu
Aderhold and Ruhland were obtained from mummied
in their experiments at Dahlem. Their S. cinerea ma

material sent them by Norton
Reade were of fresh material

m

Pollock's measurements were of fresh material obtained in

Michig
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•der to determine what
:curs in this country, a

material from different The measurements were
m In each instance 00

asci were measured

table is arranged.

From the resulting figures the following

MEASUREMENTS OF ASCI AND ASCOSPORES

Apothecia from Host

New Haven, Conn

Asci Ascospores

Peach

Grafton, Mass Peacli

Grafton, Mass Plum

West Boylston, Mass

College Park, Md

College Park, Md

Madison, Wis

Geneva, New York

Lafayette, Ind

Peach

Peach

Plum
n

Peach

Peach

Peach

144-188X6.8-10.8
Mostly 162X8.6

136-202X75-11
Mostly 169X9.4

144-162X7. 2-10.8

Mostly 151 X 9.

3

133-187X6.8-10
Mostly 158X8.2

129-194X7. 2-10.8

Mostly 162X9.3
126-183X6.5-10.8
Mostly 151X9.6

T37-190X6. 5-10.8

Mostly 165X9 -3

133-176X6. 5-9-4
Mostly 160X8.4

135-192X7-2-11.1
Mostly 166X8.8

10.8-14.4X4-3-7-6
Mostly 12.6X5.4

11-S-14X5-7.2
Mostly 12X5 4

10-14X5-7-6
Mostly 12. 2X6.1

10. 8-15.1X5-4-7-2
Mostly 12. 9X6.1

8.6-15.1X5.7-7-9
Mostly 12.2X6.4

8.6-14 4X5-7.2
Mostly IT. 5X6.

4

10.8-15.1X5-7.2
Mostly 13. 1X6.5

II. 5-14. 4X5 7-8

Mostly 12.8X6.3

9 4-I3-7XS-6-7-9
Mostly 12.2X6

GENERAL AVERAGE OF THE ABOVE MEASUREMENTS

Host

Peach

Asci Ascospores

Plum

135-190X6.9-10.5
Mostly 163X8.9

135-173X6. 8-10.8

Mostly 151X9-4

10.5-14-5X5-2-7.5
Mostly 12.5X6

9.3-14.2X5-7 4

Mostly 11.8X6.3

It is seen that the results here obtained correspond closely

given by Pollock and Reade, indicating

.vas considered in all three cases. It is

with the measurements
that

measurements correspond

Aderhold and Ruhland for the European 5. fruclige

obtained

jn by them for their J. iaxa

It is to be remembered that

m
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made, and that a more comprehensive study may reveal a wider

variation than is here indicated.

yr\
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r

^a^-
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1

1

-v^

^^
- -r-' ^-

C

Fig. 6.—^Asci and ascospores: a, ascus from Mar>'land plum; b and c, asci

ascospores from Maryland plums; d, from Maryland peach; all X400-

1 and

Conclusions

experiments on different fru

Jruclig

brown rot. First, they differ in the rate of growth, the former
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1

being much slower than the latter (fig. 3). Second, the conidial

tufts do not agree in size, shape, or color. The S. ctmrca when

were

grown on piums, pears, apples, and qumces agrees m praci

every instance with the local Sclerotinia.

When grown in pure culture, the European S. Jrudigena

agreed with the local form (fig. 5); 300 cultures of each

made. The conidia of the former are larger than those of the

latter. Those of the latter, however, agree in size with the conidia

of 5. cinerea.

While the asci and ascospores of the European S. Jrudigena

and the American form apparently correspond in size, there are

differences that remain distinct. The ascospores of the former

are sharply pointed at each end and are free from oil droplets,

while the ascospores of the latter are rounded at the ends and

possess oil droplets (fig. 6). No exception was found to this rule.

The American brown rot of stone fruits is not identical with S.

jructigena occurring in Europe on pome fruits. It agrees more nearly

with 5. cinerea and should be referred to that species.

Clark Umversity
Worcester, Mass.
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M. A. Brannon

(with rouR figures)

During recent years the problems of periodicity, dormancy, and

after-ripening have been investigated by numerous plant physi-

ologists. Among the numerous questions involved, that of osmotic

pressure has a prominent place. Naturally, the study of osmotic

pressure in living cells affords a difficult and intricate field of

research provided the direct method of measurement is employed.

If an indirect method, such as the cryoscopic, be used, the principal

difficulty is to secure sufficient sap, in the event that the freezing

temperature is determined by the Beckmann apparatus. The

potato tuber satisfies this requirement in an excellent way. This

paper is intended to present some of the results obtained in the

study of the osmotic pressure of the sap taken from potato tubers

kept at room temperature and in ice boxes. In this brief paper,

there is no intenrion of giving a re\iew of literature perUining to

the subject of osmotic pressure in its relarion to after-ripenmg.

The literature on after-ripening has been completely presented by

Miss EcKERSON in a recent papcr.^

Jl

Methods

In studying osmoric pressure in potatoes, an effort was made

to reduce the experimental work to a single factor and that the

Hmiting factor, heat. Various kinds of potatoes were used, such

as the Burbank, Russet Burbank, Triumph, Snowflake, and

Dakota Red. The potatoes were gotten in the autumn, wrapped

parafiine
buried

C.
"X pdiaiiiiic papeFj ana piuteu in twu i-^jiivv.»-w«-.

in dry sand or gravel and kept at room temperature of 22-25

' EcKERSox, Sophia, A physiological and chemical study of after-npcning

Box. Gaz. 55:286-299. 1913.
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The other potatoes were placed in a dark box and inclosed in an

ice chest the temperature of which was 2-5^ C. At different

specimens were taken from

t with the

down with

scraper in a porcelain dish and the sap <

pulp. This was tested in the Beckmann

Hamburger
followed.

Procedure and results

accompanymg

vals. osmotic

Burbank

•rtV m^it <» Ut 1€ MifM

'MS

iU

ft

Ja«A»

CU»vCJ or oGMnmc P^c^SuK

Aviva

potatoes between the

beginning and the

close of the experi-

m

1912

o January

At the la

7

date the pressure of

the potato sap meas-

ured in atmospheres

was 14.051 The

pressure measure-

ments

Fig. I

the room potatoes m

this experiment

ceased on December

osmotic pressure, measured in atmosph

,eemed

reached

filtration might prove interesting, consequently a set of tests with

the filtered sap paralleled those made with the unfiltered sap.

most cases the readings of the unfiltered were higher than thos)

In

filtered

'table diminution in the pressure curve for December 5

difficult to account for at the time the reading was
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made. Subsequently it appeared that it was largely due to the

fact that small specimens were taken from the ice box on that date.

The size of the potato is of such consequence that the potatoes

should be selected for uniformity at the beginning of the experiment.

What the causal agent is has not been determined, but it uniformly

appeared in the various tests made with the different varieties used

in these osmotic studies.

set of experiments extending from January July

I9I2 A pronounced lift in osmotic pressure in the sap taken from

Fig. 2

the— "^"^ ^-' '-'*»' t^^^ VIp* LrV/ V^hJ XkJ T f ^^XA AJLJL V**^ ^^ *-» *--*- ^*-* T

*

osmotic pressure in the sap taken from the room potatoes is also

clearly shown. In the progress of this work there are certain inter-

which

intimately associated with

from As already noted, the

curve for the unfiltered potato sap ran considerably higher on the

average than that of the filtered. It was more pronounced in the

case of the ice box potatoes than in those kept at room temperature.

The filtered and unfiltered sap from ice box Burbank potatoes
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showed a varying pressure ranging from o.i to 0.9 atmospheres.

The Triumph ice box potatoes gave a somewhat larger variation

when filtered and unfiltered sap collections were tested, one reading

amounting to i . 08 atmospheres greater pressure in the unfiltered

specimen.

The difference of pressure in the sap taken from a large and a

small Burbank in the ice box ranged from 0.5 to 1.32 atmospheres,

and in the case of sap obtained from a large and a small Triumph,

kept in the ice box for 8 weeks, there were i . 69 atmospheres in

favor of the larger specimen.
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Fig. 3

The third graph (fig. 3) represents the readings which have

been taken in a study of the Dakota Red, which is a very large

potato, and the Snowflake which is much smaller. This set 01

readings extended from October 31, 191 2, to July i, 1913- Again

the rapid ascent of osmotic pressure in the potatoes kept in the ice

box is clearly shown, whereas the osmotic pressure of those kept

at room temperature declined.

The rapid lift in the curves B and D in the room temperature

potatoes is associated with the loss of water which left these speci-

mens and moved into voum? notatoe^; that were developed between
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May 5 and July i, and a consequent concentrating of the solutes

in the sap which was expressed with great difficulty from the old,

wrinkled potatoes kept 8 months in dry sand at room temperature.

In the last series of readings a comparison of filtered and unlil-

tered sap was not made in every case, but whenever the test was

conducted the unfiltered sap showed somewhat greater pressure

than the filtered.

The fact that the larger potatoes gave a higher osmotic pressure

than smaller ones seems to hold only between those within a given

variety. At any rate, in this last set of readings the Snowflake,

which is a much smaller potato than the Dakota Red, gave a higher

pressure. However, it was found that a small Dakota Red gave

a b

Fig. 4.—Tissue of potatoes 140 days after test began: a, Dakota Red potato at

room temperature, with thick walls, X136; b, ice box potato, with thin walls, X136.

a lower pressure than a large Dakota Red kept under the same

control conditions, and likewise that a small Snowflake gave a lower

pressure than a larger Snowflake when they had been kept under

the same control conditions.

m
recorded in this paper that the tissues of the ice box potatoes became

more
The supply of free starch became reduced and the proportionate

amount of water seemed to be increased. The room potatoes

tested at the same time in the control work were found to have

an increasing toughness as the time of the experiment extended.

This result was clearly related to the cell-wall structure. The

accompanying drawings (fig. 4) indicate why the tissues of the ice

box potatoes broke down so much more readily under the macer-
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ating tool than did the tissues of those kept at room temperature.

In the former, no hemicellulose remains after 90-120 days. The

drawings show the situation in the tissues of the room temperature

potatoes and the ice box potatoes after a test of 140 days.

The chemical reaction of the tissues taken from the ice box and

room temperature potatoes indicates a greater acidity in the former

than in the latter. Furthermore, it shows that the acidity is

greatest in the eye region, and that it gradually diminishes until it

quite disappears as the distance from the eye into the cortex

mcreases

osmotic

cortical part of the potatoes and from the vascular cylinder portions

indicated that there was considerable difference in the sap taken

from these regions in the same potatoes. There were minor varia-

tions noted which were easily within the range of error incident

method em
osmotic

Conclusions

1. Heat is a limiting factor in controlling the processes which

develop the substances that give rise to variation in osmotic pressure

in potato sap.

2. Lowering temperature causes an increase in acidity, which

in turn seems to be the controlling agent in the release of the

enzymes which hydrolize starch and hemicellulose.

3. The carbohydrates hydrolized furnish the energy which is

used by the potato while carrying on its metabolism during cold

storage.

William

Crocker to whom I am greatly indebted for much valuable

assistance.

University of North Dakota
Grand Forks, N.D.

^ For the acid determinations I an
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E. M. Harvey

It is well known that the leaves of the castor bean {Ricinus

communis) are Hkely to show nastic drooping after the plant has

been brought into the laboratory. On account of the apparent

definiteness of this response, it seemed probable that the plant

would prove useful as a delicate test for certain gaseous impurities

in laboratory air. It was with regard to this possibility that the

studies reported below were undertaken.

Potted seedHngs, grown under ordinary greenhouse conditions

until they had developed 5-7 leaves, including the cotyledons,

were used in the tests. The pots and soil were covered with

paraffin to avoid absorption of the gases. Exposure periods were

all approximately 60 hours. The methods of exposure to known

concentrations of ethylene and illuminating gas were the same

as described by Knight and Crocker' for these gases in their

work on sweet pea seedlings. In the main, the 50-ioo-liter gal-

vanized iron cans were used for exposure chambers, but, since

here the plant would be in total darkness during the course of the

experiment, some were exposed under bell jars provided with

water seals and left in strong diffused light, in order to find what

effect light would have on the sensitiveness of the response. Cor-

responding results, however, were obtained by the two methods.

Illuminating gas tests were run parallel with those of ethylene

in a manner to yield evidence whether the reaction was induced

by the ethylene constituent of the illuminating gas. Ethylene

occurs in the Chicago illuminating gas in the concentration of

about 4 per cent, so pure ethylene was diluted with air to 4 per cent,

so that, volume for volume, the illuminating gas and the ethylene-

air mixture held about the same amount of ethylene. This stock

mixture allowed parallel experiments to be carried out readily.

' Knight, L. I., and Crocker, W., Toxicity of smoke. Box. Ga2. 55:337 37i-

1913-
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The reaction itself is very easily observed. The most obvious

effect of the gas is the nastic drooping of the leaves as mentioned

above. This drooping is brought about by curvatures, located

either at the inner or at the outer end of the petiole or at both.

If the gas be of certain concentration, the older leaves may develop

abscission layers that often result in leaf fall. And again, if the

gas be somewhat stronger, rapid proHferation may take place at

these new leaf scars, forming small masses of tissue which usually

exude sap. The most deUcate response of the plant seems to be

a nastic folding down of the laminae of the young leaves. However,

the very young leaves that are still more or less enveloped by the

bud scales seldom show any response.

Data regarding the appearance and degree of these responses

were obtained by observation of the following points. Previous

to the exposure, the leaves of the plant were numbered consecu-

tively from cotyledons upward. Also the condition and direction

of the plane of the leaves were noted. This consisted in an examma-

tion for abscission layers already started, the measuring of the

angle made by each petiole with the stem, and the angle made by

the plane of the leaf surface with the petiole. After exposure,

examination was made for leaf fall, starting of abscission layers, the

new angles made by the petioles with the stem and by the plane oi

the leaf surfaces with the petioles, and, finally, the condition of the

laminae of the young leaves was noted. The amount of nastic

drooping at each end of the petioles was recorded in degrees.

The results of the experiments proved that this plant has

great capacity for response to low concentrations of ethylene, just

as one was led to expect from its common behavior in the laboratory.

The lowest concentration tried was one part ethylene to 10,000,000

of air (or o.ooooi per cent). With this amount the response

was absolutely definite, as shown, for example, in one case by a

nastic drooping of 15° at the inner end of the petiole for leaf no. 5,

by drooping of 30° and 15° at the outer ends of the petioles for

leaves nos. 5 and 6 respectively; and by a nastic folding down 01

laminae for leaves nos. 6 and 7. Parallel experiments with illu-

minating gas and ethylene, where the ethylene constituent of the

former was about equal to the ethylene in the corresponding
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ethylene-air mixturej gave results similar in kind and degree.

This fact indicates that the ethylene of the illuminating gas is

responsible for the reaction. Especially does this seem true in

the light of similar results obtained by Knight and Crocker on

sweet pea seedlings. The definiteness of the reaction with one

part ethylene to 10^000,000 of air leads one to beheve the plant

TABLE I

Plant A exposed to i part ethylene to 1,000,000 air; plant B exposed to

25 parts illuminating gas to 1,000,000 AIR (i.E., APPROXIMATELY
I PART ETHYLENE TO 1,000,000 AIR) ; PLANT C THE CONTROL

1

Number
of leaf

Plant No
response

Prolifera-

tion at
leaf scar

Leaf fall

Starting of

abscission
layer

Nastic
drooping
of petiole;

inner

Nastic
drooping
of petiole;

outer

Nastic
folding
down of
lamina of

leaf

I Za A
B
C

X
1

4 X
1

1

i

1

o
X

1

2 3 A
B
C

1

1

1

J X
X
X

O

3 A
B

C

X
X
45°

i

1

1

X* ^

4 A

B

1

X
45°

X
45°

X
1

(?)

X
30°

X
6o°

JH

C X

5 A X
45°

Xw ^

B X
(?)

X
45° X

C X 1

1

1
1

6 A
1

X
90°

XX
X

X
(?)

1

B X
90°

L

XX
1

c X 1

1

1

i

XX -very strong response.
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+

capable of responding to even considerably lower concentrations

than any yet tried. The least delicate of the reactions, the pro-

Hferation and exudation at leaf scars, usually appears in concen-

trations of about one part ethylene to 50,000 of air; while leaf

fall and especially the starting of abscission layers may appear in

concentrations as low as one part ethylene to 500,000 of air, or

even one part ethylene to 1,000,000 of air. The nastic drooping

of the youngest well developed leaves and the folding down of the

laminae of the young leaves are the responses one must depend

on for extremely low concentrations.

The accompanying table (table I) will serve to show the method

of recording the reactions, and also how close is the parallehsm

between the ethylene and the illuminating gas under the conditions

of concentration named above.

In conclusion it may be stated that the castor bean plant has

proved capable of giving an easily observed response to extremely

small amounts of ethylene; and on account of this fact the plant
4

seems particularly useful for the detection of harmful gaseous

impurities^ in the air of laboratories and greenhouses.

The writer gratefully acknowledges the many valuable sug-

gestions of Dr. William Crocker.

University of Chicago

^ It would not be of value for such gaseous impurities as are not active in inducing

this response, but ethylene, though in small amounts, is probably the most harmfu

and generally present of any laboratory air impurity.
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BOOK REVIEWS

The Bonn textbook^

For nearly twenty years the Bonn textbook of botany has been the most

prominent text of college grade in the world, having enjoyed a wider circu-

lation and having been translated into more languages than any of its com-

petitors. The first edition appeared in 1894, Strasburger writing the

morphology, Noll the physiology, Schenck the cryptogams, and Schimper

the phanerogams. Of the four original authors, only

they had already prepared five editions together, thoroughly establishing the

Schenck

Schimper His

place was taken by Karstejt, who has not only maintained the high standard

of his predecessor but has improved this part of the work with each successive

edition. Noll wrote the physiology for the first nine editions, and then died

suddenly, in the prime of his physical and mental vigor, Josx took his place,

and from this time physics and chemistry have been increasingly conspicuous

in this portion of the work.

The heaviest loss of all was sustained in the death of Strasburger, who

had been the dominating personality of the book and w^ho had prepared the

morphology for eleven editions. In the twelfth edition, dated April 1913,

Fitting, who succeeded Strasburger at Bonn, has written the morphology.

There is considerable change in arrangement, some change in subject-matter,

and some change in wording, even when there has been no change in ideas.

An admiring pupil and personal friend of the master-botanist of his time must

be excused if he fails to find an improvement m this section of the book.

Schenck, the only survivor of the founders, has been throughout a reliable,

consistent writer, steadily improving his contribution and refusing to be

swayed by temporary flurries in his subject.

The excellent illustrations have always been a feature of Bonn texts.

Some new figures have been added, and for the first time all figures have been

credited to their respective authors.—Charles J.
Chamberlain.

Goebers Organography

A second edition of this work^ is appearing and the first volume is already

before us. The revision has been thorough, some features of the first edition

^ i^iTTiXG, H., Schenck, H., Jost, L., und karstln, i^., i^ciii*^— v...

fur Hochschulen, 12th ed. 8vo. pp,ym+620. fgs. 782, Jena: Gustav Fischer. 1913.

' Goebel, Karl, Organographie der Pflanzen. Erster Tie!, Allgemeine Organo-

graphie. 8vo. pp. x+513. j?p5. 5/3. Jena: Gustav Fischer. 1913- ^^ ^^'^ ^^"'''^
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having been abandoned and much new material with numerous tigures having
been added. There is a change of view in regard to leaf arrangement, and
alternation of generations receives some attention. Naturally the relation

between form and function, the inheritance of malformations, and the sig-

nificance of juvenile stages are of interest to all botanists, and whether one
agrees with the author or not, Goebel's account is stimulating and should put
a needful restraint upon those who would blindly assign every such phenome-
non to heredity and recapitulation.

The intimation, in the preface, that botanists have left the older fields of

morphology needs a word of comment, for there are still some of us who feel

as much interest in the problems of evolution, heredity, and phylogeny, as

in seeing " the wheels go round." We welcome this book as a wholesome check.

The morphologist whose principal interest is in phylogeny needs it, just as the

experimental morphologist, whose principal interest is in something other than

phylogeny, needs to know more about the structure and development of the

objects upon which he is experimenting.

The second volume, dealing with special organography and containing the

index, will be awaited with interest.—Charles T. Chamberlain.

NOTES FOR STUDENTS
Osmotic pressures.—RENNER3 has rendered a very important service to

physiology

literature of recent years deaUng with the methods of calculating the osmotic

pressure of solutions. All

based on the assumption that an osmotic pressure of 2 2
.
4 atmospheres at 0° C.

produces a freezing temperature of -1.85° C. But this depression of the

freezing point, according to the physicists, is brought about when a mole of

a non-electrolyte is dissolved in 1000 cc. of water; whereas physiologists have

always made up their solutions as weight per cent solutions, or as molecular

1000
assuming that the osmotic pressure of these more concentrated solutions is

22.4 atmospheres for undissociated salts. The discussion centers about the

work of Morse, Frazer, and their co-workers, whose exact determinations
have now shown clearly that such solutions must be made up in weight normal
mstead of volume normal concentrations in order to yield osmotic pressures

agreeing with the gas laws. Renner shows from calculations based upon the

determinations of Morse that there is a very close relation between depression
of the freezing point and osmotic pressure. He claims indeed that aU the dis-

agreements in the literature between the results of the cryoscopic and plas-

molytic determinations of osmotic pressure are traceable to the fact that the

3 REjfNER, O., Uber die Berechnung des osmotischen Druckes. Biol. Centralbl.
32:486-504. 1912.
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freezing point method uses weight normal, whereas the plasmolylic method

uses volume normal solutions. He shows conclusively in his discussion thai

it is the plasmolytic method which has been in error.

The large error of the old method is illustrated by the cryoscopic mcT^urc-

ment of a volume normal cane sugar solution. The depression of the freezing

point is —2.66° C, which indicates an osmotic pressure of 32 atmosphtics

instead of 22.4 atmospheres. The excess pressure is due to the sugar being

dissolved in less than 1000 cc. of water. A comparison of the pressures for

67 per cent cane sugar and 18.5 per cent NaCl as calculated from the volume

normal and weight normal concentrations is very illuminating also. The NaCl

solution contains 3.6 moles of salt, 50 per cent ionized, in a liter of solution;

while the sugar solution contains only 2.6 moles, with no ionizing, per liter.

The NaCl should develop a much higher pressure according to the plasmolytic

method of estimating pressures; but adopting the method of Morse, now

shown to be correct, which demands equal quantities of solvent, we find that

the NaCl is dissolved in 928 cc, the sugar in only 439 cc. of water. The rela-

tions of the two solutions are seen to be actually the reverse of what the plas-

molytic method indicates. Owing to the dissociation of the NaCl, the solutions

are really nearly isosmotic. These examples serve to show the unreliabiUty of

the plasmolytic determinations with volume normal solutions, and the necessity,

despite their inconvenience, of using weight normal solutions in the future.

It is unfortunate that the physical chemists have not determined the

osmotic pressure of saturated solutions by the cr>'oscopic method. V^Tiile

Renner makes clear that at the concentrations thus far measured the freezing

point determinations will give the correct osmotic pressure, it remains to be

demonstrated that this holds for all concentrations whatsoever. The direct

determinations by Lord Berkeley and Hartley for concentrated sugar

solutions exceed the measurements caUed for even by the Moese-Frazer

method. At present, the reviewer believes that these direct measurements,

recently confirmed by Trouton, are the most trustworthy determinations we

have for concentrated solutions. If the cryoscopic methods should yield

results in agreement with the direct measurements at these same concentra-

tions, and with saturated solutions of various salts, its universal apphcation

could be admitted. If it does not, then still further correction of the formula

for calculating the osmotic pressure of solutions must be
'"f^^' f'''^'^.

physiologist interested in the determination of osmotic pressures should Dy a

means read Renner's excellent discussion.—Charles A. Shull.

Paleobotanical notes.-ARBER^ has described 44 species of plants from^a

coal-field in Gloucestershire, none of which are new to Great Bntam.

'~~^?^^,
E. A. Newell, On the fossil flora of the Forest of

^^fj^^^^^
(Gloucestershire) , and the relationships of the coal-fields of the west "^ England

South Wales. Phil. Trans. Roy. Soc. London B 202:233-281- ^"- ^^ ^-
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contribution deals chiefly with stratigraphy, but a fact of botanical interest

is that several species, including Annularia galioides, Sphenopyllum majusj

Lepidodendrom dichotomum, and three species of Sigillaria, were found in a

higher horizon (Upper Coal Measures) than known before in Great Britain.

Miss Holden5 has begun a series of contributions dealing with the anatomy

of mesozoic conifers, the first one giving the results of a study of some Jurassic

material from Yorkshire. The collection proved to contain some typically

abietineous woods and some typically araucarian woods, but most of the woods

were intermediate between the two. It is concluded that the character of these

transitional woods corroborates the view that the Abietineae are the oldest

conifers and that the araucarians have been derived from them. A remarkably

strong statement is the following: *^Comparative examination of living and

fossil forms leads to the rejection of all criteria except cellulose bars of Sanio

as an infallible test for tribal affinities."

Miss HoLDEN^ has investigated a collection of lignite from some Middle

Cretaceous beds of New Jersey. Most of the plants belonged to Cupressinoxy-

lo7tj Araucarioxylonj and Brachyoxylottj and will be described later. In the

present paper three types of Pityoxylon are described as new species: Finns

proloscleropitySj Pityoxylon foUosum, and P. anomalum. The first mentioned

is probably the earliest form with aU the characters of a modern hard pine,

and the occurrence of such a pine as early as the Middle Cretaceous is thought

to argue strongly for the great antiquity of the genus Pinus. Pityoxylon

foliosum is probably the wood of Prepinus, all the leaves being borne directly

on the main axis, and combining characters that are now separated in hard

and soft pines. P. anomalum has a woody structure like that of Preptnus^

but all the leaves are borne on short shoots.

Thomas? has described a leaf from the Jurassic of Yorkshire which he

thinks represents a new genus {Eretmophyllum) of Ginkgoales. The leaves

differ from those of Ginkgo In being oblanceolate or linear, but approach those

of Ginkgodium in outline; the leaves of the latter, however, are shorter and

comparatively broader and are often deeply divided at apex. The most

important distinction, however, is found in the venation.

Seward^ has described some dicotyledonous leaves from the coal measures

of Assam, which are probably Tertiary, although there are claims that they

5 HoLDEN, Ruth, Contributions to the anatomy of mesozoic conifers. I. Jurassic

coniferous woods from Yorkshire. Ann. Botany 27:533-545. pis. 39, 4^- ^9^^'

-, Cretaceous Pityoxyla from Cliffwood, New Jersey. Proc. Amer. Acad.

48:609-623. pis, 4. 1913.

? Thomas, H. Hamshaw, On some new and rare Jurassic plants from Yorkshire;

Eretmophyllum
y a new genus of Ginkgoalian leaf. Proc. Cambridge Phil. Soc. 17:

256-262. ph. 6, 7. 1913.

8 Seward, A. C, Dicotyledonous leaves from the coal measures of Assam. Records

Geol. Survey India 42:93-101. ph. 17, iS. 1913.
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belong to the Cretaceous. Of course in the absence of fruits and seeds the

determinations are not altogether satisfactory. In any event, the families

thought to be represented, each by one to three species, are Magnoliaccae,

Anonaceae, Fagaceae, Myristicaceae, Lythraceae, Moraceae, Rubiaccae,

Guttiferae, Burseraceae, Anacardiaceae, Ericaceae, Dipterocarpaceae, and

Ternstroemiaceae. If one can draw any conclusion from this showing, it is

that' the dicotyledonous series was represented practically throughout its

present extent.^J. M. C.

Morphology of Calycularia.

—

Campbell' has studied the rare Javanese

liverwort Calycularia radiculosa, found in small quantities near Tjibodas,

The plant is strictly dioicous, the males being decidedly smaller than the

females. It perhaps more nearly resembles Symphyogyna than Pdlavkinia

iBlyttia), with which a comparison is made. The endophytic fungus common

to so many liverworts is conspicuous. Two forms of apical cells are present:

one is the cylindric-lenticular type found in Pellia epiphyUa; the other is the

type

tales.

Branching of Calycularia he says, "seems to be a true dichotomy, but

whether one of the branches retains the original apical cell or whether two

new apical cells are developed was not investigated." In order to have true

dichotomy, the original apical ceU by equal division must give rise to two new

apical cells. But if, on the other hand, the original apical ceU is retained by

one branch, the apical cell of the other branch must be formed from a segment

of the original apical ceU, and we have, not true dichotomy, but apparerU

dichotomy. Of course in most cases, whether we have true or simulated

dichotomy makes little difference in the appearance of the adult plant.

The earliest stages of the antheridium were not studied, but apparently

it develops like that of the majority of Jungermanniales. In the 'jl^imate

division of the spermatogenous cells a wall is formed. No trace of a "^eben-

korper" or "accessory body" was found. Archegonia are grouped on a rudi-

mentary receptacle. The number of neck cells is various, the highest number

found being eight. Occasionally a binucleate neck canal ceU was found, show-

ing that the neck is being shortened. In one archegonium neck canal cells

were enlarged and closely resembled eggs. This seeming reversion to a more

primitive type of archegonium seems to be widespread in br>'oph>les.

Early stages in embryogeny were not studied. The capsule has a rela-

tively thick wall. The foot is the mushroom-anchor shape so common m

liverworts. The spore mother cells are deeply lobed, as is ch^L^'^^^"
„

'
!

J
quadripolar" spindle of Farmer

Campbell
position

Ccdyciilaria radiculosa Steph. Leland Stanf

Dudley Mem. Vol. pp. 43-61. figs. 12. 1913

unior
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notedj but occasionally a conspicuous bipolar spindle was seen. Calycidaria

therefore seems to be a suitable form for settling the Farmer-Moore con-

troversy, and it is greatly to be regretted that Campbell's material is so scanty.

He thinks that Calycularia radiculosa should be made the type of a new genus

intermediate between Morkia and forms like Makinoa or Pellia.—^W. J. G.

Land.

Embryo sac of Aglaonema,—Campbell'** has published a further study of

the embryo sac and embryo of Aglaonema, the species investigated bemg

A. simplex and A. modestum. Among the results are the following: the

primary sporogenous cell develops the embryo sac directly; the first divisions

in the embryo sac result in four free nuclei arranged in pairs, and only one of

the micropylar nuclei divides, producing the synergids, the other without

division becoming the egg nucleus; there is no nuclear fusion preceding endo-

sperm formation and there are no definite antipodal cells; no evidence of

fertilization was seen; the sac becomes filled with endosperm tissue; in embryo-

formation the synergids remain intact, "and it sometimes looks as if they also

contributed to the tissues of the embryo"; the embryo finally completely fills

- the sac, the body regions being differentiated at a late stage in the development.

—J. M. C,

Sex in Onoclea.—Miss WuiST" has used Onoclea Struthiopteris in an

investigation to determine whether the sex of the dioecious gametophytes is

predetermined in the spore. Soil and solution cultures were employed, also

different intensities of insolation. The work has extended through several

years, so that the results are well established, the fundamental one being that

the sex of the gametophyte is not predetermined in the spore. It was shown

that the gametophyte is either monoecious or apparently dioecious according

to its age and environment; for example, in younger cultures in soil 5 per cent

of all the gametophytes were monoecious; in older cultures 15 per cent were

monoecious. A striking result was that 90 per cent of the gametophytes

which originally bore archegonia were induced later, by "favorable conditions

of nutrition,'' to produce antheridia; while 5 per cent of the gametophytes

which originally bore antheridia were induced later to produce archegonia.

The "male tendency" appeared to be latent in all parts of the apparently

female gametophyte. The effect of various cultures and the incidental

responses of various kinds are very suggestive.—^J.
M. C.

^ Cabipbell

115. pis, 1-4. TQ12.

Scottish Bot. Review 1:1

r -^ ^^ T ^^ ^y » -^ ^ -^ ^P

" WuiST, Elizabeth Dorothy, Sex and development of the gametophyte of

Onoclea Struthiopteris. Physiol. Researches 1:93-132. figs. 15* iQ^S-



Recent Publications
OF

The University ofChicago Press

Chicago and the Old Northwest, 1673-1835. By MUo Miiton
Quaife, Professor of History in the Lewis Institute of Tech-
nology.

488 pages, 8vo, doth; $4.00, postpaid $4.23

This book recounts, in a manner at once scholarly and
dramatic, the early history of Chicago. Important as this

subject is, it is not treated solely for its own sake. The author's
larger purpose has been to trace the evolution of the frontier

from savagery to civilization. From the point of \iew of Chicago
and the Northwest alone the work is local in character, although
the locality concerned embraces five great states of the Union;
m the larger sense its interest is as broad as America, for every
foot of America has been at some time on the frontier o^

civilization.

This task has never before been performed in an adequate
way. The one really brilliant historian of Illinois, Mr. Edward
G. Mason, died with only a few fragments of his great work

completed, and no one has yet come forward to take his place.

It is believed that this book will take rank as the standard history

of Chicago in the early days.

Chicago Tribune. A history of the beginnings of Chicago which, because

it is scientific and based upon records rather than upon tradition, may
overturn existing chronologies on the same subject.

Animal Communities in Temperate America. A Study in Animal

Ecology. By Victor Ernest Shelford, Instructor in Zoology in

the University of Chicago.

380 pages, 8vo, cloth; $3 .00, postpaid S3 .
22

This volume by Dr. Shelford presents the principles of

field ecology, illustrated by the more widely distributed animal

habitats of the eastern half of temperate North America, and

the aquatic habitats of a much larger territory. Six chapters

deal with general principles.

In several chapters animal communities of lakes, streams,

swamps, forests, prairies, and various soils and topographic

situations are considered from the point of view of modern

dynamic ecology. A very valuable feature of the book is the

I



three hundred figures of widely distributed animals chosen to

represent the chief types of animal communities and their

characteristic modes of life.

Artificial Parthenogenesis and Fertilization. By Jacques Loeb^

Member of the Rockefeller Institute for Medical Research,

318 pages, i2mo, cloth; $2.50, postpaid $2.68

This new work presents the first complete treatment of the

subject of artificial parthenogenesis in English. Professor Loeb

published four years ago a book in German under the title Die

chemische Entmcklungserregung des tierischen Eies. Mr. W. 0.

R. King, of the University of Leeds, England, translated the

book into English, and the translation has been revised, en-

larged, and brought up to date by Professor Loeb. It gives, as

the author says in the preface, an account of the various methods

by which unfertilized eggs can be caused to develop by physico-

chemical means, and the conclusions which can be drawn from

them concerning the mechanism by which the spermatozoon

induces development. Since the problem of fertilization is in-

timately connected with so many different problems of physi-

ology and pathology, the bearing of the facts recorded and

discussed in the book goes beyond the special problem indicated

by the title.

The Mechanistic Conception of Life. Biological Essays by Jacques

Loeb, Member of the Rockefeller Institutefor Medical Research.

238 pages, i2mo, doth; $i .50, postpaid $1 .65

The acliievements of Professor Jacques Loeb in the field of

experimental biology insure any book of his a wde reading.

His experimental work at the universities of Chicago and Cali-

fornia, as well as in his present position, gives this volume an

especial significance. Professor Loeb here presents many of the

current problems in biology, and discusses the question whether

the phenomena of life can be unequivocally explained in physico-

chemical terms.

Johns Hopkins Hospital Bulletin. All eager to know more of the origin of

Hfe will find no modern book of its size nearly so instructive or inspiring-

A Manual for Writers. By John M. Manly, Head of the Depart-

ment of English in the University of Chicago, and John A.

Powell, of the University of Chicago Press.

226 pages, i2mo, cloth; $1 .25, postpaid $1 .35

A book designed to aid authors and all others who are

concerned with the writing of English. It aims to answer the

practical questions that constantly arise in the preparation of
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manuscripts for the printer, business letters, and any sort of

composition where correctness of form is an important dement.

It treats in a clear and convenient way the matters of

grammar, spelling, and general form which writers need most

to be informed about, and gives full directions on the preparation

of "copy" for the printer and the correcting of proof. The

chapter on letter-writing is unique and of especial value in its

practical suggestions.

C, E. Raymond, Vice-President of the J. Walter Thompson Co. Il

seems to me to be the most comprehensive and comprehensible of

any of the works on this subject which I have had the pleasure of

seeing.

The Elements of Debating: A Manual for Use hi Iligh^ Schools

and Academies. By Leverett S. Lyon, of the Jolid High

School.
148 pages, i2mo, cloth; $1.00, postpaid $1.07

This book does not pretend to originaUty in material; its

aim is to put the well-established principles of the art withm

the reach of young students. It therefore presents the elements

of public speaking so freed from technicality that the student

may assimilate them in the shortest possible time and with the

least possible interpretation by the teacher.

The book consists of ten chapters and a number of appen-

dices. Each chapter is preceded by an analysis of the subject

and followed by a series of suggested exercises. The whole

subject is treated in a direct, practical way with the greatest

possible clearness, and with illustrations drawn from subjects

familiar and interesting to high-school boys. It is entireJ}

modern in that it lays stress on efficiency, rather than on theo-

retical perfection. Illustrations are given from some of the mosi

effective arguments ever written, and a list of suggested topics

is added in an appendix.

London in English Literature. By Percy Holmes BoynJ^'^'/^'fl^^^^

Professor of English Literature in the University of Chicago.

358 pages, 8vo, doth; $2.00, postpaid $2.17
^

This volume differs from all other volumes on London in

that it gives a consecutive illustrated account of London not o^^

the point of view of the antiquarian but from that of the mquirmg

student of English literary history.
, ,u^,acterized in turn

It deals with ten consecutive periods, characerizea

by the work and spirit of Chaucer, Shakespeare, Mil on,
^^^^^^

ae

Addison, Johnson Lamb, Dickens, and by the qualities of Vic

3



torian and contemporary London. The emphasis is thus dis-

tributed over history and given largely to the richer and more
recent literary periods. The temper of each epoch is discussed,
and then in particular those literary works which are intimately
related to certain localities in London.

The work contains four maps and forty-three other illustra-

tions, selected from the best of a great fund of material. As
further aids to the student or the general reader, the sources of

all material are indicated by footnotes and lists of illustrative

reading are appended to each chapter. There are also an
appendix with detailed references to illustrative novels, and a
carefully compiled index.

The Springfield Republican. It would seem as if Mr. Boynton's book
would make strong appeal to everybody who has been in London, and
a good many more who would like to go there; . . . . he has caught
its spirit and presented it here.

Social Programmes in the West. (The Barrows Lectures.) By
Charles Richmond Henderson^ Head of the Department .

Practical Sociology in the University of Chicago .
IT

212 pages, 8vo, doth; $1.25, postpaid $1.38

The Barrows Lectures (1912-13) delivered with so much
success in the Far East by Professor Henderson are included
in this volume, which is also published in India by the Macmillan
Company. The subjects of the lectures are as follows :

" Founda-
of Social Programmes in Economic Facts and in Social

," "PubHc and Private Relief of Dependents and Abnor-
mals," "Policy of the Western World in Relation to the Anti-
Social," "Public Health, Education, and Morality," "Movements
to Improve the Economic and Cultural Situation of Wage-
Earners," and "Providing for Progress." The author, in his

preface, says that "the necessity of selecting elements from the

social activities of Europe and America which might have value
m the Orient under widely different conditions, compelled a

consideration of the materials from a new point of view." The
mtroduction includes, besides a syllabus of the six lectures, the

)

Ideals

national

of Commission from the officers of the three
associations for labor legislation, asking the lecturer to

present their aims wherever it was possible in India, China, and
Jaimn.^ There is also included a statement by Professor E. Fuster,
of Pans, of the aims of the international associations on social

legislation.

Boston Transcript. The lectures will be of value to American readers in

that they concisely place before them the social problem in its most
fundamental aspects.

4



Christian Faith for Men of Today. By E. Albert Cook, Professor

of Systematic Theology in the Congregational College <

Canada

.

276 pages, i2mo, cloth, $1.25, postpaid $1.35

^
This volume contains a clear and reasonable interpretation

of life from the Christian point of view, and some definite formu-
lation of those beliefs that have proved most effectual in the
development of individual character and in the promotion of the
welfare of society. Professor Cook believes that Christianity

is the religion which best meets the needs of all races and classes.

The convenient arrangement of the material in numbered para-

graphs, the valuable appendices, and the general systematic

treatment of the subject commend the book as a popular text

for college men and women, and for adult classes and clubs as

well as for general reading.

Watchman. It is written for those who feel the currents of thought of

this age and have conceptions framed by science, sociology , and hist<»ry,

and need something more acceptable to their reason than currenl

traditional conceptions. The treatment of the Scriptures is reverent

but free, and does not disturb faith, but resets it according to modern

conceptions.

Materials for the Study of Elementary Economics. By Leon

Carroll Marshall Chester Whitney Wright, and James Alfred

Field, of the Department of Political Economy in the I f

?/ Chicago

946 pages, 8vo, cloth; $2.75, postpaid $3 . 00

Special Lil)rary Edition, postpaid $4 • 80

This volume of nearly a thousand pages is intended to supply

to students of elementary economics a collection of readings,

illustrating the working of economic principles in actual life.

The material is drawn from the most various sources—books,

magazines, newspapers, commission reports, court decisions,

corporation charters, government circulars, etc. The selections

have been carefully edited, so as to eliminate unsuitable material

and present the documents in the most usable form.

The volume, which is intended to be used in connection

with any standard text, has akeady been adopted by many ol

the leading institutions of the country.

s



PUBLICATIONS OF THE CAMBRIDGE
UNIVERSITY PRESS

T^HE University of Chicago Press has become the American
agent for the scientific journals and the following books

issued by the Cambridge University Press of England

:

BOOKS

The Life and Correspondence of Philip Yorke, Earl of Hardwicke,
Lord High Chancellor of Great Britain. By Philip C. Yorke,
M. A. Oxon., Licencie-es-Lettres of the University of Parts.

Royal 8vo. Three Vols., with six iUustrations. Vol. I, pp. 702; Vol. II, pp. 606;

Vol. Ill, pp. 662. Price $13 . 50, postpaid $14.22

This solid and significant work is based on the Hardwicke
and Newcastle manuscripts and, in addition to the Hfe of Lord
Hardwicke, gives the whole history of the Georgian period from
1 720 to 1 764. An account of the great judge's work in the King's
Bench and in Chancery is included. The characters and careers
of Walpole, Newcastle, Henry Pelham, the elder Pitt, Henry
Fox, the Duke of Cumberland, George II and George III, and
various incidents—such as the fall of Walpole, the Byng catas-
trophe, and the struggle between George III and the Whigs
appear m a clearer light, which the author, by aid of original
papers and manuscripts, has been enabled to throw upon them.
These documents are now published, or brought together and
annotated, for the first time.

T/ie North American Review. It corrects errors of previous ill-informed or
prejudiced biographers of Lord Hardwicke, and presents an apparently
just portrait of a really eminent man, to^^ether with a wealth of his-

torical information.

The Genus Iris. By William Rickatson Dykes. With Forty-
eight Colored Plates and Thirty Line Drawings in the Text.

254 pages, demi folio, half morocco; $37 . 50, postpaid $s& . 36

This elaborate and artistic volume brings together the avail-
able mformation on all the known species of Iris. The account
at each includes references to it in botanical literature and a

garde

full description of the plant, together with observat
peculiarities, its position in the genus, its value as . a-^-pmnt and its cultivation. As far as possible the account of the
distribution of each species is based on the results of research in
the herbaria of Kew, the British Museum, the Botanic Gardens

6
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Cambridge, Berlin, Paris, Vienna, and St. Petersburg

and the United States National Museum at Washington
_

The most striking feature of the book is the forty-eight hfc.
size colored plates, reproduced from originals drawn from living
plants—making it a volume of great beauty as well as of scientific
importance.

The American Florist. Lovers of irises owe a huge debt of gratitu.lc in
William Rickatson Dykes, who after years of labor has i)roduc('(l a
magnificent work on these plants Mr. Dykes combine"^ the
scientist s analytical skill with all the grower's enthusiasm.

The Florists' Review. If anything else could be added to the book that
would really increase its beauty or its scientific value or its practical
utility, the present reviewer is curious to know what that addition
could be.

Byzantine and Romanesque Architecture. By Thomas Graham
Jackson, R.A. Two Volumes, with 165 Plates and 14S
Illustrations.

Vols. I and II, each 294 pages, crown quarto, half vellum; two vols. $i 2 50,

postpaid, $13 . 25

This work contains an account of the development in Eastern
and Western Europe of Post-Roman architecture from the fourth
to the twelfth century. It attempts not merely to describe the

architecjiure, but to explain it by the social and political history

of the time. The description of the churches of Constantinople
and Salonica, which have a special interest at this time, is fol-

lowed by an account of Italo-Byzantme work at Ravenna and in

the Exarchate, and of the Romanesque styles of Germany,
France, and England. Most of the illustrations are from

drawings by either the author or his son, and add great artistic

value to the volumes.

The Nation. The two volumes must surely take their place among the

standard classics of every architectural librar}-.

The Dual) of Turkestan. A Physiographic Sketch and Account of

Some Travels. By W. Rickmer Rickmers. With 207 Maps,

Diagrams, and Other Illustrations.

580 pages, royal 8vo, cloth; $9 . 00, postpaid $9 44

A record of exploration of a little-known region, combined

with some elementary physiography. The book discusses the

various geographical elements in the natural organic s\'stcra of

the Duab of Turkestan (or Land between the two Rivers)

between the Oxus and the Jaxartes, the information bemg strung

on the thread of a highly interesting story of travel and mountain

exploration. The author was at great pams to obtain t>'pical

views of physical features such as mountains, valleys, and glaciers,

7



and also of vegetation, village life, and architecture; and there

are many diagrams for a clearer understanding of the text.

The book is especially suitable for colleges, libraries, and
schools, and for all students or teachers of physical geography
and natural science.

The Journal of Geography. The author's delicate touches of humor, his

picturesque language in description, and his knowledge of physiography
and climatology, .... all contribute materially to the excellence of

the book. Much attention is given to physiographic processes and
features, but the splendid half-tones tell the story better than words.

JOURNALS
Biometrika. A journal for the statistical study of biological problems.

Edited by Karl Pearson. Subscription price, $7.50 a volume;

single copies, $2 . 50. ,

Parasitology. Edited by G. H. F. Nuttall and A. E. Shipley. Sub-

scription price, $7 . 50 a volume; single copies, $2 .50.

Journal of Genetics. Edited by W. Bateson and R. C. Punnett. Sub-

scription price, $7 . so a volume; single copies, $2 . 50.

The Journal of Hygiene. Edited by G. H. F. Nuttall. Subscription

price, $5.25 a volume; single copies, |i . 75.

The Modern Language Review. Edited by J. G. Robertson, G. C.

Macaulay I3

$

?/ Psychology. Edited by W
Myers. Subscription price, $3.75 a volume.

il of Agricultural Science. Edited by Professor R. H. Biffen,

Wood. Subscription price, $3

$

The Biochemical Journal. Edited for the Biochemical Society by

W. M. Bayliss and Arthur
volume.

$5

j/ Ecology. Edited for the BriUsh Ecological Society b>

Frank Cavers. Subscription price, $3.75 a volume; single copies

$1.25.

KoTE.—Prices on back volumes vary, and postage from London is

charged on back volumes and single copies.

THE UNIVERSITY OF CHICAGO PRESS
CHICAGO. ILLINOIS

8



FOR
AMUSEMENT

AND
EDUCATIONAL
PURPOSES

ORIGINAL and exclusive Lantern Slide-

made from negatives by our own photog-
rapher. The largest collection in the World

—

covering all places of inferesL

Over I50»0(X) SubjecU to select from— Slides
for Home, Church, School. Lecture Hall or Insti-

tution, for amusement and educational purposes
:overing art, travel, history, science and every

known subject.

Catalogs of Slides and Pro'^ection Apparatus
mailed upon request. Address Dcpt, G,

T. H. McALUSTER CO.
49 Nauau Street New York City

Established rjSj

FINE INKS ^^^ ADHESIVES
For those who KNOW

Eternttt WrItUig Isk
Entr^Mtng \n%

PiMt* motint#r Pa«fai

Drawing MaBrtf FMte

Omcm PuU
Vefetablc QlM, EU

Are the Fineit and Beet lake and Adieteiree

Higgins

Emancipatt , . _^.

ni-Kneltin« inks and adhaHvei aad adipi tac nlr
flns fnlu and Adlie*lve». Ihti w9 te i

rerelBttOB lo fo«. —/ art m wmmct, clr»« wril

put up, ikoA witfaal to «#ri«oi-

At Dealers GeweraHy,

CHAS. M. HIQQINS & CO., Mfr»

J71 Ninth Street Bmoktyn, N. V

New
Write for Introductot Price

t mj

«^'- i
!t:i -

( - '

• . •

HERE IS THE PROPOSITION :

\S

in advance—simr^lv your ?«»"•* ^
'

OTi^rfortri^- Take it to your «S^e or

for ten days, exactly the aamc a* thou

own property-yCOn^^e it w ;

writers with ^icfa you a**., ..*--^*-*-

their opinion of it, Aiier ten cw.

not entirelv s&u^,a..U^y-^^^'^^JV'
questions why—

v

" S^d it i^^
and the deal will be .^^^» i^ ^

a small amount—whatever

.

of the ten days' trial md v -^
tm

until paid in fuIL li* >u ^ t/> m
deduct 5 pe: '

.

uut,.. ^^^

made to vou—can you even ask for a fairer oams, Loofc at tne
.^,taii

-^.

:H^^ It**-

VX^ ^.^*^*

visiuie Typewriter, Model — and compare it ..ith any other typew...^. j . •

BIG VALUES IN SLIGHTLY USED NEW
We an making a special offer on a few Fox Vl Tjle Typ*?.^

-'- **'»' ^«*' ^"^

These are not second-hand, new nMlt. and could sea*

tMms—t«3i days' trial. Write for full parucuiars mad don't '"i^

TYPEWRITERS

^t.6*^ V
•(WET^HaSC

t/*e fAc Coupon

Fox Typewriter

«i«



^\_^

'-^

tr^ 'i^

f

[!i^^' -

^2«^
-T

Triple silver plated

a distinctive Esterbrook
innovation that makes
smoother^ easier writing
and prolongs the life of
the pens. Non-corrosive
and always retain their
brilliance.

Packed in handsome
leatherette gold-embel-
lished cases, in keeping
with the superfine quality
of the pens.

EsterbrookPenMfgXo.
New York Camden, NJ.

^MfX-Jf^

I hear it called
V

'^

The machine with the human-brain;'

I call itThe machine
with theSuDerHamanBmuL

'4^-^.
J 4

Tb -vJh'^

ta-^
. '^"V

tt^

^ n ^^
*A,

i
i5;

-fc*-

w^

-4 * '

=^
1^

^i:::?^.

US spoke the Auditor.

He was speaking of the

Adding and Subtracting

(Wahl Adding Mecnanism)
This machine does something that only the

brain, directing the hand, has hitherto been able

to do—that is, write and add (or subiraci) on tne

same page.
But this is not all. It does such work mere

easily, mote rapidly, and more accurately tiian tne

html an brain has ever performed similar labor.

Thus the machine is human in what it aoes
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Douglas Wilson Johnson

(with nine riGURES)

George H. Cook^ i:

J
and Long Island, in which he cited much evidence to prove that

these coasts were gradually sinking at a rate of more than half a

meter per century. Before this time a number of writers had

called attention to certain phenomena which seemed to them to

indicate a progressive subsidence of the coast; and since the

pubhcation of Cook's article, many reports upon this interesting

subject have appeared. A few of these authors have argued in

favor of the recent elevation of certain parts of the coast; a few

others have maintained that the evidence of recent changes of level

were not convincing; but by far the greater number have supported

the theory of recent subsidence, and have described indications of

a sinking of the land for almost all parts of the coast between

Prince Edward Island and Florida. It is today generally accepted

as a well established fact that the Atlantic coast of North America

is gradually subsiding, at a rate which is variously estimated from

cm
' The substance of a portion of this paper formed part of an article pubbshed m

the Annales de Geographic, May 1912, under the title "Fixit^ de la cote Atlantiquc

de I'Amerique du Nord."

' Cook, G. H., On a subsidence of the land on the seacoast of Xcw Jersey and

Long Island. Anier. Jour. Sci. II. 24:341-354- ^'^hl-

449
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The supposed changes of level of the Atlantic coast have

interested me for several years. A study of the form of Nantasket

Beach, near Boston, showed that this portion of the coast could

not have subsided more than a meter during the last looo or 2000

years, ^ An examination of certain shore line changes produced at

Scituate, also near Boston, by the great storm of 1898, showed

that all the appearances of a subsidence of the coast could be

produced by an increased height of high tide resulting from a

change in the form of the shore line.'* Finally, aided by a grant

from the Shaler Memorial Fund of Harvard University, by the

excellent services of my three assistants, Messrs, D. C. Barton,

J. K. Wright, and G. B. Reed, and by the cordial cooperation

of a large number of geologists, engineers, and officials of state

and national surveys, I have been able to study the most important

locaKties on the Atlantic coast from the northern side of Prince

Edward Island to the Florida Keys, as well as a number of places

on the coasts of Sweden. Endand. and Holland, The results of

me
Ame
long-continued progressive subsidence of this coast at a rate of

cm. or more

com
this period. (2) The coast cannot have subsided as much as

30 cm. in the last century. (3) There is no satisfactory evidence

of any subsidence whatever during the last few thousand years.

In the present paper no attempt is made to consider all phases

of the interesting problem of recent coastal subsidence; attention

is here directed exclusively to the consideration of some of the

botanical phenomena supposed to prove such a subsidence. W

my
my

firm believer in what has been aptly termed cross-fertilization of

the sciences. The study of a complex problem has forced me to

3 Johnson, D. W., and Reed, W. G., The form of Nantasket Beach. Jour.

Geol. 18:162-189. iQio-

4 Johnson, D. W., The supposed recent subsidence of the Massachusetts and

New Jersey coasts. Science N.S. 32:721-723. 1910; also The botanical evidence of

coastal subsidence. Science N.S. 33:300-302. igii.
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investigate botanical phases of the question, and my modest
excursions into the realms of a sister science have been made most

some
of my botanical colleagues. I shall be glad if the observations
here set down prove of interest to some of the many students of

botany who have noted the indications of changes of level afforded

by plant Hfe along the coast.

Throughout this article the expression "recent subsidence"

is employed to designate subsidence within the last few thousand

years, and "remote subsidence" to designate a sinking of the land

which occurred more than 4000 or 5000 years ago. One may
divide the botanical evidences of recent subsidence of our Atlantic

coast into three classes, according as they are (i) wholl}' fictitious

appearance of changes of level; (2) phenomena produced by local

changes in tidal heights -without any real change in the general

level of either land or sea; and (3) phenomena really produced by

a sinking of the land, but produced so long ago that they cannot

properly be cited as proofs of a subsidence within the last few

thousand years. Let us first consider those supposed proofs of

recent subsidence which are based on

I. Fictitious appearance of changes of level

INVASIOX OF THE

At many points on the Atlantic coast one may observe large

numbers of trees killed by salt water so recently that they still

stand erect, and even retain their branches. These trees have

often been cited as a convincing proof of the recent progressive

subsidence of the land. Among the localities where standing

forests killed by the sea have been supposed to show with special

clearness a recent subsidence of the land, I will mention but a few.

Ganongs in one of his series of " Notes on the natural histor}' and

physiography of New Brunswick," speaking of the low shores of

South River, near Pokemouche, says, "in places the dead forest

trees still standing with their roots immersed by the highest tides.

s Gaxoxg, W
Jimon rivers.

906
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afford striking evidence of the rapid subsidence this coast is under-

going.'' Abraham Gesner*' described standing forests of beech,

birch, and maple, killed by the seawater which overflowed their

Harbor

most
he had knowledge. Cook, in the paper referred to in the first

paragraph of this article, describes dead forests still standing,

found on several parts of the New Jersey coast. Sir Charles
Lyell^ saw in standing forest trees killed by the tide near the

mouth of Cooper River, South Carolina, a proof of very modern

subsidence of that coast.

The region described by Ganong has been examined by Gold-

THWAiT, with whom I have had the privilege of cooperating in the

work along the coast of southeastern Canada. After a careful

study of the dead trees on this part of the coast, Goldthwait8

death

from

manner my
Harbor

i may t

without imagining a subsidence of the coast.' Three distinct

causes have operated to kill the forest of this portion of the shore.

On the outer side of the barrier beach the waves are cutting away

the shore and hurling the sands up into the forest. During storms

the waves break over the sandy accumulation, and the salt water

saturates the sand about the roots of the trees and is ponded back

in the low depressions, remaining long enough to kill the trees.

Forests killed in a similar manner are found on parts of the North

Carolina capes. Inside Cascumpeque Harbor the small waves of

the bay have gently sapped the mainland shores, removing the

' Gesner, Abraham, On elevations and depressions of the earth in North America.

Quar. Jour. Geol. Soc. London 17:381-388. 1861.

^ Lyell, Charles, Travels in North America. London. 1845. i : 1 74"! 75-

* Goldthwait, J. W., Supposed evidences of subsidence of the coast of New

Brunswick within modern times. Unpublished manuscript to appear in an early

issue of the Victoria Museum Bulletin.

'Johnson, D. W., The shore Hne of Cascumpeque Harbor, Prince Edward

Island. Geog. Jour. London 42:152-164. 1913.
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from
' them

from t

The barrier beach which separates

width
a local rise in the high tide surface with a consequent invasion of

the forest by the salt water (see section 2 below). The dead

Jersey

xplained

Fig. I.—Live trees in Albemarle Sound, giving fictitious appearance of coastal

subsidence.

I have

u

as the result of such local fluctuations of high tide level. _

seen no case where the killing of the trees could safely be ascribed

to a sinking of the coast. On the contrary, the localization of the

dead trees at those points on the coast most favorable to the opera-

tion of the local causes mentioned above, and certain others

described later, is sufficient evidence that their death is not the

result of a general subsidence of the land.

As a variant of the above t>T)e of evidence, one may class the

occurrence of live trees standing in deep water at the heads of
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sounds and bays, where the water is too fresh to readily kill trees

which have reached maturity. It is evident that these trees

could not have commenced to grow in water 5 or 10 feet deep, and

it was therefore with especial interest that I learned from Dr. C. A.

Davis that great numbers of such trees occurred near the head-

ward portion of Albemarle Sound, especially in the vicinity of

Elizabeth City, North Carolina, affording, in his opinion, excep-
r

tionally good proof of recent coastal subsidence. On visiting the

locaHty I found hundreds of live cypresses standing in water which

was often over 5 feet in depth; but the spreading base of these

trees was just above water level at the same elevation as on the

adjacent low shore (fig. i); while the underwater parts divided

into spreading roots between which an oar could be readily passed.

It was quite evident that the trees had grown, like their neighbors,

on a low coast composed of peaty soil; and that the washing

away of the soil by waves had left the trees standing out in the

water. This interpretation was confirmed by the finding of

occasional islets of peat about some of the isolated trees. There

was no indication of any change in the relative level of land and sea.

SUBMERGED STUMPS

Closely allied to the foregoing botanical evidence of subsidence

is that furnished by submerged stumps. These are found along

all parts of the Atlantic coast, at depths varying from a few inches

below high tide to ten feet or more below low tide level, and have

been repeatedly cited by both botanists and geologists as conclusive

proofs of recent subsidence. It is hardly necessary to cite specific

submerged

features along our shores.

stumps convinces

is a great variety of ways in which they may be produced inde-

pendently of coastal subsidence. Along the low shores of South

CaroHna and Georgia the small waves formed in the passage

undermine
them down into the salt water. So gently does the process operate

that the trees often remain erect; and I have seen all stages from

trees still living on the edge of the shore 0.5-1 meter above tide,
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through others whose broad spreading roots were half undermined,

thus allowing the trees to incline forward and sink toward the

lower level, to still others which had been wholly undermined and
had tipped back to a nearly vertical position, standing erect but

dead in the salt water. These trees later break ofT at the water

line and give upright submerged stumps. The fact that dead

trees and submerged stumps are often produced in this manner was

clearly recognized by Tuomey'** in his interesting report on the

geology of South Carolina. This same author" likewise emphasized

the fact that many so-called submerged stumps are merely tap

roots of certain trees which descend to a great depth. The loblolly

pine has a tap root as large as its trunk which runs down 2 or 3

meters, and then sends of! smaller roots. A forest of such trt
w

growing on a low coast may be

attacked by the waves, and as

the earth is removed the trees

die and finally break off at or

below water level. In this way
deeply submerged ^^ stumps'^ are

produced w^hich will seem to the
^^ 1; r - . Fig. 2.—Submerged stumps resultinf
ordmary observer a convmcmg

^^^^^ ^^^^^, retrogression of the ^re
proof of subsidence." Fig. 2 is une.

a diagrammatic representation

of several stages in this process, which we found particularly well

shown in the "Sea Islands" of Georgia.

Where the sea is cutting into the "Black Bank." a peat bog

CJ

near Cascumpeque Harbor, many stumps had been washed out of

the bog. transported by waves and currents some little distance,

and left stranded, often in an upright position,, on the beach and

in the shallow water of the bay. Submerged stumps, due to a tol

rise of the high tide level, to the compression of peat bogs caused

by a lowering of the ground-water level as the waves cut mto the

shoreward side of such bogs (fig. 3). to the compression of peat

" TuoMEV, M., Report on the geology of South CaroUna. Columbia. i84«.

p. 194.

II Op. cit., 195.

" Lyell
*

ChIrles, a second vnsit to the U.S. of North America, .d cd. London,

1850. 1:316-317.
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deposits under the weight of barrier beaches (fig. 4), and to other

many The

more
its unreliability.

SUBMERGED PEAT

Another botanical evidence of subsidence, frequently appealed

to with confidence by those who believe in recent subsidence of

the Atlantic coast, is the submerged peat exposed at many points

along the shores, sometimes a little below hi^h tide, often a con-

FiG. 3.—Submerged peat and stumps produced by an invasion of peat bogs by

the sea; HT, high tide; LT, low tide.

'*''''

Fig. 4.—Submerged peat outcropping at low tide (B) compressed by weight of

barrier beach, which is encroaching on salt marsh peat deposit (A)] HT, high tide;

LT, low tide.

siderable distance below low tide. may
remains

plants; and both types of deposits have been cited as proofs of a

recent sinking of the coast. The fresh peat is frequently overlaid

by salt peat; sometimes the reverse is the case; while in other

places one or the other type of peat occurs alone. It is uncommon,
however, to find such a repeated interstratification of fresh peat

with marine deposits as Skertchley'^ has described for the English

fenland, or Cayeux^^i for a portion of the French coast, although

'3 Skertchley, S. B. J., The' geology of the fenland. ^lemoir Geol. Surv. Eng-
land and Wales. London. 1877. pp. 145-151, 172-174.

'^ Cayeitx, L., Les tourbes immergees de la cote Bretonne dans le region de

Plougasno-Primel (FinistSre). Bull. Soc. Geol. France IV. 6: 142-147. 1906.
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essentially the same conditions developed on a small scale arc

occasionally encountered on our coast.

Evidently the fresh peat cannot have formed in its present

position^ exposed to marine action. Indeed, it has been argued

that such peat containing upright stumps cannot form in depres-

sions below high tide level back from the shore line because the

level of the ground-water would cause such depressions to contain

ponds of water in which trees would not grow. Hence it is con-

cluded that submerged fresh peat is a proof of recent coastal

subsidence. This conclusion seems to me open to criticism on

several grounds. In the first place, ^^floating bogs" formed of

sphagnum and carrying trees of considerable size upon them some-

times cover the surfaces of ponds. The sinking of such a bog, as

the trees increase in size or as new material is added to its upper
I

surface, would carry upright stumps down below sea-level. Decom-

position of bogs to produce such a semi-liquid mass as is often

found under their surfaces might permit stumps to sink slowly to

the bottom and remain upright there. The possibility of some

such history for a peat bog encroached upon by the sea must be

definitely excluded by those who would employ these bogs as a

proof of coastal subsidence. In the second place, it should be

noted that the lower portions of such bogs may be of very great

antiquity; even if they formed above sea-level and were carried

downward by subsidence of the coast, this event may have taken

place many thousands of years ago. Hence such submerged bogs

should not be offered as a proof of recent subsidence (within the

last 2000 or 5000 years), as has so often been done. In the third

place, when such a bog is encroached upon by the sea, the level of

the ground-water table in the bog, formerly at or near its surface,

is rapidly lowered. Near the seaward margin of the bog the

ground-water table may decline to mean sea-level; and. right at

the margin, to low tide level when the tide is out. As a result of

this removal of water, the surface of the bog is rapidly lowered

carrying down with it trees which are killed by exposure to high

tide (fig. 3). How extensive such a settling of the surface may be

is suggested by fig. 5, which represents the result of an artiticiai

lowering of the ground-water level. Furthermore, the alternate

^^
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submergence and draining of the bog removes so much of its con-

tent that the surface may even slope down to a level considerably

below that of low tide. Submerged deposits of fresh peat con-

be regarded as ataining upright stumps, therefore, are not to

conclusive proof of subsidence, either remote or recent.

The salt marshes of a portion of our coast are underlaid by

peat, often remarkably pure and reaching a depth of 6 meters or

more, composed largely of the roots of Spartina patens and other

^

h^

kAKiB

Fig. 5.—Settling of peaty land due to artificial lowering of ground-water level

in the fenland of England; in 1848 the surface of the land was even with the top of

the post.

salt marsh grasses which grow only near the high tide level. In

1862 MuDGE'"= called attention to this structure of the salt marshes

along the New England coast, and showed that the deeply buried

portions of the peat must have formed at high tide level. Their

present position he attributed to an undermining of the subsoil by

fresh water, known by borings to descend from the upland and to

pass through the sand found below a clay bed under the marsh

's MuDGE, B. F., The salt marsh formations of Lynn. Essex Inst. Proc. 3:117-

119, 1862.
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near Boston; an explanation which seems hardly competent 15

account for such a widespread phenomenon. More recently

Davis'^ of the United States Bureau of Mines, an expert in the

examination of peat deposits, has placed especial emphasis upon

that feature of salt marshes described by Mudge, and believes

that he has found therein a conclusive proof of a gradual sub-

sidence of the Atlantic coast, probably not faster than a foot a

century, continuing up to the present time. Others have likewise

thought that they found in submerged salt peat a proof of recent

subsidence, and have cited the outcropping of such peat at low

tide on the seaward side of barrier beaches, bearing the impressions

of the hoofs of cattle and horses and of wagon wheels, as certain

proofs of very recent marked subsidence.

It is well known that the attack of the waves often drives a

barrier beach inward over the salt marsh. The enormous weight

of the beach necessarily results in a compression of the peat deposit,

so that the surface of the latter is exposed near or below low tide

level on the seaward side of the beach (fig. 4) • On the coast near

Boston a barrier beach has been driven back over a salt marsh

more than 70 meters in twelve years. Today the former surface

of the meadow, with the wheel tracks of an old road, imprccsiuns

of horses hoofs, and the stumps of trees which had gained a foot-

hold on the marsh inside of the beach, are all exposed at low tide

on the seaward side of the beach. Those who would interpret

this as a result of coastal subsidence must admit a subsidence of

perhaps two meters in twelve years, of which there is no corroborat-

ing evidence whatever. In fact, the bending down of the former

surface of the marsh is readily apparent where the peat outcrops

toward the sea; and the fact of extensive compression is shown

by two sections taken through the peat deposit; one m the marsh

a short distance back of the beach, revealing about four meter,

of relatively soft peat; the other near low tide level, showmg bu

one meter of very dense, compact, tough peat. The seawar

slope of the former marsh surface may be obscured back ol tne

beach by more recent deposits built up to high tide level (tig. 4)-

- Bastin, E. S., and D.uis, C. A., Peat deposits of Maine. BulL 37^, US^

Geol. Surv. 19-21. r;^^; also dIvts. C. A., Salt marsh formation near Boston,

its geological significance. Economic Geology 5^625. 1910-
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In sections 2 and 3 below we will inquire further into the reliability

of salt peat below sea-level as a proof of recent subsidence.

2. Phenomena produced by a local rise in the high tide level

It has seemed necessary to treat the fictitious appearances of

changes of level as fully as has been done above, because of the

widespread belief in the value of such phenomena as proofs of

coastal subsidence. The local fluctuations of high tide level, now

Fig. 6.—Bay separated from the open sea by a barrier beach

to be discussed, are of much greater importance, but may be

explained in a shorter space. The principle of these fluctuations

will be readily apparent from figs. 6-8.

On a tidal coast, if we have a bay like that shown in fig- 6,

almost separated from the open sea by a barrier beach, but con-

nected with it by a narrow tidal inlet, the waters of the rising

tide in the sea will pass through the tidal inlet with so much diffi-

culty that the surface of the bay will rise much more slowly than

the surface of the sea. When the tide in the sea has reached its
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maximum, and has begun to fall, the surface of the bay will still

remain much lower. When it is low tide in the sea, the wakr in

the bay will remain at a higher level, because this water cannot

escape fast enough to maintain equality of levels between the

tw^o water bodies. Hence, high tide level in the bay is lower than

high tide level in the sea. This is shown in fig. 7, which represents

a cross-section of such a bay as fig. 6 in the direction AB. It is

evident that around the shores of the bay, trees and other fresh

water vegetation will grow down to the level of the high tide of

the bay, and thus below the high tide level of the adjacent sea.

Salt marshes in the bays will likewise grow up to the high tide

level of the bay, farmers will build dikes to reclaim their marshes

Fig. 7.—Diagram showing fictitious subsidence of the coast; as long as the barrier

beach (D) nearly closes the mouth of the bay, high tide (HT) in the bay is lower than

high tide in the open sea; trees grow down to this lower level [AB) along the shores

of the bay; when the barrier beach is broken through or removed, high tide in the

bay rises as high (CD) as the open sea, and all the trees between the levels AB and

CD are killed by the salt water; if the bay narrows going inland, the tide is forced

to rise even above the level it attains in the open sea, or to the position ED, and at

the head of the bay all the trees between A and E are killed; in addition to these

submerged forests, other fictitious indications of subsidence are thus produced.

at this same level, and in other ways the level will be so marked

as to render readily perceptible any increase in the height of the

tides.

Now
storm waves make a large breach in the barrier beach. Witn

free access to the bay through the larger opening, the tidal waters

will at once rise as high in the bay as in the open sea (CD, fig. ?)•

All trees whose bases are below the line CD will be washed by the

tides and killed. The standing forests of dead trees will later be

represented by submerged stumps. Dikes raised by the farmers

will be overflowed by the tides. The surface of the salt marsh

will build up to the new high tide level, enveloping both stumps
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formerly beyond the reach of salt

|pr a lavpr of salt Deat. In short-

and dikes. Fresh water peat,

water, may now be buried un

most of the phenomena usually cited as proofs of general coastal

subsidence will be produced by a local rise of the high tide caused by

change in the form of the shore line. If the bay narrows inland as

shown in fig. 6, the tidal wave will increase in height as it advances,

so that the level of high tide at the head of the bay will rise far

above that of the open sea {ED, fig. 7) . In this case all the trees

between A and E will be killed at the head of the bay, and the

appearance of subsidence will be unusually pronounced.

Fig. 8 represents the consequences of the opposite type of change.

When the
'

bench (B). (D)

Fig. 8,—Diagram showing fictitious elevation of the coast; before the barrier

beach (D) was constructed, the tide in the bay rose as high as in the open sea, and

the cliff (C) and bench (B) were carved by the waves; since the building of the barrier

beach, high tide {HT) in the bay is lower than in the ocean, the cliff and bench are

no longer reached by the waves, and appear to represent an "elevated shore line ,

the uniform altitude of the beach ridges on the barrier beach shows that the relative

level of land and sea have long remained constant.

reduced the level of high tide in the bay that the waves no longer

reach the cliff or the inner part of the bench. These become covered

with trees and other fresh vegetation, and constitute what is usually

called an '^elevated shore Hne/' CUffs and benches of this origin

have been cited as proofs of recent coastal elevation.

In applying the above principle to the interpretation of supposed

elevations and subsidence of the land, the following points shoula

be kept in mind:

a) If, instead of a sudden rupture of the barrier beach, we have

a gradual enlargement of the inlet, the shores of the bay will appear

to undergo slow and progressive subsidence. The gradual closing

of an inlet, or the progressive shifting of its position, will likewise
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cause the appearance of slow changes of level. Such changes are

more common, but less striking, than those which are more sudden.

The total apparent subsidence produced in this manner may
considerably exceed one-half of the tidal range in the adjacent

h tide salt peat may thus besea.

produced without coastal subsidence.

Half

the change in high tide level.

d) The apphcation of the principle here set forth is not restricted

to bays of the type shown in fig. 6. Vast lagoons parallel to the

coast, such as those of Long Island and New Jersey; open bays

e being widened by wave erosion; salt marshes

^ndering tidal channels; the intricate network of

he low and changeable islands of South Caroh'na

mouths

me

and Georgia, or parts of the Holland coast; all these present

favorable conditions for local changes of tide level consequent

upon changes in the width, length, or depth of the tidal channels.

e) Many bays now open to the sea were once doubtless more

or less nearly closed by barrier beaches. This is especially true

along glaciated shores where the waves and currents have effected

in post-glacial time, and are still effecting, comparatively rapid

changes in the form of the shore line.

/)

because
destruction

h tide limit

fresh vegetation when the high tide level is lowered; and because

in the cycle of shore line development retrograding exceeds pro-

grading, and retrograding tends to carry higher tide levels into low

determine

coast were favorable to such future changes in high tide level a.s

would produce apparent coastal subsidence, we made careful

comparison of the height of the same high tide in partially closed

' ' c?——7 " -^ —-

hand, and in the ocean on the
number
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points along the coast from New Hampshire to Florida. The

results of these surveys show that such favorable conditions occur

abundantly along the entire coast. Differences of level in the

high tide of the two contrasted water bodies amounting to nearly

a meter were found, and from other surveys farther north it is

known that still greater differences occur.

That such local changes of high tide level have occurred in the

past is equally evident. At Scituate near Boston, the storm of

1898 made a large opening in a barrier beach which formerly nearly

>

^-

^'VrJ ^>^#^

F

Fig. 9.—Trees killed by local rise of high tide, near Scituate, Mass., giving

fictitious appearance of coastal subsidence.

small The high tide level immediately

more
extensive areas of growing trees were invaded by salt water, the

lead (fig. 9). Dikes built to reclaim

former marsh
mars

In 181 1 a break in a barrier beach a short distance to the south

many
from the shallow shoreward

marsh Cascumpeque Harbor
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Island, there have been several recent changes in the number and

position of the tidal inlets connecting with the sea, and the inhabit-

ants date the death of certain of their trees to a new inlet opened

some years ago. Along the New Jersey coast the general surface

of the marsh slopes downward toward the land, and on the Delaware

Bay section of this shore the waves are cutting rapidly into the

marsh As a result of

the consequent shortening of the meandering tidal creeks, the tides

rise progressively higher and higher toward the heads of the crocks;

the salt marsh builds gradually up to the new level of high tide,

encroaching on the upland, killing the trees, and producing other

evidence of progressive subsidence of the land. In the sea islands

of South Carolina and Georgia we observed a number of more or

less restricted locahties where forests had been killed by a rise of

high tide level following changes in size and position of tidal

channels and bars, and one place where the death of the trees is

dated from the cutting of a canal between two tidal channels.

On the other hand, appearances of elevation of the land caused

by a local lowering of the high tide level are not lacking. "Ele-

vated " cUffs and benches of this origin were observed at a number

of points on the coasts of Massachusetts, New Jersey, North

Carolina, and Florida.

3. Phenomena

warmnsrs.XC4UCUL waiiuiigo have been uttered, most ably by SuESS

against the danger of confusing evidences of ancient changes ot

level with evidences of recent changes of level Yet this error is

found all too often in writings on this subject even today. Stumps

deeply buried in the salt marshes are correlated mth the mvasion

of cultivated fields by the tides; deeply buried salt peat is correlatea

basis
wun me aying oi loresis aiuug uic ^xx^^^ -— . 7

of such correlations it is argued that we are in the F^^^^^^/^

_„... . r _i,..j„„ u:.u i..ernntmuedumnterruptedl}
movement tinued

gued

lley

proof of recent subsidence. -uTf,, tK^t

It i. „f the hiAest imoortance to recognise the possibiht> tha

submerged
imilar
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evidence may have been produced by a downward movement of

the land which entirely ceased thousands of years ago; and that

they may be wholly unrelated to those evidences which may

properly be designated as recent. Attacking the problem from

this point of view, I have been unable to find a single evidence of

recent change of level on the Atlantic coast which may not be

reasonably explained either as a fictitious appearance of changes

of level, or as the result of a local fluctuation in the level of high

tide. On the other hand, I have been unable to find a single con-

clusive proof of a change of level which is not in all probability of

considerable antiquity. .

The best example of deeply submerged stumps which I have

seen on the entire coast is that so well described by Dawson'^ at

the head of the Bay of Fundy. The position of these stumps

indicates a veritable subsidence ^f the land, but they have been

buried under the great thickness of silt since the embayment of

the region, and have been brought to light again in recent time by

a shifting of a tidal channel The position of the more deeply

buried portions of the salt peat under the salt marshes is most

reasonably explained as the result of coastal subsidence; but this

peat may well be of considerable antiquity and probably dates well

back toward the early part of post-glacial time at least.

In closing this account of the relation of botanical phenomena

to the problem of recent coastal subsidence, I desire to call atten-

tion to the application of some of the above considered princ.ples

to certain evidence lately presented by Bartlett/* According

to this author, a peat bog at Quamquisset Harbor, near Woods

Hole, occupies a kettle hole and represents successive layers of

vegetation continuously built up to the surface of a ground-water

table which rose higher and higher as the land subsided. This

subsidence required something over 2000 years, and is still in

progress, the sea having recently cut into the bog deposit.

Irrespective of the question as to whether the Woods Hole

^7 Dawson, J. W., On a modem submerged forest at Fort Lawrence, Nova Scotia.

Quar. Jour. Geo]. Soc. London 11:119-122. 1855.

^^^ Bartlett, H. H., The submarine Chamaecyparis bog at Woods Hole, Massa-

chusetts. Rhodora 11:221-235. 1909; also Botanical evidence of coastal subsidence.

Science N.S. 33:29-31. 191 1.
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bog affords ^* incontrovertible evidence" of recent subsidence, ns

Bartlett believes, that author is to be congratulated on having

set forth in a clear manner the series of changes which will occur

in a bog occupying a depression closed from the sea, on a coast

which is really subsiding. But the particular case to which

Bartlett applies this principle seems to me unfortunate. In

the first place, one must question whether the depression in which

the bog deposit occurs is really a kettle hole. There are, to be sure,

many kettle holes in the terminal moraine of this region; but the
w

Quamquisset Harbor bog near Woods Hole appears to occupy a

normal stream channel in drift which is probably older than the

moraine, the channel having been somewhat modified by later

ice action. Like many other similar channels which I have studied,

this one was probably open to the sea, in which case the entire

history of the bog must have been quite different from that imagined

by Bartlett.

Even if the depression were a kettle hole, the validity of

Bartlett's argument must still depend upon three further

assumptions, all of which seem to me open to question: (i) the

ChamaecyParis stumps occur in place from the bottom to the top

of the deposit; (2) coastal subsidence is the only theory competent

to explain such a succession of stumps in place; (3) the lower as

well as the uppermost layers of the deposit are of recent date

(i.e., formed within the last 2000 or 3000 years). Stumps certainly

occur in place liear the surface of the bog. and extensive soundmgs

verified the abundance of wood found by B.vrtlett in depth.

But all of the cores which I was able to bring up by numerous

tests showed the grain of the wood transverse to the core, mdicating

that I had encountered only trunks, branches, or roots lymg

horizontally. Of course, the chances of encountering the end ot

an upright stump are not great, but the fact that a day's almost

continuous sounding failed to discover an undoubted stump m

depth shows how difficult it must be to prove that the bog consists

largely of stumps in situ. Bartlett presents no evidence ol tne

existence of such stumps in depth, aside from the fact that ne e^

countered buried wood. In a number of cases I determmed the lor

of the buried wood by abundant closely spaced soundings, and

variably found greatly elongated pieces, evidently logs or brancn ..
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Even if stumps occur in place throughout the deposit, they

cannot be cited as incontrovertible evidence of subsidence until

we make sure that nature can in no other manner produce such a

succession of stumps in place. It has occurred to me that floating

bogs bearing trees might sink as new accumulations of material in

bottoms

whom
buried stumps might well be produced in this manner. Pen-

hallow^^ describes a bog which, according to his interpretation,

has had such a history. Surely then we are justified in doubting

the assumption that stumps in place deep down in a kettle hole

bog are conclusive proof of a change in the relative level of land

and sea.

But if we granted that the phenomena cited by Bartlett could

be accepted as a proof of coastal subsidence, we must still ask for

some satisfactory evidence of the age of the lower part of the

deposit before we can accept it as a proof of recent subsidence.

The upper part of the deposit may well be of recent date, and yet

not be the result of coastal subsidence. If any part of the deposit

proves subsidence it is the lower part, which cannot have been

affected by changes in tidal levels. But are we sure that this lower

part is of recent date ? Surely those famihar with the antiquity of

some of the peat bogs of Europe, in which wood and other substances

affirm

must

When critically examined, neither the botanical nor other

evidence of recent coastal subsidence seems to me conclusive.

On the other hand, the physiographic evidence, so far as I have

been able to analyze it, indicates a long period of coastal stability.

evidence

more
forthcoming report on the Shaler Memorial investigation of shore

line changes along the Atlantic coast.

Columbia UNi\rERSiTY

New York City

^^ Penhallow, D. p., a contribution to our knowledge of the origin and develop-

ment of certain marsh laitds on the coast of New England. Roy. Soc. Canada, Proc

and Trans. III. 14:33-34. 1907.
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Pentameris.—As shown by Piper in his Flora of Washington

(Contrib. Nat. Herb. 11:122), the name Danthonia is not available

for the American species that have passed under that name. In

choosing among the several later names that have been proposed,

he selects Merathrepta Raf. in Seringe, Bull. Bot. 1:221. 1830,

apparently because the type species of the genus was M. spicata,

an American species closely congeneric with ours. But will

permit

type s

92. /. 18

genus has until lately been understood? Recent students of this

genus recognize two sections, but so long as both remain as sections

merely, all the species must be retained under the oldest available

name that has had generic rank. This seems to be Penlamcris,

pubHshed as shown above, and attested by the many species sub-

sequently referred to it. The types of the two sections are given

along with the American species, and one other to show the

synonomy.

Pentameris Thuarii Beauv. Agrost. 93. t. 18. 181 2.— Z'-

lorhwsa Nees, in Linnaea 7:311. 1 83 2 ; Danthonia lortuosa Trin. Sp.

Gram. /. 68. 1828-1836; not D. Thuarii Desv. Opusc. 99. 1831.^

Pentameris
^ ,

Fl. Fr. ed. 3. 3:33. 1809 (?).

Pentameris americana, n. comh.—Danthonia americana Scnbn.

U.S. Dept.Agric.Circ. Agrost. 30:5. 1901; D .
grandipra VhiXiY^^h

Anal. Univ. Chile 568, 1873, not Hochst. 185 1.

Pentameris californica, n. comb—Danthonia californicaBohnd.

Proc. Cal. Acad. 2:182. 1863.

Pentameris compressa, n.

Bull. Torr. Bot. Club 3:21. 1872.

proi

'P

Pentameris epiUs, n. comb—Danthonia epilis Scribn. U.b.

Bept. Agric. Circ. Agrost. 30:7. 190

1

469] tanical



470 BOTANICAL GAZETTE [December

Pentameris grandiflora, n. comb.

—

Danthonia grandijl>

Hochst 1851.

Pentameris intermedia, n. comb.

—

Danthonia intermedia Vasey,

Bull. Torr. Bot. Club 10:52. 1883.

Pentameris sericea, n. comb.

—

Danthonia sericea Nutt. Gen.

Am. 1:71. 1818.
*

Pentameris spicata, n. comb.

—

Avena spicata L. Sp. PL 80.

1753-

Pentameris thermale, n. comb.

—

Danthonia thermale Scribn.

U.S. Dept. Agric. Circ. Agrost. 30:5. 1901; Merathrepta pinetorum

Piper. Contrib. Nat. Herb. 11:122. 1906.

Pentameris unispicata, n, comb.

—

Danthonia unispicata Thurb.

Bot. Cal. 2:294. 1880.

Allium Mem. Wern

6:36. 1827; not ^. reticulatum J. and C. Presl. Fl. Cech. 73. 1819.

Our collections made in 191 2 show that this species has a wider distribution

than heretofore assigned to it. Specimens having been secured on the Snake

River, at Shoshone Falls, it seems probable that it may extend quite into

eastern Oregon.

• Allium fibrillum Jones, Contrib. Bot. 10:24. igoi.—A.

coUinum Dougl. in Wats. Proc. Am. Acad. 14-: 228. 1889; not

A. collinum Guss. in Tenore Syl. PL Vas. Fl. Neap. 169. 1831.

Piper, in his Flora of Washington, is undoubtedly right in citing the

specimens of Horner (nos. 190, 193, and 470) from the Blue Mountains (type

locality) as representative of the heretofore poorly understood species pub-

lished by Watson for Douglas.

Allium incisum, n. sp.—Bulbs large, 1-1.5 cm. broad, outer

coats brown or pinkish, reticulation obscure: scapes 5-8 cm. high,

stout, 1.5-2.5 mm. broad, narrowly winged: leaves 3-5 mm.

broad, thick, and slightly falcate, attenuate to a long point, dis-

tinctly exceeding the scape, rather strongly nerved : spathe 2-several

valved or at least one or all of the bracts deeply incised so as to

appear distinct: bracts and their divisions ovate or broadly

acuminate
incurved and united near the tip: umbel globose, many-

flowered: pedicels slender and flexuous, 1-2 cm. long: flowers

white: segments shorter than the stamens, narrowly lanceolate,
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very obscurely crested.

This species seems unique in its incised bracts. No. 1 790 from ban
clays, probably soft in the spring but becoming very hard, wholly devoid of

other vegetation. House Creek, Owyhee Co., Idaho, June 29, 191 2, is the type.

Calochortus maculosus, n. sp.—Bulb narrowly ovate, about i

dm. below the surface, this and the underground part of the stem

covered with coarse thick barklike coats: stems rather .stout,

snjooth, 3-4 dm. high: leaves several (4-6), all abruptly expanded

and scarious at the sheathing base: flowers 2, one on a spreading

pedicel opposite the last bractlike leaf and also bracted; the other

surmounting the main stem on a longer pedicel: sepals narrowly

lanceolate, gradually long acuminate, 4-5 cm. long, greenish within

and without: petals longer, 4.5-6 cm. long, abruptly acute and

slightly crenate,^ white, or very pale blue, with a green band from

apex to the large purple splotch above the yellow cuneate base, on

which is the large gland, all the yellow area with long crinkled hairs:

anthers 2 or 3-ribbed, obtuse, yellow, about equaling the filaments:

capsule narrowly oblong.

This, the fourth member of the macrocarpus group, is easily distinguished

from C. bruneaunis Nels. and Macbr., its nearest relative, by the hair>' lower

part of the petal and the color, and from the others by the large purple blotch.

In aspect it somewhat resembles the nitidus group, from which the elongated

capsule readily separates it. The characteristic green band and the few-

ribbed anthers are some of the characters which forbid its being referred to the

Nnttallii group. The type is no. 2727 by Henderson, in loose soil on the hills

near Lewiston, Nez Perce Co., Idaho, June 17, 1894.

Epipactis Adans. evidently cannot stand (see Torre and Harms

Gen. Siph. nos. 1482 and 1504, and Druce's illuminating paper,

Bull. Torr. Bot. Club 36:543. 1909). But is Hdleborim more

truly available? This question it seems to us Druce has partly

answered by his own arguments and statements of fact. W e not^

that while Hellehorine was in use before i753' >t was not published

udth species until Druce gives us the list that falls into the genu.%

restricted as now understood. Druce's aim was to bring his work

into harmony with the Vienna rules, but these deny valid ty to

uninomial nomenclature, a principle reasserted by the Brussels

Congress. This seems long to have been an unwritten law, for we
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are told that John Hill's work (British Herbal, 1756) remained

unquoted even in the Index "Kewensis because he had not adopted

the binomial system. The only other name possibly available for

the Epipactis of Adanson is Limonias, a name to be rejected

primarily according to 1 w, because it is a name published without

specieSj and secondarily in harmony with common sense, because it

might result in confusion, ow'ng to Limonia, a valid genus in the

Rutaceae, and Limonium, a genus in the Flumbaginaceae. There

seems to be no alternative, therefore, except to select a new name,

and in recognition of the splendid work by Oakes Ames in the

Orchidaceae, we have chosen the following, to which all the species

listed by Druce are transferred.

Amesia,n.n.

—

Epipactis Ada^ns, Fam. 2:70. 1763, not Epipactis

(Haller) Boehm. in Ludw. Definit. Gen. PL 1760, nor Epipactis

Zinn, Cat. Pi. Hort. Acad. 85. 1757; Helleborine Hill and Limonias

Ehrh. (see preceding paragraph).

Amesia africana, n. comb.

—

Epipactis africana Rendle, Jour.

Bot. 33:252. 1895.

Amesia atropurpurea, n. comb.

—

Epipactis atropurpurea Raf.
_ m

Car. 87. 1810.

Amesia babianifolia, n. comb.

—

Epipactis babianifolia Roxb.

Hort. Bengal. 63. 1814.

Amesia consimilis, n. comb.

—

Epipactis consimilis Wallich, Cat.

no. 7403.

Amesia gigantea, n. comb,

—

Epipactis gigantea Dougl. in Hook.

Fl. Bor. Am. 2:202. 1830.

Amesia latifolia, n. comb —Epipactis latijolia All. Fl. Pedem.

2:151; Handl. 2^2. 1800.

Amesia microphylla, n. comb.

—

Epipactis microphylla Sieb.

loc. cit.

Amesia orbicularis, n. comh.^Epipactis orbicularis C. Richt.

Vehr. ZooL-Bot. Ges. Wien. 37:190. 1887.

Amesia palustris, n, comb.

—

Helleborine palustris Schrank, Fl.

Monac. 2:190. 1814.

Amesia papillosa, n. comb.—Epipactis papulosa Franch. a

Sav. Enum, PI. Jap. 2:519. 1879.

Amesia pycnostachys, n. comb,—Epipactis pycnostachys C
Koch, Linnaea 22:289. 1849.

nd
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Epipactis

Amesia somaliensis, n. comb.

—

Epipactis

Trop. Afr. 7:189. 1897.

Amesia Thunbergii, n. comb.—

Exp. Jap. 2:319. 1857.

Amesia trinervia, n. comb.

—

Epipactis trine

3:455- 1832.

Populus fortissima, n. n.—P. anguslijolia J

Lye. N.Y. 2:249. 1828; not P. angustijolia Wei

Palowsk. 451. 1824.

columbiae, n. n.

—

S. pyrijolia

56 7; not S. pyrifolia Schleic

1815.

Cardionema DC. Prod. 3:372. iSiS.—Penlacacna Bartl. in

Presl. Rel. Haenk. 2:5. 1830.

Cardionema ramosissima, n. comh.—Loejlingia ramosissima

Weinm. Bot. Zeit 3:608. 1820; Pentacaena ramosissima Hook, and

Hook po

Bartl. in Presl/ Rel., Haenk. 2:5. 1830.

Cardionema camphorosmoides, n. comh—Pentacaena cam-

phorosmoides Walp. Rep. 1:261. 1842.

Cardionema rosetta, n. comb.—Pentacaena rosetta Walp. loc. cit.

Cardionema congesta, n. comh —Pentacaena migesta Benth. PI.

Hartw. 186. 1839.

Cardionema andina, n. comh.--Pentacaena andina Phil, in Anal.

Mus. nac. Chile 26. 1891.

Aconitum Howellii, n. n.—A. bulbiferum Howell, Fl. X.W. Am.

25. 1897; not A. bulbiferum Reichb. Nebers. Aeon. 55. 1819.

Ranunculus reconditus, n. n.—R. trifernatus Gray. Proc. Am.

Acad. 21:370. 1886; not R. triternatus Poir. Encyc. Supl. 4:662.

1815.
, ,

Arabis crypta, n. sp.-Biennial, stellate-pubescent throughout,

stems one or two from the simple crown, branched above, 3
am-

high, greenish, the pubescence not so dense nor so perfectly stella e

as that of the leaves and pods: basal leaves numerous, nearly linear

acutish, narrowed to a slender petiole, the midvem P^«°^"''".
'

^^'^j^

cm. long; cauline distant, narrowly lanceolate, 3-nen-ed, s ig y

auricula te: flowers rather few, white or faintly tinted: petals 3 4
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i^'

mm
•

margined sepals: pods remote on the elongated rachis, white with

maturity, only i-i-S cm

mm
to the apex: pedicels 2-3 mm. long: seeds few (2-6) , orbicular,

im

Secured at Jarbridge, Elko County, Nevada, July 4, 191 2; the habitat

not noted.

^ Idahoa, n. n.

—

Platyspermum Hook. FL Bor. Am, 1:68. 1830;

not Platyspermum Hofifmann, Genera Plantarum UmbeUiferum 58.

1814.

/ Idahoa scapigera, n. comb.

—

Platyspermum scapigerum Hook.

loc. cit.

This peculiar and well known crucifcr occurs sparingly in Washington,

Oregon, and Idaho, but apparently is met with most frequently in western

Idaho (from the Panhandle to Nevada), hence the choice of name.

"^ Lepidium papilliferum, n. comb.

—

L. montanum papillijenm

Henderson, Bull. Torr. Bot. Club 27:342. 1900.—Biennial,

densely papillose-pubescent, especially the stems ;
intricately

branched, forming compact spherical clumps, consisting of a central

stem with numerous lateral branches from its base to a point about

one-third or one-half the height of the plant, where it in turn

branches several times: lower leaves pinnatifid, even the upper-

most deeply toothed: racemes short, dense: petals conspicuous,

twice the length of the sepals: pods on slender, widely spreading

often even recurving pedicels, suborbicular, not at all narrowed to

the notched apex, faintly glutinose-papillose : style well exserted.

No. 1068, Nampa, Idaho, distributed as L. montanum Nutt. is the type.

No. 91, New Plymouth, and 880, Emmett, both by Macbride and distributed

as L. Jonesii Rydb., are typical.

Z. papilliferum is distinguished at once from the species to which it has been

referred by its distinctive habit of growth, its merely biennial duration and its

unusual pubescence. L. montanum and L. Jonesii are perennial, the several

stems spreading from a branched caudex, the plant possessing no main axis.

V Lepidium philonitnim, n. sp.—Slender glabrate biennial with a

slim tap root, 3-4 dm. high, the single sparingly branched stem

simple below: leaves remote, the lower irregularly pinnate; the

?
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cauline rpostly trifid, the middle tooth the largest; the uppermost

tridentate : flowers showy, the broad petals about twice the length of

the sepals: fruiting pedicels slender, spreading, about three time??

the length of the pod: pod ovate, 3-4 mm. long by about 2 mm.
broad, the narrow blunt apex slightly notched, the style less than

twice the length of the scarcely involute apical wings.

No. 32, from alkaline bottom lands, Falk's Store, Idaho, May 17, 1910, by

Macbkide, is the type. No. 2023 by CusiCK, near McDermilt, Oregon, may

possibly be a pubescent form.

This is another member of the alyssoides group. Its pod allies it to L,

alyssoides and L. Jonesii; its leaves to L, papilliferum; its aspect and habitat

differ from all relatives.

Much has been made of differences shown by Sisymbrium and

Sophia in the field, but, in common with many others, the writers

are unable to see that each has vegetative characters so marked as

to constitute generic differences. Beheving that one genus should

them In

Soph

may

Sisymbrium paradisum, n. comb.—Sophia paradisa

ti. Proc. Biol. Soc. Wash. 19:155- ^9^-

Sisymbrium leptophyllum, n. comh.-^Sophia leptoph

Bull. Torr. Bot. Club 29:239. 1902.

num —Sophia ochroleuca

Bull. Tort. Bot. Club 25:455. 1898.

J rium obtusum, n. comb.

—

Soph

1:96. 1904.

Cotyledon and its segregates.-There being substantial

agreement among botanists now in excluding the genus CotyMon

from this mntlnpnt \he. niiestion arises as to the disposition

formerly
This question has

recently been answered by reestabhshing Echrceria for a part ana

creating new genera for some of the more aberrant forms. It ^^ems,

however, that the differences rehed upon to sustain some ot the^

segregates are at best merely relative, and often inconsequential

and unreliable, in this group. These characters are the shape ol ne

leaves, the length or breadth of the corolla, its angulation and
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position of its lobes, characters good enough were they constantly

found in one and never in another. Such, however, is not the case.

For instance, the delimited Echeveria rests primarily upon its

5-angled corolla, but to Dudleya have been assigned species showing

this character to some degree. In similar manner, the corolla of

Gormania is said to be campanulate with spreading lobes, while in

Dudleya it is tubular and the lobes erect. But in many of the

species of Dudleya the tips of the lobes, at any rate, are spreading,

while corollas occur in both to which the expression short-tubular

or narrowly-campanulate might be 'applied with equal appropn-

ateness. Thus, it appears that through the corolla of Gormania, at

least, we are back to typical Echeveria. Since the characters thus

overlap, it would seem best to refer all the species to the oldest

genus, in accordance with which view some of the representative

ones are here transferred.

Echeveria DC—Gormania Britton, Bull. N.Y. Bot. Card.

3:29. 1903; Dudleya Britton and Rose, loc. ciL 12; Cotyledon l,.

as to Am. Auth.; Sedum L. in part.

^ Echeveria Watsonii, n. comb.

—

Gormania Watsonii Brit. Bull.

N.Y. Bot. Gard. 3:29. 1903; Cotyledon oregonensis Wats, 1882;

not Sedum oreganum Nutt.

^ Echeveria obtusata, n. comb,

—

Sedum obtusatum Gray, Proc.

Am. Acad. 7:342. 1868.

^Echeveria debilis, n, comb.

—

Sedum debile Wats. Bot, Kmgs

Exp. 102, 1871.

^ Echeveria oregana, n. comb.

—

Sedum oreganum Nutt., in T. and

G. Fl. 1:559. 1840.

^Echeveria Gormanii, n, n.

—

Gormania laxa Britton, Bull. N.Y.

Bot. Gard. 3:29. 1903; not Echeveria laxa \And\. 1849.

^Echeveria Brittonii, n. n.

—

Gormania Hallii Britton, Bull. N.Y.

Bot. Gard. 3:29. 1903; not Dudleya Hallii Rose, Bull N.Y. Bot.

Gard. 3:17. 1903.

Hallii, n. comh,—Dudleya Hallii Rose, loc. ciL

Rusbyi, n. comh.—Cotyledon Rusbyi Greene, Bull

Torr. Bot. Club 10:125. 1883.

IW sazosa Tones, Contr.

West. Bot. 8:28. 1898.
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^^ Echeveria nevadensis, n. comh.~ Cotyledon nevadcnsis Wats.

Bot. Cal. 1:212. 1876.

V Echeveria plattiana, n. comb.

—

Cotyledon plattiana Jcpson

West 1901

Proc^Echeveria Palmeri, n. comb.

—

Cotyledon Palmeri Wats.

Am. Acad. 14:292. 1879.

^ Echeveria Rosei, n. n.

—

Echeveria Palmeri Rose, Bull. N.Y.

Bot. Gard. 3:10. 1903; not E. Palmeri (Wats.) Nels. and Macbr.

• Echeveria lingula, n. comb.

—

Cotyledon lingula Wats. loc. cil.

293-

\y Echeveria Cotyledon, n. comb.

—

Sedum Cotyledon Jacq

1:27. 1811.

"^ Echeveria Setchellii, n. comb.

—

Cotyledon laxa Setchellii

Jepson, Fl. Middle California 267. 1901

^ Echeveria Jepsonii, n. n.

—

Cotyledon caespitosa paniculal

Jepson

1852.

paniculat

V Aster siskiyouensis, n. n.

—

Eucephalus

3 06. 1896; not Aster glahratus 'KMntzt.

*^ Aster perelegans, n. n.

—

A. elegans T. and G. Fl. 2:159. 1842;

not A. elegans Willd.

-'Aster kootenayi, n. n.—A. Cusickii Lyallii Gray, Syn. Fl.

1:195. 1884; not^. Lyallii Kuntze.

^Chaenactis Mainsiana, n. sp.—Low tufted perennial from a

slender woody caudex, more or less branched upward :
stems few,

decumbent, naked-pedunculate above: leaves clustered toward the

base, 3-5 cm. long, including the slender winged petiole, oblanceo-

late to obovate in outline, once or rarely twice pinnatiiid or parted

into blunt oblong or spatulate lobes, greenish-gray with a minute

lepidote tomentum, sprinkled with resinous atoms: peduncles

floccosely-pubescent, exceeding the leaves by 5-10 cm., bearmg one

or often two heads and then subtended by an entire or parted

bract: heads 1-1.5 cm. high: bracts oblong, obtuse, sometimes

with one or two shorter and spreading ones: pappus-paleae oblong,

more achene brown

sparingly soft-pubescent, about 6 mm. long, distinctly longer than

the Danmi^pappus.
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This is allied to C nevadensis (Kell.) Gray and C Evermannii Greene, but

both of these are dwarf alpine plants with monocephalous peduncles scarcely

exceeding the leaves^ which show a tendency to be more or less pedately parted

and flabelliform. In both the leaves are white with tomentum (at least when

young), and the achenes are densely silky-pubescent.

Dedicated to the Supervisor of the Payette National Forest^ G. B. Mains,

who is each year adding much to the knowledge of his district by the excellent

specimens prepared by him and his associates. The type is no. D-34, from the

Payette National Forest.

^ Tonestus linearis, n, sp.—Branches of caudex very slender,

brown with remnants of dead petioles: leaves narrowly linear,

minu

cm stems

very slender, few-leaved^ about 10 cm. long: heads as high as

broad: bracts linear, about 10 mm
ceouS; with narrow scarious margins, in two rows^ with one or more

looser outer ones: rays 10-15, broadly linear, a half longer than the

disk; disk flowers more numerous: achene narrowly oblong-

cyhndric, minutely pubescent.

This new species illustrates the generic characters perfectly, yet by its

slenderly linear parts throughout is quite distinct from T. pygmaeus and

r. Lyallii,

Secured by G. B. Mains, Supervisor Payette National Forest, 1912.

/Balsamorrhiza rosea, n. sp.—^Low, acaulescent from a short,

thick warty root crowned with leaf bases: leaves somewhat cinere-

ous with a rather long fine but stiff pubescence, including the short

petioles 4-10 cm. long, irregularly pinnately divided, the broad

short blunt divisions coarsely toothed: scapes few, monocephalous,

the pubescence longer and looser than that of the leaves, about i

dm. high, bearing at base a pair of linear acute bracts i cm. long,

with scarious clasping bases: heads 3-4 cm. broad, the very

crowded persistent or very tardily deciduous rose or purplish rays

;gularly
'S-

prominent

beneath and around the short tube: bracts lanceolate, acute, rather

loose, the outer shorter, densely ciliate with long glistening soft

pubescence, that of the surface somewhat appressed: chaff of the

receptacle broadly scarious-margined three-fourths of the length,
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the scarious portion fimbriate at its junction with the herbaceous

cihate tip: ray achenes somewhat compressed, carinate on both

sides, hirsute near the top, the pubescence shorter and sparser

downward, those of the disk similar but glabrous or nearly so except

for the cihate summit.

This is the second member in the section Kalliactis Gray. No. 568 by

J. S. Cotton, from rocky ridges of the Rattlesnake Mountains, Yakima County,

Washington, May 8, 1902, is the type.

•^ Balsamorrhiza serrata, n. sp.—Low, acaulescent, from a thick

short tuber-like root: leaves crowded on the small crown, green but

appressed pubescent with minute rigid hairs, the short petioles en-

larged and sheathing at base, the blades 3-8 cm. long, much exceed-

ing the petioles, strongly veined, ovate, sharply and closely serrate

the cuspidate teeth longest at the middle, diminishing toward the

acute tip and the subcordate base: scapes few (1-3), 1-2 dm. high,

monocephalous, naked, or sometimes with a pair of opposite long-

petioled laciniately cleft or serrate leafhke bracts below the middle,

the pubescence spreading, of two kinds, a fine dense indument and

a soft long hirsute form which becomes most pronounced at the base

of the heads and on the bracts: heads 4-6 cm. broad, the numerous

yellow rays about 3.5 cm. long; bracts linear or Unear-lanceolate,

acute or acuminate, of nearly equal length: chaff of the recepUcle

little shorter than the flowers: disk achenes very flat, faintly

nerved on each side of the low carinate ridge. •

Perhaps nearest B. deltoidea Nutt. No. 83 by J.B.LEiBERG,from
Morrow

County, Oregon, May 19, 1894, is the type. Equally representative is bis

no. 58 from the same county, May 12, 1894.

Rocky Mountain Herbarium
University of Wyoming, Laramie
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Eva O. Schley

(with six figures)
J

Considerable work has been done on chemical-physical changes

involved in tropic presentation and reaction. Kraus (i) was

probably the first worker in this field. His researches include the

determination of (a) the sugar content of the growing shoot,

maximum )

{c) acidity in the growing shoot, and {d) steps in the change of the

cell-content of the two halves (the shoot was spHt longitudinally

into the concave half, the inside of the curved portion, and convex

half, the outside of the curved portion, of the responded organ)

stimuli

time. He
ing shoot increases for a certain region from

maximum
maximum and consequently is not the limiting factor in growth,

(c) the acidity is greatest in the tip and decreases downward. In

geotropically and heliotropically stimulated shoots he found, first,

decreased acidity and increased sugar on the convex side, later,

an increase of water and decrease of sugar on the convex side,

followed by a decrease of acidity on this side.

CzAPEK (2) working with geotropically stimulated roots found

an interference with the oxidation of tyrosin and phenylalanine

homogentisic acid. Grottian

were unable to confirm his resi

Martin
of colloids is increased by the addition of acids and alkalies up to a

certain concentration, and that salts decrease this power. Promsy

(6) has found that organic acids increase the growth rate of seed-

lings. Ravin (7) likewise found that acids increase the rate of

Botanical Gazette, vol. 56] [480
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elongation in growing plant org'ans. Eckerson (8) has shown that

acids decrease the period of after-ripening of certain dormant seeds.

The activity of these acids on germination is due in part to the

transformation of zymogens into active enzymes and to favoring

the activity of those enzymes. In both germination and growth

it is probably partly due to increasing the water-absorbing power

of the colloids, especially of the protoplasm.

In view of the efTect of acidity on the absorption of water and

on the growth rate, it was thought best to reexamine the two halves

(concave and convex) of geotropically stimulated and responding

organs for difference in acidity, and incidentally for other features

such as the sugar content. Following Fischer's suggestion, it was

thought that relative growth on the two sides might parallel the

acidity. A later work will examine into this condition of tropic and

nastic responses, and a later paper will relate the data more fully

to the literature.

Etiolated seedlings grown upright on boards under a spray

have been used throughout the experiment. The temperature main-

tained was approximately 16" C. When the seedlings were

high, they were used in making tests of acidity upon either the

unstimulated or the stimulated organ. For the latter tests the

board containing the seedlings was turned on the side so that the

seedlings were brought at right angles to gravity. Tests for acidity

were made at various intervals of presentation and reaction time,

ranging from 7 minutes to 48 hours. In making the tests on the un-

stimulated shoots, the vertical stem was split longitudinally into r.'ght

and left halves (in the plane of the cotyledons), and also into back

and front halves (at right angles to the plane of the cotyledons)

(figs. I and 2). For the tests on the geotropically stimulated seed-

lings the shoots were split longitudinally into upper and lower halves,

the former being the half away from the direction of the stimulus

and the latter the half next the direction of the stimulus. After

reaction these showed as concave and convex halves respectiv^ely.

These terms hold throughout the paper (figs. 3 and 4)-
"he

terminal 4-5 cm. was used, since this region included the region

of curvature and since tests on acidity in successive centimeters

from the tin Hriwnwnrrl qTiawpH \he maximum acidity to be mcludec

6-8
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Figs. i-6.—Explanation in text
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4

in this portion. The cut seedlings were weighed in weighing-

bottles and the weight obtained by difference. Samples of 6-8 gm.

were used.

Immediately after weighing, the samples were cut up fine and
t

ground to a pulp in a mortar. Several methods of titration were

used. In the first method employed, about 50 cc. of distilled water

were added to the ground-up tissue and the sample titrated at once

without filtration, using phenolphthalein or neutral red as indicator.

The objection to the method is that reaction between the acid yet

in the tissue with the alkaU is slow yet continuous, so that the end

point is not definite. A second method used M-as the test plate

hod: The tissue was ground as before, filtered through glass

wool, and the filtrate refiltered through asbestos over a filter pump.

The tissue together with the glass wool filter was again triturated

and washed quantitatively into the filtrate previously obtained

and the vo'.ume made up to 100 cc; 10 or 25 cc. were used in a

titration and the average of several titrations used in calculation.

The end point was determined by means of phenolphthalein in the

following way. Two solutions of phenolphthalein were prepared.

The first w^as prepared by adding 10 drops of an alcoholic solution

of phenolphthalein to 25 cc. of distilled water. The second solu-

me

/
make A few drops

of each solution were piaced on a test plate and the sample being

titrated tested by introducing a small quantity on the end of a small

stirring rod into each of the solutions of phenolphthalein. The

end point was reached when the sample introduced just failed to

neutralize the small amount of alkali in the one solution, as indicated

by the faint pink color remaining, and just showed a faint pmk

tinge in the other solution. In this way the end point was not

obscured by the color of the solution. The method finally adopted

was that of using the natural indicator in the plant itself. It has

been observed in the course of both animal and plant tissue analy-

sis that chromogens develop when certain fractions, as the lipoid

fraction, are neutralized. This suggested the idea that possibly

the raw material upon neutralization might show a change ot color

which could be used as an indicator. The reliability of the natural
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Indicator was tested on several different plants. The results of the

experiment are given elsewhere in this paper.

ma
test plate method; 10-2

/
The solution was at first grayish opalescent. It gradually changed

during titration, assuming a yellowish color. Upon neutraliza-

tion the solution turned the color of the testa of the ripe Vicia

Faha seed. sodium 1

minutes

becomes dark brown.

The work on acidity included {a) tests on the region of greatest

acidity In the shoot, {b) tests on the right and left halves and back

and front halves of the unstimulated shoot, and {c) tests on the

upper and lower (concave and convex) halves of the geotropi-

cally stimulated shoots. The following table will give Illustrations

of the data obtained in experiments a and h. The first table gives

TABLE I

Vicia Faha shoots in 0.5 cm. lengths from tip downward

ISt 0.5 cm I.30CC.

2d 0.5 cm 1.25 cc.

3d 0.5 cm 1.07 cc.

4th 0.5 cm 0.84 cc.

perg
u

u

Wt
a

a K u

TABLE IT

Vicia Faha shoots; term. 4.5 cm. used

Right half

0.77
0.88
0.89
0.70

Av. 0.80

Left half

0.78

Front

0.71 0.91
0.88 0.84
0.89 0.98
0.67 0.77

0.87

Back

0.92
0.83
0.94
0.78

0.87

cm. lenerths from

timulated

longitudinally into right and left halves arid front and back halves

(figs. T and 2). The results as given in table I show decreased

acidity from the tip downward, which accords with the work of
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Kraus. Table II is given merely to show the probable error in

titration In the following acidity tests of the stimulated shooU.

Table III shows results of titration of the geotropically stimu-

lated shoots at varying intervals of time corresponding to the periods

of maximum acidity and to the period of equal acidity of the con-

cave and convex halves.

TABLE III

Vicia Faba shoots geotropically stimulated; terminal 4

NO. CC, PER CRAM FRESH WT.

5 CU. USED

Time stim. Concave half Convex half Diff iDMiiltir

7 minutes 0.942
0.622

0.623
0.900
1.07
1. 01

1

0.512
0.884
0.671

0715
0.469
0.683

I. 2X0

I. 19

1.02

0.515
0.782

0.589

0.237

0.15310 «
#^

Y ^ CC 0.000

300

13

0.01

0.03
0.102

0.072

30 «

60 "

2 hours

17 "

38 «

48 " —

From the tables it w-ill be noticed that the geotropically stimu-

lated shoot 'first increases in acidity in the upper (concave) half,

the observed maximum being 7 minutes. After the maximum the

acidity of the concave side rapidly diminishes, passing a period

of about equal acidity in 15 minutes. The convex side more slowly

approaches a maximum acidity, reaching it in 30 minutes. After

the maximum the two sides gradually become equal in acidity

until at the time of visible response, about two hours, they are

practically equal. This equaUty in acidity continues through the

period of curvature tiU the plant has passed the vertical, when the

concave side again becomes more acid (for these titrations only the

curved portion which had passed the vertical plane were used,

fig. 5.^). As the shoot straightens again, the acidity decrea^s

on the concave side. The accompanying graph (fig. 6) gives

average of several experiments for each time indicated.

Since this method measures the titration value but not tne -

ion content of the acid, the results are not
^^'^-^^^^^^^J^'X Idd

with the work of Fischer, whose conception,
^^^^^^

change, involves also changes in the amount of salts and e



486 BOTANICAL GAZETTE [DECEMBER

of the colloids, which have not been undertaken in this work.

So far as the results indicate, however, they show no difference

which would explain curvature on the basis of increased acidity,

since at the time visible curvature begins the two flanks are of

equal acidity.

In testing the natural indicator of the plant, the tissue was pre-

pared as described above for Vicia Faba; 25 cc. of the filtrate were

used in titration and several duplicate titrations made. Table IV

serves to show the accuracy of the titration and to give the color

reaction.

TABLE IV

Tissue used

Mucor (young) . .

Wax beans
Ripe apple
Lemon juice

Lemon rind ......
Orange juice

Orange rind

Etiolated seedlings

Corn
Sweet peas ....
Sunflower

Vicia Faba ....

No. cc n/io NaOH to
neut. 25 cc. sol.

O
o
I

o
2

o
o
o

13

36
61

80
26

12

29

46
40
23

0.13
0.36
1.65

14.75
0.23
2.18

0.30

0.46
0.41
0.23

o
o
I

T4

o
2

o

12

40
60

75
28

14

30

Color unneut. sol.

0.44
0.40
o. 20

0.71 0.72 0.70

Faintly greenish

Opalescent
Pale cider

Lemonade
Lemon rind

Dilute orange juice

Pale orange

Faintly yellow
Opalescent
Dull brownish yel-

low
Faintly grayish

Color neut. sol.

Color ripe spores

Pale canary yellow

Dark orange

Color lemon rind

Orange rind

Orange rind

Deep orange

Orange yellow

Canary yellow

Bright greenish yel-

low
Color ripe seed

Neutral red and phenolphthalein were used with the test plate

as checks in determining the accuracy of the indicator. The

neutral point is reached when a drop of the alkali fails to produce

a change of color in the solution. It is interesting to note that the

color produced in neutralization is usually the color of some part

of the seed or plant. In Vicia Faba this similarity is striking.

Solutions of the triturated coat are neutral. The chromogens

produced in all of the solutions neutralized were precipitated in

24-48 hours.

Only one sugar titration has been made. For this analysis

the etiolated seedUngs were grown in sand in the greenhouse at a

temperature of about 16'' C. When the seedlings were 6-8 cm.

minutes

terminal a. =: cm The gathering required
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half an hoar, so that the average stimulation was 45 minutes.

After weighing, the two halves (upper and lower) were placed

in 85 per cent alcohol heated to 70° C, and allowed to stand

for two weeks. The material was then cut up fine and extracted

48 hours in an extractor similar to the Soxlct extractor. The

extract together with the alcohol used in preserving the material

was evaporated to moist dryness over the steam bath and brought

to constant weight in vacuo. The dried material was dissolvi:d

in water, 10 cc. of concentrated hydrochloric acid and 20 cc. of

chloroform added, and the whole made up to 1000 cc. in volume.

The water-soluble portion was filtered from the chloroform-soluble

or lipoid fraction and the sugar determination made upon it directly.

The lipoid fraction was dissolved in alcohol, and made up to 500 cc.

in volume; 50 cc. of each fraction was used in the determination.

The fractions were hydrolized and the tannin precipitated before

testing for sugar. The method of hydrolysis used was that

described in Bulletin no. loy, p. 41, U.S. Dept. of Agric, Bur. of

Chem. The tannin was precipitated after hydrolysis by means

of lead acetate and sodium sulphate. The sugar was determined

by the cuprous oxide method as described in the above mentioned

bulletin (p. 242). The amount of cuprous oxide was determined

53)-

volumetric

The calculations were based

on the mg. of copper oxidized in the change from cuprous to

sugar

accompanying table (p. 243). Table V shows the results obtained.

TABLE V

Flank Fresh wt

Concave
Convex

231.635
242.275

Dry wt.

I I . 2994
I I . 8064

Amt. sugar

2.7763
1.9202

Percentage
fresh wt.

1. 198

0.792

Percentage
dry wt

24-50
16.26

These results differ from those of Kraus in point of time of

stimulation. He
decrease. The

experiment given shows an increase of 0.406 per cent of the fresn
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weight and 8 . 24 per cent of the dry weight on the concave side of

stimulated

The dry weight of the curved portion of the shoot (fig. 5, B)

times The material

was split into concave and convex halves, weighed, and dried to

constant weight in an electric oven at a temperature of 104° C.

The differences obtained, while slight, are significant in that they

vary in the same direction. Table VI explains itself.

TABLE VI
\.

Time
stim.

days

2-5

30
4-0

Fresh wt.
concave
grams

Fresh wt
convex
grams

22.0139
17.0296

54-1735

Dry wt.
concave
grams

26.6482
20.8236
62. 2810

I . 2480
.9202

2,8621

Dry wt.
convex
grams

Percentage
dry wt.
concave

1-4234
1.0746

3 1524

5-44
5-43

S.20

Percentage
dry wt.

convex

I

5-34
5. 16

S-o6

Diff.

0.09

0.17
o. 14

Summary

I. The acidity of the growing shoot is greatest at the tip and

decreases downward.

2 . The relative acidity of the two flanks of the geotropically

stimulated

more
maximum acidity comes
s now gradually become (

time

*de. The

IS

—c ...... ...^ ^^^^^^ wi vioiuic ^.uivature. This equality in acidity

maintained until the tip of the shoot has passed the vertical

becomes more As the

shoot straightens, the difference in acidity decreases.

3. The increase of acidity does not parallel the relative rate of

growth on the two flanks. .

examined
mogen

5. The percentage of dry weight is greatest on the concave side.

method
Koch

Umversity of Chicago
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STUDIES IN THE GENUS BIDENS. I

CONTRIBUTIONS TROM THE HULL BOTANICAL LABORATORY l8o

Earl E. Sherff

taxonomic

species of Bidens, the writer has found several species either

apparently undescribed heretofore or bearing names no longer

tenable. mamlv with some A
th

the several botanists who have kindly rendered assistance in this

time

Bidens Deamii, sp. nov.—Herb
dm. alta, canle nrofunde ramosor

monoce

licis. Folia opposita, petiolata, petiolo adjecto 1-2 cm, longa,

tri-(aut pinnati-)partita, subglabra; foliohs terminahbus trilobatis,

cuneatis; foliohs lateralibus integris aut dentatis; dentibus et

lobis submucronatis, integris. Petioli 3-8 mm. longi, submarginati,

hispido-cihati. Capitula terminaha, longe pedunculata, subcorym-

cmbosa, peduncuUs adscendentibus aut erectis, i . 5-2

Involucrum basi hispidum; squamis duplici serie dispositis;

exterioribus linearibus, subviridibus, ciHatis; interioribus paulo

longioribus, lanceolatis, margine diaphanis. Ligulae albae aut

subroseae, striatae, 8-12 mm. longae. Achaenia linearia, sulcata,

retrorsum

apicem fusca, interiora demum plus minusve attenuato-rostrata

cm

Mexico, January i, 1899 (typ Field

Mus.); Rose, Standley, and Russell 13405, in vicinity of San Bias, Sinaloa,

Mexico

A species approaching, in its sometimes slightly beaked achenes, the genus

• Cosmos, but otherwise showing stronger affinities with Bidens.

Bidens parvulifolia, sp. nov.—Herba caule adscendente aut

plus minusve repente, subsimplice, longo i . 5 dm. plusve, subpiloso

aut subglabro, tetragono. Folia opposita, petiolata, ovata, acuta

Botanical Gazette, vol. efil (49°
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aut subacuminata, serrata (aut summum jugum trifoliatum lobis

serratis), pubescentia, petiolo adjecto 1.5-2.50111. longa. Petioli

6-8 mm. longi, ciliati, pilosiusculi. Capitula tcrminalia, longe

peclunculata, 3 cm. lata. Involucrum basi hispidulum, squarais

duplici serie dispositis; exterioribus linearibus^ glabris; intcrioribus

longioribus, lanceolatis, margine diaphanis. Ligulae flavidae (in

specim. exsicc), striatae, i . 2 cm. longae. Achaenia matura

absentia, Ovaria biaristata, aristis retrorsum hamosis.

Ueyde and Lux 6163, Guatemala, 1894 (type in Herb. Univ. Chicago);

eidem 6162, Fraijanes, Depart. Amatitlan, Guatemala, alt. 900 m., September

1893.

Bidens ramosissima, sp. nov.—^Herba annua, pallida, ramosis-

sima, 3-5 dm. alta; ramis tenuibus, oppositis, sulcatis, subglabris

aut hispidis; ramulis monocephalicis. Folia petiolo adjecto

8-15 mm. longa, tri-(aut plnnati-)partita; foliolis integris aut

trilobatis, 1-7 mm
mm Capitula tcrmi-

1-2nalia, subcorymbosa, longe et tenuiter pedunculata, ligulata,

cm. lata. Involucrum basi hispidum, demum reflexum, squamis

duplici serie dispositis; exterioribus linearibus, ciliatis, apice plus

minusve dilatatis, mucronatis, 3 mm. longis; intcrioribus sub-

glabris, lanceolatis, margine diaphanis, 45 mm. longis. Ligulae

albae aut apice subviolaceae, obovatae, striatae, truncate apice

3-5 dentato dentibus obtusissimis, 6-8 mm. longae. Paleae

lineares, 4 mm. longae. Achaenia linearia, sulcata, biaristata,

margine et Hneis mediis scabrido-hispida, 8-10 mm. longa; aristis

retrorsum hamosis.

W. E. Saford 1391, near Guadalajara, Jalisco, Mexico, February 23,

1907 (type in U.S. Nat. Herb.).

A species suggestive of B. Deamii, but differing in the finally reflexed

involucres and the more slender, highly subdivided branches. It is one of the

several species of Bidens that approach too closely, in color of rays or beaked

achenes, the genus Cosmos. However, distinctly rostrate achenes are absent

in the type, and the involucre, furthermore, is that of a true Bidens. On label

said to have the common name "accitillo."

Bidens mexicana, sp. nov.—Herba caule scandente, ramoso,

tereti, striato, glabro. Folia opposita, petiolata, pinnati-(aut

bipinnati-)divisa; foHolis aut laciniis submembranaceis, serratis,
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glabris aut subciliatis; lateralibus petiolulatis aut subsessilibus,

lanceolatis aut ovato-lanceolatis, attenuatis, 2-6 cm. longis;

terminale plus minusve petiolulatOj lanceolato-attenuato, apice an-

guste acuminato, basi subcuneato, 4-6 cm. longa. Petioli 1.5-4

cm. longi, glabri, angusti, basi dilatati et connati. Capitula

plurima, corymbosa aut paniculato-corymbosaj pedicellata, 6-7

mm. alta, 5-7 mm. lata. Involucrum squamis duplici serie disposi-
t

tis; exterioribus linearibus, glabris, squarrosis aut reflexis, 3 mm.

longis; interioribus lanceolatis, striatis, margine diaphanis, glabris

aut apice minute pubescentibus, 4-5 mm. Ligulae flavae, striatae,
+

8~io mm. longae. Paleae lineare-lanceolatae, striatae, glabrae aut

apice subglabrae^ 5 mm. longae. Achaenia nigra, biaristata,

margine tuberculato-hispida, 7-9 mm. longa, aristis squarrosis aut

recurvis.

Dr. Edward Palmer 95, in or near Acapulco, Mexico, October 1894 to

March 1895 (type, with the flowering and the fruiting specimen on two separate

sheets, in Herb. Univ. Chicago).

An interesting species, allied to B, reptans (L.) G. Don and B. tereticaulis

DC, but apparently related even more closely to B, Urbanii Greenman.

Various specimens of this number elsewhere in the United States show a con-

siderable range of variation in leaf texture and outline; but the flowering type

specimen exhibits leaves strikingly close to those of B. Urbanii Greenman (see

B. disseda, below), of which this species may be the Mexican representative.

Bidens Brittonii, sp. nov.—Herba c^ule scandente, striate,

ramis oppositis, 2-4 m. alto. Folia petiolo adjecto 3-9 cm. longa,

pinnata; foliolis dentatis incisis aut pinnatisectis, supra pubes-

centibus, subtus tomentosis, 0.8-2 cm. longis; petiolis et mediis

nervis ciliatis. Capitula corymbosa, breviter pedunculata, ligulata.

Involucrum 4-6 mm. altum, 5-6 mm. latum, squamis inter se sub-

aequalibus, duplici serie disposi tis; exterioribus lineari-spatulatis,

ciliatis, nonnuUis pubescentibus; interioribus linearibus, apice

pubescentibus et angustioribus, margine diaphanis. Ligulae flavae,

anguste obovatae, non apice dentatae, i . 5 cm. longae. Paleae

lineares, apice pubescentes, 6-8 mm. longae. Achaenia linearia,

striata, biaristata, margine tuberculato-hispida.

C. Wright 314 pro park, eastern Cuba, 1856-1857 (type in Gray Herb.).

The achene characters are drawn from a fruiting specimen (also collectea

by Wright, 314) in the Columbia College Herbarium. This specimen, as also

c>
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the one at the Gray Herbarium, was mounted upon the same sheet with a

specimen of B. reptans (L.) G. Don. On the sheet was written, evidently

in Torrey's handwriting, "2 species!"; while just below, Gray had wrluen,

no, A. Gr." In his diagnosis of Wright's plants, Gray treated this form as

a variety of B. reptans with dissected leaves. But the fact that the leaves are

pubescent above and strongly tomentose beneath, as well as finely dissected,

makes it seem certain that two different species have been confused, and that

Torrey's assumption was correct. The species is here named in honor of

Dr. N. L. Brixton in grateful recognition of his assistance, upon this and

several related species, in supplying data from his widely extended field knowl-

edge of West Indian plants.

Bidens dissecta, comb. nov.

—

B. reptans (L.) G. Don, var.

dissectus O. E. Schulz, Urb. Symb. Antill. fii^2. 191 1.

A Jamaican plant similar to the Porto Rican B. Urhann Greenman, but

with more finely divided leaves; also to the Cuban B. Brittonii, but with the

more finely divided leaves not tomentose beneath. These three species, while

perhaps congeners at a remote period in the past, and certainly related to

B. reptans (L.) G. Don, are, in my opinion, clearly entitled to specific rank and

should be classed as separate species. They seem quite distinct from even the

most closely approaching forms of the highly variable B. reptans (L.) G. Don,

many specimens of which I have seen at the New York Botanical Garden,

through the courtesy of Dr. Brixton.

Bidens anthemoides, comb. nov.--Coreopsis anthemoides DC.

Prodr. 5:573. 1836.

Asa Gray (Proc. Amer. Acad. 19:15- 1884) carefully considered this

species, but retained it in Coreopsis, the taxonomic distinctions between which

and Bidens he admitted frequently in his writings to be highly artificial. But

since the days of- De Candolle and Gray, botanists have very correctly

inclined toward separating these two genera according to the sum total of I e

characters of each species. In the several transfers consequently made,

notnbly by Brixton (Bull. Torr. Bot. Club 20:280-281. 1893), this and the

nng species seem to have been overlooked. It is interesting to no e,

ver, that C. H. Schultz Biponxinus had given, pre%nous to Orav

vations, the names Bidens coreopsidioides (not B. eoreopsidis as m Uray,

it.) and Bidens Schafneri to specimens of this species sent to the t.ray

ho

Herbarium,

Bidens Schaffneri, comb. nov.-Coreopsis Schajneri A. Gr^h

Proc. Amer. Acad. 19:15. 1884.-A perennial species allied witn

B. angustissima H. B. K., B. procera Don. and even B. ludens Cxra>

.

Evidently placed in Coreopsis by Gr-W merely because of

'^'
l'^^^^^^^

smooth awns of the achenes. In general habit, also in the shape ot t e
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(which are tetragonal and lack wings), Gray*s type is a true Bidens, The asso-

ciate types collected by Parry and Palmer (488 and 488^, not ''448 and448|"

as erroneously printed in Gray's original citation), in the Gray Herbarium,

match very well Schaffner's no. 202, the type. The name here given for this

species should not be confused with the same name given years ago by Schultz

BiPONTiNUS to B, anthemoides on a herbarium label, but never published by

him.

BiDENS TENUissiMA Greene, Leafi. Bot. Crit. 1:200. 1906.—

This specieSj termed Bidens tenerrima on the labels of the type col-

lection, was originally described by Greene as ^^a gigantic ally of

B. connata but with almost minute heads. - And indeed, when the

specimens are compared with the true, ternate-leaved B. connata

,
the difference in the heads is striking. "" On carefully com-Muhl

forms

G.) Britton, I am unable to find any specific difference. Greene's

type, also the severa excellent cotypes in various United States

mer
discoidea (T. & G.) Britton.

DAIILIOIDES Wat 1 891.
7 _^.— ^ «

At times bearing only erostrate achenes and in this respect simulat-

ing Bidens, to which genus it had already been referred under

different names by earher writers. But from the involucre, the

ligules, and the frequently occurring rostrate achenes, it is seen to

be a true species of Cosmos, As such it was described long before

name Cosmos diversifoliu

Watson m
take.

(J. B. Ker) G. Don.

—

Coreopsis incisa J

3:360. 1839; Bidens reptans (L.) G. Don, var. tomentosus 0. E.

Schulz, Urb. Symb. Antlll. 7^:141. 1911.

Ker very justly separated this species from the smooth-stemmed B.

reptans (L.) G. Don. He laid too much stress, however, upon the "indented

-^j- wi ciik. laLLci spucicb, Liiiij ciiaracLer varying loo luuLii lu uu ^^^ ^

—

value. The recently described B. reptans tomentosa O. E, S., based on Geo. K.

Nichols' no. 137, is merely a slightly smaller-leaved form of B, incisa (L.)

G. Don, the terminal leaflets being less than "about two inches long."^ A

study of several other collectors' specimens, notably at the New York Botanical

Garden, some of which Dr. Brixton had already labeled Bidens incisa, showed
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that the terminal leaflet varies in length from about 5 cm. to less than 3 cm.

Some of the specimens examined were as follows: /. H, Earl (without date);

Geo, E. Nichols 137, particularly the specimen in the Mo. Bot. Card. Kerb.;

E. G. Bf'iUon, N.Y. Bot. Gard. Explor. Jam. 3867; iV. L. Britton, same series 73,

Bidens coronata (L.) Britton, auctor'emend.

—

B. coronala (L.)

Fischer^ Britton in Bull. Torr. Bot. Club 20:281. 1893.

Brixton, at the time of transferring several American species from Core-

opsis to Bidens, assumed that this species had already been transferred by

Fischer. In fact, as his citation proves, he rested his assumption entirely

upon Steudel. But a careful examination of Steudel (Nomencl. Bot. ed. 2.

1840), with proper regard for his use of italics for synonyms, shows that

Fischer's plant was Qoreopsts coronata Hooker (a true Coreopsis) and not

Coreopsis coronata L.V Steudel even emphasized this fact with the words 7icc

alior after C. coronata Hooker, to which he referred Bidens coronata Fischer.

Thus the Linnean species was left in Coreopsis untH Brittox's treatment of

it as a species of Bidens. That the name may be given a definite and tech-

nically correct status, it is here set forth as Bidens coronata (L.) Bntton.

University of Chicago



SOME ALASKAN LICHENS
R. Heber Howe, Jr.

(with two figures)

During the summer of 191 1, the late Fred. B. McKechnie,
who accompanied Mr. A. C. Bent on the U.S. National Museum
Expedition to Alaska, collected lichens for me in various localities,

mostly on the coast of Alaska. The crustose species I sent to Dr.

H. E. Hasse of Santa Monica, Cal., for determination, and the

species of Cladonia and Stereocaulon were kindly named by Dr.

L. W. Riddle of Wellesley, Mass. I have arranged the species in

Miss

Merrill

of.

my

the recent papers on boreal northwest species.

Sphaerophoriaceae

1. Sphaerophorus (coralloides) globiferus (L.) DC—
Ketchikan, May 27, 191 1; Little Kiska Is., June 19, 191 1, "1000-

1500 ft."; Unalaska Is., Chernofski, June 10, 191 1.

Lecidiaceae

2. Baeomyces (aeruginosus) ericetorum (L.) Wain
Ketchikan, May 27, 191 1, "rotten stump."

Cladoniaceae

3. Cladonia rangiferina (L.) Web.—Little Kiska, June 19,

1911, tundra, 1000-1500 ft.; Atka, June 27, 1911, grass, 1500 ft.

4. Cladonl\ sylvatica (L.) Hoffm.—Little Kiska, June 19-

191 1, timdra 1000-1500 ft.; Atka, June 27, 191 1, grass, 1500 ft.

5. Cladonia uncialis (L.) Web.—Amaknak Is., June 6, 191 1,

moss, 1200 ft.; Nome, July 14, 191 1.

6. Cladonl\ coccifera (L.) Willd.—Nome, July 13, 191 1'

meadows.

'Bull. Torr. Bot. Club 38:287-293. 191 2.

'Bryologist 11:105-111. 1908.

Botanical
[496
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Cladonia cornuta (L.) Schaer.—Atka, June 27, 191 1,

00

8. Cladonia decorticata (Flk.) Spreng,—Atka, June 27,

1911, 1500 ft.

ME

J
10. Stereocaulon paschale (L.) Ach.—Atka Is., J

191 1, tundra, looo ft.

Lecanoriaceae

J

11. Lecanora occulata (Dicks.) Ach.—Little Kiska, June 19,

i; Atka, June 26, 191 1.

12. Lecanora saxatilis (L.j Schaer (L. muralis).—St. Paul

June 191 1 ; three specimens.

13. Lecanora castanea (Hepp.) Th. Fr.—Amaknak Is.,

ITILAGINEA Ach.—^St. Paul Is., Jun

geminipara Th. Fr.—Nome, Jul>'

UPSALIENSIS Nyl.—Nome, July 4,

J
10, 191 1.

Peltigeriaceae

18. Peltigera canina (L.) Hoffm.—Amaknak Is., Little

Kiska Is., June 19, 1911, "tundra, 1000-1500 ft."; June 6, 1911,

1000 ft., ''growing on ground just above and below snow line";

Akun Is., June 4, 191 1, ''dead logs"; Atka Is., June 13, 1911,

'tundra"; four specimens, three of which represent the variety

spongiosa Tuck.

19- Nephroma J
20. Lobaria (Sticta) oregana (Tuck.), comb, nov.—Ketchi-

tan, May 26, 27, 191 1, "thick fir growth."

Umbilicariaceae

21. Gyrophora (Umbilicaria) arctica Ach.^Atka Is., June

27j 1911, ''rocks, 1000 ft., snow near by"; two specimens.

Parmeliaceae
22. Parhelia saxatilis Ach.—Unalaska Is., Chernofski,

June 9, 1911^ "on rocks along the beach," two specimens; St.

I'aul Is., July 6, 1911, "rocks near beach," one specimen
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23. Parhelia saxatilis Ach. var. sulcata (Tayl.) Nyl.

Akun Is., June 4, "191 1, "on logs."

24. ; var. OMPHALODES (L.) Fr.—Atka Is., June 27,

1911, "2000 ft. on rocks"; St. Paul Is., July 7, 1911.

25- '; var. FURFURACEA Schaer.—St. Paul Is., July 6,

191 1, "on rocks." All these specimens show the dicroic reddish

margins mentioned by Macoux and Miss Cummings.

26. Xanthorina (Teloschistes) lychnea (Ach.) Th. Fr.

The material represents according to Dr. Hasse the variety lacinosa

Schaer, but like material was referred to the variety pygmaea (Fr.)

Th. Fr. by Miss Cummings, St. Paul Is., July 6, 191 1, "on rocks."

0^

^

>L

^aW"""""*

-^P

Fig. I.—The Be]lardi-t>pe of Lichen cuctdata preserved at Turin

USNEACEAE

27. Alectonia ochroleuca var. cincinnata (Fr.) Nyl.

Chernofski, Tune ii, igii, ^^200 J?

28. Coelocaulon (Alectoria) divergens (Ach.) Howe

J

^a Is., June 19, 191 1, ^Hundra, 1000-1500 ft

ATYSMA (Cetraria) lacunosum (Ach.) N\

??

Ketchikan 27, 1911
a

Atka Is.,

on fir limb twigs";

June 19, 191 1,
" 1000-1500 ft., tundra." These

specimens represent the true lacunosum of Acharius (typ

"America boreali"). Mr. Merrill renamed the typ" form
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made the forma cavernosa (M

C'rugoso-reticulato celluloso albo subvirescente " Ach.) when he

(Bryol. 13:26. 1910)

(reticulate-lacunose-cellulose "—"whitish-cinereous" Merr.). The
less lacunose virescent examples with perforate apothecia, common
in the eastern states, were named by Tuckerman as the variety

m
i

^

-«l

: m

\

^
¥

'^

Fig. 2. Londo

atlantica (Tuck.) Nyl view the true t>T)e, a well

marked variety, which has been lost sight of lately. Platysma

glaucum (L.) Nyl. is never laeunose-retkulate above, alu^ays nilidous

mow, and the margins are always crisped.

30- Platysma (Cetraria) glaucum var, stenophyllum

comb •Ketchikan J
1911 The margins of
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this variety are always dissected, never entire as in var. stenophyllum

of the preceding species.

31. Cetraria cucullata (Bell.) Ach.—Amaknak Is., June 6,

1911.

32. Cetraria NIVALIS (L.) Ach.—Amaknak Is., June 6, 1911.

The plate of the types of the above two species it is thought of

value to publish. Dr. Wainio

herbarium kindness

J
to photograph it, as also the Bellardi type preserved at Turin in

((

lADREPORIFORMIS (Wolf

1000-1500 ft., tundra."

,
Mattirolo.

iittle Kiska

34. Ramalina subfarinacea Nyl. {R. angustissima [Anzi.]

Wain., a nomen nudum),

beach," Atka Is., Tune

—St. Paul Is., June 6, 191 1, "rocks near

13, 1911, "tundra." These specimens

represent evidently the same material mentioned under Ramalina

cuspidata Nyl. (KOH— ) and Ramalina javanica Nyl. by Mr.

Merrill (Bryol. 11:51. 1908). The plants are referable to

Ramalina calicaris (L.) Fr. emend. {R. scopulorum [Retz.] Ach.)^

except for their subterete lacinia, and more or less multifid,

sorediate tips (KOH+). The ;

Ramalina intermedia Nyl. (KOH
Thoreau Museum of Natural History

Concord, Mass.

exam

^ See Bryol. 16: Nov. 1913.



BRIEFER ARTICLES

INCLUDED CYTOPLASM IN FERTILIZATION

In the recent review^ of Nemec's paper on the fertilization of Gagea

lutea,' the following statements occur: "Another apparently unusual

feature is the inclusion of cytoplasm between the fusing nuclei. . . .
.

This is the second record of such a cytoplasmic inclusion, the first having

been made by Brown^ in his study of Peperomia."

Since this is a rarely recorded phenomenon, I may be permitted to

call attention to some earlier references to the inclusion of cytoplasm

between the sexual nuclei in plants at the time of fusion. In a paper

published in 1901,4 the following sentence occurs (p. 45°) •
.''^'^^'^^" '

the cytoplasm caught between the two nuclei collects in/P^^"'"7^''!';

between these spheres of cytoplasm the membranes of the ^^^'''^

into close contact (fig. 52)." This sentence is likewise repeated on p.
no

of a later publication.-^ I would also call attention to figs. ShSJj

54 of the earlier paper, and figs. 2.4-^^7 of the l^^er paper, ^^^c^^^^

redrawn from the same preparations as the figures published earlier.

Brown firsrfigured and described the inclusion off^P
^^^^^^^^

the fusion nuclei in rgoS.^ If other students of plants have mentione

this subject, I am not aware of it.
^^.^j .^j^ment,

In the papers published in 1901 and 1904, \"'*.''' "
j^^ ^j cytoplasm

other than the sentence quoted above, on the mc
^ ^^^^^^^.^^^ ^.^ich

between the sexual nuclei, because this is one of many ^ ^^^ ^^jj

have convinced me that nucleus and cytoplasm coopera
^^^

^^^^

^Chamberlain, Charles J.,
Fertilization in Gasea. Bot.

^J^^J^^^^^^,
. ... ,r. ._ ..-„ x,„f....i.f„n^ bei Gcnea. Bull. Internat. .^w

;me

rytoohssi m1912: 1-17. fjgs. ig.

3 Brow., W. H., The exchange of material between^.^^-.

Peperomia sintenisii. Box. Gaz. 49:189-194- P- '3- v
^^ fertilization w

. F.KGUSON, MAROAREX C. The ^evd^P^";/',
^'r.

^'

Pinus Slrohus. Ann. Botany is:435-479-
^'^- ^^•'-

j
g.^..^^. p^-. i-'4-

s , Life history of Pinus. iroc. v>^

Rot r "- 4*'
'^°-'-

•
f the embn-o sac of Peperom.n-

Box.

« Brown, W. H., The nature of the emDrj

445-458. 1908. r«n.«nic*l Gaxette, VOL 5«
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divisions, whether in somatic or in reproductive cells. In the descrip-

tion of the division of the generative cell in PinuSj'^ this sentence appears

(p. 209): "That the spindle-fibers which originate in the cytoplasm and

apparently grow by a differentiation of its network are later fed by the

linin of the achromatic nuclear reticulum there seems little room for

doubt. In fact, all the phenomena connected with this division indicate

that we are dealing, not with persistent cell-constituents, but with differ-

ent manifestations of one and the same thing." With variations in

method of expression, this idea is promulgated again and again in the

three papers on Pinus to which reference has already been made.

It is interesting to find such convincing evidence of the transforma-

tion of cytoplasm to nucleoplasm, or at least, of its disappearance in the

nucleoplasm, as that given by Brown. The close student of the phe-

nomena of fecundation and of nuclear division finds, also, many evi-

dences, less clearly demonstrable but equally convincing, of the intimate

relation between these two portions of the protoplasm.

There can be no doubt that threads from the cytoplasm unite with

portions of the nuclear reticulum to form the spindle-fibers in the division

of the generative cell in Pinus; and it is equally evident, at the time of

fertilization, not only that the "included cytoplasm" disappears in the

area occupied by the conjugating nuclei, but that a large part of the

reticulum of the egg nucleus disappears in the general cytoplasm. These

and similar unpublished observ^ations on other plants convince me that

certain portions, at least, of cytoplasm and nucleus are interchangeable.

Margaret C. Ferguson, Wellesley College,

?

HENRY WILLEY

(with portrait)

The work of Henry Willey in lichenology entitles him to a more

definite introduction among botanists than he has received. He was

born in Geneseo, N.Y., July 10, 1824, and died in South Weymouth

Mass., March 15, 1907. During his active life he was the editor of a

newspaper in New Bedford Mass., resigning that position in 1900.

As a student of lichens, he probably ranked second only to Tuckerman,

whose pupil he was, and whose last work he edited. His various contri-

butions to the literature of lichens appeared during the period from 1867

7 Ferguson, Margaret C, The development of the pollen tube and the division

of the generative nucleus in certain species of pines. Ann. Botany i5:i93"223- P^^'

12-14, 1901.
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to 1892, and then he disappeared from botanical literature during the

last fifteen years of his life.

As a man, he was very eccentric, being exceedingly diffident and

having only the one great interest. For the most part he lived alone in

complete seclusion, with his library and herbarium as his only companions*

The herbarium was purchased for the

National Herbarium after his death,

so that the permanent record of his

work has been made available for

all subsequent students of lichens.

Although a recluse socially, he was
very generous in his work for others,

determining cheerfully hundreds of

specimens of lichens that were sent

to him, but brusquely resenting any
apparent effort to impose upon him.

The inner flavor of the man may
be obtained by the following tribute

he paid to Tuckerman :

And here I would pay a last tribute

to the memory of one to whom, for the

unbounded Hberality of the information

imparted from 1862 to the time of his

death, and for his patience under my y
^^

sometimes too great demands upon him, XV/^y ^,
am under such great obligations.

i/Uocu^
J^DWARD Tuckerman was surpassed by
none of the botanists of his day in his disinterested love of truth, in the

patience with which he sought to unravel the difficulties of the most difficult

of all plants, and in the philosophic spirit with which he labored to trace affini-

ties and to bring them into natural connection.

A very interesting account of Henry Willey, from which the above

information was obtained, was published in the New Bedford Standard

of July 20, 19 13, prepared by R. Heber Howe, Jr.—J. M. C.
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NOTES FOR STUDENTS
Metabolism of fungi.—Among recent papers on the metabolism of fungi

two on protein synthesis are of special interest. The first by Ehrlich' relates

to the utilization of the nitrogen of amino acids when substances other than

sugar form the source of energy. In his former work Ehrlich showed that in

the presence of sugar the a-amido acids are transformed by yeast into carbon

dioxide, ammonia^ and alcohols with one carbon atom fewer than the corre-

sponding amino acids, the ammonia being used in protein synthesis, while the

carbon residue is excreted as a waste product. In the present paper he reports

the results of an investigation of the action of yeasts on an amino acid, tyrosin,

when simpler compounds such as alcohol, glycerine, lactic acid, etc., are supplied

as sources of carbon. He finds that the decomposition of the amino acid

proceeds in the same manner regardless of the source of carbon, and that even

with these less favorable sources of energy the nitrogenous radical only of the

amino acid is utilized by the organism. In cultures containing cane sugar,

glycerine, or alcohol in addition to tyrosin, small quantities of esters and volatile

fatty acids were formed. Oidhim lactis was found to behave in an analogous

manner. Ehrlich and Jacobso^ had shown that in the presence of sugar this

fungus produces from amino acids the corresponding oxyacids. Its behavior

in this respect was not changed when glycerine, lactic acid, or alcohol were used

instead of sugar. With each of these substances tyrosin yielded paraoxy-

phenyl lactic acid, only the nitrogenous portion of the molecule being utilized

by the fungus,

PuRiEWiTSCH^ approached the problem of protein synthesis from another

point of view, by determining the energy required, as measured by the carbon

dioxide output per unit of dry weight of fungus, for the assimilation of different

nitrogenous compounds by Aspergillus niger. Of the large number of nitro-

genous compounds tested with sugar, low ratios of carbon dioxide to dry

weight were obtained with methyl urea, the amino acids, potassium sulpho-

cyanate, acetamide methyl amine, and urea, while such compounds as guanidm,

ethylamine, potas/um nitrate, peptone, protein, and phenyl urea gave higher

ratios, showing that more energy is required for their assimilation. Fewer

nitrogenous compounds were tried in connection with succinic acid, malic acid,

^ Ehrlich, F., t'ber die Bildung des Plasmaeiweisses bei Hefen und Schimmel-

pilzen. Biochem. Zeitschr. 36:477-497, 1911,

^ PuRiEwiTSCH, K., Untersuchungen liber die Eiwelsssynthese bei niederen

Pflanzen. Biochem. Zeitschr. 38:1-13, 1912.
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or tartaric acid in place of sugar. The ratios for these acids were higher than

those obtained with sugar, and they increased for the different acids in the order

in which the acids are named. The general arrangement of the nitrogenous

compounds in the. order of their assimilability was essentially the same for

these acids as for sugar.

As a result of his experiments, Puriewitsch favors the view of Czapek,

according to which the a-amino acids serve directly as materials for protein

synthesis. He has overlooked, however, much of the recent work of Eiielich

and others who have shown conclusively, for yeasts and Oidium ladis at least,

that it is only the amido group in the form of ammonia that is used for protein

synthesis, while the rest of the molecule is entirely rejected. The author,

therefore, is in error when he states that there is no evidence that the ammonia

split ofT from organic compounds serves as a source of material for protein

synthesis.

A further contribution to the subject of nitrogen metabolism of fungi has

been made by Ehrlich and Pistschimuka,^ in their study of the fermentation

of the primary amines. They find that with yeasts, especially Willia anotnda

and wild yeasts, and Oidium ladis, these substances undergo a fermentation,

resulting, like the analogous fermentation of amino acids, in the production of

the higher alcohols. The process results in a substitution of the amido group

by the hydroxy group according to the following general reaction:

R • CH. • NH.±i|—> R-CH.OH
^

By this process tyrosol w^as obtained from p-ox)-phenylethylamine and fusJI oil

from isoamylamine. As in the case of the amino acids, only the nitrogenous

part of the molecule is utilized by the organisms, the rest of the molecule being

transformed into the corresponding alcohol.

The easy fermentation of amines to the corresponding alcohols raises the

question whether the transformation of amino acids to alcohols does not take

place with the intermediate formation of amines rather as Neubauer and

FR0MIIERZ4 believe, than with the intermediate formation of keto-acids.

In continuation of his studies on nitrogen metabolism, Ehrlichs reports a

further example of the fermentation of an amino acid with the production of the

correspo;iding alcohol. He obtained tryptophol (^-indolylethyl alcohol) by

the action of yeast on trytophan (^-indolyl alanin). The chemical properties

of the new compound are described in detail.

The influence of nutrition on the secretion of enzymes by fungi, a problem

concerning which different investigators have arrived at different conclusions,

^E^^H, F., und PiSTSCHiMUKA, P., tiberfiihrung von Aminen in Alkohole

durcli Hefe- und Schimmelpilze. Ber. Deutsch. Chcm. Gesells. 45: 1006-1012. 1912.

"Rev. BoT. Gaz. 54:343- 1912- ^.. , ,

,

^ Ehrlich, F., IJber Tryptophol (i3-indolylethyl Alcohol) ein neues Garprodukt

der Hefe aus Aminosiiuren. Ber. Deutsch. Chem. GeseUs. 45:883-889- ^9^^-
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has been investigated by Grezes^ with respect to the production of invertase

and other enzymes by Aspergillus niger; and by Knudson with respect to the

production of tannase by Aspergillus niger, Penicillium rugulosum, and an

unknown species of Penicillium.

Grezes finds that Aspergillus niger , even when grown on Raulin's solution

containing no sugar and with succinic acid as the sole source of carbon^ produces

invertascj diastase, maltase, inulase, and emulsin. A quantitative study of the

production of invertase by the fungus on media containing, on the one hand

cane sugar and on the other succinic acid, a substance not related to the

carbohydrate group, showed that the production of the enzyme is greatly

influenced by the mode of nutrition. Only small quantities of invertase are

produced by cultures on succinic acid^ yet its production is not entirely sup-

pressed, even after 60 spore-generations on succinic acid, and nearly normal

production immediately takes place if the fungus is transferred to sugar solu-

tions. The author concludes that the power of invertase production is an

inseparable characteristic of the fungus.

Knudson^ finds that tannase is not produced by Aspergillus niger nor by

the species of Penicillium which he studied if there is no tannic acid or its

decomposition product, gallic acid, in the solution. If either of these sub-

stances is present there is a progressive increase in the production of tannase

with increase of concentration of the acids. With a constant concentration of

tannic acid the production of the enzyme is depressed with increasing concen-

tration of sugar. Mycelia grown on various organic compounds other than

gallic acid contain no tannase. Gallic acid stimulates the production of

tannase even in solutions containing 10 per cent of cane sugar.

A number of papers deal with the hydrolysis by fungi of glucosides, tannin,

and other less complex compounds, Uhlenhaut® studied the hydrolysis of

amygdalin by the action of fungi, but, aside from extending somewhat the list

of fungi capable of splitting amygdalin, his paper adds nothing essential to

that which is already known concerning the process. The 14 species which he

investigated differed considerably, as judged by purely qualitative tests, in

their capacity for hydrolyzing the glucoside. The muco'rs were in general found

to be more active in this respect than the higher fungi. The growth of the

mucors on amygdalin solutions was usually soon inhibited, owing to the

accumulation of benzene cyanhydrin, to which the author ascribes the hydro-

cyanic acid odor developed in the cultures. If, however, other fungi capable

of utilizing the excess of cyanhydrin are grown in cultures together with mucors,

* Grezes, G., Recherches sur la sucrase de VAspergillus niger. Ann. Inst.

Pasteur 26:556-573. 1912.

7 Knudson, L., Tannic acid fermentation. II. Effect of nutrition on the produc-

tion of the enzyme tannase. Jour. Biol. Chem. 14: 185-202. 1913.

« Uhlenhaut, H., Uber die Spaltung des Amygdalins durch Schimmelpilze.

Ann. Mycol. 9:567-621. xgii.
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the mucors flourish better than in pure cultures. With other sources of carbon

present amygdalin is more or less protected from the action of fungi. The

influence of other factors, such as light, metal salts, and osmotic pressure on the

hydrolysis of amygdalin by fungi is also considered. Quantitative data are

entirely absent from the paper.

In a short paper Herissey and Lebas' report that aucubine, the glucosidc

of Aucuba Japonica, is hydrolyzed by Aspergillus nigcr in acid solution and

more slowly in neutral solution. Fuller details as to the mode of hydrolysis

are lacking.

Knudson'o reports the results of a series of investigations on the hydrolysis

of tannic acid by fungi. He finds that the substance is generally toxic in

concentrations of 5-5 per cent. Of 23 species of fungi, representing mucors,

ascomycetes, and basidiomycetes, only 3, Aspergillus niger, A. flams, and a

species of Penicillium, made good growth, on a 10 per cent solution. A spergillus

niger was originally described from material growing on tannic acid solution by

Van Tieghem, who first observed that this organism and a species of Peni-

cillium ("P. glaucum") brought about the hydrolysis of tannin with the

formation of gallic acid. Knudson studied the action of Aspergillus niger and

a species of Penicillium probably different from that of Van Tieghem, and

finds that the A spergillus is the more active in bringing about the hydrolysis of

tannic acid. A part of the gallic acid formed is consumed by the fungi. The

extent to which the acid is consumed depends on the presence of other more

favorable food substances. In a synthetic culture solution containing tannic

acid the gallic a'cid is consumed to a greater extent than in gall-nut infusions

which contain other food substances. In a 10 per cent sugar solution the gallic

acid is left intact. The hydrolysis takes place also under anaerobic conditions,

and under both aerobic and anaerobic conditions a part of the enzyme ditluses

into the culture medium.
Statements by Pringsheim and ZempleN that certain fungi (Rhizopus

tonkinensis, Mucor javanicus, Penicillium purpurogenum, P. ajricanum, and P.

brevicaule) not possessing invertase are capable of utUizing cane sugar have led

RiTTER to reinvestigate the behavior of a number of fungi in relation to their

capacity for utilizing that sugar. His results are in accord with the general

proposition that in fungi, as well as in higher plants and in animals, cane sugar

is not capable of direct assimilation, but can be utflized only by those organisms

producing invertase. Among the fungi which Ritter" tested, Mucor spmosus,

M. javanicus, Thammidium elegans, Rhizopus nigricans, and R. tonkinensis

» HtRissEY, H., at Lebas, C, Utilization de I'aucubine par VAspergillus niger v.

Tgh. Compt. Rend. See. Biol. Paris 70:846-848. 19"-
.

KxuDSON, L., Tannic acid fermentation I. Jour. Biol. Chem. 24:159-184.

1913.

tx

*J ^^' J^*! ^ UUl. \XCLZ

Biochem.Zeitschr. 42:1-6. 1912.

Verhaltni



5o8 BOTANICAL GAZETTE [December

made practically no growth on nutrient solutions containing cane sugar with
potassium nitrate or ammonium tartrate as sources of nitrogen. Penicillium
purpurogenum, which grew well on cane sugar, was found to contain invertase,

contrary to the statement of Pringsheim and Zemplen.
Jegoroff," studying the assimilability of phytin by mold fungi {Asper-

gillus niger and Penicillium sp.), confirms the results of Dox, according to

which that substance is hydrolyzed by the action of molds, the phosphorous
radicle being utilized as a source of phosphorus by the fungi. Sterilization of

nutrient solutions containing phytin does not in itself cause hydrolysis of the

substance. In cultures containing peptone and cane sugar inorganic phos-

phorus (potassium dihydrogen phosphate) gave a better yield than phytin, but

in cultures containing only cane sugar or only glycerine as sources of carbon,

phytin gave better yields than inorganic phosphorus. Peptone gave low yields

with both phytin and potassium dihydrogen phosphate, the culture showing

little difference in favor of either.

The work of a number of investigators has shown that urea, uric acid,

hippuric acid, and glycocoU serve not only as sources of carbon and nitrogen for

fungi, but also as sources of nitrogen for green plants. The availability of these

compounds as nutrients for fungi has been further investigated by Kossowicz^^

with reference to the following fungi: Botrytis Bassiana, PeniciUium cnistaceuntj

P. brevicaule, Mucor Boldin, Cladosporium herhariim^ PhytophtJwra infeslanSj

Aspergillus glaucus, A. niger, Isaria farinosa, and a species of Fusisporium.

He finds that in cultures with cane sugar all the fungi made good growth in

solutions containing urea or uric acid; Cladosporium herbarum failed to grow

on solutions containing glycocoU; and Penicillium crustaceum, P. hrevicaule^

Aspergillus glaucus, and Cladosporium herbarum failed to grow on hippuric acid.

In later experiments, however, in which dextrose or mannite were substituted

for cane sugar, and the culture solution was somewhat modified as to its

inorganic constituents, these four species also were able to utilize all of the

compounds in question. The cause of this peculiar difference of behavior is

not discussed. Some of these compounds served as sources of both carbon and

nitrogen for certain of the fungi. Uric acid served thus for Aspergillus glauciis,

Isaria farinosa, Penicillium glaucum, Mucor Boidin, Phytophthora injeslans,

and Botrytis Bassiana; hippuric acid for P, glaucum, A. niger, A. glaucuSj L
farinosa, B. Bassiana, Ph. infestans

»j ^ - - - -

ifestans, A. niger, A. daucus. and M
farinosay Ph.

12
t)b

und Penicillium 'criistaceum) zum Phytin, Zeitschr. Physiol. Chem. 82:231-242

1912.

^^ Kossowicz, A., Die Zersetzung von Harnstoff, Hamsaure, Hippursaure, und

GlykokoU durch Schimmelpilzc. Zeitschr. Garungsphysiol. 1:60-62. 1912; also

2:51-54. 1912.
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/

In connection with these experiments KossoTOCz^4 has examined the action
of the extracts of six of the species of fungi on uric acid and on hippuric acid.

He confirms the results of earlier investigators who have shown that the

fermentation of hippuric acid is an enzymatic process, and shows also that the

decomposition of uric acid by fungi is a process of" similar nature. Extracts of

Aspergillus niger, Mucor Boidbi, Phytophthora infestans, Isaria farinosa, and
Botrytis Bassiana were found to ferment both acids, while extracts of Clado-

sporium herbarum acted only on uric acid.

The acceptance of the liberation of ammonia as a criterion of the fermenta-
tion of hippuric acid has been criticized by Dox and Neidig/s who find as a
result of quantitative determinations of the glycocoll produced in the process

that ammonia is formed only in small quantities as a result of secondary

decomposition of glycocoll.

The mode of absorption and utilization of fats by fungi has been investi-

gated by Spieckermann.'^ By means of cultures on infusorial earth, from
which the residual acids could be extracted, he was able to show that the

higher fatty acids in the form of their salts (soaps, especially the calcium and
the ammonium soaps whose decomposition does not result in the accumulation
of strong alkali in the cultures) are utilized to a large extent. The somewhat
contrary results of Schmidt are to be ascribed to his use of alkali soaps whose

decomposition caused too great a degree of alkalinity of the culture medium.
In cultures on agar plates in which sodium nitrate was present and in which the

free fatty acids were distributed in a finely divided state throughout the agar,

a broad clear zone, indicating the formation of soap by the action of the alkali

set free by the utilization of the nitrate group, appeared around the colonies.

When ammonium sulphate was used instead of sodium nitrate a narrower zone

appeared about the colonies, showing that even in the acid medium an extra-

cellular solution of the fatty acids takes place, although the process here is not

as readily explained as in the first case. Similar phenomena observed with

reference to fats show that they also undergo extracellular solution before being

absorbed by living cells. From these observations the author concludes that

fats are taken into the cell in the form of soaps or as free fatty acids.

As a result of an examination of a large number of yeasts and other budding
fungi, as well as a number of filamentous forms found in connection with

the industries dependent on fermentation, Lindner and Cziser^^ find that the

'^Kossowicz, A., Die enzymatische Natur der Harnsaure- und Hippursaure-
oarung. Zcitschr. Garungsphysiol. 1:121-123, 1912; also 1:317-319- 1912-

I^Dox, A. W., and Neidig, R. E., Enzymatische Spaltung von Hippursaure
aurch Schimmelpilze. Zeitschr. Physiol. Chem. 85:68-71. 1913-

'** Spieckermann, a., Die Zersetzung der Fette durch hohere Pilze. I. Der
Abbau des Glycerins und die Aufnahme der Fette in die Pilzzelle. Zeitschr. Unters.

^ahrungs- und GenussmitteL 23:305-331. pis. j. 1912.

'7 Lindner, P., und Cziser, S., Der Alkohol, ein mehr oder vveniger ausgezeich-

^eter Nahrstoff fur verschiedene Pilze. Wochenschr. Brauerei 29:1-6. 1912-

»
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ability to assimilate alcohol, although varying with different races, is almost

universal among these organisms. The loss thus sustained in the process of

fermentation they suggest should be taken into consideration in devising

methods of operation.

Similarly, in a short note Will and Heuss'^ show that, as is well known
for other fungi, various budding forms, including species of Mycodenna, Torula^

Williaj and Pichia, consume ethyl acetate, apparently utilizing both the acid

and the alcohol radicle in their metabolism.

The study of the production of toxic substances by fungi growing on food

products destined for human consumption has recently attracted much atten-

tion, especially in Italy in connection with the investigation of pellagra. From

this point of view Alsberg and Black^* have investigated substances elaborated

by two species of molds; the one, Penicillium puherulum Bainier, isolated from

spoiled maize in Nebraska, and the other, P. stolonijerum from similar material

from Italy, From the culture medium (Raulin's solution) in which P.

piiberuhim was grown, the authors isolated a substance to which the name

penicillic acid, with the formula C8H10O4, was given. The substance, which

behaves like a monobasic acid, is fatal to animals when injected subcutaneously

in doses of o. 2-0.3 grams per kilogram of body weight. It is formed more

abundantly when the air supply of the fungus is limited than with full aeration.

An acid medium also favors its production.

Penicillium stoloniferum elaborates a non-toxic substance to which the

name mycophenolic acid is given. Its empirical formula is C17H20O6. It

behaves like a dibasic acid and resembles the lichen acids in many ways.

With ferric chloride this substance gives the violet color of Gosio's phenol

reaction, which in Italy is regarded as a reliable test for the detection of deteri-

oration in maize, but which the authors were unable to obtain in its charac-

teristic form from samples of spoiled American maize.

In conclusion, the authors point out the desirability of utilizing biochemical

behavior as an aid in the separation of species of molds which are not easily

distinguished by morphological characteristics.

Owing to the ability of some molds to complete their development with

traces of certain universal elements so minute that they cannot be removed by

chemical means, the study of the influence of such elements on spore-production

presents difficulties which account for the variant results obtained by different

and sometimes by the same investigators. Formerly Sauton='<> ascribed to iron

a special role in the spore-production of Aspergillus niger, but later he and

^8 Will, H., und Heuss, R,, Essigsaureathylester als Kohlenstoffquelle fur Hefe

und andere Sprosspilze. Zeitschr. Gesamte Brauwesen, 35:128-129. 1912.

9 Alsberg, C. L., and Black, O. F., Contributions to the study of maize deteriora-

tion. U.S. Dept. Agric, Bur. Plant Ind. Bull. 270. pp. 48. pi- I- I9i3-

"> Rev. BoT. Gaz. 55:86. 1913.

J*
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Javillier^^ negatived this conclusion and attributed the lack of spore-formal ion
in the absence of iron to the deleterious effect of zinc in Raulin's solution, for

they found that when both zinc and iron were absent spores were produced by
the fungus. Meanwhile, Bertrand^^ reported experiments which seemed to

indicate that manganese played a special part in the spore-production of

Aspergillus niger.

The question of the influence of various elements on the spore-production
of molds has now been further investigated by Sauton,=^3 He finds that if .1.

niger is grown on Raulin's solution to which iron in the form 6f ferric am-
monmm citrate has been added, no spores are produced, thus strengthening

his conclusion that iron plays no special part in the spore-production of that

fungus^ If, however, iron sulphate is added to the solution, spores are pro-

duced. The difference in behavior of the two salts may be ascribed to the

absence of manganese in the one and its presence in the other. The author

finds, however, that in a solution without zinc, spores are produced in the

absence of any detectable traces of iron and manganese, and concludes, there-

fore, that if these elements are necessary for A. niger, the requisite quantities

are limited to such minute traces that they cannot be detected chemically. He
finds that in this respect A . fumigatus is a more favorable object of experimen-

tation. If of the two elements in question manganese alone is present in the

culture solution, this fungus produces spores after 15 days, while with iron also

present spores are produced on the third day. If manganese is absent no spores

are formed. It appears, therefore, that for this mold both iron and manganese
are necessary for spore-production. The influence of some of the other elements

of Raulin's solution on spore-production was also determined. In the absence

of sulphur A, niger grows poorly but nevertheless produces spores. A. fumi-
gdtus, however, does not produce spores in the absence of that element. No
spores are produced by either mold in the absence of potassium, but the addition

or withdrawal of caesium and rubidium are without influence. In the absence

of phosphorus no spores are formed, but it does not seem to be possible to

exclude magnesium to such an extent as to inhibit spore-formation.

It is likely that this work would lead to more definite results if it were

separated from the problem of the toxicity of zinc, which although placed by

Raulin among the elements of his culture solution is not a substance necessary

in the metabolism of plants.

Bertrand and Javillier^^ have republished their experiments on the action

" '—— /

'' Rev. Box. Gaz. 55: 88. 1913. " Rev. Bot. Gaz. 55:89. ^9n-

'5 Sauton, B., Sur la sporulation de VAspergillus niger et de :

''«. Ann. Inst. Pasteur 27:328-335. 1913.
'' Bertrand, Dr., et Javillieb, M., Action combind du manganese et du zinc sur

le developpment et la composition minerale de VAspcrgillus niger. Ann. Inst.

Pasteur 26:515-5,1. .g,^.

AspergiUus fimtga
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of zinc and manganese, the first publication of which has been reviewed in this

journal.^s

From recent work of Ritter^ and of Hagem/7 as well as from scattered

observations in the older literature, it appea'rs that the power of using nitrogen

in the form of nitrite is widespread among filamentous fungi, A further con-

tribution to this subject is made by Kossowicz,^^ who finds that Bolrytis

Bassiana, Penicillium glaticum, P, brevicaule, Mucor Boidin, Cladosporum

herbarum, Phytophthorainfestans, Aspergillus glaucus, A. nigeVy Isariafarinosa^

and a species of Fusjsporium grow readily on synthetic culture solutions

containing potassium'^^s^me sole source of nitrogen; and cane sugar, dextrose,

or mannite as carbon compounds. The formation of ammonia could be

definitely shown to occur only in mannite cultures of Phytophthora injestans

and in those of Fusisporium. In cultures containing sugars the ammonia

reaction of Nessler's reagent is not reliable on account of the similar reaction

given by dextrose. It is erroneous, however, to conclude from the absence of

the ammonia test that nitrites are not reduced to ammonia before being

assimilated. The absence of ammonia merely shows that it is not produced in

excess of the quantity used. In the absence of quantitative data showing the

yields produced, the effect of nitrogenous substances in the tap w^ater which

the author used in his experiments cannot be easily estimated.

Kossowicz and Groller^^ have investigated the value of sulphocyanates

as sources of nitrogen, carbon, and sulphur for fungi. The same species of

molds mentioned in the paper reviewed above were used in the experiments.

It was found that in the absence of other nitrogenous compounds (except such

as were introduced by means of the tap water and as impurities in the other

compounds used) the fungi made a feeble growth which soon ceased in nutrient

solutions containing ammonium, potassium, sodium, or iron salts of sulpho-

cyanic acid. Traces of hydrogen sulphide were detected only in cultures of

Mucor Boidin and occasionally in those of Aspergillus niger and A, glaucus.

The conclusion that the fungi used in these experiments can obtain nitrogen

from sulphocyanates would seem to need further support in view of the fact

that in all cases there was a cessation of growth after a few days. The fungi

made no growth when sulphocyanates were the sole source of carbon or of

both carbon and nitrogen, A feeble growth appeared when the substance was

the sole source of sulphur. Sulphocyanates seem to be only slightly toxic,

although they cause a distinct depression of growth, yet even in a lo per cent

=^5 Box. Gaz. 55:89. 1913. ' 26 Rev. Box. Gaz. 55:91. i9^3-

=^7 Rev. Box. Gaz. 55:463. 1913.

^ Kossowicz, A., Nitritassimilation durch Schimmelpilze. Zeitschr. Garungs-

physiol. 2:55-58. 1912.

^9 Kossowicz, A., und Groller, L. von, Rhodanverbindungen (Schwefelcyan-

verbindungen) als Kohlenstoff, Stickstoff, und Schwefclquelle fUr Schimmelpilze,

Sprosspiize (Hefen), und Bakterien. Zeitschr. Garungsphysiol. 2:59-65. 1913-
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solution growth is not entirely inhibited; The non-toxicity of sulphocjvinates

has also been observed by Fernbach and in extremely dilute solutions by

Sauton,3o

In a short note Kossowicz and Loew^^ report the availability of sodium

thiosulphate as a nutrient for a number of yeasts and fungi. Hydrogen

sulphide, free sulphur, and sulphuric acid are among the products resulting from

the action of different organisms on the compound.—H. Hasselbeing.

The leaf-bud of Cordaites.

—

^Ligniers^ has made an intimate study of the

developing leaves of Cordaites from a portion of a silicified bud from the Stc-.

phanian of Grand' Croix (Loire). His piece of material was about 3 cm:

long and in the matrix immediately around the bud proper and concentric

with it had adult leaves identical in structure with C. linguhtus of Renault.

He thinks it reasonable to suppose that these were borne on the same branch

which bore the bud itself, especially since he found these leaves identical in

structure with the outermost ones of the bud, with the exception of such

differences as might be due to age. His conclusion that the bud is that of

C lingulatus seems beyond reasonable doubt.

In the young leaves the primordial strands are very small, the bast appear-

ing to develop first as in living forms. In the older leaves the bast is almost

always completely destroyed, so that practically nothing was seen of the

secondary bast. The protoxylem and centripetal metaxylem develop early,

with elements of typical form, ring, spiral, scalariform, and reticulate. The

centrifugal wood comes later, appearing first in the region of the protoxylem.

About the same time appear certain cells which Lignier designates "cellules

diaphragmatiques," situated between the bundle sheath and either the body of

the centripetal or the sides of the arc of centrifugal xylcm. The region occupied

by it may be quite extensive. Lignier has not compared the bundle with that

of cycads, but similar cells do occur in the same region in the cycad bundle,

especially lateral to the base of the centripetal xylem.

The sheath consists of several layers of large cells which differentiate early.

The cells begin to thicken their walls when the xylem consists of only one or

two tracheids. They are most abundant ordinarily at the sides of the bundle,

and show certain resemblances to the xylem tissue, to which Lignier refers.

Most, if not all, of their transverse walls are covered with "punctuations

areolees" and "serees," which are larger, however, and more irregular than

those of the tracheary elements. Those on the longitudinal walls are even

^°Rev. BoT. Gaz. 55:86
Verhalten von

Zeitschr. Giirungsphysiol. 2:78-

--K-ev. lioT. Gaz. 55:86. 1913.

''Kossowicz, A., und Loew, W., Vorlaufige Mitteilung uber das

Hefen und Schimmelpilzen zu Natriumthiosulfat. Zeitschr. Garungi

1913.

'' Lignier, O., Diff^renciation des tissus dans le bourgeon veg^atif du Cordaiks

^ingiihtus B. Ren. Ann. Sd. Nat. Bot. IX. 17: ^33-254- I9i3-
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more irregular. The character of these cells is ali

the cycads, where the sheath cells right and left of the centripetal xykm are
similarly pitted. It is

very similar

very

C. principalis. She states that the sheath of this form is composed of two
parts, an inner of long and slender elements and an outer of short and large
ones, both with bordered pits.33 Recently Miss Benson^ has described a
form (C. Felicis), from the Lower Coal measures of England, with a much

definitely differentiated inner sheath. Lignier
gmatique ti

inner sheath
"

in both these forms. If this conclusion is correct, and there seems little doubt
that it is, then his form and that of Miss Benson have less specialized and more
cycadean sheaths than that of C. principalis. The bundles of these two forms
would thus stand nearer to the Poroxylon type, of the detailed structure of

cycad."

Studies in fossil

Jeffrey
cialized principalis type for comparison with Prepinus and the Abietineae,
while the other is in substantial agreement with the araucarian leaf bundle.

Lignier describes at some length the differentiation of certain glandular

cells within the bundle sheath. The scelerenchymatous strands above and
bundle The cells

of the latter have an abundant "protoplasme chlorophyllien probablement
accompagne dehydrates de carbone/' The palisade consists ultimately of two
or three layers of cells. preserved
no new data. The bundles were seen to dichotomize, as in ordinary cordaitean

Lignier

Stopes has described in the case of C. principalis.

The type of leaf Lignier has described is very similar t(

broad-leaved forms of the Araucarineae,—R. B. Thomson,

Water Shantz^s

experiments

important not only in determining
ical plants to cultivate in semi-arid regions, but also in indicating a profitable

line of purely ecological research with the natural vegetation of various habitats.

The term "water requirement" indicates the ratio of the weight of water

absorbed by a plant during its growth to the dry matter produced. The

exhaust

interested in this and allied problems, and demonstrates the fact that whUe a

considerable number of experiments have been performed by a number of

«New Phytol. 2: pi p. /g. 6. 1903. wAnn. Botany 26:201-207- 191^*

« Briggs, L. J., and Shantz, H. L., The water requirements of plants. I. Inves-

tigations in the great plains in igio and 1911. IT. A review of the literature. U.S.

Dept, Agric, Bur. Plant Ind. Bulls. 284 and 285. pp. 49 and 96. 1913.
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workers, the methods employed have as a rule been crude and inexact, leading to

much uncertainty in the results. Still it is evident that there was an increase

in the water requirement when the soil moisture content approached either

extreme; when the soil was deficient in any plant food element; when the

amount of soil used in the experiment was small; and when shading of the plants

occurred. Atmospheric conditions profoundly affected the water require-

ment, being greater in dry than in moist air.

The extensive experiments of the present investigators in 1910 and 191

1

were conducted at Akron, Colo., with plants grown in water-tight pots con-

taining about 115 kilos of soil each, so sealed that the loss of water was limited

to that resulting from the transpiration of the plants, water being added as

required* Among other results, it was found that wheat consumed an average

of 507 kilos of water for each kilo of dry weight produced, and taking this as

the standard (100), the relative water requirements of certain other plants were

as follows: alfalfa 211; rye 143; oats 122; barley 106; potato 88; maize 73;

sorghum 60; millet 54; and such weeds as Amaranlhus retroflexus and Salsola

pestifer 63. These results would indicate the great suitability of sorghum and
millet for semi-arid regions. The bulletins contain a mass of detail and much
additional data valuable to students of the agriculture and ecology of the

great plains.—Geo. D. Fuller.

Agriculture on acid lands.—It has long been known that moors and heaths

have acid soil, and many ecological classifications, such as that of Warming,
regard acidity as the chief determining factor of the vegetation. In several

interesting and important papers, Coville^** has given the results of some
experiments that should almost revolutionize certain phases of agricultural

practice. As is well known, various species of Vaccinium and Gaylussacia are

commonly sold in the markets as blueberries and huckleberries, and yet are

not cultivated fruits. Many
been made to cultivate these berries, and their failure is attributed by Coville
to the fact that their cultivation has been attempted in rich garden soil. Ordi-
nary

Theand poorly in peat, unless the acidity of the latter is neutralized by lime,

blueberry, on the other hand, grows poorly in garden soil, thrives in peat, and
grows poorly in peat neutralized by lime. After describing the root fungi and
their probable role in making nitrogen available, the author gives directions
or germinating and growing blueberries, showing that fruiting plants can be

5^ Coville, F. V., Experiments in blueberry culture. U.S. Bur. Plant Ind. Bull,

m- pp. 100. ph. 18, figs. 31, 1910.

,
The formation of leaf mold. Jour. Wash. Acad. Sci. 3:77-89. 1913.

, Directions for blueberry culture. U.S. Dept. of Agric. Circular 122.

PP- II- 1913.

», » The agricultural utilization of acid lands by means of acid-tolerant crops.
^•1>. Dept. of Agric. Bull. 6. pp. 13. 1913,
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had in a year or two from seed. It is suggested, however, that cuttings will

generally prove more desirable. Of much importance is the fact that in

Coville's experiments there were produced berries much beyond the usual

size. The experiments were made chiefly on Vaccinium corymbosum^ but it is

believed that other species would show similar behavior.

In one of the later papers, Coville describes the changes in the formation

of leaf mold, noting its early acidity and its subsequent alkalinity; whereas,

peat (not only lowland peat, but also upland peat, as he terms it) retains its

acidity, because of the comparative suspension of decay. In another paper,

he urges farmers to utilize some of their acid soils by the growth of acid-tolerant

plants, and not universally to neutralize them by the use of Hme. The work

of Coville is an excellent illustration of the application of ecological methods

to agriculture.—H. C. Cowles.

Sexuality of Mucorales.—In his studies on the sexuality of the Mucorales,

Blakeslee observed that the sporangium originating from the zygospore of

Phycomyces nitens contains spores which with respect to sexual differentiation

are of three types, giving rise respectively to plus, minus, and neutral mycelia.

To account for the occurrence of these three sexually differentiated strains,

BURGEFF37 has forfnulatcd a hypothesis according to which the nature of the

mycelium is determined by the nuclei which it contains. These may be either

(+) or (— ), and, since the spores contain one or more nuclei, it is evident that

a particular spore may contain either all (+), or all (— ), or both (+) and

(— ) nuclei. In the first two cases, the spores and the mycelium which they

produce are said to be '^homokaryotic,'' and in the other case "heterokaryotic."

This hypothesis he tested in an ingenious manner. By inserting the tip of a

young sporangiophore into the cut basal end of another of the opposite strain,

and applying pressure to the wall of the outer one, he was able to rupture the

tip of the inner hj^ha and bring about a mixture of the two masses of proto-

plasm with their respective (-f ) and (-) nuclei. Cultures from the sporangia

produced by this *'mixochimaera" gave (+), (-), and neutral mycelia.

He describes an analogous case of heterokaryosis presented by Phycomyces

nitens var. piloboloides, which differs from the parent in the form of its sporangio-

phores. The spores of this variety give rise to mycelia which produce either

nitens sporangiophores only, or piloboloides sporangiophores only, or both

kmds mixed on the same mycelium. The homokaryotic types remain pure,

but the mixed type continues to split in the manner described. Mixochimaeras,

formed from the pure selected types, give rise to all three forms. Crosses of

with

typforms of both (+) and (

binations. The production by means of the cross of a (-) strain of var.

piloboloides, which is (+), is of special interest.—H. HasselbrIxXG.

" BuRGEFF, H., tJhev Sexualitat, Variabilitat, und Vererbung bei Phycomyces

nitens. Ber. Deutsch. Bot. Gesells. 30:679-685. 1913.
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Somatic chromosomes in Vicia.—For several years the structure of chro-

matin has received intensive study at the laboratory in Louvain, and numerous

papers have been published by Gregoire and his pupils. A recent paper by

deals with the somatic chromosomes of Vicia Faha. The most impor-Sharp^^

tant feature of this paper is the investigation of the resting nucleus and very

early prophase. Even those investigators who believe in the individuality of

the chromosome generally admit that they cannot find the individual chromo-

some in the resting reticulum, but Sharp claims, apparently with good reason,

that the chromosomes in many cases can be identified even in the resting

nucleus. Some of the stages leading up to the splitting of the chromosome

have been misinterpreted by previous investigators and important stages have

been overlooked. The telophasic vacuolization of the chromosome, now

found by everyone, often gives the impression of a longitudinal splitting, and

such a spUtting is frequently described; sometimes the vacuolization results

in the formation of short spirals. By schematizing features like these, it is

easy to fall into error. Whether the vacuolization has resulted in the simula-

tion of a split thread, or in a spiral, Sharp finds that in prophase a simple

zigzag thread is formed which gradually straightens and by axial vacuolization

becomes split into the future chromosomes. Thus the actual splitting is later

than some have supposed. The vacuolization which appears in telophase has

nothing to do with any splitting of chromosomes. There are no chromomeres

and no continuous spirems either at prophase or telophase.

The paper is another strong argument in favor of the theory of the indi-

viduaHty of the chromosome.—Charles J,
Chamberlain.

Phylogeny of Filicales —In continuation of his studies of the phylogeny

of ferns, Bower39 has investigated the monotypic tropical American genus

Metaxya, which is better known as Alsophila blechnoides. Since this fern '^*has

suffered vicissitudes of terminology,'' having been referred to Polypodium,

Aspiditm, Alsophila, and Amphidesmium, the suggestion was natural that it

^-^^ ^ -.I--...- .-__ Bower concludes that the species deserves to

" ' primitive posi-
typ

--r-^^oi^iAu «, uioLnicL genua, aiiu i.iia.L il lo ^j.iji^-«-'^

—

—j — - .

tion than the true Cyatheae. He has also included with this study a general

, . ... ... . , . 1 Tn ^nnnprtion WllQIn connection with
survey of other relatively primitive and related genera, m connecuu.. ».

this comparative study, Bower has attempted to estimate the value of various

characters for phyletic purposes; and especially "to see whether the position

which the sorus holds relative to the margin of the sporophyll is not a mor^

reliable feature, in ferns, at large, than it has commonly been held to oe.

The conclusion of the whole matter is that, "so far as the value of the general

7 -

P^s- 1, 2. 1913.

w La Cellule 29:297-322.

^, "i. 1913. J

^' Bower, F. O., Studies in the phylogeny of Filicales. IIL On ^^'^'>\^''^^^

certain other relatively primitive ferns. Ann. Botany 27:443-447- P'^- 3
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phyletic characters of the ferns can be estimated, the criterion of position of
the nascent sorus may be held to take precedence, in point of early origin and
constancy, over any soral characters except the primal features of the sporan-
gium itself, and over any anatomical characters of the axis derivative from
the protostele." This is certainly an important conclusion, and in accordance
with it, the leptosporangiate ferns (exclusive of the Osmundaceae) are grouped
into two series: the "Superficiales," in which the origin of the sorus is con-

from the margin.—^J. M
Marginales

Riccia.—Miss

finds

scattered irregularly in acropetal succession. From the standpoint of the

arrangement of sex organs, this indicates that R. Frostii is more primitive than
R. natans, in which the antheridia are clustered in a disk, and the archegonia,

which appear later, are usually in two rows. From the standpoint of restric-

tion of antheridia and archegonia to diflferent individuals, an advance beyond
R. natans is clearly indicated.

Miss Black agrees with Miss Hirsh,*' who also studied R. Frostii, that

the air chambers are not produced by splitting of cell walls at the angles of the

cells, but by papillate outgrowth. Unfortunately, the figure given, as was the

case in the work of Miss Hirsh, does not show the eariiest stage in the develop-

ment of the chamber, but can as easily be cited as proof that air chambers
arise by splitting at the angles of the cells of the dorsal layer. The youngest
air chamber shown is too old to settle the question either way, but a study of

the relation of cells in the figure indicates that possibly the chamber may have
arisen by splitting of the dorsal layer. This splitting need not originally

occur within the tissues as some recent writers assume, but may, as Deutsch
showed in Targionia, extend from the surface inward.

The rest of the investigation, which includes the development of sex organs,

spermatogenesis, and sporogenesis, gives us nothing new.—W. J. G. Land.

Peripheral leaf cells.—In many leafy liverworts there is a marked differ-

ence in form and markings of the peripheral cells of the leaf as compared with

those farther away from the edge. Garjeanne,*^ as the result of a study of

lo genera, finds that the thickening of the peripheral cells is stronger if the

plant is exposed to condirions which give great variation of water content;

^ Black, Caroline A., The morphology of Riccia Frostii Aust. Ann. Botany

27:511-532. Pis.37,j8. 1913.

"' Hirsh, Pauline E., The development of the air chambers of Ricciaceae.

Bull. Terr. Bot. Club 27:73-77. figs. 6. rgio.

*> Garjeaxne, a. J. M., Die Randzellen eimger Jungermannienblatter. Flora

105:370-384. 1913.
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that the peripheral cells, irrespective of their form and thickenings, show a

smaller number of plastids and oil bodies than the other cells of the leaf; that

they are frequently distinguished from the flat cells by a greater capacity for

taking up aqueous methylene blue and other basic anilin dyes, as well as by a

greater blackening with silver nitrate; that the cells which color most strongly

are in general those from which regeneration shoots develop and that the

greater capacity for taking up color is not due to tannin. He concludes that

the peripheral cells contain materials which are of significance for the pro-

duction of adventitious shoots; that transportation of this material is very

possible and consequently any cell of the leaf may thereby become capable of

regeneration.—^W. J. G. Land,

The androecium of Parnassia.—Mrs. Arber^^ has made an anatomical

investigation of the stamens of Parnassia^ and has applied the results to the

problem of the affinities of the genus. The vascular strands for the stamens

arise at a lower level than those for the staminodia, and the two sets are

independent. This seems to confirm the view that the staminodia represent

an inner set of stamens. In P, palustris the vascular strand traversing the

filament is mesarch, "and there are indications of numerous phloem groups

arranged round the xylem." This is thought to mean the presence of vestigial

vascular strands which indicate that each stamen of Parnassia is reduced from
an ancestral fascicle of stamens, such as occurs in Hypericum. Drude's view
that Parnassia deserves to represent a family of its own, related to Saxi-

fragaceae, Droseraceae, and Hypericaceae, is confirmed, and the view is

expressed that the affinity between Parnassia and the Saxifragaceae "has been
somewhat overestimated."—J. M. C.

The life history of Thelygonum.—In a study of Thelygonum from the ger-

mination of the seed to the mature embryo, Schneider^^ deals with gross

morphological features, the development of both staminate and ovulate
flowers, the reduction divisions, the development of the gametophytes, fer-

tilization, and the development of the embryo and seed coats. In the cyto-

logical portions of the paper, it is seen that the root tips have 20 chromosomes
arranged in definite pairs, the reduced number is 10, and fertilization is of the
usual double character. In conclusion, the author agrees with Hallier in

placing the Thelygonaceae near the Haloragidaceae. While there is still

room for complete life histor>^ studies of new or unusual plants, in most cases
the time has come for intensive work on special features. In this case it looks
as if it might have been worth while to look for a differentiation among
chromosomes.—C. J. Chamberlain.

^ Arber, Agnes, On the structure of the androecium in Parnassia and its bearing
<^n the affinities of the genus. Ann. Botany 27:491-510. pL 34, 1913.

'^* Schneider, Hans, Morphologlsche und*ent\vickelungsgeschichtliche Unter-
suchungen an Thelygonum Cynocrambe L, Flora 106:1-41. figs. 2j. 1913.
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Apical cells of Marsiliaceae.—"Contributions to the developmental his-

tory of the Marsiliaceae" is the rather broad title of a paper by Schneider,«
dealing with the apical cell and its segmentation in the vegetative organs of

this family. The first part deals with the main axis and the second part with
the lateral organs derived from it, the leaf, branch, and root. The apical

cell of the axis is so oriented that two segments are dorsal and one is ventral.

Roots are derived from the ventral segments, while leaves and branches come
from the dorsal. In the behavior of the apical cells and their segments Mar-
silia and Pilnlaria differ from each other only in minor particulars. The
work, which seems to be quite accurate, confirms and extends somewhat the

earlier work of Johnson.—Charles T. Chamberlain.

Anatomy of Salicornia.—Miss DeFraine-i« has investigated the anatomy
of Salicornia, and among the results the following are noted. The succulent

"cortex" covering the internodes is phylogenetically derived from the basally

developed leaf-sheath of the pair of leaves of the node above. The evidence
for this seems quite convincing. The small, fleshy cotyledons fuse to form a

cotyledonary sheath to the hypocotyl, similar to the leaf-sheath of the vegeta-

tive shoot. The occurrence of every transition between spiral cells and stereids

led to the conclusion that the two are homologous structures, the former
functioning chiefly in water storage, the latter in mechanical support. A pecu-
liar kind of secondary growth sets in early in both root and stem.—J. M. C.

Endogenous gemmae.—^The formation of endogenous gemmae is reported
in Haplozia caespiticia by Buch.4t From within a gemma mother cell, num-
bers of which develop on the swollen end of a stem, two to four gemmae are

produced and set free by the bursting of the wall of the mother cell. Mucilage
within the mother cell absorbs water, swells, and bursts the wall. Endogenous
gemmae have heretofore been reported for two genera, first in Ancura by
Goebel and later in Metzgeria by Evans.—W. J. G. Land.

« ScHXEiDER, Fritz, Beitrage zur Entvvickelungsgeschichte der Marsiliaceen.
Flora 105:347-369. figs. 18. 1913.

*« DeFraine, Ethel, The anatomy of the genus Salicornia. Jour. Linn. Soc.
Bot. 41:317-348. ph. IS, 16. 1913.

^7BucH, Hans, tjber die Brutorgane der Lebermoose. 8vo. pp. ix-f 70. ph. 3-

Helsingfors: J. Simelii Arvengars Boktryckeriaktiebolag. 191 1.
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Abietitieae, phloem of 36
Abrams, LeRoy, work of 233
Abutilon Pittieri 51; pleiopodum 51
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Acanthaceae from Panama 158
Acid lands, agriculture on 5 1

5

Acrostalagmus cinnabarinus 265
Actinostrobus 244
Adiantum aristatum 333; erythroch-
lamys 333

Afrohamelia 344
Agaloma 15Q
Aglaonema commutatum, morphology
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morphology of 127

Agriculture on acid lands 5 1
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Aroids, morphology of 127
Arthur, J. C, work of 233
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267; niger, metabolism of 504
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Bailey, F. Manson, '^Catalogue of
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Bailey, I. W., work of 346
Baker, C. F., work of 344
Baker, E. G., '^Nigerian plants" 344
Balsamorrhiza rosea 478; serrata 479
Bancroft, Nellie, work of 242

Baylesia 160

Beauveria 160

Bcrger, A., work of 157
Bertrand, Dr., work of 511

Besa 160

Bessey, E. A., work of 240

Betts, A. D., work of 157

Bicknell, E. P.,workof 157

Bidcns anthemoides 493; Brittonii 492;

coronata 495; dahliodcs 494; Beamii

490; discoidea 494; dissecta 493;

incisa 494; mexicana 491; parvuli-

folia 490; ramosissima 491; repians

dissectus 493; Schaffneri 493; studies

in 490;- tcniiissbna 494
Bitter, G., work of 157

521
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Black, Carolina A., work of 518
Black, O. F., work of 510
Blackman, V. H., work of 88
Blakeslee, A. F., and Jarvis, C. D., "Trees

in winter" 79
Bodeker, F., work of 157
Bolivia, ferns of 159; flora of 159; plants

of 159
Bonn textbook 443
Botrychium Lunaria 248
Bottomley, W. B., work of 240
Bower, F. O., work of 517
Brachyoxylon 446
Brannon, M. A., 433
S^iggs, L- J', work of 514
Britton, N. L., "Illustrated flora" 343
Broadhurst, J., work of 157
Brodiaea Paysonii 63
Brown, A., "Illustrated flora" 343
Brown, N. E., work of 157
Brown-rot fungus, American 418
Buch, Hans, work of 520
Bulbophyllum 157

c

Cacabus hondurensis 60
Cactaceae 159
Caeoma Makinoi 162
Caldwell, O. W., 345
Calochortus maculosus 471
Calycularia, morphology of 447
Campbell, D. H., work of 447, 448
Canada, plants of northwestern 248
Cannon, W. A,, work of 233
Caprification 344
Carmenocania 160
Cathcart, E. P., "The physiology of

protein metabolism" 232
Cavaleriea 158
Cecidology 240, 346
Celloidin membranes for demonstration

of osmosis 225
Central America, plants from 51
Cercis 158
Chaenactis Mainsiana 477
Chamberlain, C. J., 82, 84, 88, 167, 246,

247j 443, 5177 519? 520; work of 244
Cheilanthes lanceolata 334
Chimaera and fungi 163
China, ferns from 331
Chiovenda, E., work of 157
Chloroplasts and chlorophyll 164
Chlorophyll and chloroplasts 164
Chondriosomes and myelin forms 243
Christensen, C, 331
Chromosome, individuality of 246; in
Viciasi7

Chrysler, M. A,,36

Chylisma Walkeri 66
Circaea 158
Clavapetalum 159
Climatology, temperature coefficients in

349
Coastal subsidence 449
Coccospora agricola 264
Cockerell, T. D, A., work of 157, 347
Comocladia guatemalensis 52

Compositae and Aristolochiaceae from

Paraguay 158
Conifers, anatomy of Japanese 346
Conites 243
Contributors: Brannon, M. A., 433; Cald-

well, O. W., 345; Chamberlain, C. J.,

82, 84, 88, 167, 246, 247, 443» 517,

519,520; Christensen, C, 331; Chrys-

ler, M. A., 36; Cook, M. T., 240, 346;

Coulter, J. M., 83, 87, 168, 231, 232,

233, 242, 244, 245, 246, 247, 248, 343.

344, 347, 445, 448, 517. 519,520;

Covvles, H, C, 515; Crocker, W., 86,

157, 164, 231, 232, 244, 341, 343;

East, E. M., 217; Ellis, JVL M., 72;

Ferguson, Margaret C, 501; Freeman,

G. F., 395; Fuller, G. D., 79» 81, 82,

167, 515; Goddard, H. N., 249; Gow,

J. E., 127; Greenman, J. M., 80, 81,

83, 157; Harvey, E. M., 439) Hassel-

bring, H., 88, 161, 166, 239, 504, 5io;

Holm, T., 306; Howe, R. H., Jr., 49^,

502; Johnson, D. W., 449; Knudson,

L., 339; Land, W. J. G., 168, 244,

447, 518, 520; Livingston, B- E 349;

Livingston, Grace J., 349; Macbnde,

F.,469; Martin,J. N., 112; Matheny,

W. A., 418; Merriman, M. L-, 3i9;

Nelson, A., 63, 469; Nichols, G. *.-,

143; Pace, Lula, 376; Petry, L.
J^-.

248; Rose, D.H., 155; Schley, EvaO.,

480; Smith, G. M., 225; Smith, J. U,

51; Sherff, E. E., 490; Shull, C. A.,

169, 444; Thomson R- % 5i3,

Yamanouchi, S., i; York, H. H., Jig,

200.

Cook, M. T., 240, 346; work of 86

Cordaites, leaf-bud of 5^3

Coreopsis anihemoidcs 493; ^^^^^^ ^^^'

Sckaffneri 493
Corydalis 157
Cosmos diversifolius 494 ^

Cotyledon caespiiosa pamcidala 4^7,

laxa Seichellii 477; ^^'«^«^^ 4771
f^^\

densis Air, oregonensis 476; r<iun€r^^

477; plattiana All) ^"^^>'^ ^^ '

saxosum 476
Coulter, J. M., 83, 87, 168, 231, 232, 233,

242, 244, 245, 246, 247, 248, 343, 344,

347,445,448,517,519,520
Coville, F. v., workof 51S
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Cowles, H. C, S15
Craib, W. G., work of 157
Crataegomespilus Asnieresii 163
Crateranthus 344
Crawford, D, L., work of 241
Crocker, Wm., 86, 157, 164, 231,

244, 341, 343
Cryptandromyces 160
Cupressinoxylon 446
Cystopteris moupinensis 335
Cytology of Laboulbeniales 166
Cziser, S., work of 509

232

cali-

D
Dakin, H. D., '^Oxidations and reduc-

tions" 341
Dalea vulcanicola 5 2

Danthonia 469; americana 469;
fornica 46g; compressa 46g; epilis 46g;
grandiflora 469, 470; intermedia 470;
provincialising] sericea ^yo; thermale
470; tortuosa 469; unispicata 470

Davis, B. M., work of 348
DeFraine, E., work of 246, 520
Dendrophthora, embryo sac and embryo

of 89, 200
Dennettia 344
Derris grandifolia 55
Desmos 160
Dichopteris 234
Dietel, P,, work of 163
Dmsmore,

J. E,, "Die Pflanzen Palas-
tmas" 83

Dioclea trinervia 53
Diplosporopsis 344 -

Diplotropis macroprophyllata 56
iJorothea 344
Dox, A. W., work of 509
Dryopteris lacera 335; Purdomii 335;

sericea 336
Dudley, W. R., Memorial volume 233;
work of 233

Dudleya Hallii 476

E
East, E. M., 217; work of 247
i^cheveria Brittonii 476; Cotyledon 476;

debilis 476; Hallii 476; Jepsonii 477;
lingula 476; nevadensis 477; oregana
476; Palmeri 477; plattiana 477;
Rosei 477; Rusbyi 476; saxosa 476;
Setchellii 476; Watsonii 476

Ekman, E. L., 157
Ellis, M. M., ^2
Embrj^o of Dendrophthora 89, 200

Embryo sac of Aglaonema 448; of Ata-

mosco 377; of Dendrophthora 89, 200

Emerson, R. A., work of 247
Endosperm of Angiosperms 217

Engler, A., and Gilg, E., ''Syllabus der

PflanzenfamiHen" 81

Epipadis 470
Equisetum 160

Erect cells in phloem of Abietineae 36

Eretmophyllum 446
Erickson, J., work of 164

Eriogonum Visheri 64

Essig, E. 0.,wwkof 241

Eucephalus glahratus 477
Euphorbia 159; bryophylla 62

Evaporation intensity and distribution of

vegetation 143

F

Farquharia i6o

Faul, J. H., work of i66

Fawcett, H. S., work of 241

Fedde, F., work of 157

Ferguson, Margaret C, 501

Fernald, M. L., work of 157 .

Fernow, B. E., "Forest conditions of

Nova Scotia" 80

Ferns, Bolivian 159; Chinese Z3i;

Malayan 159 . .

Fertilization, included cytoplasm in 501,

in Lilium 88

Filicales, phylogeny of S 1

7

Filices Purdomianae 331

Fischer, E., work of 163 237, 238

Fitting, H., "Lehrbuch der Botanik

443
Food value of tepar>' 414

Forests of Nova Scotia 80

Eraser, W. P., work of 234

Freeman, G. F., 395 . --/

Frostless season in United States 366

Frullania, adventive branches m 168

Fujioka, xM., work of 346

Fu ler, G. D., 79, 81, 82, .16/, S/o
.

Fungi in agricultural soil 249, nietabo

lism of 504

Fusarium 264

G

Garrett, A. O., ^^bprmg

Wasatch region 80
j^^j^

Gemmae, endogenous S^o,

244

155

the
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Gemmophora i6o
Gentiana Andrewsii dakotica 68;

antha 68
poly-

Wat-

Geography, temperature coefficients in

349
Geotropic stimulation and response 480
Germany, fresh-water flora of 233
Gilg, E., ^'Syllabus der Pflanzenfamilien"

81
Globulostylis 344
Goddard, H. N., 249
Goebel, K., *'Organographie der Pflan-
zen" 443

Gomphrena 160
Gooding, L. N., work of 157
Gormania Hallii 476; laxa 476;

sonii 475, 476
Gossypium 158
Gothan, W., work of 346
Gow, J. E., 127
Grasses from Argentina 157; from

Bolivia 158
Greene, E. L., work of 158
Greenman, J. M., 80, 81, 83, 157; work

of 158
Grezes, G., w^ork of 506
Groller, L. von., work of 512
Guatemala, plants from 51
Giissow, H. T., work of 166
Gymnosperms, recent work among 244
Gymnopteris bipinnata 337

How^e, C. D., 'Torest conditions of Nova
Scotia" 80

Howe, R. H., Jr., 496, 502
Hymenomycetes, cytology of 245

I

Imbedding and warming stand 339
Inheritance of quantitative characters

247
Ipomoea sepacuitensis 59

J

Jar\^is, C. D., "Trees in winter" 79
Javillier, M., work of 511
Jegoroff, M, A., work of 508
Johnson, D. W., 449
Jordan, D. S., w^ork of 233
Jost, L., "Lebrhuch der Botanik" 433

,"

H

K
Karny, K., work of 240
Karsten, G., "Lehrbuch der Botanik

433
Kearney, T. H., work of 167
Klebahn, H., work of 235
Knudson, L., 339; work of 506, 507
Kokia 158
Kossowicz, A,, w^ork of 508, 509, 512, 513

Kuster, E., "tlber Zonenbildung in

kolloidalen Medien" 230
Haas, P., ''Chemistry- of plant products" Kusano, S., work of 162

343
Hackel, E., work of 158
Hapterophycus 160 L
Harv^ey, E, M., 439
Hasselbring, H., 88, 161, 166, 239, 504,

Hassler, E., work of 158
Hedgcock, G. C., work of 234
Heller, A. A., work of 158
Herbals 232
Ilerissey, H., work of 507
Heuss, R., work of 510
Hieracium, origin of species in 168
Hill, T. G., *'Chemistr>^ of plant prod-

ucts" 343 ; work of 246
Hirsh, Pauline E., work of 518
Holden, Ruth, work of 242, 446
Holm, T., 306
Homalomena argentea, morphology of

132
Ilormodendron cladosporioides 271
Home, W. T., work of 241
Houard, C, work of 240
Plouser, J. S., work of 241

Laboratory air 439
Laboulbeniaceae 160
Laboulbeniales, cytology of 166

Land, W. J. G., 168, 244, 447, 5i8, 520

Lang, W. H., work of 248

Lauterbach, C., work of 158
Lavvson, A. A., work of 84, 85

Leaf cells, peripheral 518
Lebas, C.,,work of 507
Lemmermann, E., work of 233
Lepadena 159
Lepeschkin, work of 85
Lepidodendron 446
Leveille, H., work of 158
Levine, M., work of 245
Lewton, F. L., work of 158

Lichens of Galapagos Islands 248; some

Alaskan 496
Liebaldt, E., work of 164
Lignier, O., work of 513
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Lilium, fertilization in 88
Lindau, G., work of 158
Lindner, P., work of 509
Lingelsheim, A., work of 158
Liverworts, peripheral leaf cells 518
Livingston, B. E., 349
Livingston, Grace J., 349
Lobaria oregana 497
Loesener, T., work of 159
Loew, W., work of 513
Lowschin, A. M., work of 243
Lonchocarpus meistophyllus 55
Long, W. H., work of 159
Lorenz, Annie, work of 168
Lunell, J., work of 159
Lupinus 158

M
Macbride, F., 469
Machaeranthera pulverulenta vacans 70
McMurphy, J., work of 233
Malayan ferns 159
Mamillaria 157
Manettia stenophylla 58
Marsiliaceae, apical cells of 520
Martin, J. N., 112
Matheny, W. A., 418
Matteuccia intermedia 337
Merathrepta 469; pinctorum 470
Merrill, E. D., work of 159
Merriman, M. L., 319
Mertensia refracta 69
Mesozoic conifers 446
Mexico and Central America, plants from

Mimeomyces 160
Mimosa teledactyla 57
Mimulus 158
Mitochondria 167
Mitosis 84
^lonilia Koningi 271
Moore, S., "Nigerian plants" 344
Morgenthaler, O., work of 162
Mucor ambiguus 262
Mucorales, sexuahtv of 516
Miiller, K., work 0/87
Murtonia 157
^lyceliophthora sulphurea 263
Myelin forms and chondriosomes 243

N
Negria 157
Neidig, R. E., work of 509
Nelson, A., 63; "Spring flora

intermountain states" 80, 469
^ew Guinea, flora of 158
Nichols, G. E., 143

of the

Nieuwland, J., work of 159
Nigerian plants 344
Nitrogen, assimilation by soil fungi

Novia Scotia, forests of 80

Nuclei in sieve tubes 88

Nucleus, division in Spirog>Ta 319

249

Oliver, " F. W,, "Makers of British

Botany" 231

Oncodostigma 158

Onoclea, sex in 448
Opuntia 157
Oreocarya paradoxa 69

Oreomitra 158

Orton, C. R., work of 164

Osmosis, celloidin membranes for demon-

stration of 225

Osmotic pressure 444; i^ potatoes 433

Ostenfeld, C. H., work of 168

Oxidations and reductions 341

P
Pace, Lula 376
Pachybasium hamatum 266

Paleobotanical notes 242

Palestine, plants of ?>3\ wild wheat m 86

Panicum 158

Papualthia 158

Parnassia, androecium of 519

Pascher, A., "Die Susswasser-Flora 233,

work of 233

Peck, C. H,, work of 159

Peirce, G. J.,
work of 233

460- compressa 469; ^pihs 469,

^SAdiflora 470; intermedia 470, Pro-

vincialis469; sericea_47o; ^P;^«^.;^£

thermale 470; Ttuaru 469; umspicata

470
Pentstemon Griffinii 70

?SoSS;;Lnatio„, and rhyta .30

Perkins, J.,
work of 159

^SL'^iSLius 456 4..; -U-

folius latifoUus 412; ^'"'"''^^w of

• 1,1- Wendlandi), iiiorphoIog> 01 i^y

PTiloem of Abietineae 36

^^oXa Icptostachya, anatomy of 306

Pinus protoscleropitys 44&
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Pistschmiukaj P., work of 505
Pithecolobium racemiflorum 57
Pityoxylon 446; anomalum 446; foli-

osum 446
Plant geography, temperature coefficients

349 .

Plastid, individuality of 247
Platymiscium pleiostachyum 54
Podocarps, morphology of 168
Pollen, of Atamosco 377; of Trifolium

pratense 112
Polygonum pannosum 64
Polypodium clathratum i:^ 7 ; eilophyllum

338
_

Polystichum gracilipes t^^^

Protein metabolism 232
Prunus Mume, chloranthic deformation

of 162

Pseudohamelia 160
Pulle, A., work of 159
Puriewitsch, K., work of 504
Purpus, J. A., work of 159
Puttemans, A., work of 159

Q
Quantitative characters, inheritance of

247
Queensland plants 82

R
Kadula, gemmae m 244
Reductions and oxidations 341
Rendle, A. B., "Nigerian plants" 344
Renner, O., work of 444
Reviews: Arber's "Herbals" 232; Bailey's

"Catalogue of Queensland plants" 82;
Baker's "Nigerian plants" 344; Blakes-
lee and Jarvis' "Trees in winter" 79;
Britton's "Illustrated flora" 343;
Brown's "Illustrated flora" 343; Cath-
cart's "Physiology of protein me-
tabolism" 232; Dakin's "Oxidations
and reductions" 341; Dinsmore's "Die
Pflanzen Palastinas" &y, Engler and
Gilg's "Syllabus der Pflanzenfamilien"
81; Femow, Howe, and White's
"Forest conditions of Nova Scotia"
80; Fitting, Schenck, Jost, and Kar-
sten's "Lehrbuch der Botanik" 443;
Ganong's "The living plant" 155;
Garrett's "Spring flora of the Wasatch
region" 80; Goebel's "Organographie
der Pflanzen" 443; Haas and Hill's
"Chemistry of plant products" 343;
Howe's "Forest conditions of Nova
Scotia" 80; Jarvis' "Trees in winter"
7q; Jost's "Lehrbuch der Botanik"
433 ; Karsten's ' 'Lehrbuch der Botanik"

433; Kiister's "Uber Zonenbilding in

kolloidalen Medien" 230; Moore's
"Nigerian plants" 344; Nelson's
"Spring flora of the intermountain
states" 80; Oliver's "Makers of

British Botany" 231; Pascher's "Die
Siisswasser-Flora" 23 s; Petersen's
"Flora of Rendle,

233;
Nebraska" 80;

Baker, Wernham, and Moore's "Ni-
gerian plants" 344; Rosenvinge's
"Sporeplanterne" %t^ ; Roux's "Ter-
minologie der Entwicklungsmechanik
der Tiere und Pflanzen" 82; Schenk's
" Lehrbuch der Botanik" 443; Stone's

"List of plants of Massachusetts"

83 ; Sudworth's "Geographic, distri-

bution of North American trees" 82;

Wemham's "Nigeria,n plants" 344;
Wieler's "Pflanzenwachstun und Kalk-
mangel im Boden" 153; White's
"Forest conditions of Nova Scotia"

80; Zimmer's "Dictionary of botani-

cal names" 83
Rhexoxylon 242
Rhythm, periodicity, and zonation 230

Rhytisma, biologic species of 87
Riccia, morphology of 518
Richardia africana, morphology of 13s
Ricinus, and laboratory air 439
Rickia 160
Rittee, G, E., work of 507
Rocky Mountains, plants from 63

Rondeletia calycosa 59
Rose, D. H., 155
Rosenstock, E., work of 159
Rosenvinge, L. Kolderup, "Sporeplan-

terne" 83
Roux, W., "Terminologie der Entwick-

lungsmechanik der Tiere und Pflan-

zen" 82
Rusby, H. H., work of 159
Rusts, biology of 161

Rydberg, P. A., work of 159

s

Safford, W, E., work of 159
Salicornia 160; anatomy of 520
Salvia Kellermanii 60
Sapghin, A. A., work of 247
Sauton, B., work of 511
Saxton, W. T., work of 244
Scaphidiomyces 160
Scelophoromyces 160
Schaffner, J. H., work of 160

Schefferomitra 158
Schellenberg, H. C, work of 346
Schenck, H., "Lehrbuch der Botanik

443
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Schilling, A. J., work of 233
Schkorbatow, L., work of 160

Schlechter, R., work of 160

Schley, Eva O., 480
Schmidt, E. W., work of 88

Schneider, Fritz, work of 520
Schneider, Hans, work of 519
Schneider, W., work of 238
Schonfelt, H. v., work of 233
Scleroglossum 159
Sclerotinia cinerea 418; fructigena 418
Scourfieldia 160
Scyphostrychnos 344
Sedum Cotyledon 477; debile 476; ohiu-

salum 476; oreganum 476
Seed coats, semipermeability of 169
Seedling anatomy 246
Semipermeability of seed coats 169
Setchell, W. A., work of 160
Seward, A. C, work of 242, 243, 446
Sex in Onoclea 448
Sexuality of Mucorales 516
Shafera 158
Shantz, H. L., work of 514
Sharp, L. W,, work of 517
Sherff, Earl E,, 490
Shull, Charles A,, 169, 444
Sieve tubes, nuclei in 88
Sjgillaria 446
Silver leaf 1 66
Sinnott, E. W., work of 168
Sisymbrium leptophyllum 475; obtusum

475; ochroleucum 475; paradisum 475
Skottsberg, C, work of 160
Smith, G. M., 225
Smith, John Donnell, 51
Soil acidity 153
Soil fungi 249
Solanaceae 157
Sophia obtusa 475; leptophylla 4755

ochroleiica 475; paradisa 475
Spathulopetalum 157
Sphenophyllum 446
Spieckermann, A., work of 509
Spirogyra crassa, nuclear division of 319
Spratt, Ethel R., work of 240
Standley, P. C, work of 248
Stapf, O., work of 160
Stenospermation nnnavanf^nRe. mor-
phology

popayanense

Stewart, A., work of 248
Stone, G. E., "A list of plants of Massa-

chusetts" 83
Stout, A. B., wwk of 246
Strelin, S., work of 239
Struthiopteris 157
Stuchlik,

J., workof 160
Stysanus stemonites 272
Subsidence, coastal 449

Sudworth, G. B., "Geographic distribu-

tion of North American trees" 82

Swanton, E. W., work of 347

Switzerland, fresh-water flora of 233

Syllabus der Pflanzenfamilien 81

S>Tiandromyces 160

Synaptomyces 160

Szucs, J., work of 85, 245

indices

Takeda, H., work of 244

Talbotid 344
Taraxacum fasciculatum 71

Teilhardia 243
. r ^

Teleutospores, germination of 103

Temperature coefficients in plant geog-

raphy and climatology 349

Temperature efficiencies 3SS;

364; summation 354

Tepary39S; food value of 414

Tetrandromyces 160

Thalictrum 158

Thaxter, R., work of 160

Thelygonum, life history ol 5^9

Thomas, H. H, work of 446

Thomson, R. B, 513; work of 347, 348

Thorncroftia 15 7

Tidestrom, I., work of 160

Tischler, G., work of 161

Tonestus linearis 478

Tragopogon i57

Transfusion tissue 244

Treboux, 0., work of 239

Trenomyces 160

273
Trifolium pratense pollen of

Tubeuf, K. v., work of 88

112

u

Uhlenhaut, H., work of 506

Uredineae, cultures of 233

Uromyces Pisi 161

Uromyces veratn 162

v

Van Alderverelt van Rosenberg, C.

W K., work of 159 , ^„,

VertiVillium
chlamydosponum 275

vS somatic chromosomes xn .17

V Ola Sheltonii biternata 66

Viscin, in Dendrophthora 204

Voltzia 242
Vuinemin,P.,^vorkofi6o

R
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w
Warnstorf, C, work of i6o
Water requirement of plants 514
Welsford, E, J., work of 88
Welwitschia 244
Wernham, H. F., "Nigerian plants" 344;
work of 160

Westj G. S., work of 160
Wheat, wild in Palestine 86
White, J. H., "Forest conditions of
Novia Scotia" 80

White, O. E., work of 347
Wieler, A., "Pflanzenwachstun und Kalk-
mangel im Boden" 153

Wight, W. F., work of 233
Will, H., work of 510
Willey, H., 502
Williston, Ruth, work of 244
Wilting coefficients in alkali soils 167
Woods Hole, marine flora of 348
Woodsia lanosa attenuata 338
Woycicki, Z., work of 167

r

Wuist, Elizabeth D., work of 448
Wyomingia vivax 70

X
Xanthosoma, morphoIog>^ of 131
Xenia and the endosperm of angiosperms

217
Xerorchis 160

Y
Yamanouchi, S., i

York, H. H., 89, 200
Yucca glauca, seed production in 72

z
Zanardinia, life history of i

Zeph3Tanthes texana 376
Zeugandromyces 160
Zimmer, G. F., "Dictionary of botanical

names" 83
Zonation, rhythm, and periodicity 230
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Chicago and the Old Northwest^ 1673-1835. By Milo Milton

Quaife, Professor of History in the Lewis Institute of Tech-

nology
postpaid

This book recounts, in a manner at once scholarly and

dramatic, the early history of Chicago. Important as this

subject is, it is not treated solely for its own sake. The author's

larger purpose has been to trace the evolution of the frontier

from savagery to civilization. From the point of view of Chicago

and the Northwest alone the work is local m character, although

the locality concerned embraces five great states of the Union;

in the larger sense its interest is as broad as America, for every

foot of America has been at some time on the frontier of

civilization.

This task has never before been performed in an adequate

way. The one reaUy brilliant historian of Hlmois, Mr. Edward
G. Mason, died with only a few fragments of his great work

completed, and no one has yet come forward to take his place.

It is believed that this book will take rank as the standard history

of Chicago in the early days.

Chicago Tribune. A history of the beginnings of Chicago which,^ becax^e

overturn
and based uoon records rather than upon traditio

Animal Communities in Temperate America. A Study in Animal

Ecology. By Victor Ernest Shelford, Instructor in Zoology tn

the University of Chicago.

380 pages, 8vo, doth; $3.00, postpaid $3.22

^ ^
This volume by Dr. Shelford presents the Ff^cipl^ o}

field ecology, iUustrated by the more widely d^s^nbuted anirn^

habitats of the eastern half of temperate North ^'^?^^^^
^e aquatic habitats of a much larger temtory. Six cHapiers

aeal with general principles. , , streams,
In several chapters animal commumties of

^f'^^^^
swamps, forests, prairies, and various^ soils and topo0^^

situations are considered from the point of v^ew of i^od^

dynamic ecology. A very valuable feature of the dook
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three hundred figures of widely distributed animals chosen to

represent the chief types of animal communities and their

characteristic modes of life.

Artificial Parthenogenesis and Fertilization. By Jacques Loeb,

Member of the Rockefeller Institute for Medical Research.

318 pages, i2mo, cloth; $2.50, postpaid $2.68

This new work presents the first complete treatment of the

subject of artificial parthenogenesis in Enghsh. Professor Loeb

published four years ago a book in German under the title Die

chemische Entwicklungserregung des tierischen Eies. Mr. W. O.

R. King, of the University of Leeds, England, translated the

book into English, and the translation has been revised, en-

larged, and brought up to date by Professor Loeb.
^
It gives, as

the author says in the preface, an account of the various methods

by which unfertilized eggs can be caused to develop by physico-

chemical means, and the conclusions which can be drawn from

them concerning the mechanism by which the spermatozoon

induces development. Since the problem of fertilization is in-

timately connected with so many different problems of physi-

ology and pathology, the bearing of the facts recorded and

discussed in the book goes beyond the special problem indicated

by the title.

The Mechanistic Conception of Life. Biological Essays by Jacques

Loeb, Member of the Rockefeller Institutefor Medical Research.

238 pages, i2mo, cloth; $1 . 50, postpaid $1 . 6$

The achievements of Professor Jacques Loeb in the field of

experimental biology insure any book of his a wide reading.

His experimental work at the universities of Chicago and Cali-

fornia, as well as in his present position, gives this volume an

especial significance. Professor Loeb here presents many of the

current problems in biology, and discusses the question whether

the phenomena of life can be unequivocally explained in physico-

chemical terms.

Johns Hopkins Hospital Bulletin. All eager to know more of the origin of

life wiU find no modern book of its size nearly so instructive dr inspiring.

A Manual for Writers. By John M. Manly, Head of the Depart-

ment of English in the University of Chicago, and John A.

Powell, of the University of Chicago Press.

226 pages, lamo, cloth; $1 . 25, postpaid $1.35

A book designed to aid authors and all others who are

concerned with the writmg of English. It aims to answer the

practical questions that constantly arise in the preparation of



manuscripts for the printer, business letters, and any sort of

composition where correctness of form is an important element.

It treats in a clear and convenient way the matters of

grammar, spelling, and general form which writers need most
to be informed about, and gives full directions on the preparation

of "copy" for the printer and the correcting of proof. The
chapter on letter-writing is unique and of especial value in its

practical suggestions.

C. E. Raymond^ Vice-President of the /. Walter Thompson Co. It

seems to me to be the most comprehensive and comprehensible of

any of the works on this subject which I have had the pleasure of

seeing.

The Elements of Debating: A ^fanual for Use in High^ Schools

and Academies. By Levereit S. Lyon, of the Joliet High

School
148 pages, i2mo, cloth; $i.cx3, postpaid $1.07

The aim of the book is to put the well-estabHshed principles

of the art of debating within the reach of young students. It

therefore presents the elements of public speaking so freed from

technicality that the student may assimilate them in the shortest

possible time and with the least possible interpretation by the

teacher.

The book consists of ten chapters and a number of appen-

dices. Each chapter is preceded by an analysis of the subject

and followed by a series of suggested exercises. The whole

subject is treated in a direct, practical way with the greatest

possible clearness, and with illustrations drawn from subjects

familiar and interesting to high-school boys. It is entirely

modern in that it lays stress on efficiency, rather than on theo-

retical perfection. Illustrations are given from some of the most

effective arguments ever written, and a list of suggested topics

is added in an appendix.

London in English Literature. By Percy HolmesP^y^j^^j^f.'^''^
Professor of English Literature in the Umverstty of Chicago.

358 pages, 8vo, cloth; $2.00, postpaid $2.17

This volume differs from all other volumes o^^^^f^^
that it gives a consecutive illustrated account of London not trom

the poiSt of view of the antiquarian but from that of the mquinng

student of English literary history.
...:,^r? in furn

It deals ^th ten consecutive periods,
^"^^'"^'^^f^'^^^

by the work and spirit of Chaucer, Shakespeare, Mton D^ den

Addison, Johnson; Lamb, Dickens, and by the qualities of Vic
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torian and contemporary London. The emphasis is thus dis-

tributed over history and given largely to the richer and more
recent literary periods. The temper of each epoch is discussed,
and then in particular those literary works which are intimately
related to certain localities in London.

The work contains four maps and forty-three other illustra-

tions, selected from the best of a great fund of material. As
further aids to the student or the general reader, the sources of

aU material are indicated by footnotes and hsts of illustrative

reading are appended to each chapter. There are also an
appendix with detailed references to illustrative novels, and a
carefully compiled index.

The Springfield Republican. It would seem as if Mr. Boynton's book
would make strong appeal to everybody who has been in London, and
a good many more who would like to go there; .... he has caught
its spirit and presented it here.

Social Programmes in the West. {The Barrows Lectures^ By
Charles Richmond Henderson^ Head of the Department (

Practical Sociology in the University of Chicago.

212 pages, 8vo, cloth; $i . 25, postpaid $1 .38

The Barrows Lectures ('1012-1^") delivered with so much
success m the Far East by Professor Henderson are included
in this volume, which is also published in India by the Macmillan
Company. The subjects of the lectures are as follows :

" Founda-
tions of Social Programmes in Economic Facts and in Social

Ideals," "Public and Private Relief of Dependents and Abnor-
mals," "Policy of the Western World in Relation to the Anti-
Social," "PubUc Health, Education, and Morality," "Movements
to Improve the Economic and Cultural Situation of Wage-
Earners," and "Providmg for Progress." The author, in his

preface, says that "the necessity of selecting elements from the
social activities of Europe and America which might have value
in the Orient under widely different conditions, compelled a
consideration of the materials from a new point of view." The
introduction mcludes, besides a syllabus of the six lectures, the
Letter of Commission from the oflScers of the three great inter-

national associations for labor legislation, asking the lecturer to

present then: aims wherever it was possible in India, China, and
Japan.^ There is also included a statement by Professor E. Fuster,
o^ Paris, of the aims of the international associations on social

legislation.

Boston Transcript. The lectures will be of value to American readers in

that they concisely place before them the social problem in its most
fundamental aspects.
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Christian Faith for Men of Today, By E. Albert Cook, Profe.

}f Systematic Theology in the Congregational College

Canada

276 pages, i2mo, cloth; $1 . 25, postpaid $1.35

^
This volume contains a clear and reasonable interpretation

of life from the Christian point of view, and some definite formu-
lation of those beliefs that have proved most effectual in the
development of individual character and in the promotion of the
welfare of society. Professor Cook believes that Christianity
is the religion which best meets the needs of all races and classes.

The convenient arrangement of the material in numbered para-

graphs, the valuable appendices, and the general systematic

treatment of the subject commend the book as a popular text

for college men and women, and for adult classes and clubs as

well as for general reading.

Watchman. It is written for those who feel the

this asre and have conrentions framed bv scienc

currents

traditional conceptions.

current

ures

conceptions.

disturb faith, but resets it according to modem

Materials for the Study of Elementary Economics. By Leon

Carroll Marshall, Chester Whitney Wright, and James Alfred

Field, of the Department of Political Economy in the University

?/ Chicago

946 pages, Svo, doth; %2.75, postpaid $3, ex?

Spedal Library Edition, postpaid $4 . 80

This volume of nearly a thousand pages is intended to supply

to students of elementary economics a collection of readings,

illustrating the working of economic principles m actual Hfe.

The material is drawn from the most various sources—books,

magazines, newspapers, commission reports, court decisions,

corporation charters, government circulars, etc. The selections

have been carefuUy edited, so as to eluninate unsuitable material

and present the documents m the most usable form.

The volume, which is intended to be used in connection

with any standard text, has aheady been adopted by many of

the leading institutions of the country.

Professor John Bauer, Cornell University. It ought to have a Iarg<

from all classes of institutions.

Professor Charles C A rbuthnot, Western Reserve University. Materials fi

the Study of Elementary Economics is altogether the most promisu:

collection of illustrative material I have ever seen.

5
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My Life. By August Bebel. {With a Portrait.) An Autobiog-

raphy of the Famous Leader of the Social Democratic Party

in Germany.

344 pages, 8vo, doth; $2.00, postpaid $2,14

This autobiography contains the story, from the inside, of the

rise of the German trades-unions, and throws many interesting

sidelights on the poHtics of Bismarck and Lassalle. Up to

the time of his death in August, 1913, Bebel was the molding

influence of the Social Democratic party, which is, even under

the restricted franchise, a power in the German state. Bebel

gives a vivid description of the poverty of his early life and of

his wanderings as a craftsman in search of work all through

Germany—the Germany before the wars of 1864, 1866, and

1870-71, and before the Unification. Soon after his election to

the Reichstag he was convicted of high treason for the expression

of his views on the Franco-German War and had to spend some

years in prison. The international reputation of the author, the

extreme frankness with which he writes, and the striking suc-

cesses of the movement with which he is identified make this a

human document of remarkable interest and significance.

Nation He
and by so doing makes it intelligible, and perhaps even appealing, to

otherwise

Francesco Petrarca and the Revolution of Cola di Rienzo. A Study

in the History of Rome during the Middle Ages. By Mario

Emilio Cosenzay Instructor in Latin in the College of the City

of New York.

335 pages, 1 2ino, cloth; $1.50, postpaid $i. 60

In these pages the author draws a picture of Petrarch as a

statesman, beheving that even if Petrarch had never written a

sonnet in praise of Laura he would still be dear to many genera-

tions of Italians for having been the first real Italian patriot a

man who was not bounded by narrow partisanship but who

through a long and active life was wholly devoted to the cause of

a unified Italy. Dr. Cosenza has chosen for special treatment

Petrarch's relations with Cola di Rienzo, because they constitute

a story that is virtually a chapter in the history of Rome during

the Middle Ages . The material of the present volume is drawn

chiefly from Petrarch's letters, from the extremely important

correspondence of Cola di Rienzo, and from the equally important
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archives of the Roman church. Nearly all this material is new
to the EngHsh language. The notes are detailed enough to make
clear Petrarch's many allusions. The book is written with the
charm of a vital scholarship and with intimate feeling for its
subject, and the incidents connected with the lives of the two
great Italians who lived centuries in advance of their times have a
remarkable variety and interest.

Boston Evening Transcript. As we read these extracts from the letters of
Petrarca, and the scholarly notes that accompany them, we are con-

CTeat
as

to

American Poems. Selected and Edited with Illustrative and Ex-
planatory Notes and a Bibliography, By Walter C. Bronson,
LitLD. , Professor of English Literature in Brown University.

680 pages, i2mo, doth; $1 ,50, postpaid f i .68

The book offers a most carefully chosen and well-balanced
presentation of the poetic works of Americans, covering the
entire period of our history. For the teacher as well as the
student the value of the work is greatly enhanced by the com-
prehensive Notes, Bibliography, and Indices. It is believed that
the book will have the wide popularity of Professor Bronson's
earlier collection, English Poems, which has been adopted by
all leading American colleges.

The Dial. The resources of the special collections of Brown University

have supplied the editor with the best authorities for accurate texts,

and have made possible the widest range of selections.

Educat service

literature

American poetry,

The Courtsf the Constitution^ and Parties. Studies in Constitu-

tional History and Politics. By Andrew C. McLaughlin,

Professor of History in the University of Chicago.

308 pages, i2mo, doth; $i.SOi postpaid $1.63

A volume of peculiar interest at this time, when the courts

and political parties are subject to general criticism. The dis-

cussion is especially significant as coming from a lifelong student

of constitutional questions, whose work at the University of

Michigan, the Carnegie Institution of Washington, and the Uni-

versity of Chicago is so widely known. The point of view is

historical. Though the articles are scientific they are intended

for the reader who is interested in public affairs rather than for
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the professional student. The work consists of five papers, the
first of which discusses the power of a court to declare a law
unconstitutional. Two of the papers deal with the growth and
essential character of political parties, and are followed by one
on the history of differing theories of the federal Union. The
work concludes with a discussion of the written constitution in
some of its historical aspects, taking up the origin of these docu-
ments and the problems of then: maintenance and interpretation
in the development of the modem popular state.

Harvard Law Review. To the reviewer the two papers first mentioned seem
to be contributions of great and permanent value to the discussion of
their topic The style of these essays is easy and delightful and
their argument sane, thoughtful, and persuasive.

Political Science Quarterly. Professor McLaughlin, in this most important
essay under review, has surveyed the field anew, and with rare appre-
ciation of the purport and the weight of evidence has contributed a
judgment which may well be resrarded as definitive.

Heredity and Eugenics. By John M. Coulter, William E. Castle,

Edward M. East, William L. Tower, and Charles B. Davenport.

312 pages, 8vo, cloth; $2.50, postpaid $2.70

Leading investigators, representing the University of Chicago,
Harvard University, and the Carnegie Institution of Washington,
have contributed to this work. Great care has been taken by
each contributor to make clear to the general reader the present
position of evolution ; the results of experiments in heredity in

connection with both plants and animals; and the enormous
value of the practical application of these laws in breeding and in

human eugenics. The volume is profusely illustrated.

Medical Journal,

knowledge in all that concerns the

estimate

nature of the experimental
departments, .... and the prospects, immediate or remote,

Heredity
practical applications, cannot do better than

8



PUBLICATIONS OF THE CAMBRIDGE
UNIVERSITY PRESS

pHE University of Chicago Press has become the American
agent for the scientific journals and the following books

issued by the Cambridge University Press of England

:

BOOKS

The Life and Correspondence of Philip Yorke, Earl of Hardwicke
Lord High Chancellor of Great Britain. By Philip C. Yorke
M. A. Oxon., Licencie-es-Leftres of the University of

Royal 8vo. Three Vols., with sue illustrations. Vol. I, pj
Vol. Ill, pp. 662. Price $13 . 50, postpaid

606

This solid and significant work is based on the Hardwicke
and Newcastle manuscripts and, in addition to the life of Lord
Hardwicke, gives the whole history of the Georgian period from
1 720 to 1 764. An account of the great judge's work in the King's
Bench and in Chancery is included. The characters and careers
of Walpole, Newcastle, Henry Pelham, the elder Pitt, Henry
Fox, the Duke of Cumberland, George H, and George HI and
various incidents—such as the fall of Walpole, the Byng catas-
trophe, and the struggle between George HI and the Whigs
appear in a clearer light, which the author, by aid of original

papers and manuscripts, has been enabled to throw upon them.
These documents are now published, or brought together and
annotated, for the first time.

The North American Review. It corrects errors of previous ill-informed or
prejudiced biographers of Lord Hardwicke, and presents an apparently-

just portrait of a really eminent man, together with a wealth of his-

torical information.

The Genus Iris. By William Rickatson Dykes. With Forty-

eight Colored Plates and Thirty Line Drawings in the Text.

254 pages, demi folio, half morocco; $3 7- 5°, postpaid $38.36

This elaborate and artistic volume brings together the avail-

able information on all the known species of Iris. The account
of ea^h includes references to it in botanical literature and a
full description of the plant, together with observations on its

peculiarities, its position in the genus, its value as a garden

plant, and its cultivation. As far as possible the accoimt of the

distribution of each species is based on the results of research in

the herbaria of Kew, the British Museum, the Botam'c Gardens
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of Oxford, Cambridge, Berlin, Paris, Vienna, and St. Petersburg,
and the United States National Museum at Washington.

The most striking feature of the book is the forty-eight life-

size colored plates, reproduced from originals drawn from living

plants—making it a volume of great beauty as well as of scientific

importance.

The American Florist. Lovers of irises owe a huge debt of gratitude to

William Rickatson Dvkes. who after vear«; of lahor Tiasi nrodnrprl a

Mr
scientist's analytical skill with all the grower's enthusiasm.

The Florists^ Review. If anything else could be added to the book that

would really increase its beauty or its scientific value or its practical

could be.

know

Byzantine and Romanesque Architecture. By Thomas Graham
Jackson^ R.A. Two Volumes, with 165 Plates and 148
Illustrations.

w

Vols. I and II, each 294 pages, crown quarto, half vellum; two vols. $12 . 50,
postpaid, $13.25

This work contains an account of the development in Eastern
and Western Europe of Post-Roman architecture from the fourth

to the twelfth century. It attempts not merely to describe the

architecture, but to explain it by the social and political history

of the time. The description of the churches of Constantinople
and Salonica, which have a special interest at this time, is fol-

lowed by an account of Italo-Byzantine work at Ravenna and in

the Exarchate, and of the Romanesque styles of Germany,
France, and England. Most of the illustrations are from
drawings by either the author or his son, and add great artistic

value to the volumes.

The Nation. The two volumes -mu^t sur
standard classics of every architectural library.

The Duab of Turkestan. A Physiographic Sketch and Account of

Some Travels. By W. Rickmer Rickmers. With 207 Maps,
Diagrams, and Other Illustrations,

580 pages, royal 8vo, cloth; $9 . 00, postpaid $9 . 44

A record of exploration of a little-known region, combined
with some elementary physiography. The book discusses the

various geographical elements in the natural organic system of

the Duab of Turkestan (or Land between the Two Rivers)

between the Oxus and the Jaxartes, the mformation being strung
on the thread of a highly interesting story of travel and mountain
exploration. The author was at great pains to obtain typical

views of physical features such as mountains, valleys, and glaciers.

10



and also of vegetation, village life, and architecture ; and there
are many diagrams for a clearer understanding of the text.

The book is especially suitable for colleges, hbraries, and
schools, and for all students or teachers of physical geography
and natural science.

?/ Geography humor
. language in description, and his knowledge of physiography

and climatology, .... all contribute materially to the excellence of
the book. Much attention is dven to physiographic processes and

story

JOURNALS
Biometrika. A journal for the statistical study of biological problems.

Edited by Karl Pearson. Subscription price, $7.50 a volume;

single copies, $2 . 50.

Parasitology. Edited by G. H. F. Nuttall and A. E. Shipley. Sub-

scription price, $7 . 50 a volume; single copies, $2 . 50.

Journal of Genetics. Edited by W. Bateson and R. C. Punkett. Sub-

scription price, $7 .
50 a volume: smgle copies, $2 . 50.

il of Hygiene. Edited by G. I

$5 • 25 a volume: single copies, $

Nuttall. Subscription

The Modern Language Review. Edited by J. G. Robertson, G. C.

Macaulay, and H. Oelsner. Subscription price, $3.00 a volume;

single copies, $1 . 00.

The British Journal of Psychology. Edited by W. if. R. Rivers and

C. S. Myers. Subscription price, $3 . 75 a volume.

The Journal of Agricultural Science. Edited by Professor R. H. Biffen,

A. D. Hall, and Professor T. B. Wood. Subscription price, S3 • 75

a volume; single copies, $1 , 25.

The Biochemical Journal. Edited for the Biochemical Society by

W. M. Bayliss and Arthur Harden. Subscription price, $5.25 a

volume.

The Journal of Ecology. Edited for the British Ecological Society by

Frank Cavers. Subscription price, $3-75 a volume; single copies,

$1.25.

Note.—Prices on back volumes vary, and postage from London is

charged on back volumes and single copies.

THE UNIVERSITY OF CHICAGO PRESS
CHICAGO. ILUNOIS
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THE SUMMER QUARTER
FOR 1914

The Calendar for 1914.—It is expected that the Summer Quarter will begin

Monday, June 15, and end Friday, August 28, the Autumn Convocation being held

on the afternoon of that day. For further particulars see bulletin which will appear
in March.

Limitation of Work, etc*—The student is limited to three minor courses for

each term, or to three maior courses for both terms- In soecial cases permission

Graduate
may oe ootamea irom tne deans to pursue an aaaitionai course, lor wn
case of imdergraduate students, a supplementary fee must be paid.

and Law students are given larger privileges, and students in the College of Edu-
cation may add one of the arts without additional fee.

College Study.—^The Summer Quarter is an integral part^ of the college year.

Courses taken may be counted toward the Bachelor's degree as in any other quarter.

The Summer Quarter may thus be used to supplement work in the other three

quarters, and so reduce the ordinary four years' course to three; it may replace

one of the other quarters taken as vacation; or a sufiBcient number of summer
quarters may satisfy all the requirements for the degree. Members of the regular

teaching staff in every department are in residence. Required cours^ are regularly

given, and elective courses are repeated more or less frequently, according to demand.

bers

guidanc
advanced studies under

Biblical and Theological Study.—The Divinity School offers to professors of

theology, to theological students, to ministers, to religious workers, and to oth^
interested in biblical and theological study, introductory and advanced courses in

all its departments.

Professional Courses in Law.—Students
in the midst of their professional studies at <

lawyers are offered work of a thorough and sy

Courses in Medicine.—College Seniors planning to study medicine, student
in medical schools, and practitioners will find the summer course in medicine admir-

ably adapted to their needs. The S
who need to review and to make un

and

nam

Educational Principles and Methods.—The cour;
aring upon the work of teaching, but the courses

eeds of teachers, m both primary

ous shoDS affords imusually com]

and
secondary schools. The work in the various shops affords imusually complete
instruction in the industrial arts and crafts.

Public Lectures.—A series of public lectures, concerts, and other forms of

entertainment is scheduled throughout the Summer Quarter, and affords oppor-

tunity to students to hear speakers of eminence and artists of distinction-

Chicago in Summer.—An agreeable summer temperature, spacious parks,

notable libraries and museums, great industrial plants, typical foreign colonies, ft

number of Settlements, and other significant social institutions make Chicago a

peculiarly appropriate center for study and investigation.

For full information address

THE UNIVERSITY OF CHICAGO
CHICAGO, ILUNOIS



FINE INKS AND ADHESIVES
l^v^

For those who KNOW
I hear it called

e fimchine with the human-brain:*

I call itThe machine
» r

with XhtSuper-HumanBmin,
'*-H^Mn

If

4-- \

-*,J-* /

ME
I

a,:

Higgins

Drawing Inks
Eternal Writing Ink
Engrossing: Ink
Taurine iVIucilage

Photo Mounter Paste
Drawing Board Paste
Liquid Pa5te
Office Paste
Vegetable Olue, Etc.

Are the Finest and Best Inks and Adhesives

Emancij>ate yourself from the use of corrosive and
ill -smeliing inks and adhesives and adopt the Hlg-
gins Inks and Adhesives. They will be a

revelation to you, they are so sweet, clean, well

put up, and withal so efficient.

At Dealers Generally

t>- -

m\

371 Ninth Street

M. HIGQIN5 & CO., Mfrs
Branches: Chicago, London

Brooklyn, N. Y.

|rhus spoke the Auditor

He was speaking of the

^ m i n g t -

Adding and Subtracting

T y p e w
(Wahl Adding Mecnamsm)

This machine does something that only the

brain, directing the hand, has hitherto been able

to do—that is, wrUo and add {or nubtfi^j on the

same pag9,
. , , , ' 1

But this is not all It does such work nu^e

easily, more rapidly, and more u «;>' than the

human brain has ever performed similar labor.

Thus the machine is hwratt m what it does

and super-human in the way it does it.

Illustrated booklet sent on request

Remington Typewriter Company
(Incorporate<f)

325-331 Broadway, New York
Branches Everywhere

Here is Your Chance
To Buy That Typewriter

AT LESS THAN WHOLESALE
t-4%,HA -^^

The Fox Typewriter is a beautifully finidi«l, highg

Visible writer, with a light touch and e_^/ action and ex-

treme durability. It has a tabulator, back spacer tw v

S^r nbb^n, stencil c.ter. card holder, mterchangeabk

pktens and carriages, is fully ax>tomat^, and i., .ent out

romDlete with fine si-etal cover vid hardwood b^.

Four t^writer does not suit you after a ten da>s free

triS of it.lend it back at our expense. If
^

'-^

-^^\l<i
buy it after trial you can pay ns a iiide down a..a the

bSnce monthly or in all c^^h, ,us. .s you p^^ Ther.

is no "red tape" ti^ to this offer, and
rson

Bi>g Values in Slightly Used Typewriters

^„« ^^^ Monihiy to Your Incom^Be Our Local Agent

We are making a special offer on a lot of Fo. Visible Tvpejrjt^^^^^^ ^ --^ -^'^^ -^
tkm purposes. These Tie not second-hand nor ?^„^^E'

^f^^jfl^^
SCMceiy

easy payment terms—ten days' trial. Wru^ ior fufl p^iculais.

onstra

«MAI

t/«« the Coupon **

Fox Typewriter Company
4112 4142 Front Ave.. GRAND RAPIDS. MICH.

FROM U. OF C P. FOR DECEMBER

Name

Au-^-iiHtSS

I

^



Use the Microscope in Your
Science Lessons

Visual microscopic demonstration most effectively

supplements book presentation, particularly if the
subject be botany, physiology, or zoology. The
microscope awakens dormant interest and stimu-
lates a keen zest for these studies.

rw^
Y-^

->
±_

v_

rr"

Microscopes
are used by leading educational institutionsbecause
of broad utility, optical efficiency, and mechanical
precision. In these—the essentisJs of a good micro-
scope—the Bausch and Lonab instrument is most
highly perfected as a result of our sixty years of
intensive experience as optical manufacturers.

Mo^el BH-2 (illustrated), with one eye piece and two objec-
livcs, i» a model Mjiendidly adapted to the science teacher's

Price $31.50. Special prices made to <^r4nrAfir>iuJuse.
insdtutions. Many other models are descril^d in our catalog
on School Equipment, «ent hee upon request.

Bausch ^ Ipmb Optical @.
N#w York Chicasi

IWCHlSTin
Waahinfiti San Francicco

2

\

.^:

1^

The

^^Hy smooth

,

'^^^r easy-writing
^ qualities, long

wear, and ability

to hold a large quan-
tity of ink, are some

things that

have helped to make
Esterbrook's Jackson
Stub No. 442 the most
popular of all stub

pens,
IVrite yor illustrated booktti'

Esterbrook Pen Mfg. Co.

New York Camden, NJ. \
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'' AsK
your

statione'

FOR
AMUSEMENT

AND
EDUCATIONAL
PURPOSES

raphcr.

ORIGINAL and occlusive Lantern S
made from n^atives by our own P

The latest collection in the W
covcnng all places of initresl,

,

Over 150,000 Subjects to select from -Slides

for Home. Church, School, Lecture Hall or Insti-

tution, for amusement and educadonal purpotes

—covermg art, travel,

known subject.

Catalogs of Slides and Projeakn Apparatus

mailed upon rec^uesi. Address Depi* ^•

T, R McALUSTE"
Nasftatt Stre

EstaMisked lySj
fJew York 0*7


