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By Albert A. Michelsom
1. Wave Motion and Interference.

Comparison of the Efficiency of
iwrope, Telescope, and Interfe;

3- Application of Interference Methods to

4-

Measurements of Distances and Angles. 7.

5, Light Waves as Standards of Length.

6, Analysis of the Action of Magnetism on
Light Waves by the Interferometer and
the Echelon,

Application of Interference Methods
Spectroscopy

to

Application of
Astronomy.

Interference Methoda to

f. The Ether.

With 108 text fgnres and three full-page lithograph*.

Numerous practical applications of recent theories in optics together with accurate
mustrations and descriptions of apparatus add materially to the value of this book,
btudents of physics and astronomy will find here an admirable condensation of the some-
what scattered Ifterature of the subject, presented in an original and entertainine manner.

TKe
Price ^2.00 net; $2.13 postpaid.

University of Chicago
CHIcago azid New YorH

An ndispensaMe Book for Student

in Plant Hist
SECObTD EDITION-ILLUSTRA TED

_ Charles
J. Chamberlain, Ph D.

Instructor in Botany in the University of Chicago

of Botany

HIS BOOK contains directions for collecting a preparing plant materialfor mirrnwnn;^ ;r,.,»o*- T-— X
^"""=^^'"5 a" - preparing plant material

ech^ que X 5 th? fi^^
""•

'
'' ^^'^^ "P*^" ^ '^"""^ in botanical micro-

Free-S slcSonW th^ i' f«'^™P^?^.^ *" ^^ published on this subject.

making s^ch orenarLfnl
^ater chapters specific directions are given for

kingdom frfm^tre^Ste an tn 'th' fl'^^^
^^ !^°'^ *"^*^ ^'^^ '^ ^^^^y fhe plant

the%taininTof kaAlkine^tic fi^^^^ P'^t ^P^^^^' attention is paid to

commonly used in thThitoWi.^^^^^^^^
^""^ formulas are given for the reagents

amhor has ke7t in view rL; S ^^^^'^^ory. In preparing the second editiol the

Professor KlebVs meA^s tlZ? '"^

'^l^'^^^^^^^
«'"-« ^^^ book first appeared.

Algae and Fun; W Wn L .^ T^ '^^ ^^"°^' reproductive phases in the

mo^re attention gLbe'n^nen^t'SueSinV^^^^ ^"^^^^^ "^"^^
the Venetian turpentine iferhr^Jf I ^- "^^^^"^^- '"^^w chapters deal with
methods, ^dThruse o?fhe r;i?'™'*'^"''"^l'"^^^'f'^^^-^^"d sections, special

e-arged tievoWW r68 Tl^^s. ^'"' ''^"^" ^"^ additions\ave

, cloth, wt. $a.25; pcstpaid, $2,39
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Bulletin Publications
and Winter Announcements of

mjt M't55

English Poems
Selected and Edited, with Illustrative and Explanatory Xotes and Bibliographies,

" WALTER C. BRONSON, Profesby
University

of English Literature, Brown

Vol. IV, The Nineteenth Century, 635 pages, i2mo, cloth; net $1.00, postpaid $1,15.
Library Edition, net $1.50, postpaid $1.68

Special

In preparing this series, Professor Bronson is providing for college students and others
a more convenient and generally available selection of English poetry than has ever been
made before. When completed it will comprise four volumes. Volimie I will include Old-
English poems in translation, ]Middle-Engli5h poems, early drama, and old ballads; Volume II

will cover the Elizabethan and Caroline periods; Volume III will be devoted to the Restora-
tion and the eighteenth century; while Volume IV (now ready) covers the nineteenth century.
The volumes are being issued at intervals of about six months.

The plan of "The Nineteenth Century" is thus described in the preface:
%

Authors and poems have been chosen both for
their merit and for their significance in the history
of English literature. The book is therefore not an
anthology, or collection of the best poems. It is a
collection of good poems that illustrate the different

periods and phases of the work of individual poets,

and the rise, growth, and decline of schools of poetry,

- , . - Entire poems have been given wherever that
was possible, and the bulk of the book is made up of
them. But in order to represent some authors at

all adequately it has been found necessary to admit
a limited number of extracts. The notes include
(i) explanations of words, allusions, etc., which the
average college student may find obscure; (2) state-

ments by the author or his friends which throw Hght

s of American Literature

on the meaning of a poem, or give circumstance
connected with the composition of it, or illustrate

the poet's method of work; (3) the poet's theory of
poetry and his philosophy of life, when these can be
given in his own words; (4) variant readings of a
few poems, such as "The Ancient ilariner" and
**The Palace of Art,'' the reworking of which has
special interest and significance; (5) quotations from
sources and parallel passages, or references to them,
to show the poet*s literary relationships and his way
of handling raw material; (6) extracts from con-
temporary criticisms on some of the leaders of new
literary movements. A selected bibliography,

adapted to the needs of undergraduates, follows the

notes.

aid

By ANNIE RUSSELL MARBLE
394 V^Z^^f ^^ plates, small Svo, cloth; net $i.5o,^iK>stpaid $1.64

Recounts in detailed study and largely from original sources the li\'es and services

of a group of tvnical wxiters of the Revolutionary and National periods. There are bio-

graphical and critical studies of Francis Hopkinson, Philip Freneau, John Trumbull and his

friends among the "Hartford wits," Joseph Dennie, William Dunlap, and early playw'rights,

and Charles Brockden Browm and his contemporaries in fiction. The book is illustrated by
several half-tones of rare portraits, broadsides, and title-pa^s.

Literature in the Elementar}^ Sclioo!

Bv PORTER LANDER xMacCLINTOCK
320 pages^ Z2m0j doth; net $i.oOj postpaid $1.12

The book mres a series of detailed studies on the choice and teaching of the various

kinds of storie

literature

s: on poetry drama as literature; on the correlation of

with the other disciplines; on the actual teachmg of the class m literature; on the

netum to be asked from the children; a chapter on out-of-school reading for children; and
' elementary grades, offer^ as afinallv a list of titles m literature n to

defended as a w^orking pr"gramme tested by experience

.i?S



Adam Smith Sociology Study Methodology

of the Social Sciences
-TT^'t

'^^

,^ K

M.

By ALBION W. SMALL, Professor and Head of the Department of Sociology

in the University of Chicago

260 pageSj i2m0j cloth; net $1.25, postpaid $1.36

The volume is the first of a series which the author will edit on the preparations for

sociology in the fragmentary work of the nineteenth-century social sciences. The main

argument of the book is that modem sociology is virtually an attempt to take up the larger

programme of social analysis and interpretation which was implicit in Adam Smith's moral

philosophy, but which was suppressed for a centurj^ by prevailing interest in the technique of

the production of wealth. It is both a plea for revision of the methods of the social sciences

and a symptom of the reconstruction that is already in progress.

±

i

.-wTi

Women's Work and Wages : A Phase of Life in an Industrial City

By EDWARD CADBURY, M. CECILE MATHESON, and GEORGE SHANN
3^3 P^^es, Syo, cloth; net $1.50, postpaid $1.61

The authors give, for the purposes of the student and social worker, a systematic

and comprehensive statement of the facts and theories of w^omen's work and wages and the

complex attendant problems. The valuable work done in late years by various writers and

associations is brought into line with the facts gathered by original investigation of a most

exhaustive nature.

I
X

3

Outdoor Labor for Convicts

By CHARLES RICHMOND HENDERSON, Professor and Head of the De-
partment of Ecclesiastical Sociology in the University of Chicago

170 pages, 8vo, paper; net 75 cents, postpaid S3 cents

This little volume gives English translations of all the reports made to the last Inter-

^

:)n Congress at Budapest, together with accounts of variou

Switzerland, and of outdoor work of prisoners in the United

^-

book

.VTvhere

f
^
^

and the conclusions offered axe based on the results of experiments made in nearly all civilized
.4

coiintne

Chapters in Rural Progress

By KENYON L. BUTTERFIELD, President of the Massachusetts Agricultural
Colles^e

275 pages, 8vo, cloti; net $1.25, postage extra

The increasing interest in rural matters, springing from the renewed devotion to out-

door life, and now including the technical aspects of modern agriculture, is gradually being

-^Jl

broadened to embrace the field of economic and social
- - - a

regarding tlie sociological phases of rural life is particularly meager.
book emphasizes the social aspects of rural commtmities and describes

literature

tterfield's

:s xpansion of country
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Value

By RUFUS FARRIXGTON SPRAGUE
igo pages, lamo, cloth; net $i.oo^ postpaid $i.io

]Mr, Sprague is not a professional economist, but a successful manufacturer, whose

attention has been for many years directed to the abstract principles underlying exchange.

In the public discussions of a few years ago on the subject of a monetary standard he took an

important part, and he was the candidate of the *'Gold Democrats^^ for governor of Michi-

gan. He has developed a theory of exchange value which resembles in some points that of

Bastiat, but is much more elaborately developed and in many respects entirely new. The

book deserves the attention of all economists.

iW:

:j^^
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Sex and Society ; Studies in the Social Psychology of Sex

By WILLIAM I. THOMAS, Associate Professor of Psychology in the Univer-

sity of Chicago

334 P^ges, i2mo, cloth; net $1.50, postpaid $1.65

Few books of this nature have attracted so much attention. It is a popular account

of the results of studies in a field to which the general reader has scant access. Thoroughly

scientific in method, and embodying the latest conclusions of expert?, it deals with a subject

of imiversal interest and is written in a style that holds the attention from beginning to end.

Professor Thomas moves with an expert discern-

ment, discloses many a short-coming in prevalent

doctrine, and builds up a consistent objective picture

of woman's sociological status.

—

The Dml.

The book has genuine interest for the genera!

reader and makes a direct appeal to the student of

sociology.

—

Literary Digest.

A strong, scholarly, well-balanced, and well-

anged bwk.—^.4. L. A. Booklist.

The ment of Western Civilization: A Study in Ethicaij

Economic, and Political Evolution

By J. DORSEY FORREST, Professor of Sociology and Economics in Butler

College

420 pages, 8vo, cloth; net $2.00, postpaid $2.17

A scholarlv discussion of the various elements from which the civilization of Europe

modern society the social

phenomena which result from this course ot

Professor Forrest has gathered facts of history and
philosophy froia many sources, both ancieat and
modem. He has succeeded in weaving them into

a far more interesting and beaiJtiftil fabric—mcKiern

society—than could have been obtained from a mere
iparativ :oT Boston

A Short story of Wales

Bv OWEN EDWARDS St^ry of

162 pagesj lamo, clotli; net 75 cents, postpaid 83 cents

This book, bv one of the most distingui

felt want. simole aad intellirible outline of the history

ularlv fitted to be used as supplementary Ir

entire historr from ^uli

snmmaxies, pedigrees
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The Tragedies of Seneca

Translated by FRANK JUSTUS MILLER, Associate Professor of Latin in the

University of Chicago

445 pages, 8vo, cloth; net $3.00, postpaid $3.20

This 13 a new translation of the ten tragedies which have come down under the name of

Seneca. They are rendered in English blank verse, with appropriate lyric meters for the

choruses. The work is enriched and its value greatly enhanced for both classical and

Enghsh students, as well as for the general reader, by an introduction on the influence of

Seneca upon early English drama, contributed to the volume by Professor John M. Manly;

also by a review of the Roman historical drama in connection with the Octaviaj by comparative

analyses of Seneca's tragedies, and by a comprehensive mythological index and glossary.

m

?

Dramatic Traditions of the

By JOSEPH S. TUNISON
Ages

I

t

35^ pages, i2mo, cloth; net $1.25, postpaid $1.36
» . m

drama —if indeed they so •ana

cover the inten^al.

thirteenth century amis
J

\

,L

C

T"

y
F

^Ir. Tunison has the skill and liveliness of method
which enable Mm to marshal this wonderful array of
facts.

—

New York Times.

The quantity of his results cai

measured.

—

Springfield Republican,

'%

The Interpretation of Italy During the Last Two A

Contribution to the Study of Goethe's ITALIENISCHE REISE
By CAMILLO VON KLENZE, Professor of German Literature in Brown

University

150 pages, 8to, cloth.; net $1.50, postpaid $1.62

With a view primarily to throwing light on Goethe's estimate of Italy, the author traces

foreign

European culture,
The bcKjk is a work of research representing a vast to anyone who desires to follow the story of modern
iiount of reading and labor, and will be of service culture and intellectual life—r^ Dial.

Old German L O"'. b ngs Translated from the Min nesin2"ers of the

i2tli to I4tli Centuries

By FRANK C. NICHOLSON
236 pages, 8vo, cloth; net $1.50, postpaid $1.61

this volume an attempt has for the first time been made to ore
• f

;0

teenth centuries. The English versions, w
far as is possible, at faithfulness of renderi

and history of ^ftnnesoag.

Profe^or Edward Dowden ^Tites:

The introduction and the translations have given me true enjoyment

German Miariesingers of the twelfth to the fc

lile preserving the form of the originals, aim
ig. An introductory essay discusses the nat
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First Year Mathematics for Secondary Schools
By GEORGE WILLIAM MYERS, Professor of the Teachin^^ of

and Astronomy in the College of Education of the University of Chicago.
Assisted by the Instructors in Mathematics in the University High School,

198 pages, i2mo, cloth; net $1.00, postpaid $1.09

coulee

first year of secondary

expenence

notions, (2) to following up the notions of mensuration into their geometrical consequences,

and (3) to reconnoitering a broadly interesting and useful field of algebra. This means
postponing the scientific and purely logical aspects of algebra to a later period.

Geometric Exercises for Algebraic Solution, for Secondary Schools

By GEORGE W. MYERS and the Instructors in Mathematics in the Univer-
sity High School

90 pages, i2xao, cloth; net 75 cents, postpaid 82 cents

This book supplies means for holding, through the second year geometr}' course, the

ground made in algebra during the first year. By the use of geometric problems to be

algebraically solved the course sen'es the three-fold purpose (i) of keeping algebraic pro*

cedure in continual use, (2) of holding the unity of the geometrical course intact, and (3) of

pointing out many connecting by-ways and overlapping districts of the two domains of ele-

mentary mathematics.

Animal Micrology Micro Method

By MICHAEL F. GUYER, Professor of Zoology in the University of

Cincinnati
250 pages, 8vo, cloth; net f1.75, pc^tpa!l $i.8S

The
textbook use.

It is intended as a laboratory manual for

to the technique of microscopic anatomy

and embryology, emphasizing details of procedure rather than descriptions of rea^nts or

apparatus, Sufiicient account of the theoretical side of microscopy is given to enable the

student to get satisfactory results from his n

One of the best and most practical works upon
microscopic technique with which we are acquainted.

American Naturalist,

A concise, eminently practical, and well

tteatmQnt,—Science.

ir'at az-Zaman (a. H, 495-654X by Sibt Ion Al-Jauzi: A Facsimii

Ma uscript If 136 of the Landberg Collection atReproduction of
J.

Yale Uniyersity

Edited with Introduction by JAMES RICHARD JEWETT, Professor of the

Arabic Languatre and Literature in the University of Chicago

544 pages, 4to, cloth; net $20 00, domestic posta

This manuscript covers the last 120 years of the history. ne period about which the

author may be supposed to have known most. No manuscript for this portion exists in

Europe, The one here reproduced is in fine

excellent.

and the copy has been pronounced
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The English Reformation and Puritanism, and Other Lectures and

Addresses

By the late ERI B. HULBERT, Professor and Head of the Department of

Church History in the University of Chicago

352 pages, 8vo, cloth; net $2,50^ postpaid $2.71

Tt was a unique and striking character. him

and who enjoyed the flavor of his keen, incisive talk, will be glad to know that a number

have been collected and published. Many also w^ho did not know him person-lecture

mi

course

A Genetic History of the New England Theology

By FRANK HUGH FOSTER

580 pages, small 8vo, cloth; net $2 00, postpaid $2.19

As the first genetic history of the greatest theological movement which Am
yet known, the book deserves the attention of all students of our national thought.

has

Professor Foster has appreciated his subject and
bestowed upon it the labor and pains which its

importance deserves. His criticism of the work and

writings of the successive theologians is clear

penetrating.'

—

The Nation.

and

The Investment of Truth, and Other Sermons

By the late FREDERIC E. DEWHURST, Pastor of the University Congrega
tional Church, Chicago

174 pages, i2nio, cloth; net $1.25, postpaid $1.37

^Ir. Dewhurst was by nature an investigator, keenly sensitive to the more subtle rela

mgs Albion W. Small savs of this book of sermons: ''It is a contribu

tion to the literature of strenuous communion with God."

The reading of these sermons confirms Mr.
SmalFs words. They are

big things of life.

—

Christian

vital, they deal with the
Register,

Mr, Dewhurst's appeal is to the few, but to th

he appeals strongly.

—

The Nation. «-.

Love and

By JENKIN LLOYD JOxNES, Pastor of All Souls Church, Chicago

400 pages, 1211:
, cloth; net $1.50, postpaid $1.66

^rmons
couree

pastor. With the exception of the introductor}

s sermons" for successive graduating classes, and

The collection thus reDresents a cross-section or

should

tury from a busy city ministry. boys and
-t .- ...

particularly to others of like age, but anything that appeals to the young interest
JH-H_-

took

the
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BOOKS PRESS
The Witness of the Oriental Consciousness to Jesus Clirist

CHxARLES CUTHBERT HALL, President of Union

Seminary.

Theological

A profound impression was made by this author's Christian Bdiej Inkrpreicd by Christian

Experience, The many readers of i

related subject is soon to be issued,

wiU a closely

Descriptive Geography of Palestine

By PROFESSOR LEWIS BAYLES PATON, of Hartford Theological Seminary

96 pages, 8vo, cloth

J
interestingly

tatively'on the topography and archaeolog}^ of the Holy Land. The facts as presented are

know book

trated, and will constitute a notable contribution to the subject.

Sidellelits on Biblical Chronology, Part i

By OLAF A. TOFFTEEN, Professor of Semitic Languages and Old Testament

Literature in the Western Theological Seminary

250 pages, 8vo, cloth

This is an examination of the data furnished by the monuments bearing on biblical his-

tory and constitutes an elaboration of the first chapter in Anckni Chronology. W'Mt it

would be perhaps too much to say that Dr. Toffteen reaches conclusions altogether new, he

has displayed the same independence of research and reasoning which charactenzes his treat-

ment of the broader subject of "ancient chronolog>%" The result is an able, fearless, and

scholarly statement of views concerning historical data of the Bible.

Value and Distribution

By HERBERT J.
DAVENPORT, Assistant Professor of Political Economy in

the University of Chicago

500 pages, 8vo, cloth

The author thus defines his position in his preface :
" Since the time of Adam Smith,

economic theory has been in possession of doctrines enough for a reasonably complete, cx)n-

sistent, and logical system of thought-if only those doctrines had been, with a wise eclec-

ticism, properly combined and articulated. The emphasis in the present volume upon the

entrepreneur point of view in the computation of costs and in the analysis of the process by

which distributive shares are assigned, has nothing new in it; it was necessary only that the

pomt of view be clearly distinguished, consistently held, and fuEy developed.

The Process of Government : A Study of Social Pressures

By ARTHUR F. BENTLEY
cloth

After a general <

in which "social pre

are treated as a basi<

specialist it will be of

of
r*^

T?
^ '-

r. *\ -*

sociological

the stresses

The worl: is not

principle

I. e.
sociai

theory

intended for the general reader^ but to the
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CONSTRUCTIVE BIBLE STUDIES
RECENT ADDITIOIfS

Child Religion in Song and Story
By GEORGIA L. CHAMBERLIN and MARY R. KERN
Teacher's Manual, $i.oo Pupils • t ^^ %t ^ k^ook, 40 cents

first

(ages six to eight) will meet in one room. The opening and closing portions of the service

are placed in charge of a single leader, but for the more detailed study and the manual work
the children are divided into ''groups" of six or eight each in charge of a teacher. Detailed

supplied.

programme
K^

The Life of Jesus
By HERBERT W. GATES
Teacher's Manual, 75 cents Pupil's

furnish a course that shall

lII be sufl&cientlv varied in

these »ped

these lessons has proved that such results can be secured

r of Jesus Christ,

The test already

Christianity and Its Bible
By HENRY F. WARING, Pastor of the Brussels Street Baptist Church, Halifax,

Nova Scotia

3S9 pages, 8vo, cloth; postpaid Si. 00

book

and of Christianity, a history of the Christian Church, and a summary
Christian

both a trustworthy and a useful book, weU adapted to increase religious intellig. The Otalook

The New Appreciation of tlie ible:

of Bible Criticism

A Study of tlie Spiritual Outcome

^^ "^^-^^^ CHAMBERLAIN SELLECK, Pastor of the Church of the
Mediator (Universalist) Providence, R. I. Author of TAe Spiritual Outlook

p^'»^aia :?T,53

hree thinscs: first

principal conclusions of modem learning regarding the Bible; second, to show the enhanced
values, ethical and religious, which the Bible exhibits through the new views of its nature
Aus developed; and, third, to point out some of the practical wavs in which it mav be most
helpfully used in consonance with such conclusions and «,rl, ^.'^.w'e

A better book for "thou]
who really want to know t
found.

—

Christian Register.

Readers of his careful chapters will have little to
unlearn if they pursue their studies further.—I/? <?

Nation,
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THE UNIVERSITY OF CHICAGO PRESS

NSTRUCTIVE BIBLE STUDIES
The Constructive Bible Studies are the outgrowth of the connction that *he prevailing

systems of Sunday-school instruction are insufficient to meet the growing demands of the

times. Believing the Sunday school to be the great ,educational branch of the church, the

editors have sought to produce a series of religious textbooks, based on the fundamental

laws laid down by trained educators. One of the most important of these laws is the

principle that the curriculum must be adapted to the capacity of the pu])ils, giving t^ each

grade work which is suited in material and method of treatment to the stage of devclnr>-

ment of the pupils. The studies comprise four series, each corresponding to a definite stage

of development in the pupil.

School

KINDERGARTEN" SERIES

ions By FLORENCE U. PALMER
ELEMENTARY SERIES

CO

Child ReUgion in Song and Story By GEORGIA L. CHAMBERLIN an'd MARY ROOT
KERN Teaclter's Manml, postpaid $i.oo PuplVs Notebook, postpaid 40 cents

An Introduction to the Bible for Teachers of Children By GEORGLl L. CIIAMBERLIN

Postpaid $1.00

The Life of Jesus By HERBERT W. GATES Teacheys Manual, postpaid 75 cents

Pupil's Notebook^ postpaid 50 cents

SECONDARY
Studies in the Gospel According to Mark By ERNEST DEWTTT BURTOX Postpaid

$1.00

The Life of Ciirist By ERNEST DEWITT BURTON and SHAILER ^LATHEWS

00

Christ Bv GEORGE H. GILBERT Post-

paid $1.00
ADVANCED AND SUPPLEMENTARY SERIES

ement WILLIAM Post-

paid $1.00

The Prophetic Element in the Old Testament

paid Si.00

RAL\ Post-

Short Introductioa to the Gospels By ERNEST DEWITT BURTON Postpaid ;>i.oo

Haaib: .k of ths Life of the Apostle Paul By ERNEST DEWITT BURTON Post-

paid 50 cents

Chri WARIN 00

w PERIIS" AND TEACHERS

the By ERXEST DEWITT BURTON and

SHAILER 3vIATHEW
Outline of a Bible-School

Postp

By GEORGE W. PEASE I
'.

Hebrew Life and Thougbt By LOUISE SEY^IOUR HOUGHTON Pustpaid S1.65

The Hew AOTreciation ARD

The Ma
The Life of Christ: an adaptation of the book by Burton

; Bv IS.\AC BRONSON BURGESS

•r -V

hi anW

Studies in Satuiiel HERBERT LOCKWOOD WILLE
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PUBLICATIONS IN SERIES
Attention is called to the jollowing series^ for which we are publishing aget

'i

matwn

Researches in Biblical Archaeology: A Series of Volumes Dealing

with the Chronolo 7, Geogra Social and Religious Insti-

tutions, Art and Literature of the Biblical Nations

By OLAF A. TOFFTEEN, Professor of Semitic Languages and Old Testament
Literature in the Western Theological Seminary. Published for the Oriental

Society of that Institution.

[Now ready.]

Volume I, Ancient Chronology, Part I: From 3400 to 1050 b. c.

300 pages, 8vo, cloth; net $2.50, postpaid $2.70

x\s a preliminar)^ to a detailed treatment of biblical chronologj', the author xmdertakes

in this volume a sun^ey of early chronology in general in the light of the latest researches

in Babylonian, Ass}Tian, and Egyptian history. His conclusions are in many respects at

variance with those of most recent scholars, and tend to support the authenticity of the Old

Testament narrative.

The following volumes are in preparation:

Sidelights on Biblical Chronology, Part 1

Ancient Migrations, Part I

Ancient Chronology, Part II

-^'^-'
's

Depart

.tory

subjects <

1 number

The Ethical Significance of Feeling, Pleasure, and Happiness in Modem Kon-Hedonistic
Systems. 98 pages, Svo, paper; net 50 cents, postpaid 54 cents

By WILLIAM KELLEY WRIGHT

[In preparation,]

The Respective Standpoints of logic and Psychology

By MATILDE CASTRO

j-i r- ^ J-

of the National Society for the
Education (formerly tlie National Herbar ty)

dy i

publishing agents for the Yearbooks of this society. These reports (each issued

)
contain important papers and discussions on pedagogical subjects. Detailed

anous
1902-1906 been bound
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Publications of the American Sociological

Vol. I. Providence

Rhode Island, December 27-29, 1906

148 pages, 8vo, paper; net $1.50, postpaid $1.56

Contents

:

The American Sociological Society

The Establishment of Sociolog}\ B\- Lester F. Ward

How Should Sociology be Taught as a College or University Subject? By Charles A.

EUwood

Western Civilization and the Birth-Rate. By Edward A. Ross

Points of Agreement Among Sociologists. By Albion W. Small

The Fine Arts as a D}Tiamic Factor in Society, By Mrs.

Social Consciousness. By Charles H. Cooley

Social Darwinism. By D. Collin Wells

Constitution of the American Sociological Society

List of Members

J. Odenwald-UnTCr

DISSERTATIONS

Under the regulations of the University, doctors' theses must be printed. It is

frequently of advantage to the writers to have their productions published, and many

candidates employ the University Press for that purpose. Students of other institutions

also are beginning to avail themselves of the special facilities of the Press for this class

of work. Some recent issues are:

[nfinitlve in Polybius Compared witli the Infinitive in Classical Grwk
Historical and Linguistic Studies in Literatnre Related to the Kew
paper; net 50 cents, postpaid 54 cents

By HAMILTON FORD ALLEN

: Being Part IV of VoL I of

Testament, 60 pages, 8vo,

The Deification of Abstract Ideas in Roman Literature and Inscriptions. 102 pages, Sro, paper; net

75 cents, postpaid So cents

By ilAROLD L. AXTELL

Decimus Junius Brutus Albinus. 1 14 pages, Svo, paper; net 75 cents, pos 80 cents

By BERNARD CAMILLUS BONDURANT

Sole of thd Md-f€*poi in the Life of the Ancient Greeks, xoo

paid $1.05

pages, 8to, p ?per; net $1.00, post-

By EDWIN MOORE RANKIN

The SO'CaUed Rule of Three Actors in Greek

postage extra

ical D rarr .T as pagesj ErOj riper; net 75 cents

The

By KELLEY REES

-neral GitiI and Military Administration

50 cents, postpaid 54 cents.

Koricum an! R---rt:a. 70 pages, 8to, paper; net

By MARY BRADFORD PEAKS
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A clear and concise presentation of bac-

teriological technique, designed princi-

pally as a manual for the medical stu-

dent, but highly useful also as a reference

book for the biological teacher and in-

vestigator, as well as for practical work-

ers in the fields of medicine and hygiene.

" The instruction given is cl

practical exercises are well
( London )

.

"A book such as this must facilitate very greatly the

practical class work, for which it is most excellently

adapted.'^

—

A merican Journal ofMedical Sciences,

** The directions are clear and concise, and every stage

- . . . is described so carefully that it is hard to see how
the student can go astray. Physicians who are rusty
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—
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SPOROGEXESIS IX NEPHRODIUM

CONTRIBUTIOISS FROM THE HULL BOTANICAL LABORrVTORY Io6

Shig£o Yamanouchi

(with plates i-iv)

Historical review

There have been published during the past three decades a few

accounts of sporogenesis in pteridophj-tes . Since cytological studies

have advanced rapidly in recent years, many views which were once

prevalent have been proved to be erroneous, or at least to be capable

of a different interpretation, and the authors themselves may have at

present entirely different views from those which they held when

the accounts were published. It seems worth while, therefore, to

make a historical review of some of the work hitherto published. .

There is first a paper by Humphrey (29) on the study of the spore

mother cells of Osmunda, Psilotum, and other forms, in which the

main purpose was to prove the presence of extranuclear centrosomes

in plants above the br}-oph}-tes. His account of the number of

chromosomes in Osmunda was taken up by Strasburoer (46) in

his data dealing with the periodic reduction of chromosomes in the

tiistorj- of organisms, as one of the instances which pre

tancy of the number of chromosomes in a certain period

life

sterhout's (33) studies on Equisetum were really

most important contributions to our knowledge of the spore mott

cells of hiffher olants. He found that the spindle at the outset

Strisburgermultipolar polyarch, according to the terminolog}* of

(47), and that the numerous cones become grouped around the
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common axis, but the poles of the spindle at metaphase hold their

composite nature with entire absence of the foral renfor nr r^ntrn.

some much
that the development of the spindle in higher plants is controlled by
centrosomcs, is noteworthy.

Tlicn appeared

and

'Somes: one by Calkins (ii)

(44) on Pteris aquilina, Cystopieris fragilis, and Scolopendriu
vulgare. Calkixs believed that there was a tetrad'as a tetrad formation of

mother cell of ferns, and

forms followed the same
as

animals, with L transverse division and consequently a qualitative

EiSMANN's sense. Stevens' studies on the forms

m

obsen

main pomt being that there is present no t

mosomes in the spore mother cell, but two long
therefore there is merely a quantitative reductioi
tion on the formation of daughter chromosomes
was criticized by Strasburger (47;.

Smith (42) investigated the sporogenesis of Osmumla regaUs.
His results agree with those of Osterhout in regard to the absence
of centrosomes, and differ as to the origin and develonment of the
spindle

;

paper (26

bipolar from the beginnin

account
the sporogenesis of eight genera of ferns, i. e., Pteris, Scolopendrium,
Asplenium, Onoclea, DavaUia, Fadyenia, and two other forms among
Cytheaceae, and seems to confirm Farmer and :vIoore's interpreta-
tion (i8j of the formation of chmmmnmoc ^f tK^ i,„f ^ • j- .r^- _

'O occurrence

formation of Botrychium virginianum.

published his results on the spore

account

the spore mother cell ; the first

and second divisions, he finds
nucleus. As regards the heterotypic mitosis, he states that the
chromosomes in metaphase separate in the line of transv
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aOTees with the views maintained

(

Cardiff's (12) studies of synapsis and reduction ia several forms
of flowering plants and in Botrychhim obUquum paid particular atten-

tion to the formation of the spirem and its behavior up to the forma-

tion of bivalent chromosomes in the heterotypic mitosis. According

to him, paired threads, which appear in the presynaptic stage of the

nucleus, fuse during synapsis and again spHt longitudinally after

s}Tiapsis, probably along the line of the previous fusion.

In 1007 a paper entitled *' Studies in aposporv and anoramv in

fern

minary notes were published in 1003 and

This paper deals directly with the matter indicated by the title, but

some stages in the division of the spore mother cell are described in

three forms of Lastrea and one species of Scolopendrium. The paper

is accompanied by many important figures, but only three of the

spore mother cells with heterotypic chromosomes are given, so far
T

as sporogenesis is concerned.

Recently there appeared two papers, one by Burlixgame (10)

on Ophioglossales, and the other by Gregoire (24), with the title

*^La formation des gemini heteroivpiques dans les vegetaux." Buit-

ltxgame's paper is chiefly devoted to a study of the sporangium.

From the cytological standpoint Gregoire's paper is verj- important.

His views, which were published in 1904 (25), concerning the structure

of the resting nucleus of the spore mother cell, interpretation of s\7iap-

sis, formation of chromosomes of the heterotypic mitosis, and distri-

bution of the daughter chromosomes in the first and second divisions,

based chieflvuDon Bergh's studies

and OIRE

results of hfe own examination of Osmunda regalis and four mono-

confirra

Nephrodiuni

^ly present investigation of NepJirodium molle Desv. was carried

on in order to imderstand the characteristics of the nuclear beha\nor

of this species, and to obtain the knowledge prerequisite for a study

of apogamy in the same spzcies. Consequently this paper should

rf
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apogamy "

which will appear later. Much attention has been paid to the behavior

of chromosomes, combining observations with theoretical views, with

a hope of securing an explanation of the phenomena observed, so

that the chromatin substance will be the chief object treated in the

present paper.

I -^ish to express my gratitude to Professor John M. Coulter
and Dr. Chl\rles J. Chamberlain for their kind advice and criticism

during the progress of this work. I am also under obligation to other

members of the botanical staff for rnnrtp<;iVc; pvtpndprl tn mr^

MATERIAL AND METHODS

The material for this investigation was collected in greenhous

of the Hull Botanical Laboratory, and in Lincoln and Washingtc

parks, Chicago, from October 1906 to March 1907.

Killin among
lemming's weak solution, with a little modification in the percentage

most

fluid for two to

as

the same
formula, but without osmic acid, ten to twenty hours. The
thoroughly washed material was passed very carefully through

48° to 52° paraffin

begin and imbedded in

in thickness and

alum-hematox\din
times combined with counter-stains, such as safranin, orange G, cosin,

or Congo red. A Zeiss apochromatic immersion 1.5"^™, N.A. 1.30,

compensating oculars

DESCRIPTION

porophy

too

in vegetative mitosis. The form of the mitotic figu

affected by irregularities in the size of the cell which contains
the abundance of plastids, oil, and other cell contents

what with accurate observation. The mitotic figu

during the formation of sporogenous tissue, from 1

(rf the "
tiii hesporial cell to the completion of spore mother
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being entirely free from such obstructions, and

be

The restin'g nucleus in the sporogenous tissue contains a chromatin

reticulum with one or several nucleoli. The general structure of the

nuclear reticulum needs mentioning. It does not seem to consist of

two distinct elements, chromatin and linin, with chromatin granules

distributed irregularly upon or imbedded in the linin ground-sub-

stance, but it seems to be composed entirely of chromatin material-

The appearance which indicates that there may exist a mixture of

two substances—the dark-stained mas^s and light-colored strands

—

does not seem to be due necessarily to a different affinity for stains,

but to the fact but that the more compact regions of chromatin

material are more affected by stains than the more loosely aggregated

regions, which are lightly stained.

ms no rule

sometimes

to the membrane and sometimes they are centrally located. The

form is rounded in most cases, but often they are aggregated into one

or two irregular masses. Even in the resting nucleus they show a

vacuollzed structure.

The chromatin reticulum in the resting nucleus is irregularly dis-

tributed, often great masses being located in the center or sometimes

eccentric near the periphery, leaving the center vacant. Approach-

ing the prophase, there seems to be a tendency of some of the chroma-

tin material to form a continuous spirem, L e., some fine strands of

the chromatin may break apart entirely or may become thicker by

getting the material from some ragged chromatin clumps which con-

sequently diminish in size. The sph-em, uneven at first, becomes

oraduallv uniform in thickness and distributed throughout the nuclear
o

cavity {jig. 2). "Wliether there is present a single spirem or not was

not determined. Close examination of this stage in a number of

preparations showed that it was hardly possible to make out free ends,

and this may be taken as an evidence that the spirem is a continuous

one. Nucleoli persist in positions distinctly isolated from masses of

the chromatin reticulum, so that they do not seem to contribute to

the establishment of the spirem through the migration of material.

Usuallv at this stase thev seem to unite into (me mass.
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While these events are going on within the nucleus, there are

J poles outside. The kinoplasmic capformed kinoDlasmic

fibers

running in a longitudinal line, one end focusing at one pole, and the

other end diverging toward the nucleus, reaching nearly to the nuclear

membrane or falling short of it. Since no change ever occurs in the

me
ment of the cytoplasm where the cone arises. The whole cytoplasm,

except where the kinoplasmic caps arise, shows at this time a fine

fibrillar structure. Now the nuclear membrane begins to disappear

at the basal region of the kinoplasmic caps, the rest of it still clearly

limiting the nuclear contents froni the cytoplasm outside. There
seemed to be no regularity in the course of the spirem until this stage.

The entangled spirem was distributed throughout the cavity, the

bent parts of the loops being directed toward the membrane ; but

when the nuclear membrane begins to disappear near the kinoplasmic

caps, some parts of the spirem

the caps.

me
segmentation of the spirem of slender

chromosomes, and the intrusion of spindle fibers which become
attached to the chromosomes at their ends (fig. 2). At this time there

is first observed the longitudmal splitting of the chromosomes, the

two parts resulting from the splitting always remaining closely asso-

ciated. Tlie chromosomes, in general, are directed along the axis of

poles are

les
;
one end reaches near the pole, and about the equatorial

the other end, to which spindle fibers from the two opposite

attached; so that the distance of the attached ends from

become

poles is approximately the length of two chromosomes. This

ondition shown in fig. j, where the chromosomes
ved. The line associating the tu chromosomes

from

chromosomes which were so slender and peculiarly curved as :

above, from the first segmentation to this period, now begin to sh
the equatorial ends, to which the spindle fibers from the two pol
attached, remain stationaiy-, while the ends dkected to the poles

toward the equator as the chromosomes shorten. Tn \he

The

course
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presented in fig, 4 has been described

bein

However^ the shortening of the cbromosomes pr

until the bent ends Ivine at the equatorial region be

and the chromo thus there is established

.ge in which the chromosomes are arran

plate (fig. 5)- The two daughter chromosomes formed by the longi-

tudinal splitting of a single one at prophase have remained side by

and have been

seem

size and form. When this stage

the two daughter chromosomes

This stage is less frequently met

\ m material favorablv fixed and

g an abundance of stag

many daughter chromosomes generally begin

and Droceeds sim

hich seuarate after their ass

on the way toward the poles. The chromosomes arranged in the

equatorial plate are perfectly straight; the separation of the two

halves begins at the ends where the spindle fibers are attached and

proceeds toward the other end, necessarily catismg a curvmg, as

fig, 6; but soon

resume their straight form and so persist. W^en the two sets of

daughter chromosomes reach nearly to the pol.^. they become per-

fectly parallel, without overlapping {fig. 8)^ and in the more favorable

cases they are as regular!}' placed as if they stood in one plane, a

sta^e which is the most satisfactory for counting. The polar view

or 132.

stage ifig^ 9) shows that the number of chromosomes

During prophase and even metaphase the number c

mcBomes could sometimes be estimated, especially in the pel

at the equatorial plate stage,

early telophase

-

such cxacmess as

le chromosomes grouped at the pole are dia^vm so tightly together

that the ends toward the pole become closer than the ends .directed

toward the equatorial region. This aggregation process goes^ on

farther and there results an extremely dense mass, in which it is

rlTff;^„Tt ir^ trj,.^^ tliP mitlinps of each chromosome. The chromosomes
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be vacuolized, i. e., chromatin materials
the chromosomes in their compact condition become locaUzcd in an
irregular way, in some places becoming quite loose, and in others
still remaining as a dense aggregation. All the chromosomes
undergoing this change are associated, the ultimate result be

mass of chromatin material

(fig. lo). By the interaction between the cytoplasm which surround
these vacuoHzed masses and nuclear sap which may be secreted withii

membrane . As

grows in size
[fig.

chromosomes, there is formed
sap increases in amount, th

membrance is always concave
{fig

time

ghter chromo
somes pomted to the pole are drawn together toward the pol
to come nearer, and that in this position vacuolization has pro(
It seems probable that the vacuolization is more pronounced

oun
chromatin material is rather scanty at the region of the

immediately

appear {fig. ij). It may turn

:onstructed shows nolan'tv.

Coincident with the construction of the daughter nuclei there appear
granules in an equatorial plane upon fibers of the central spindle.
The granules first make their appearance upon the fibers in the central

tne equatorial plane and periphery. It
seems reasonable that the fiber substance has contributed the material
for the formation of the granules.

Contemporary with the completion of the cell wall, growili of the
daughter nuclei continues and the chromatin material assumes again
a ragged structure on account of further continuation of vacuolization.
The general outline of the daughter nucleus becomes nearly spherical

there is established the resting nudeus of the succeeding mitosis
(fig-

The processes of nuclear division from the reticulum of the resting
condition to the reconstruction of the next resting nucleus are carried
on as described above in any vegetative mitc^is in Xcphrodium and
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the sequence of mitosis preceding the formation of the nucleus of the

spore mother cell is exactly the same.

Sporogenesis

Ik

Presynaptic stage.—The chromatin reticulum in the resting

nucleus of the spore mother cell has the same structure as was just

described for the nucleus of the sporogenous cell; the size of the nu-

cleus, after its full growth, is greater than that of any nuclei of the

Sporogenous cells, and not infrequently it occupies almost all of the

cell. No regularity could be found in the massing of the chromatin

material; at certain points there are dense masses and at others almost

none at all. Nucleoli, one to several in number, are always present in

various locations, without any physical connection with the chromatin.

The exact structure of the chromatin reticulum needs description.

It is an anastomosing complex of ragged clumps and irregularly

branched strands (fig. ij) ; the former always stain deeply and the

latter lightly, simply because of the difference in compactness of

massing. They originated from a single source—the chromosomes

of the previous mitosis—by the vacuolization process described

above.

The clumps of the reticulum lose gradually their ragged look,

because of the disappearance of the fine strands, the elongation of the

clumps in certain directions, and the migration of material from the

clumps to some of the fine strands so as to thicken them (fig. 150).

All these changes tend to transform the ragged structure, but they do

not occur simultaneously throughout the reticulum, so the whole is

still plainly a reticulate structure, as seen in fig, 16. Nevertheless,

in regions where the reticulum is being converted into thread structure

there are visible parts of threads running closely side by side (fig. i6a).

The transformation of the reticulum into a thread

structure now proceeds rapidly. When the transformation is nearly

completed (fig. 17), parts of the thread are not smooth and uniform

in appearance and thickness, and in its course it is greatly tangled.

These tangled masses of thread begin to contract and become localized

nn c\nf^ ^\Af^ f^f tVi*^. niTr-lp^ar rnviK- n T)Tnce<^<^ w^hirh marks the mitiation

the sMiaptic state. Preparations stained with iron-alum -Uu

ylin and extracted to a certain degree of differentiation oi the stams
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show that this loosely tangled mass consists of lightly colored threads

granules in

and on the

irregularities in thickne

material

and more loosely a.^^<

That the parts of the thread in this stage are double is fairly dis-

i/a) m tangential sections of the nucleus; undoubtedlycemible (fig

come

represented in fig. i6 as originating from the transformation

reticulum; therefore this double part of the thread cannot be

independent
as

run

fusing. Whether they are completely fused or not could not be
determined but their association is very close. These masses

come more tightly drawn toerether and
ball which seems to be the climax of the synaptic stage {fig. i8).

Formation of heterotypic chromosomes.—The course of the

thread or spirem is irregular in the synaptic stage; it is twisted and
generally much curled, but there are present several parts of the
spirem w^hich run comparatiyely straight across the contracted ball of

the spirem from near the nuclear wall with which it lies in contact.

The loops happen to be formed near the peripher}^ of this contracted
mass, but they have nothing special to do with the formation of

chromosomes.

In the majority of cases the nucleoli seem to unite into one, which
becomes caught in the tangled mass in the early synaptic stage, gener-
ally far from the nuclear membrane, and its spherical form persists.

The spirem of this stage shows a relatively smooth structure and
it is not easy to distinguish its double nature throughout, probably
on account of the close association of the two independent parts; but
tangential sections reveal that the parts of the spirem are unmistak-
ably composed of two threads nmning side by side, often diverging
rather widely {fig. 19). Tt seems highly probable that we see here an
indication of the separation of two threads which were first observed
in the presjuaptic stage {figs. 16, i6a) and entered into svnaDsis. as
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already described. Now the tangled mass of the spircm begins to

uncoil (fig. 20) slowly; superficial parts of the spirem in the synaptic

mass at first become widely distributed, while the unraveling of the

inner parts of it arc naturally delayed, and the longitudinal separation

of the two independent parts is observable in the portions of the

spirem which are widely uncoiled {fig. 20).

The spirem becomes considerably thickened, certainly due to

shortening, and becomes distributed loosely through the cavity;

while the line of the longitudinal splitting or separation of the spirem

into two elements seems obHteratcd, but its presence is evident in

ih
spircm again becomes irregular, and in some

masses

account of the twisting of the spirem itself, but double threads, the

constituents of the spirem, run mostly in close association {fig. 22).

Shortening and thickening of the spirem proceeds until it segments

into chromosomes. As sho\Mi in figs. 23a and 2j6, the segmentation

is not simultaneous throughout the entire spirem, but finally there

are formed 64 or 66 chromosomes, each bivalent in nature {figs.

24a, h,c).

The two hahes of the bivalent chromosomes lose their close asso-

ciation after then- segmentation, and show every possible position

connection w^ith each other, such as H, I, J, K, L, 0, T, U, V, X, Y,

and so forth, and even give an impression of being of different

length and size, mostly due to the point of view. The chromatin

material which constitutes the surface region of the chromosomes

seems loosely aggregated, but it is compactly massed in the center,

and tliere are observed faintly stained substances of fibrillar form

attached at the ends of chromosomes, which seem to be remnants of

the material of the spirem left over at the time of segmentation,

and

loosprobably on account of the viscid nature of the spirem. The

aggregated chromatin material is gradually dra^n and coi

toward the central part, but the condensation process take

irregularly, so that for a while the chromosomes appear spin}

chromosomes become shortened, and the loose fibrillar appendage

are also shortened by contributing material to the main body of thi

chromosome, yet some can still be seen {figs. 25a, b, c).

The
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seems

structure

^ciri) m me resting stage of the nucleus, the cytoplasm shows a fine
fibrillar structure, almost homogeneously distributed. When the

begins to enter into s}Tiapsis, long kinoplasmic
fibers appear from the rearrangmcnt of the cytoplasm surrounding
the nucleus, but far apart from the nuclear membrane. Between
these kinoplasmic fibers and the nuclear membrane there is present
a clear region free from any fine fibrillar structure, which was the
mam feature of the other parts of the cytoplasm before the appearance
of the kmoplasm

{fig, 21). Some of the stages showing such a process
are represented in figs. 21-25. The nuclear membrane, which has
stamed distmctly, now becomes less and less affected by stains and
seems to be dissolved entirely, but for a short time the encroaching
and anastomosmg kinoplasmic fibers preser^-e the previous nuclear
outlme {figs. 25a, h, c). The kinoplasm, as a rule, surrounds the
nuclear membrane, but some of the threads run in somewhat radial
directions. No distinct polar formation was observed.

\\Tien the kinoplasmic fibers push into the nuclear cavity, some
of them are seen to be attached to the chromosomes, while others pass
through, and a multipolar structure becomes noticeable (Jigs. 26a b);
from the fibers of the multipolar spindle there is worked out the bipolar
spindle, as mdicated in figs. 2ra, b. Shortening of the chromosomes

time

chromosomes

ase

different in aspect from those in the early
regularity in the position of the chromosomes,

parts
notice from successive stages, as figs. 26a, b and 27a, b tl
a tendency to move toward an equatorial region imtil 64 <

mosomes are arranged in the equatorial plate.
The two parts of the bivalent chromosome in the equal

throughout their entire length
are attached become directed toward

m

hile the other ends remain in The polar
tonal Plate or a bttle earUer stage is favorable for counting the chro-
mosomes, which showed alwaj-5 64 or 66, each bivalent in nature
{fig. 29)

.

Sepakaiion of the daughiee chromosome
u

"'^.—^N"ow the daug
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chromosomes begin to separate; some of them, on the way toward

the pole, show a V-shape, the angle being directed toward the i>ole.

This does not seem to have resulted from the bending of one daughter

chromosome, because it always remains straight after separation;

hence the V-shape may be regarded as resulting from a new longitudi-

nal fission of the daughter chromosome, providing for the two grand-

daughter chromosomes of the second division. This longitudinal

fission occurs only at the end of the chromosome directed toward the

equatorial region, without proceeding to the other end. The two arras

of the V come into contact again as the daughter chromosome reaches

the pole.

iter chromosomes pass to the poles

simultaneously, but there were observed some exceptional cases where

some were much delayed {figs. 31, 32); and rarely the irregularity

is so extreme that tardy chromosomes are left behind, while their

associates are already in an aggregated condition at the pole

(fig- 34)

Reconstruction of the daughter nuclei.—TVTien the group

As a rule, the sets of daug

o chromosomes reaches the pole, each chromosome

time

omes from the polar view {fig. 35). Then the vacuolizat

begins {fig. 36). There is a certain point of difference

detail between this process and that described in the reconstruction

of daughter nuclei in vegetative mitosis ; the polar ends of the daughter

chromosomes do not seem to be dra\\-n together so as to give a concave

form, but begin to be vacuolized at once, while in a state of loose

association. The vacuolization is prominent along the line of the

longitudinal fission of the daughter chromosomes, a line which became

obliterated \\1ien the chromosomes reached the pole. After the^ for-

mation of the nuclear membrane it is not impossible to recognize a

certam part of the chromatin substance as representing a certain

chromosome {fig. 38); in other words, the vacuolization process in

the telophase of the heterotypic mitosis does not cause the chromosomes

to return into the ragged chromatin reticulum from which they are

formed, but the reconstruction stops before the individual outline of

the main body of the chromosome is lost entirely. Therefore, the

daughter nucleus does not pass into the resting stage with ragged
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chromat

recognshows the main body of individual chromosomes
shape, notwithstanding the nucleus grows considerably In size after
the formation of the membrane. No nucleolus was observed in the
daughter nucleus {figs. 40, 41). The nucleus in such a condition is

ready for the second mitosis.

Graxtlar zoxe dividixg the spore mother cell.—Durmff

fine fibrillar structure

asm

arransred

running from the poles cross in the equatorial region near the cell

wall, where the cytoplasm begins to be transformed into the granules
of this stage. After the organization of the daughter nucleus, the
granules begin to increase and proceed rapidly toward the center along
an equatorial plane of uniform thickness

{fig. 38), at first avoiding
only the space which was occupied by the central spindle {fig. 39).
At last even the middle Darts of the rpntml cr.m.n<. Tx..^ ^^r.in^^^

granules

hemisph
granuli

greate
of the central spindle, which contributes to the formation of the
granules, returns into the fibriUar structure of the cvto )lasm

ase

Chromosomes of homotypic division.—As cribed
the daughter chromosomes which entered into the reconstruct
daughter nuclei do not lose their individuality, but it is possible to
recognize their identity even after they are combined and anastomosed
together into a reticular structure

{fig. 41). The recognizable V
elements in the nucleus of the second division are what undoubtcdly
resuited from the influence of the vacuolization on the line of the
longitudmal fission of the daughter chromosomes in the first mitosis
durm ase

o
gan at the last telophase doe

have been maintained, for the closed andes
on both upper and lower sides of the
as sho^m in fig. 42. Such a change

O

ar growth miirht easilv
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occur because of the bending and curving due to their being gathered

into the round cavity of the daughter nucleus.

As the disappearance of the nuclear membrane approaches, V

elements become more distinctly pronounced {fig. 43), some of the

fine strands which branched out from V's disap}X'ar, but irregularity

in thickness persists and the arms of the V's end in ver>' slender

threads. The general outline of the nucleus up to this time is al\va}-s

flattened, so that the nucleus shows two different asi)ccts according to

spore

same

may be, will always present two different side views, one being always

narrower than the other.

As the nuclear membrane breaks down, the cytoplasmic fibers

enter into the nuclear cavity, where the chromosomes are crowded

(fig. 44). The figure of this stage recalls the combined features of

and chromosomes

and curved, with daughter chromosomes in pairs

those of the vegetative mitosis ; the achromatic fibers do not construct

a cap, but appear multipolar as in the heterotypic case, although they

are from the start observed near the nuclear membrane instead of at

a distance from it. The two arms

the two daughter chromosomes c
han

angle {fig. 44) at which spindle fibers seem to become

attached. When the multipolar condition has passed into the bipolar

spindle, the angle ends of the V's, or the ends where spindle fibers

are attached, occupy the position near the pole, while the other ends

diverge toward the equatorial region {figs. 45, 4^)- T^^
f^^

resembles that represented m fig. 3 ^ one of the transient conditions

passing to the stage

o arms of the V 's, or the daughter pair

the bivalent chromosomes in this division, draw near to eacn omtr

untfl finaUy they come into close contact. Simultaneously, the bivalent

chromosoines. each consisting of two daughter chromosomes, move

ard as the ultimate

diromosomes to which fibers are attached are arranged m an equa-

torial plane, while the other free ends are directed toward the pok

{fig. 47). The figure of this stage is also comparable with that of the
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o mi sis sho\\Ti in fig. 4. The shortening and thickening

chromosomes begin and proceed in similar rate and
degree in each member
its fellow (figs. 48, 40). imilar

which have already been described in the vegetative mitosis. The
bivalent chromosomes are finally shortened into straight, rod-shaped
chromosomes and become arranged in an equatorial plate (fig. 50).

Some of the bivalent chromosomes in this stage of the second division,

mihke that of the first division, are slightlv above or below the Diane

(Jig

satisfactory

The separation of the daughter chromosomes which constitute the

chromosomes begin

pass in a group
^.x.... chromo

{figs- 52, 53)-

an thev wc

tain chromosomes is more delayed than the

ny event, the daughter chromosomes which

e pole have a straight rod shape, a little more

re when arranged in the equatorial plate.

When the daughter chromosomes reach the pole they keep for a while
a regular and almost parallel arrangement (figs. 5^, 55), which was
advantageous for counting. The number is 64 or 66 (fig. 56).

The group of chromosomes becomes more and more closely aggre-
gated (figs. 38, S9)' '^^Tien the vacuolization begins, the individual
oudines of the chromosomes are .gradually lost, and after the organi-
zation of the nuclear membrane, which is formed as in the vegetative
mitosis, the growth of the nucleus follows (fig. 60).

Simultaaeous with the reconstruction of granddaughter nuclei

them

r
mitosis {figs. 57-66). The second division forming two granddaught
nuclei takes place in the daughter nuclei of both hemispheres, separated
ah-eady by the granular zone in the first mitosis. From the cxioplasm
^^ich fillt-d the space between two granddaughter nuclei new spindle
fibers now arise connecting them. These fibers necessarHy pass the
granular zone. In the middle plane of which is established the ceU
plate that reaUy divides the two daughter protoplasts of the heterotvpic
mitosis (fig. 61). As a very rare case, the granular zone is not in a
plane, and the fibers which connect the granddauffhter nuclei of
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spheres arise before cell plates are laid down betweei

he protoplast of the spore mother cell in this ca-c be

simultaneously into four tetrahedral spores.

Discussion of cytological phenomena

Nuclear reticulum:.—Since the terms "chromatin" and *'linin"

were given by Flemaiixg (21) and by Schwarz (42) respectively to

the substance of the nuclear network which stains deeply and to the

substance of the achromatic reticulum, these two substances have

been resrarded as essential constituents of the nucleus in its resting

stage, and it became

fine

imbedded chromatin granules

and

^b^ and differentiation of these two elements needs special

mv
between the telophase

prophas

notion regarding the nature of chromatin and linrn, similar to

the conclusion drawTi by Gregoire and Wygaerts (25).

WTien a group of daughter chromosomes reaches the pole, they

are first dra^\Ti tightly together, so as to lose, apparently, their indi\ad-

ual outlines. Vacuolization then takes place in this mass, and with

the appearance of vacuoles parts of the mass of chromatin substance

become irregularly separated and distributed so as to become trans-

formed into a ragged reticular structure consistmg of anastomosing,

gular clumps and finer, branched strands membrane

may be formed by the contact of the surrounding c>-toplasm with

the nuclear sap that appears in the vacuoles, separates the mass of

chromatin substance from the c}-toplasm outside at a ver}' early period,

so that it is highly probable that no achromatic structures are included

within the nucleus. The nuclear reticulum of the resting stage is

the
'o

pirem of the ensuing division is formed again by the

arrangement of the r^ged chromatin reticulum

seems

lum is derived entirely from the chromosomes
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threadlike strands in the resting nucleus being only a part of the chro-

matin substance that has assumed such a structure.

Reduction of chiiomosomes axd SYNAPSis.^Since tetrads were

first figured by Hexkixg (28) in the maturation division of an insect,

several authors have reported the tetrad formation in various animals

in connection with the reduction of chromosomes. From studies of

the plant cell, the presence of the tetrads in the spore mother cell was

independently described by Osterhout (35) and Calkins (ii).

OsTERHOUT figured the tetrads in the prophase of sporogenesis in

Equisetum. Calkins found in Pteris and Adiantum that the tetrads

arise from rings or double rods, parallel or crossed, which resulted

from the longitudinal splitting of primary chromatin rods or segments

and which break up into four parts (the tetrads), followed by a trans-

verse division. An essentially similar mode of tetrad formation was

described by Belajeff (5) in Iris and by Atkinson ^4) in Arisaema

and Trillium.

As already described, there is no tetrad formation in Nephro-
dium, chiefly due to the fact that both first and second divisions do

not occur in rapid succession, and that the appearance of the fission

providing for the second division is delayed until after the separa-

tion of the bivalent rhrnmn<;nmp<; nf fhf^ fircfbivalent chromosomes of the first mitosis. At present

most investigators believe that tetrads, in a strict sense, are not

formed in the majority of cases, excepting in a few groups of

animals.

The nature of these two successive divisions of chromosomes in

the spore mother cell has been discussed by many authors, chief

attention beinff oaid to nhncipc: nftr^r tV,,. cor,T>-...r,fof,v,„ ^e <^t,„ ^T^.v^m

o
into a certain number of chromosomes. Amon^
has been even^ possible variation of opinion. "mIss Sargant (39)
found in Lilium that both divisions were longitudinal. This view
was soon concurred in by Strasburger (47). Farmer and Moore
(17) and
(33) concluded that the fission of the chromosomes ia the second
division was transverse, and essentially similar results were obtained
bylsHiKAWA (30) in Allium, and by Belajeff (5) in Ms. DixoN

and ScHAFrxER ,^.^ btlie
the continuous thick spirem twists up into loops that are the incep
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tion of cliromosomes and that the chromosomes of the first

an

of the loops; while the second division is longitudinal. Atkinson

(4) found two different methods in Arisaema and in Trillium; in

the former species the first division was transverse, as Dixon and

* ScHAFFNER found

;

SxRASBtTRGER and

transverse

pcctivcl}'

there occur two longitudinal divisions, that the first division is

ision

transverse, the third was

tion. The authors (Strasburger and Mottier) who described

the existence of such a case changed their opinion and returned to

their former view that both divisions are longitudinal, so that

persist only two \' mm
claiming that the first is transverse

bv GUIGN.\RD (27), GrEGOIRE (22)

Lloyd (31), and others.

However, the more recent studies of synapsis have mvolved ver>'

detailed and accurate observations concerning the nature of the reduc-

tion division. Some of the investigators mentioned abo^•e have

changed their view^s, while others still maintain them, but in both

cases a new or modified notion concerning: the origin of chromosomes

and the nature of reduction division is h

"•''' v^^'o

As described before, the nucleus of Xephrodium in the presynaptic

stage consists of a complex, anastomosing ragged chromatin reticulum.

This ragged reticulum shows a tendency to become transformed into

a thread structure, but the process does not occur simultaneously in

different regions. Whm the transformation has taken place, the

two parts of the thread are observed running side by side from the

first. Such a condition as is represented in figs. 16 and i6a is evidently

what was called "leptonema" by Winiwarter (51). Further trans-

formation of the thread structure from the ragged reticulum results

in a nucleus with a continuous chromatin thread or spirem whose

double nature is only i-isible at certain parts on account of the clt^

association. The thread becomes tangled and contracted in one

side of the nuclear cavity {figs. 17 and 17a) until finally there results
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{iigs. i8j ig) ; these two stages may
5 INI\\

The abo\'e brings the miter to the conclusion that the spirem is

of double nature from the outset, probably derived from the paternal
and maternal source, as was interpreted by Allen (i, 2, 3), Gre-
GoiRE (25), Bergh (6, 7, 8, 9), Rosenberg (37,38), and cIrdiff
(12).

In preparations stained with iron-aIum-hematox\din and extracted
so as to obtain a proper differentiation, the pah-ed chromatin threads
of the spirem appear as if consisting of darkly stained granular parts
and a Kghtly colored ground-substance of threadlike structure, but
this simply meajis that they are not of homogeneous thickness : the
more agsre

.... jated the chromatin substance, the more dark appears
the stain, and therefore probably the individualit}- of the two halves
of the spirem may not be lost entirely durbg the dose association.

:
TTitre are observed in Nephrodium a number of parts of the spirem

nmning through the contracted mass from the nuclear membrane
where the mass lies in contact {jig. 18). Gregoire (24) found that a
sumlar condition of the spirem exists in Osmunda, and that in a later
stage the chromosomes resulting from the thick spirem held a similar
orientation in regard to the nuclear membrane. From this he con-
cluded that there is no continuous thick spirem in the prophase of
heterotypic division of Osmunda. Since in Nephrodium the thick
spirem as it emerges from synapsis is always in contact with the nuclear
membrane up to.the segmentation of chromosomes, the condition
shown m fig. 18, where the number of parts of the spirem run out
from one side of the membrane, may have some significance which
we are unable to interpret at present.

The thick spirem emerging from s>Tiapsis showed first, at the

_

widely uncoiled from the contracted mass, longitudinal fis-
sions which came undoubtedly from the separation of the two inde-
pendent threads that entered into association during s)-napsis. The
thick spirem simply segments into 64 or 66 bivalent chromosomes,
each of the pairs being derived from the independent thread. In a
certain stage before. the "strepsinema". condition, appearances of
ooping were also observed in connection with the contracted

they had nothing to do with the formation of chromosomes
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described by Farrier and Moore (17, 18, 19), Gregory (26),

Farmer and Shove (20), Mottier (34), and Schaffner (41).

Consequently, the reduced number of chromosome segments of

the heterotypic mitosis in Nephrodium are not two sporophytic

chromosomes joined end to end, which come to hV side by side by

the approximation of the arms of the looj« and break apart at the

head of the structure; but they are bivalent chromosomes or pairs

of sporophytic chromosomes derived from the two threads of the

synaptic stage that are always in close association side by side from the

beginning^ as claimed by Allen, Berghs^ and Gregoire.

Results obtained by Miyake (32) in a number of monocotyledons

and by Overton (36) in a number of dicotyledons accord in general

"with this description of the mode of formation and separation of

heterotypic chromosomes.

Although the present account of Nephrodium differs widely from the

accounts of Farmer and Moore, Gregory, Stevens, and Str.\s-

BtTRGER in the interpretation of the s}"napsis and the prophase of

heterotypic mitosis, yet it agrees in one fundamental pointy namely,

that the fct division is heterotypic and separates whole sporophytic

chromosomes.

HoMOTYPic DIVISION-—That the chromosomes in the second

division in Nephrodium divide longitudinally is in accordance with

the vesretative mitosis an essential pomt

difference betw^een the two cases^ namely, in \egetative mitc^is the

resting stage is always intercalated between the diromosomes in the

last telophase and those of prophase of the ensuing division, so that

each mitosis is followed by a resting stage, and a line of new longitu-

dinal fission of the chromosomes arises in the early prophase of each

division; while in the homotypic mitosis no restipg nucleus is formed

in telophase of the preceding mitosis, and therefore the homotypic

mitosis should not be regarded as a complete (me, standing by itself.

Really an early part of the prophase of the second divfeion may be

regarded as beins: initiated at the fij^t divisicm, because the homotypic

mitc^is separates two daughter halves of a single sporophytic chromo-

some of the first di^-ision: the partial ionsitudinal fission of this sporo-
-e-

phytic chromosome was begun during the anaphase of the first mitc^is

although the fission w^as obliterated in the last telophase.
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o the count of chromosomes which was made
^st division, the daughter nucleus may con

beor 66 chromosomes, the reduced number; however, it should

remembered that this is certainly due to the obliteration of the longi-

tudinal fission which appeared in the anaphase, and since this eafly

part of the event of the second mitosis is actually initiated in the ana-

phase of the first division, the daughter chromosomes should well be

considered as bivalent, consisting of two granddaughter chromosomes,
although the actual separation is completed in the prophase of the

second division. Therefore the homotvpic di\dsion. in soite of its

dependence upon the first

completes the process initi

mitosis: in

is initiated m the heterotypic mitosis, but the reduction of the first

division is only apparent ; the real reduction in the number of chromo-
somes is completed in the telophase of the second division. It follows

that the first nucleus which contains the reduced number of chro-

mosomes is the spore, and consequently the spore marks the starting-

point of the new generation, as discussed by Gregoire (25).
Centrosome.—The presence of the centrosome among the pterido-

phytes was reported in the spore mother cell by HuiiPHREY (29)
in Psilotum and Osmunda, and by Calkins (ii) in Adiantum and
Pteris. OSTERHOFT (35) denied the presence of the centrosome in

the spindle formation of Fquisetum.

In Nephrodium, the spindle always arises from the rearrangement
In sporogenesis a multipolar polyarch spindle is first

obserj-ed when the nuclear membrane disappears, while in typical

mitosis in the vegetative cell, two kinoplasmic caps first appear at

the poles of the nucleus before the disappearance of the nuclear mem-
brane. In both cases when chromosomes are arranged in the equa-
tOTiai plate, spindle fibers gather mto a focal center which lacks the
centrosome or centrosphere, and the gathering of the fibers into the

asm,

persists until the last an how-
ever, m no stage of mitosis are there present centrosomes, radiations
centrc^pheres, or any kind of structure which was beHeved to contro
nuclear division. As regards the mechanism of mitosis, the write]

any ome
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in connection with the blcpharoplast in pteridophytes will be discussed

in the next paper, which will deal with gamctogenesis and fertiliza-

tion in Nephrodium.

Uniformity in the number of chromosomes,—Str.\sburger's

paper (46) entitled '^The periodic reduction of the number of the

chromosomes in the life-history of living organisms," which was the

first enunciation of the significance of sporogenesis and the reduction

phenomena in relation to the altemation of generations in plants,

was based upon the discover}^ that there is a uniformity in the number

of chromosomes in certain phases of the life-histor}' of the individual.

Evidence seems to be accumulating from different groups of plants

confirming the notion of constancy in the number of chromosomes in

individuals under normal development, although -there are instances

where different authors report different counting.

Generally speaking, accuracy in counting the chromosomes

depends upon the number and form of the chromosomes in the

individual under consideration. AMien the number of chromo-

somes is large and their form is slender and curved, accurate counting

is naturally difficult. In Xephrodium the ^Titer found this difficulty,

due to the great number and curved form of the chromosomes, but it

was not impossible to make reliable counting by using certain stages

in which the chromosomes assumed a straight rod shape and a regular

arrangement, characteristic of this species. In sporogenesis there

are three conditions favorable for counting. First the prophase after

the segmentation of the spirem into chromosomes, up to the stage just

before the disappearance of the nuclear membrane, was favorable

for counting It might well be expected that two parts of the same

chromosome which happened to be cut might appear in two successive

sections of the same nucleus, and this would make the counted number

larger than the actual. Nevertheless, after carefully e^mining the

mitosis in this stage, it was possible to find out the secti<Hi5 with the

least number of cut chromosomes, sometimes only two, as was given

in frgs. 24a^ h^ c and 25a, &, cr, d. The second condition good for accu-

rate counting is the polar view in the early metaphase ; and the thir!

case is the polar view at a certain stage of the late anaphase, in which

the chromosomes are arranged near the pole.

In the tvpical mitosis of the vegetative ceU, <m the other hand, the
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ase previous to the disappearance of the membrane is not sjood

countino;, because of the curved and twisted

somes. metaphas'

STOSS

chromosomes are in irre£rular arrangement
pole, accurate counting is always possible.

From the counting made in the stages mentioned above, the write:

believes that there is a constant number of chromosomes in Ne
phrodium, i. e., 128 or 1.^2 in tvpical mitosis and 6a or 66 m
reduction division; in harmony

6) in

The reason for the presence of two sets of numbers of chromosomes
ch as 64 or 66) has not been determined.

Conclusion

Since this study of sporogenesis was carried through as preparatory
for the study of apogamy in Nephrodium, the general conclusions will

appear in the final paper. Two points, however, may be summarized
here: (i) there is uniformity in the number of chromosomes in the

sporophyte
; and (2) in the normal life-histor>' there is a reduction of

chromosomes in sporogenesis.

The University of Chicago
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EXPLANATION OF PLATES I-IV

AH figures were drawn with the aid of an Abbe camera lucida, using Zeiss 'S

apochromatic objective i .5"^^, N. A. 1.30, combined with compensating ocular

18, except figs, ija, i6a, lya, and ig, which were drawn with same combination

of objective and ocular under higher magnification obtained when the tube was

extended to the farthest point.

The plates are reduced one-half the original size, except plate i, which is

reduced two -fifths.

PLA TE I

Vegetative mitosis in the sporogenous cell in the eight<eU stage

Fig. I. The prophase; the spirem before segmentation into chromosomes;

a kinoplasmic cap with a few fibers at each pole; the membrane beginning to

disappear at those points.

Fig. 2. Spirem segmented into chromosomes; chromosomes long and

cur\-ed, split longitudinally, the two halves running closely in contact.

Fig. 3. Chromosomes arranged parallel along the axis passing from^ pole

to pole, one end of chromosomes in which spindle fibers are attached lying in an

equatorial plate.

Fig. 4. The intermediate stage in passing from the previous condition to

the stage of an equatorial plate; the chromosomes much shortened, one end where

spindle fibers are attached being bent, while the end directed to the pole is strai^t.

Fig. 5. Metaphase, showing an equatorial plate; chromosomes short and

rod-shaped.

Fig. 6. Late metaphase; the daughter chromosomes beginning to separate.

Fig. 7. Anaphase; two sets of the daughter chromosomes on the way toward

pole; chromosomes ahnost straight, rod-shaped, sUghtly more elongated than

metaphase.

Fig. 8. Late anaphase; rod-shaped chromos<»nes paraUel at the pole.^

Fig. 9. Polar %-iew of stage given in previous figure, showing 12a chio-

mosomes.
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Fig. 10. Group of daughter chromosomes vacuolized, the upper side, for

merly the pole, being concave.

Fig. II figure; arrangment

formation

:gul

cell plate has appeared in middle region of central spindles.

formation

appeared in the previously polar
region.

Fig. 14. Polar view of daughter nucleus in later stage than that shown in

previous figure; nucleoli apart from chromatin material.

PLA TE II
'

Sporogenesis

spore
cnromatm reticulum without any regularity, looking ragged; three nucleoli are
present in this section, some of them vacuolate.

Fig. 15a. Portion of chromatin reticulum of previous figure under higher
magnification; reticulum consists of ir^efnl1;^r rlnmnc anrl cl^r,ri^^ cf^on^c mVino-

aspect

Fig. 16. One of three sections of a nucleus in which is showTi the tendency
to form the thread structure from a rearrangement of the chromatin reticulum;
a single nucleus is seen in this section.

reticuhun from fig. 16 imder higher magniFig. 16a

fication; by the disappearance of some of the strands and elongation of ragged

formed; these threads from the outset independent

betrins

um, almost transform

fig. 17 under higher magnificat
Fig. iS. Synapsis; nucleolus caught in the contracted mass of thread at a

position

Fig. 19. Portion of the separating threads from a tangential section, the nest
to that shown in fig. i8, under higher magnification

.

Fig. 20. The nuckus emerging from s}Tiapsis; uncoiled parts of the spirem
show the longitudinal splitting or separation of two threads which entered into
dose association in synapsis.

Fig. 21. Spirem shortened, thickened, and more" uncoiled; line of longitudi-
nal sphttmg or separation visible; kinoplasmic fillers present surrounding the
nucleus, circumscribing the rnTTtnomfKroi,^ ^i^«^ ™ .t_

preceding stage shown in fig

membrane.

irre

r^

be^segmented; tR-o halves of the spirem ahnost equally thickened and

mn

a^^s irregularly
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Figs. 24a, 24^, 24c. Three sections of the same nucleus after segmentation

of spirem into 66 bivalent chromosomes; association of t^vo halves of each chro-

mosome has become somewhat loose, so that various combinations of the two

daughter halves are shown, such as H, I, J, K, L, 0, U, V, X, Y, and so forth;

thin strands of chromatin material visible attached to the ends of chromosome;

two chromosomes (a and h) are cut into two, so that the two parts of the each

chromosome appear in two successive sections-

FiGS. 25a, 256, 25c. Four sections of the same nucleus; chromosomes show

spiny structure; nuclear membrane has disappeared, the outline of nuclens being

maintained by the encroaching and anastomosing of fibers; tvvo chromosomes

(a and h) are cut into two, so that the two parts of each chromosome appear in

two successive sections.

PLATE III

Sporogenesis continued

Figs. 26a, 26b. Two sections of the same nucleus, after intrusion of fibers;

multipolar spindle is established.

Figs. 27a, 276. Two sections of the same nucleus, after the multipolar spindle

has passed into the bipolar condition; bivalent chromosomes, two daughter halves

always in pairs, have shortened considerably.

Fig. 2S. Early metaphase, the bivalent chromc^omes being regularly ar-

ranged in an equatorial plate.

Fig. 29. Polar \iew of early m.etaphase; li^tly shaded chromosomes repre-

sent those which could be seen at a deeper focus; 64 bivalent chromc^omes are

present.

Metaphase; dau^ter chromosomes begin to separate

that sho^-n in fig. 30; some of the dau^t

for the second mitosis.

pole indicate a new fission that

Anaphase: rate of movement of daughter chromosomes

pole is variable.

Fig. 1,7,, Late anaphase; some of the daughter chromosomes at tl^ pole

still show V-shape, due to the fission first indicated in fig. jr.

Fig. 34. Early telophase; daughter chromosomes are grouped at the pole,

two of them being tardy; no V-shaped chromosome present.

Fig. 35. Polar \'iew of stage shown in fig. 34^ showing 64 chromosomes.

Fig. 36. Telophase \iewed from the pole; chromosomes vacuolized; nuclear

membrane constructed.

Fig. 37. Polar view of daughter nucleus in a later stage of telophase; vacuo-

lization farther advanced.

Fig. 38. Daughter nucleus begins to grow in size; mass^ of the chromatin

reticulum may represent main bodies of vacuolized chromosomes; graBukr

structure begins to arise along periphery of equatorial region where fibers from

pol^ meet-
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PLATE IV

Sporogenesis continued

Fig, 39.

cross-sections
fiS' 3^> granular zone surrounding

Spore mother cell separated into two hemispheres by granular

o

bodies

ticulura

fig
Fig. 42. Side view of nucleus of second division; a little later stage than

that given in fig. 41.

^

Fig. 43. Nucleus in same stage as previous figure; only parts of chromatin
reticulum visible in one focus are drawn; V elements distinct.

Fig. 44. Prophase of nucleus of second division afterdisappearance of nuclear
membrane; spindle multipolar.

Figs. 45, 46. Prophase after bipolar spindle is established; these two figures
are in the same stage, the former being the view from the pole of the spore mother

same
arms

second division have become parallel, the ends where spindle fibers are attached
lymg in the equatorial region.

Figs. 48, 49. Late prophase; the two figures represent the same stage, viewed
from the equator and pole of the spore mother cell respectively.

Fig. 50. Metapha^e; t^-o daughter halves m each bivalent chromosome
exactly similar in size and shape.

Fig. 51. Polar view of stage

in figs. 48 and jo, this aspect be

intermediate bet

figu

pairs

equator and pole of the spore mother ceU respectively; two or three
aughter chromosomes are tardy in separation.

54, 55- Late anaphase; the two figures show the same stage \-iewed

pole of the spore mother cell respectively

^
Fig. 56. Polar view of daughter chromosomes of late anaphase

figs. 54 and 55; 64 chromosomes.
Fig. 5 7 lase

pole and arranged regularly; cell plate laid down at middle region of central
spmdks.

Figs. 58, 59. Telophase; the two figures show the same stage, viewed from
equator ^d pole of spore mother ceU; ceU plate has divided the protoplast.

im, 60. Late telophase; membrane of the granddaughter nucleus formed;
new nbers present between granddaughter nuclei of different hemispheres which
were separated by granular zone in telophase of first division.

Fig. 61 Still later condition than stage shown in previous fi<rure; cell plate
completed through middle region of granular zone, thus dividing the two proto
pksts separated m the first mitosK.
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THE DEVELOPMENT OF THE POLLEN OF SARRACENL\

M. Louise Nichols

(with plate v)

During ]\rarch 1907, through the courtesy of Dr. J. M. Mac-

ANE

fine
t)

fversity of Pennsylvania. The species examined were S.

purpurea^ 5. variolariSy 5. riibra^ and 5. psitlacinay besides the hybrids

S. flava X variolaris and S. flava X purpurea. A close similarity

prevails in the pollen of the different species, nor does any marked

difference appear in the hybrids. Abnormahties of division among

the latter are practically absent.

The material consisted of flower buds fixed in chrom-acetic acid.

Thin sections of the anthers were stained by the iron-hematox}'lirL

method and with safranin and malachite green.

The nucleus of the pollen mother cells contains an intensely stain-

ing nucleolus surrounded by a clear space. ^Vith safranin and mala-

green sm

(fig

1) does not stain deeply, and shows a trace of fibrillar structure

i). The approach of the synapsis stage is indicated by a marked

apparently rather sudden gro\\-th in size of the nucleus. The

;olus also becomes larger, and the clear space surrounding it less

defined but wider. The linin shows more definite indications

2). A few deenlv stainin.s; granules now appearof a network (fig. 2). A few deeply staining

within the linln ; these increase m number as the network de^

(fig- 3)' Occasionally granules can be seen in close proximity

nucleolus (fig. 3), which become larger and irregular in shape

and

(fig^
sometimes

masses

paks of chromatin clumps. Thus in fig. -4 there

of chromatin, one on each side of the nucleolus

of about the same size; while farther remo

there are two others, smaller than the first, 1

other in size. Similar relations are seen in fig

31I

nucleolus

akal Gazette, ol
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The chromatin next becomes densely massed around the nucleo-
lus, and the irregular clumps elon^rate more or less into rods. So

come

margin of the somewhat
rounded mass can a threadlike appearance of the chromatin be
observed. The chromatin is now gathered together at one side of

gradually emerges from the center and
(figs

to one side of the chromatin. When it has completely emerged its

staining capacity is seen to have diminished (figs. g-12). In some
cases a bipartite arrangement of the chromatin is observable {figs.

•)

m the cells at one end of the anther
begins to lose its power to take the stain uniformly
of dark clumps lying in a paler matrix is produced. The'nucleolus
is also usually vacuolated {jigs. 7j, i^^ 16). The dark bodies approach
the nucleolus and it seems to sink into or to be surrounded by the paler
area Within its substance is frequently seen material staming
deeply like the bodies without; often this forms a partial ring around
a vacuole {fig. 16). The nucleolus now becomes weU iiUed with
darkly staining material, whHe the substance without, which takes a
similar stam, decreases in amount; it finally disappears entirely.
At the same time the nucleolus has become entirely black with safranin
red, and Kes whoUy within the paler substance {figs. 17-ig). This
condition was observed in S. purpurea and in 5. jlavaX purpurea.
1he other species did not present suitable material for this stage.

The 1mm next begins to extend toward the circumference of the
nucleus and to be converted graduaUy into a network {figs. 20-22).
iJark granules, purple with safranin and malachite green, now appearm the net^-ork, and at the same time the nucleolus again shows
vacuoles {figs. 2j, 24). It seems to go througu m a reNersc oruer u.
former senes of changes, dark material within the nulceolus often
surroulidmg a central vacuole

{fig. 23). Sometmies the nucleolus
presents the appearance shown in figs. 23a and 2j6. At one focus
hree darkly stammg spheres can be seen, whereas at a slightly higher
level these spheres are replaced by vacuoles. In one case a body
closely lesembhng the nucleolus was obsened Iving fust outside the

to
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nucleus, as if it had been accidentally displaced in cutting the section

(fig. 28). If this be true, it would seem to indicate that the nucleolus

independent in structure and

OWTl. pirpureGy two nucleoli are found

than the other (fig
ed

fl.

appears dark, the peripheral portion lighter, while from the central

ifii'

stain (Jig. zf). The chromatic

fine granule

linin fibrils {jig. 27). At this stage the nucleolus, in preparations

stained with safranin and malachite green, colors purple, inclosing

eranules The nucleoli of the

tapetal cells, on the other hand, stain red.

The conversion of the network into chromosomes during the pro-

phases of the first maturation di\dsion is illustrated in Jigs. 2g-ji.

A longitudinal splitting of the chromatin granules and linin fibers

is clearly seen, the halves thus formed often showing a tendency to

spread apart (fig. 30). The chromosomes occur in pairs, which come

to lie parallel to each other (figs. 29-31) . They gradually shorten

and thicken, so that finally little difference is evident between the

length and breadth. That the spindle is formed, at least in part,

linin fibers would appear from fig

\rtry late prophase. The spindle fibers when fully torm(

defined and show minute swellings. Two fibeK may be

to a chromosome in fig. 33. The separati

are

somes IS fig. 34. The U-shaped

some would seem to correspond to the more elongated body of similar

shape in fig. 29, and if this is true the first division separates univalent

chromosomes and is reducing. The nucleolus persists at its fuU size

until a late prophase. The total number of chromosomes in 5. varia-

laris and in S. rubra is ac5. rubra is apparently twelve. The material did not

, ^js suitable for determining the number in the other

species studied. Shre\t: (10) reports twelve in 5. purpurea.

After the first division of the chromatin, the daughter nuclei

tJT^.derso no reconstruction, but arrange themselves for the succeedm
^v^ i^vy ^^vw^i^^^^v-v^^.^3

mitosis
{fig.

The chromosomes seem to become somewhat
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and The second divi-

chromosomes

therefore equational {fig. j/). The daughter nuclei are now recon-

structed. A large dark nucleolus appears in each, while the rest of

the nucleus is occupied by a linin network and scattered chromatin

granules. Fig. j8a would seem to indicate that these granules are

formed by the breaking-up of larger clumps. The nucleolus stains

red, the network purplish with safranin and malachite green.. During
mitosis the chromosomes are bright red, but after reconstruction thb

lually lost. The cytoplasm, which has remained undivided,
1

erra

(fig

DISCUSSION

The nucleolus.—This term, in its limited sense, has
within shape

m
g rniHke the chromatin (Wilson 12). The great diversity

on the behavior of this body has given rise to

concemmcr its oncrm and function. Mon
com

and animal cells

mention a Iars:e number of authors whose

them to believ

ported

formation of chromatin. This view is sup-

mi of nucleolus and
chromatin, but also by researches on their chemical relations. Another

has somethins:O
tion. Str.\sbiirger (9) and Nemec (7) adopt this view. Many
^Titers on the Protista ako report kinoplasmic material arising from
the nucleolus. A thu-d theor}^ maintains that the nucleolus contains
material which is periodically expelled into the cytoplasm. By some,

CKER (3), this is considered an excretory function. OtheK
; correlated with the appearance in thebelieve tha. „_ t...^..^...^..^u.

,

cytoplasm of substances havin
IMy ovm observation^ afford support to the first of the explanations

outlined above. The growth in size of the nucleolus simultaneously
with the appearance of darkly staining granules in the nucleus, the
accumulation of this material in the nucleolus, and its expulsion,
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lead irresistibly to the conclusion that the formation of the chromatin

is intimately connected with nucleolar activity. The relations of the

nucleolus and the chromatin in the prophases of the first maturation

division again plainly suggest an elaboration of chromatin by the

nucleolus. The fact that at this time the nucleolus stains purple,

whereas ordinarily it stains red with the safranin and malachite-green

combination, indicates that a chemical change of some sort is taking

place within it. The globules of material thus elaborated escape into

the nuclear sap, there to be absorbed by the linin and distributed along

its threads. Gregory (2) was led to a somewhat similar view by his

study of the pollen development in sweet peas. His observations

indicate that ^'the nucleolus receives and stores the bulk of the chro-

matin during the resting periods which intervene between successive

mitoses. ?>

The varying observations concerning the behavior of the nucleolus

give rise to the opinion that it has not the same definiteness of function

as the chromosomes and centrosomes. Since there is certainly an

exchange of material between cjioplasm and nucleus, and within the

nucleus progressive and regressive changes in chemical constitution

of its contents, it would seem that a rounded body staining unlike

chromatin and therefore designated nucleolus might frequently arise,

but representing at different times and in different cells a different

physiological acti\ity. The precise nature of the metabolism of the

cell, it is natural to suppose, varies according to the kind of cell and

the species of plant or animal, and therefore the nucleoU may be

expected to vary in appearance and in their relation ta the chromo-

somes or other constituents of the cell. That this may be the case in

animals has been demon

McGiLL (4) 'O
s. In some forms appar-

the use of the chromatin

Inand thus granules and irregular masses occur within it.

perhaps the material is not greatly transformed in the nucleolus,

passes out into the nuclear sap there to be absorbed and utilised

the chromatin. In the latter instance the connection between

nucleolus and the formation of chromatin would be difficult

demonstration. Thus such evidence as is gi\-en by Dcjbles" (i) of

non-participation of the niicleolus in chromatin formation is negal
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in character, and does not necessarily disprove this function of the
nucleolus.

THE INDIV The

impossible to distinguish individual chromosomes

make

chromosomes
required by ^Ioxtgomery's hypothesis. According to the researches
of MiYAKE (5) and Overton (8), supporting Strasburger's obser-

mother
prochromosomes, centers around which the chromatin collects, and
which correspond to the chromosomes in number. In Sarracenia I
was unable to satisfy myself that the pomts around which the chro-
matm collects were constant in number or that the number was the
same as that of the chromosomes.

beha

anj
somes

chromosomes
possibly he m the Imin. The chromatin and nucleolus at the stage
represented m fig. ig stain red with safranin, while the linin takes the
green. This stam serves to bring out a fibriUar structure in the linin.
It IS well known that the chromosomes rb-ffpr arf^PfT,- in cfninma

m At certain stages
seem to lose a part of their substance and to diminish
as in stammg capacity; whereas at another period they arc
)sorb material, grow in size, and color more deeply. The
^na described might therefore be explained on th^ assum

absorbed
them

Philaoelphia Normal Schooi.

I.

2.
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EXPLANATION OF PLATE V

The drawings were made with the camera lucida, ocular 6, oil immersion

objective iV, enlarged to twice the original size and reduced one-half.

Figs. i~io, S. purpurea; 11, 12, 27, and 34, 5. fava; 13-21, 23, 24, 26, 28, S.

flavaXS. purpurea; 22, 25, 2^-32, 33, 3S-4O7 S- 'variolaris

Fig. I. Resting pollen mother cell; a, J, c, nucleoli.

Figs. 2-8. Transition to s}Tiapsis; 3a, 5, c, d, nucleoli; fig^ 5, pole \iew;

fig' 6j side view of approximately the same stage.

Figs. 9-12. Synapsis; gradual emergence of the nucleolus.

the level of the nucleolus.

chromatin by the nucleolus; fig.

Fig. 20 substance

rmation of the chromatic networic; figs. 23b and

29-32

Figs. ;^^y 34. First maturation spindles.

same

Figs. 36, 37. Second maturation division.

Fine .Q_.^ nr.r..r.u^;r.-n rif tK*^ re!! divi5;ions and formatioa of cell walls

^



EMBRYOGENY OF ARISAEMA TRIPHYLLUM
James Ellis Gow

(with t^v-enty-four figures)

This species is interesting as a representative of the lower monocoty-

ledons^ and as an extreme type of its family. If, as suggested by

Engler, those aroids which possess hermaphrodite flowers are to be

taken as the primitive type of the family, and the monoecious genera are

to be considered as reduced forms, Arisacma must be regarded as an

example of extreme reduction, since it is usually dioecious, Accord-

clopment

family

be

as having probably undergone a longer course of development than

they. But it seems quite as reasonable to suppose that the monoe

primitive forms, and

must

Arisaema must take its place at the foot of the 1

ferentiated form. If the former hypothesis be

regard the occasional monoecism of this species as

if the latter, it must be n

accord with the general tendency of the family. It is plain, however,

m cannot be monoecism

classificat

must be and even then the

cannot be answered satisfactorily until

the aroid genera have been worked out with far greater complete-

iS than has yet been done.

The material here described w-as all gathered in the vicinity of

va City, Iowa, during the summer of 190 1, A part of it was worked
during the follow^ing Tvinter, but it was found necessary to drop the

rk, and die later phases were not undertaken until the present year-

ovaries were cut out one by one, or in groups of four or five, killed

in parafBn to a thicknessand fixed m i

and stained with Delafield's hematoxvlin. H.-udexh
Botanical Gazette, toI. 45] [3»
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iron-alum-hematoxylin, or safranin and gentian-violet. In the

latter case a saturated solution of each stain in anilin water was used,

and very excellent results were obtained.

MEGASPORAXGIUM

arv of Arisaema contains one to sk erect, orthotropou

o^njles (fig. 7). ovule hundred ovaries were

B number was found to be four (fig
They

stigma; J, conducting cells; c, inner integument;

-Fig- 2. Trans-X36.
cells

O5 outer integument; e, embr
verse section of ovary. X 36.

not drawn, X38S.

—

Fig, 4. jr- o

archesporium. X 400.—Fig. 5. Cross-section of nucellus showing four sporogenous.

cells, X400.—Fig. 6. Dhision of sporogenous cell X400.

iporogenou

appear

be occurrence of four ovules grouped equilaterally about

protuberance in the middle of the base of the ovary

would indicate* the latter as the suppressed apex

This mm one somewhat of the

Dieffenbachia/ except that in

more complete.

Arisaema

the ax?s-

of the axis m
much

Cascpbeix, D, H., Studies on the Araceae. Annals of Botaiqr

QOC3.
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The earliest material was collected during the first week in April.

At that time the ovules appear as minute protuberances from the

base of the ovary, the inner integuments have just begun to show,

and the cells of the nucellus are as yet undifferentiated. The o\iile

grows with great rapidity, the outer integument soon appears, and

the inner integument passes beyond the apex of the nucellus. At

the same time the nucellus itself increases greatly in size^ and the

13

Figs

division i The
Figs. 9, 10. Second

embryo sac. X920
Fig. 12, Embryo sac after fusion of polar nuclei; index letters suggest the structures

X 920, ^rm X920-

archesporial cell^ recognizable by its greater size and more definite

cells

makes its appearance in the hypodermal layer

>llowed by a periclinal division of the epidermal

of the nucellus. The first two divisions of the arc!

cell are by anticlinal walls at right angles to each other, thi

rise to four sporogenous cells lying side by side (figs. 4, 5).

these outstrips the others in its growth, crowding them and

porial

cr

One of

rounding: cellso undergoes one trans\

which a small cell, frequently wath an ill-defined

(fig petal cell, or one of a "row of tW'
9f

formed by a mother cell, was not determin At this stage the
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inner (functioning) cell is usually o. i"''^ in length, and its nucleus, by

successive divisions, gives rise to the usual eight nuclei of the embr}-o

sac (figs. 7-1 1). The oosphere, synergids, and antipodal cells are

organized as usual, and the polar nuclei fuse {f^g. 12). The fusion

endosDerm nucleus freauentlv contains two nucleoli {fig. 13). ,

- *

-f. ^'

J-t

&r

; - r ' ,-' f

16

<-' '"> ',.

oS®3

Fig. 14. Ovary at period of fertilization; e, embrj-o sac; p, placenta. X36.---

Fig. 15. Oosptere and male nucleus. X920.-F1G. 16. Endosperm nucleus and

second male nucleus. X920.-F1G. 17. Diagonal section of ^"^^-0 sac near chaiaz^

extremity, shou-ing endosperm and, probably, one antipodal dislodged by kmfe. X9^
-FIG. 17a. Endosperm nuclei enlarged. X2C50.-F1G. 18. Endosperm nuclei X^
-Fig. 19. Longitudinal section of endosperm (6). surrounded by remams of rn^r

integument (.), and of nucellus (a), and containing embr>^o (.). and la^
^^^'^Jf^

X14-F1G.U. Two-ceUed embr.-o. Xp—FiG. ax. Three-celled embno. Xg-'-

celled

divisions are embryo sac has

increased

lus h

The lateral ceUs

been srre
intact. The

and outer integuments have gro..-n until iher press against

in the roof of the ovary (fig

\

The stigma of .Irisaema consists of a IooscIt compacted

ewhat mucilaginous papillae (fig,
II). The poHen tube finds
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access to the interior of the ovar>' through an open style which is more
o± conducting cells, the lower onesmass

extending well do^^^l into the cavity of the ovary \fig 14) The
poUen tube enters by the micropyle, and a number of sections were
obtained showing it penetratmg the nucellus. One section showed
the male nucleus and oosphere

{fig, 15), but careful search failed to
case of the fusion of the second male nucleus with

endosperm nucleus. As it is known j;

{fig' -f^), it seems

mbryo sac and approaches the endosoerm

ENDOSPERM
The first^ divisions from the endosperm nucleus result in the

ifiS- ^7)' These increase in
number

until
embr^^o sac {fig. 18). They are well defined and usuaUy multi

showing When
com

begin to appear, and
nucleus is separated from its neighbors by a well-defined wall. Active
growth contmues rnitfl the embryo sac is filled with endosperm, which
now begins to crowd the surrounding cells. The lateral vestiges of
the nuceUus disappear, as a result of this pressure, and the inner integu-
ment IS stretched until it becomes finally nothing more than a thin
limiting membrane surrounding the endosperm. The outer integu-
ment remams intact, its growth keeping pace with the growth of the
endosperm. The persistent tip of the nuceUus

and even increases in size. The cells in the base

remams

lus are greatly crowded, and many of them break do™. When the
endosperm has reached its fuU size, it is about 3»» in length, and
consists of two weU-defined parts (fc .p). The ^pper pai (*)
consists o cells w«h thin but well-defined walls and at fct a distinct
nudeus

;
later they are filled with starch grains. In the lower part

of the endosperm there is developed a large vacuole (i).

EMBRYO
In the specimens e^mined, the Itrst di^'ision of the oospore does
:

occur mitil the formation of endosperm is well under wav. As
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appears that endosperm formation does not begin until

tube has reached the embrv'o sac (and

iperm and the second fused), it

would seem that the fertihzation of the oosphere is followed by a

period of rest before the formation of the embr}^o begins. The first

two divisions are transverse^ followed by a longitudinal division (figs,

20-22). Beyond this point no definite histor>^ of the embrj^o can Ije

Longitudinal sect

e. at somewliat lat*

1 23
endosperm. X770

X770-

given until the stage illustrated in fig. 23 is reached. The embno

here shown is six weeks or two months old and has not yet reached

its maximum development; fig. 24 shoe's a somewhat older embn-o.

cTood sections of the embr}-o were obtained.Beyond this stage no j^

SUMMARY

dioecious character of Arisaema

ce amon^ the aroid genera, other character!

bear and orthotropous ovule,

.. « tm*^rseei^to"indkate it as a primitive form, but the fact that

there are four o;-ules (typically) in each ovary, and that their basal

origin is apparent onlv, since they are in reality lateral outgrowths

of the suppressed axis, seems to prove it a more highly speciah^ed

type than Aglaonema, Nephthj-tis, and Spathicarpa, in ^
.rpel contains a single basal o\Tile This view is confirmed

consider the variation^ in the number and ^f^f^f*,^°^f^

lei in Nephthytis and Aglaonema (Campbell^

imitiTC character
the embr\'0 sac

Arisaema corresponds to the usnal tj-pe found in other '--^'>^V^'

and ir'

ffinities with lower terms.
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other hand, the early presence of a number of sporogenous cells in

the nucellus appears to ally it with the two genera mentioned, both

of which exhibit a similar peculiarity.

The development of endosperm in the aroids is usually character-

ized from the begmning by the formation of prominent cell walls.

This characteristic has been noted by Campbell (/. c.) in Anthurium,

Nephthytis liberica^ and Lysichiton, and by myself in Nephthytis
^

Gravenreuthii. Arisaema is an exception in that the first formation

of endosperm is by free nuclear division, although cell walls are soon

developed. In this respect it resembles Diefjenhachia daraquinianaj

whose embr}'0 sac becomes quite filled with endosperm nuclei before

the cell walls begin to make their appearance. The resemblance of

the suppressed axis to that of Dieffenbachia has already been men-

tioned. The anatropous character of the o^'ule in the latter genus,

the fact that each of the two o\ailes is inclosed in a separate carpel,

and the fact that there is only one archesporial cell, and that the pri-

mary parietal cell originates at its inner instead of its outer end, serve

to draw a broad distinction between it and Arisaema, in spite of the

resemblance in endosperm formation. The peculiarities mentioned

would probably indicate that Dieffenbachia is a somewhat less primi-

tive form than Arisaema, and one whose development has proceeded

along different lines. The presence of staminodia among the pistillate

flowers also appears to bear out this view.

Arisaema, therefore, appears to be a more highly developed form

than Spathicarpa, Aglaonema, and Nephthytis, but somewhat more

primitive than Dieffenbachia, and much more primitive than Anthu-

rium, Spathycma, Orontium, and Acorus, since all the latter have

perfect flowers.

\Mien the foregoing was written, the wxiter was not aware of the

existence of a paper by Mottieil^ on the development of the embryo
sac in Arisaema. A comparison of the two papers, however, shows
that they do not cover the same ground, since Mottier Ihnited his

mvestigation to the earlier phases, and did not discuss the development
of the endosperm, the growth of the embr}'o, or the possible affinities

of the species.

Geeenkelo, Iowa

» Mottier, D. M., On tKe development of the embryo sac of Arisaema iriphyJhmu
Box. G.\ZETTE 17:258-260. iiL 18, iSQ2.



THE TOXIC EFFECT OF CERTAIN C0M:M0N SALTS

OF THE SOIL ON PLANTS

Florence N. Magowan

(with oxe figure)

A number of investigations have been made upon tlic action of

single salts on plants, but in the majority of cases the object has been

to determine the limit of endurance or the highest concentration at

which the plants could hve in the pure salt solutions. These con-

centrations var>- with the salts used, and from the tabulated results

it is not possible to tell the difference in growth of plants in the various

salts in equimolecular solutions, nor would it be safe to assume this

difference to vary uniformly at all concentrations. On a-pnori

grounds the reverse might be thought to be true, i. e., comparative

degree of toxicity of certain solutions at one concentration might be

entirely different at another. Again I have found time to be a very

important factor in changing this relation, so that experiments

lasting only a short period cannot be considered conclusive. The

work done by pre^^ous investigators^ differs so greatly in method, and

the results are so scattered that no useful comparison with my results

is possible.

Wheat was chosen as a well-known agricultural crop, and one vnih

which much experimental work has been done. One variety only

was used, the ''Early Genesee," which contains a large proportion

ermi

•rmi Radish

seeds

similar results to wheat.ular results to wneat.

In practicailv all experiments that have been made along this line,

^, .
'

, r .... ;„^fo^ ;-n HkHlled water, then
nninated

• References given at the close of Ae foflowing papers include mo^
°^^^^^

ture on this subJeL "To^c limits and stin^ulating e^-- r^^""^"^^b^S
wneat varieties in resistance

PI. Industry, Bull. 79. 1905.
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placed in the solutions. As the object of this investigation was to

find the growth made by the seeds in the different solutions, this

method was not practicable, and the seeds were supported on filter

•
paper^ so that they might germinate in the solution from the

beginning.

Twenty or more seeds were placed in each solution. In general
the germination was quite uniform. Usually seven duplicate series

of experiments were made. While some series made a better growth
than others, the comparative order of toxicity was not changed. In
aU concentrations final examinations were made when the roots had
reached the Umit of growth. The solutions were aU titrated against
standard silver nitrate solution in the beginning and great care was
taken in making up the various concentrations.

To keep the solutions at the same strength was a problem which
received careful consideration. As little salt was taken by the plants
the first few days, it was found perfectly safe to replenish the loss

due to evaporation by adding distilled water. When the solutions
were found by titration to be too weak, however, they were replaced
by fresh solutions.

Several concentrations of chlorids of Ca, K, Xa, and Mg were
^ised, these salts being taken because tliey represent the bases most

:n the soil. In order that the effects of the cathions might
be dearly evident, only one anion, chlorion, was used. Control
experiments with tap and distilled water were alwavs carried on
with each series, the water having been distilled with especial care
to avoid all traces of metals in solution.

^
The plants made a better growtli in distilled water than in any of

the salt solutions, which were thus shown to exert a toxic rather than
a stimulating effect at the concentrations used. While a marked
difference in the degree of toxicity of Ca, Mg, K, and Na was clearlv
iwticeabic m the roots, the tops were more neariv aUke in equi-
mokcular solutions of the salts, except in the stronger concentrations

!!f
^' "" ^^""^ ^"1^ g^o^^-^ of either roots or tops occurred.

Ihe order of germination was noteworthv. The seeds in KQ
and NaCl were the first to send out roots, and for several davs remainedm advance of those in CaCl. and MgCl,. For the first five days the

« The method is described bv C^n^vrrr^rr^ n^^ r- . .^.,__ . . _

commoa
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wheat in the MgCl, solutions made a growth almost equal to tliose

in CaCla, but after fifteen days the roots in the MgCl, were dead,

while those in the CaClj series were still living, even in such high

concentrations as 0.12 m. After twenty or twenty-

five days the plants in CaCl, solutions were in

advance of those in KCl and NaCl. In all the

solutions the limit of growth was reached in about

.18

.J

-08

.06

,04-

.02-

thirty days.

It is significant to note the effect of these salts

on the general appearance of the roots : CaCl^ favored

the development of root hairs; a fine growth of these

occurred in the 0.06 m solution and throughout all

the lower dilutions of the series. Also many side

branches were produced, making a thrifty-

looking root system.

Not even in the lowest concentrations

of KCi and NaQ were tlie root hairs

developed as well as in

CaCU 0.06w and those in

the weaker solutions were

d

200 mf/z. iOQmm. ^QQmm. a

Fig. I.—Curves sHowing the growth of roots of wheat in salt solutions; fl, diMffled

water; 5, MgCl.; c, NaCI; i, KCI; e, CaCU- The ordinates represent concentra-

tions (parts molecular); the abscissae, the aggregate length of roots per plant (m miiU-

meters).

unthrifty
dun

white color, and as to branching were next to CaO,, although the

branches were thicker and shorter than in CaCl,; the braiKh^

were most abundant at o . 02, o . 04, and o.c6m. In CaCl, branching

was practicaUv the same throughout. In NaCI a fe^ stunted branchy

developed and after twenty days the roots were of a yeUow colorm aH

v,„ i.:iu .„^-„„: ^.wr, in n.o2 «. In MgQ, neither
concentrations

produced
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0.005 ^j b^^ ^^ o.ooi m root hairs were developed, and in o.oooi nt

branches were sent out similar to those in CaCl^ solutions.

The following table gives the average length of roots per plant

produced in the various solutions, the figures being based on seven

duplicate series of experiments.

Salts

Concentrations

0,02 m 0.04 m

MgCl.
NaCl. .

KCi...
CaCla.

446
462

321

333
386

0,06 m o.oS m

ISmm

220

lOmm
134
144
168

0.12 m Q.iSm

^min

54
63
84

Qinin

24
31
48

Distilled water, 740"^™

These results are also shown in fig, i in the form of curves, the

concentrations being used as ordinates and the average length of

the roots per plant being used as abscissae. The cur\^es show that

little growth took place at o. 18 m in sodium, potassium, and calcium

chlorids, and none whatever in magnesium chlorid. The small

growth in magnesium chlorid throughout the whole series of con-

centrations is due mostly to its toxic action; but also in some degree

to its higher osmotic pressure. The molecule of MgCl^ when dis-

solved dissociates into three ions instead of two, as in the case of

NaCl and KCI; hence MgCl, solutions have a higher osmotic pres-

sure than equimolecular solutions of NaCl and KCI.

^

All the more striking is the beha\ior of CaCl^ which in spite of

high osmotic pressure (approximately as high as IMgCl,) nevertheless

permits greater growth than NaCl or KCI; hence it must be much
less toxic than any of the other salts.

RESULTS

1. Each of the principal soil bases (Na, K, Mg, Ca) is toxic. The
following is the order of toxicitv of their chlorids: (i) INfgCl,,

(2) NaCl, (3) KCI, and (4) CaCl,.

2. Experiments lasting but a short time (such as have been made
by most pre\ious investigators of the toxic action of salts) cannot
be considered as conclusive as longer experiments. After six days,
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plants in NaCl and KCl made more growth than in CaCI^, but after

twenty-five or thirty days the plants in CaCl, were in advance of

all the others.

These investigations were carried on under the direction of Pro-

fessor W. J. V. OsTERHOUT, to whom the writer wishes to express

sincere thanks for his kindly assistance and valuable suggestions.

F

University ot Californ^ia

Berkeley, Cal.



BRIEFER ARTICLES

THE PHYSIOLOGICAL CONSTANTS OF PLANTS COMMONLY
USED IN AMERICAN BOTANICAL LABORATORIES

The object of this paper is identical with that of its predecessor/ namely,
to ascertain which of the plants commonly grown or readily raised in green-
houses is best adapted for the demonstration of a particular physiological
process, and how much may be expected of it and of the others. The
work is being done in the Laboratory of Plant Physiology at Smith College,
with the advice of Professor W. F. Ganong. Others of the series are in

advanced preparation.

n. EOOT PEESSUI^ AND EXUDATION

course
hfe of the plant, and of these osmotic root absorption is perhaps best knovm.
The most direct way of demonstrating the osmotic absorption and pressure
of the root Is by measurement of the quantity and pressure of exudation
from

_ I have undertaken to find for
those greenhouse plants which are practicable for the purpose the pressure
of root exudation and the quantity exuded. The only work of importance
done upon potted plants, so far as I can find, is that of Wieler^ in 1892,
who recorded the pressures of some fifteen greenhouse plants, and this is

source of the figures in current books. Sintrle mpn^urf^m^nf<, h^vf
been made by Detmas
lie outside the present

The first remii^itp fn

: also

trees

will register the pressure accurately, however small the quantity of liquid
exuded. Most of those used for demonstration are faulty m principle to
an extreme degree, as has been recently pointed out.3 After some prelimi-
narj' tnals I have fixed upon one which is practically that described by
MOESE and F£.4Ser4 for the measurement of osmotic pressures. It is a
men:ury rnanometer of the usual form, of o ,

5-™ bore barometer tubing,
with a bulb blown in the middle arm. In order to test the variations in

'Box. Gazette 40:302-305. 1905,

PiJanzea

n.m. cnem. Jour.

taaicai Gazette, vol

lood

[5°



1908] BRIEFER ARTICLES 51

the diameter of the bore, two gages were calibrated. It was found,

however, that while for high pressures, involving the measurement of short

lengths of tube, it would be necessary to make the correction for the dif-

ferences in diameter of the bore, this is not needed in dealing with small

pressures, of about one atmosphere, because in the length of tube used the

inequalities, which are very slight, balance one another.

For use the gage is first filled with clean, dry mercury; then with

the lower end dipping into boiled water mercury is forced out into the water

by pressure with a rubber bulb upon the upper end until there remains

only the required amount, namely, enough to fill the gage half-way up the

bulb. When the force is removed, water replaces the mercury in the lower

end. The long arm is then filled with air, dried, by being drawn through

tubes containing calcium chlorid and phosphorus pentoxid, and is quickly

sealed with hot, melted shellac. Proper tests were of course applied to

prove that the shellac made a perfectly tight joint with the glass. Sealing

wax was' used at first, but it is apt to crack from the glass when the range

of temperature is great. The gage was then attached by means of stout-

walled rubber tubing to the stump of a plant whose top had been cut off

a-^cm above the gromid. The cutting was done under water to prevent

the entrance of air, which would rise in the gage later. The rubber tubing

was fastened on the stump with stretched rubber bands, or wire in case

of a stout stem, and to the manometer by wire and was wound with tire-

tape to prevent stretching under internal pressure, s

Where the stem was larger than the gage, a glass sleeve was cemented

with sealing-wax outside the latter, to make it nearly the size of the stem.

The height of the mercury in the long arm was noted and when it had

reached its highest point the pressure was computed by Boyle's law.^ A

source of error in the use of the gage, not noted until too late for correction,

consists in the expansion of the mercury through rise in temperature. Sub-

sequent tests were made to ascertain its extreme possible amount, with a

result that under no circumstances could the error exceed 0.0134 atmospheres

or o .
2^^ per square inch, and In nearly all cases it was verj- much less than

this.

The quantity of exudation was found at the same time for plants of^
same age and approximate size as those used in the exudation pressure

experiments. For this a piece of glass tubing was attached to the pl^t

and led into a graduated cylinder which contained a fihn of oH to prevent

evaporation.

5 A fuller description of tHs gage with directions for
^j^f^^l^'^:

G.^>.oXG in a catak,gue ol apparatus now being published by the Bausch & I^mb

Optical Company.
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AI! the plants used were young, in good growing condition, and in most
cases were taken just before flowering. It will at once occur to the reader

that in some cases conclusions have been drawn from too small a number
of plants, but since in these experiments the plants must be sacrificed

completely, it was impossible to obtain more than three of some species-
one for exudation and two for pressure. However, this does not involve

so great a possibility of error as it seems at first sight, for, although it is

possible that the plant used may be abnormal, the probabilities, according

to QuETELEx's law, are that it will fall near the mean. The temperature

of the laboratory during obser\'ation of the experiments was i8°-22°C.
The soil temperature at time of highest pressure was i7°-i8^C.

The results obtained for quantity and pressure of exudation are given

in the following table, in which the first and fourth columns give the number
of plants used for exudation and for pressure experiments, respectively.

From the table on page 53 it will be seen that the plants giving the highest

mean pressures, in order of amount, are Salvia involucrata, Helianthus
annuiis, Fuchsia speciosa, with others following according to the table.

When considered in order of maximum pressures, the highest are given by
Fvchsia speciosa, Salvia involucrata, and Lycopersicum esculentum. The1*1 « «

Senecio

Salvia

For the practical purpose of demonstration, taking into consideration
high pressures, ease of manipulation, and abundance of plants, the very
best are Fuchsia speciosa, Chrysanthemum jndescens, and Pelargonium
mnaU, Since they have stout, woody stems, there is no danger of compress-
mg the vessels in making a tight joint with the pressure gauge. With the

pressure gauge attached they maintain a high pressure for about a week,
usually giving the highest pressure between 10 and 12 o^clock on the second
day. The next best are Heliotropium peruvianum. Pelargonium peliatum,
and AbutiloH. These give lower pressures than the preceding, but they
have a slight advantage in another way. The stems of vigorous young
plants have about the same diameter as the manometer tubing and there-

fore can be more readUy attached to the gauge. Other plants which
^e high pressures are Lycopersicum escdentum and Fkaseolus vulgaris.

These have somewhat soft stems, though with care it is not difficult to

attach the gau^.
The foUowing plants cannot be used advantageously for this experi-

ment: Euphorbia ptdcherrinia, because of its latex which thickens and
closes the ducts in a very short time; Ricinus communis, because of its

holkm ^m; Senecio tmkanioides and Tropaeolum majus, because their
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Name

Abutilon (golden bells)...

Begonia coccinea
Chrysanthemum frutes-

cens (marguerite) .

Coleus
Cucurbita Pepo (squash)
Euphorbia pulcherrima

(poinsettia)

Ficus elastica (rubber
plant)

Fuchsia speciosa
Hedera Helix (English

jyy)
Helianthus annuus (sun-

flower)

Heliotropium peruvia-
num (heliotrope)

Impatiens Holstii.

Lupinus albus (white
lupine)

Lycopersicum esculen-
tum (tomato-dwarf
stone)

Pelargonium domesti-
cum (Lady Washing-
ton geranium)

Pelargonium peltatura

(ivy-leaved ^ranium)
Pelargonium zonale

(horse-shoe geranium)
Phaseolus vulgaris

(string bean)
Ricinus communis (cas-

tor bean)
Salvia involucrata
Senecio mikanioides
(German ivy)

Senecio Petasitis

Tropaeolum majus (nas-

turtium)
Zea Mais

No.
of

[dants

3
I

4
2

I

I

6

I

I

2

I

X

1

z

I

1

Exudation
quantity ia cc.

Min. Mean Max.
I - 1-9-3 3

168

24 -40 -
II. 5-14. 2-

27

2.5

Durat'n
of

flow

in days

29

55
I

9-21

17 8-9
12

23
16.5-99.2-263

1.5

30

7
3

31
12-34

13

17.4

4.5

16

8

3

13

I4-SS-5-I7-5 ^9r2o

4- 4.2- 4-5

8.5
14

27
110

13.5
4

5

^7
12

7
14

8
6

No.
of

plants

4
3

4
2

3

3

s

4
2

10

2

3

2
2

Pressure in atmoeiAeres

Min. >rc;m Max.

.757- -795- -^40

.81S- .858- .S9S

.847-1.014-1.230

.822- .897- .972

573- -637- '101

.737T .817-

.887-1.246-1

.323- .430-

1.210-1.276-1

.809-1.045-1

.851- .855

897
605

538

343

294
860

793- .807- .821

1.015-1.164-1.349

.714- .861- .909

.940-1.001-1. 063

.620- .SS1-1.116

j
.908-1.002-1.149

.666- .692- .718

1.151-1.369-1-57^

.518- .633- .648

1.137-1.191-1-246

•759- -77^ 800

Stems are too 50ft and weaL I could not attach the gauge successfully

to the following: Cucurhlta Pepo, Zea Mais, and Vieia Faba, Ob.-iously

stemiess plants cannot be used. Thus comparatively few of the common

plants are practicable. . • j

The minimum pressures for any given plant in the table were obtained

in the winter months and the maximum pressures in Apnl and May showing

a variation in pressure with time of year which is probably widespread.
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In order to determine the individual variations of plants taken at the same
time of year and treated in exactly the same way, the following species were
studied with appended results

:

April, 5 plants Pelargonium zonale, .620, .645, .767, .782, 1.035 atmospheres.
June, 5 plants Fuchsia speciosa, 1.406, 1.428, 1.467, 1.500, 1.605

Wliile an average of the pressures given by the above plants may seem
of no great value, nevertheless there is a certain advantage in knowing this

mean, which may be taken as a general expression of the root pressure of

common greenhouse plants. The mean pressure of the 22 plants studied
is approximately o

. 9 atmosphere, or in round numbers if' for the square
inch.

Turning from pressure to quantity of exudation, the above table shows
that the plants giving the greatest quantity of exudation are Fuchsia speciosa
and Begoni<i coccinea. Different plants of Fm:hsia speciosa vary greatly
in the quantity given off, and this seems to be correlated with the formation
of new shoots—the longer this is delayed the greater the flow. This is

true in less degree of most of the plants which form new shoots. In others—
Impatiens Holstii, Lycopersicum esculentum, Pelargonium peltatum, and
Tropaeolum majus—ih^ stems decay and the roots soon die.

Some obser\^ations were made on periodicity of exudation and of exu-
dation pressure. These facts will be pubHshed in a separate note later
Sophia EcKKi?«nv i\fnrth.^^^.^f^^ %jr

THE CONDITION OF CERTAIN WINTER BUDS
.

^^ng 1905-1906 an effort was made to ascertain the seasonal stages
m the microspore development of certain woody plants, with the foUowing
results:

Populus deltoides
Fraxiaus americana.
Celtis ocddentalis. ,

.

Carpirras caroliniana
Cornus florlda

Cercis canadensis. . .

,

Dividii^ nuclei Mature spores

Oct. 23~Feb. 15
October 24
October 24
August 20
October 31

April 12

April 12

AugTOSt 2 2

April 17

October 23

April 15
April IS
Aiigust 24

April 20

WiixiAM MooBX. and Mutv E. Behney, Ursinus College, Pa



CURRENT LITERATURE

BOOK REVIEWS
Danish strand vegetation

igraphs

vegetation of Denmark. The aim is to treat the entire vegetation of the countr>^

from the standpoint of ecology. In view of the many years of work of the author

in this field, these monographs are certain to take front rank in studies of this

kind, and it is to be regretted that pubUcation in the Danish language makes

them inaccessible to many who would read them with keen interest. The first

monograph deals with the strand, and the fact that more than 300 i»ges are

devoted to the strand of a smaH area, and at that without including the sand-

dune vegetation, gives some conception of the wealth of detail and thoroughness

of treatment of the study. In Warming^s many yeais of work in Denmark, the

strand and dune vegetation of his country have especially attracted his interest,

and the work here reviewed may be regarded as a summary^ of all his previous

work on the strand. There is no doubt that it takes its place at once as the

classic contribution on this subject. The volume is amply illustrated with many

halftone reproductions from photographs and a large number of drawing, rep-
^

resenting Hfe-habits and structural characteristics of the strand plants.

The first chapter considers the sea-chffs, a physiographic formation that is

but sHghtly developed in Denmark. The granites of Bomholm are mhabited

by halophytic lichens, and the Cretaceous calcareous rocks furnish a habitat for

rock-boring algae. Chapters follow on the gravel and shingle shores. There are

an gradations from rough stony coasts with no vegetation to older and higher

gravel coasts with abnost closed vegetation carpets- Between lai^ ston^ tore

often appear the characteristic plants of salt marshes- The most widespread shore

formation is the sand strand, and here successive belts of vegetation are seen, tirst

a plantless zone, then a zone of sand algae, followed by a zone of halophytic^-
plants, mostly chenopods; last of the truly maritime formations is a zone m wfew:n

various non-halophytic psammophvtes mingle with the halophyles. A chapter

is devoted to the vegetation of the seaweed heaps, mostly made up of rudera

chenopods. The shallow lagoons, known as "vader," are poor in P^ts but

rich in animal life (for a fuHer account of these interesting habitats, see Box

Gazette 41 : 78, 79- 1906
.

; sometimes various diatoms and Saluornta kerh^a

are the only plants of such places. Ib similar situations, where only ^P^g^
bring contact with sah water, are some remarkable alga societies, chiefiy com-

«WAfiMiNG, EtJG-, Dansk Plantevaekst. i- Strandvegetation,

figs. 1^4. Copenhagen and Christiania. x^

55

i:«^t
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posed of Chlamydomonas, Pleurococcus, various blue-green algae, IVIyxophyceae,
and diatoms. The animals of the ''vader" and these algae are of enormous
importance in reclaiming land from the sea. A chapter is devoted to the enalids,
that is, the plants of submerged meadows, among which Zostera, Ruppia, and
similar plants dominate.

An entire chapter is devoted to the ecology of Salicornia Jierhacea (another
evidence of the thorough treatment of the book), which is the pioneer emergent
plant of the salt marsh; its upper line is determined by the tide, since over three
hours of complete emergence seems detrimental. Beyond the Salicornia zone
are various halophnic plants, largely grasses, whose distribution varies largely
with soil changes. Sand-binding grasses like Glyceria maritima dominate in the
sandy m^arshes of this t>-pe. In the chapter which compares the salt marshes
of the North and East seas, it is noted that the North Sea flora is much more
halophytic than is that of the less salt>' East Sea. It is very curious, however,
that some true halophytes of the East Sea region are not known from the NorthQ^ -D^.j —amps "

"^'

(up to 3 per cent. salt). Of much interest are the bacterial swamps in which the
purple sulfur bacteria and Beggiatoa dominate; these occur of course where
there is decajing vegetation. A chapter is devoted to the unevennesses of salt
maishes (such as mounds formed by ants, moles, etc.), and their vegetation,
which differs much from the ordinary- flora of the mai^h. The influence of arti-
ficial land reclamation is the subject of another chapter; dike-building soon
results m the disappearance of salt from the marshes, and the development of
the^ vegetation into an artificial meadow. The final chapters deal with the eco-
togical characteristics of haloph>tes. Most species are hapaxanthic turf-buHdeis.
Woody plants are missing except for two half-shrubs. Succulence and leaf
isoIateraHty are common. Th^ flowers are largely wmd-poIUnated, and the seeds
are scattered more by water currents than by other means. The thoroughness
of this work makes us long for the other members of the series.—H. C. Cowles.

A new textbook of biology

That the teaching of bioiogj- in secondary schools has not yet reached an
accepted method is evident with the appearance of each new textbook. Formerly
courses m general biology were recommended, without any separation into botany
and zoology. Later it became more common to offer unit courses in zoology, or
botany, or physiology. During aU this time, however, there have been adherents
to the elementary course in general biology, and some excellent arguments for such
a course have been recognized by ahnost every teacher.

In a recent book by Hl-nter^ we have another attempt to solve this problem.
it IS mtended to present botany, zoobg)-, and human phvsiology in one course
to students m the first year of the high school, and has been used in the New

=^
Hunter, George William, Elements of biolc^. NewY*^k: Amen-

can
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York city schools. The sequence is botany (146 pp.), zoology (139 pp.), and

human physiology (124 pp.). Preceding the presentation of botany, there is an

introductory chapter, another on "Experiments in chemistn- and physics," and

a third on "Protoplasm and the cell." Evidently there is no attempt to follow

the older type of courses in general biolog}', but rather to present In one book

short courses in the three sciences. Directions for experiments accompany the

discussions of the text and are often not dissociated from them. The preface

states that "it would not be wise to attempt all of the work outlined in this book;"

and also, "it is thought that each successive chapter, although related to that

immediately preceding it, is yet distinctive enough to allow of the omission of a

chapter or chapters without in any way interfering with the continuity of the work."

This universal plasticity suggests a general lack of organic relationship.

The botany begins with a chapter on flowers. The first two pages are almost

entirely filled with fine print, which the author says in his preface is "less impor-

tant;" and with this luminous beginning we find on the third page the astonishing

title "FertiHzation of flowers," in connection with which appear diagrams and

terms presenting ovules, embryo sac, eggs, pollen grains, and pollen. The attitude

of mind which makes possible the attempt to present this difficult topic in this way

is shown, not only by the misleading title given above, but by the following sentence:

**The first beginning of the growth of the seed takes place at the moment of fertili-

zation." The remainder of the chapter discusses pollination; and then follow

chapters on "Fruit" and "Seeds and seedlings." It is not until the seventh chap-

ter that there is any discussion of the structure or functions of the woriiing parts

of the plants. Even then the chapter on "Roots and their work" is followed

by a chapter on "Buds and stems," instead of the chapter on "Leaves and their

functions." In such an arrangement no close working relation is developed

'bet^veen the different re^'ons. Ecology is presented in one chapter (8 pp.),

and the botany closes with a somewhat long chapter on "Floweriess plants."

If throughout this part of the book there were e\ident an attempt to correlate

the material with that of zoolog>' or physiology, we might understand the plan,

but no such correlation appears; in fact there is not even any correlation of the

botanical material itself. Furthermore, the statements are often faulty. In

defining matter, the author says: "It may be Udng, or may have been alive at

some prcTOus time, in which case we speak of it as organic matter; or it may

never have been alive. The latter state of matter is called inorganic."^ Under

the topic "chloroplasts," the process of photosj^thesis is discussed, and in itaHcs

the statement is made that "the chloropla5ts, by means of the enei^' received trom

the sun, manufacture starch out of certain materials." An accompanying dia-

gram, labeled "Diagram to illustrate the formation of starch," attempts to >isu^-

ize the process; but m>t a word appears to indicate diat starch iS not hr^
directlv bv chloioplasts, or that anvthing besides starch is made byphotosynte^

The treatment of zoolog>' is from the standpoint of increasmg complexity

fiom Protozoa to Mammalia. For this subject the author is equipped, so ttiat

nr^K.K!,. I. :. f,.,. w.^ e„.K fanlt« «_^ have been indicated in the diapteis on
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botany. The section on human physiology attempts to cover all the important
topics, and meets the demands of certain state laws by indicating the effects of

alcohol. The absurd extent to which this may be carried is shown in the chapter
on "The nervous system/' in which ten pages are given to alcoholism and eight
to the entire nen'ous system.—Oxis W. Caldwell.

Wettstein's Handbuch 3

A third instalment of Wettstein^s Handbuch contains a general discussion
of the angiosperms and a special taxonomic treatment of the choripetalous dicotyls.

The next and final instabnent, which is promised in the spring of 1908, will deal
with the rest of the dicotyls and with the monocotyls. After a presentation of the

general morpholog)' of angiosperms, the writer discusses their phylogeny. He
believes that the monocotyls have been derived from the dicotyls, and that among
the dicotyls the Monochlamydeae contain the most primitive forms. Conse-
quently, they would be most likely to show characters which might indicate rela-

tionship with groups below. The pollen-tube structures and the flowers of

angiosperms are thought to indicate a g>-mnosperm origin. It is not claimed
that the Sowers of living g>'mnosperms and angiosperms furnish an easy transition,

but merely that the types can be reconciled both morphologically and ecologically.
The Choripetalae are arranged in thirteen series, beginning with the Verticillatae,
Casuarinaceae being the lowest family, and ending with the Centrospermae, in

which the Car>-ophyllaceae are the highest family. The Dialvpetalae contain
twelve series, "beginning with the Polycarpicae, Magnoliaceae being the lowest
family, and ending with the UmbelMorae. The description of famihes is fuU
and clear and profusely illustrated with excellent figures, many of which are new.-
ChARLES T. CEL\irBE]RLAIN.

MINOR NOTICES
Das Pflaiizenxeich.4—Parrt 30 contains the Styracaceae, prepared by Janet

Afterthe usual introductor>' account of the characters and geographical
distribution of the family, the six genera are presented as foHows: PamphHia
(3 spp., I new), Styrax (97 spp., 11 new), Eruinsmia (2 spp.), AlniphvUum (3 spp.),
Halesia (3 spp.), and Pterostj^rax (3 spp., i new). .

Part 31 contains the Potamogetonaceae bv Aschersox and Graebxes,
prefaced by an unusually fuU account of the structure and habits of this interesting
family. The systematic presentation is as follows: Zostereae containing Zostera

3 Wettstein, Br. Rich.\ei>
II Band. 2 Theii (erste Halfte).

Franz Deuticke. 1907. M 9.

*EXGLER, A., Das Pflanzeoreich. Heft 30. St>Tacaceae von J. Perkins, pp.
III. figs. 18 (191). M 5.60. Heft 31. Potamogetonaceae von P. AscHERSC^f
vnd P. Gr.^bxer. pp. 184- figs. 36 (221). if 9.20. Leipzig: TOlhelm Engei-
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(6 spp.) and Phyllospadix (3 spp.); Posidonieae containing Posidonia (2 spp.);

Potamogetoneae containing Potamogeton (89 spp., i new, and numerous hybrids)

and Ruppia (i sp.); Cymodoceae containing Cymodocea (7 spp.) and Diplan-

thera (2 spp.); and Zannichellieae containing Zarinichelila (2 spp., i new) and

Althenia (4 spp.).—J. M. C.

Giesenhagen's Lehrbuch.—The fourth edition of Giesexhagex's Textbook

oj botany s is not essentially different from the third edition, which was renewed

in this journal.'^ A few details have been modified, a few figures added, and

the text in general brought up to date. The most noticeable change is the pres-

entation of current theories, which many botanists believe to be out of place in a

textbook. The author, however, believes that important theories and pn)blems,

even though still lacking definite proof, are valuable if the presentation makes it

clear that they are only theories.

—

Charles J.
Cil-uiberlain.

Plants of Bolivia.—The fourth part of the enumeration of Bolivian plante

collected by ^Miguel Bang has been issued as a Bulletin of the Xew York Botani-

cal Garden. 7 The previous parts appeared in the Memoirs 0} the Torrey Botani-

cal Club in 1893, 1895, and 1896. The present part completes the enumeration

with the exception of Gramineae, and contains descriptions of 227 new species.

Three new genera are also characterized: Tournejortiopsis and Poedcr'wpsis

(both Rubiaceae), and Vassohia (Solanaceae).—^J.
M. C.

Genera Siphonogamarum.—The eleventh fascicle of Dalla ToaiUE and

Harms's ^ list of the genera of seed-plants completes the work, the last entn- being

Zyz>-gium. There are included also title-page, preface, and list of famiKes (290

in number).—J. M. C.

NOTES FOR STUDENTS
almostMorphology of bryophytes.—Several studies of br>'ophytes come to han-

simultaneously. Dachxowski^ has been working again upon the much-studied

Marchantia polymorpha. The growth of the rhizoids, the origin of dorsiventralitr,

the plagiotropic position, the formation of reproductive organs, and fertilizat^

have been reexamined. His conclusions are in part like those of previous in^-esti-

gators and in part a slight modification of them. He finds moisture the most

5 GiESENHAGE-V, Dr. K., Lehrbuch der Botanik. Fourth edition with 561

illustrations. 8vo. pp. xiv4-463. figs. j6i. Stuttgart: Fr. Grub. 1907.

*BoT. Gazette 37:225. 1904-

7 RUSBY, Hexry H., An enumeration of the plants coUected in BoH%-ia by MlGtrL

B.VVG. Part 4. BulL N, Y. Bot. Garden 4:309-479- ^^7-

8 Dalla Torre, C. G. de, and Harms, H., Genera Siphont^ainarum ad

Englerianum conscripta. Fasc. 11. pp. 801-921. Leipzig: Wilhelm Eng

1907. i/ 6 . 50,

9 Dachnowski, a., Zur Kenntnis der Eatwicklun^Ph.-si<iogie von Mai

polymorpha. Jahrb. Wi^. Bot. 44:254-286. figs. 4- pi- 4- ^907-

[mana.
*



6o BOTANICAL GAZETTE [JANUARY

important factor in calling forth rhizoids. Dorsiventrality is fixed in 10-20 hours
after sowing and "rests upon the reciprocal relation between determinative co-
operating external factors and internal conditions of maturity"—the latter depend-
ent In large measure upon the age of the gemmae. The plagiotropic position is a
functional relation, influenced by illumination, and resulting from the cooperation
of diahehotropism and negative geotropism. Moisture and other variable external
factors exercise a far greater influence than diageotropism, autogenous hyponasty,
and photepinasty, to which it has been previously referred. As to reproductive
structures, they seem to arise only when the plants are brightly illuminated, where-
as weak illumination and much moisture permit only vegetative growth. Natural
parthenogenesis was not obser\-ed.

Gyorfpy has had opportunity to study that curious hybrid, Physcamitrella
Hajnpei, which has three forms, differing according to the male parent, Physcomi-
trella patens^ being in all cases the female parent. One of these is P. patensX
Physcomitrium sphaericum; the second, P, patens XPhyscomitrium eurystamum;
and the third P, patens XPhyscomitrium pyrijorme, which Gyorffy himself
discovered. He has made a comparative anatomical study of the first and
third hybrid forms and of their parents. This is a paper that will be useful for
the wnter of a comparative anatomy of mosses, but for readers it is wordy and
tiresomely detailed, and might easily have been compressed, to Its advantage,
into half the space. It seems hardly necessary- in such a paper to describe the
form of an archegonium and the mode by which the canal is opened for the sperm,
when these do not have any peculiarities; the paper is full of such repetitious and
irrelevant matter. This bedns in th^ i^iU wT.iV>> ;. o„ .^..n.^* :xam
a title ought not tobe.- Gyorjfy makes one particularly interesting observation,
which IS unportant if true; he figures the spore mother cells as capping the colu-
meUa m P. patens. This is contrar>' to Limpricht's observations, and as Gyortfy
lays no special stress on the point, it seems doubtful if he appreciated its signifi-
cance In general he finds, as others have done, that the vegetative characters are
those of P. patens, while the characters of the sporophyte are intermediate in cer-
tain respects. Thus the foot and the external form of the sporophyte of P. Hampei I
are those of P. sphaericum, while the internal structure is more like that of P.
patens. In P. Hampei III, strangely enough, the form of the capsule is like that
of P. Hampet I, though the foot and long seat are those of P. pyriforme.

Servit discuss the mode of branching of the br\-ophytes," supporting the
novel views of Velexovsky," which take no account of the source of branch

comitrelta

Hum spkaeric

paie

Gyorffy, I TJeber die vergleichenden anatomischen Verhaltnisse von Pkys-
tta patens (Hedw.) Br. et Sch.. PAi;t/-««.Vf,;„«, A,„,-f.._.... /t % t>_:j dl.....,«,„7_

(Hedw.) X FhyscornUrium pyriforme (L.)]. Hedwigia 47:1^59. 1907

-eigungsart der Muscineen. Belhefte Bot. Cent.
907.

KT.F?
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initials, and determine morphological relationships merely by "how things look

in the mature condition."

SER^^T extends Velenovsky's "angular leaf" idea from pteridophytes to

brj'ophytes, and describes such a leaf in Mastigobrj-um, where it is easily dis-

tinguished by its transverse insertion as well as by its form. It is situated at the

base of two branches and he considers it as formed by the concrescence of Che

first leaf of both. This angular leaf, he says, Is present in ail liverworts whose

branches arise from the half-segment; but it is elsewhere not so typical (this

sounds Goethean) as in Mastigobr)^um. It is lacking in those whose branches

arise only from the basiscopic part of the half-segment.

In intercalary branching both of liverworts and mosses the branch is endoge-

nous and breaks through a sheath, which may be split into segments that Servit

calls Bldftchen, He has confirmed in all cases Velenovsky's "law" (tliat the

branches in mosses arise without exception in the axil of the leaf below them!) by

esamining "extraordinarily abundant material;" but he does not say that in any

case he has determined the relation of the branch initial to the leaf initial. Until

that is done the current view, which rests upon careful studies of Leitgeb, will

prevail.

BucH has made a thorough study of the two modes of vegetative propagation

of Blasia pusilla,^^ especially of the development and germination of the gemmae

produced in the flasklike receptacles. These arise both on male and female plants,

but are rare on the latter if they form embr)-os. While the brood-buds (modified

tips) are the chief means of propagation in summer, the gemmae probably do nc^

germinate in the summer and certainly not in the autumn, but hibernate and start

new^ plants in the spring. Shoots arise from either side (seldom both), where there

is a zone of four small cells. One of the upper two produces a thallus initial by

three successive di\-isions of the protruded tube, while the two lower ones produce

rhizoids.—C. R. B.

Mutations of Oenothera.—MacDoug.^l^* and his collaborators have published

a further account of evolutionar>- studies upon the Oenotheras. Taxonomk

descriptions of se\'eral of the mutants from O. Lamarckiana, as they grew in the

New York Botanical Garden, are given, including O. alMda, O. oblonga, O.

scmtiUans, O. hrevistylls, and O. UUa. These wiU be valuable for comparison

with cultures elsewhere. The English "O. biennis^' as growing in the vicinity of

-

Liverpool, has been found to be O. Lamarckiana, and gro^^-ing wild with it are two

of the mutants, O. rubrinervis and O. lata, the latter maturing ponen, contrary to

its habit elsewhere. The cultures of O. Lamarckiann from DeVioes' seeds gave

ciV nf tK^ rr...i-nr.^. A^rr^Y^i^ hv that aiithor and also nine other types which could

and relationships of the Oenothera;

no. 8r. DP. 02. i*ls. 22. iiss. 7?. 1907

jrmehrung von Blasia pusUla (Mich)

pp, 42. pis. 2. figs. 7. 1907-

iHinx, G. H., Mut^KHis, variatiors

f^ Institution of Wa^ington, Pub!
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not be identified. These aberrant forms are of special interest from the stand-

point of variation, and it is hoped that further careful records will be obtained of

them and their offspring.

Shx'll presents a continuation of his earlier studies^s on variation in O.
Lamarckiana and some of its mutants. On account of the unsatisfactory character

of height, branching, and leaf form for statistical comparisons, the studies are

eictended to include bud characters. The fact that aU his collections of buds were
made late in the season, and that there is a marked seasonal variation in the size

of the buds, would render somewhat doubtful his statement that the periodicity is

probablyftoo small to need consideration. The bud characters chosen are length and
thickness of ovar}-, h}-panthium, and cone, the forms studied being O. Lamarckiana,
O. ruhrinerois, O. gigas, and O. lata. A formidable series of variation and corre-

lation tables is presented, the general conclusion being that the mutants tend to

show greater variability than the parent form, though there is no decrease in corre-

lation of parts. MacDougal concludes on these premises that instead of muta-
tions being the cumulative results of ever-increasing fluctuation, they are the initial

process, of which fluctuations in the mutants, gradually decreasing to a minimum,
are an after-effect. The hypanthium of Oenothera, which is the most variable

part of the bud, is considered an example of a phylogenetically new character
showing increased variability.

Miss Vail contributes taxonomic accounts of O. grandijlora, 0. Simsiana,
O. Oakesiana, O. pannflora, and O. muricata. O. parviftora, known in Europe
since 1759, has recently been found native in Maine.

Cultures of O. grandiflora and O. biennis showed the presence in the former
of at least two mutants, and that under the latter there is a swarm of elementary
specie distributed throughout North .America. Two interesting cases of bud-
sports were obsen-ed, one in O. LamarckianaX{0. LamarckianaXO. cruciata),
and the other in O. atnmophila, which is suspected of being a hybrid derivative of
O. btenms. In both cases self-fertilized seeds of the mutant branch came true
to the type of the sport.

A careful account Is given of ^UcDougal^s injection experiments. After
some negative results with other forms, mutants were obtained from injected
ovanes of O. biennis and Raimannia odorata. The solutions used were ZnSO^
VX.500;, *^a!,i\U3J2 11:1000

c^Qces were treated with a r^
Other inflores-

..^..v. ...^ a. ^ucu ui rauium emanations, in the O. biennis experi-
ments, m addition to the usual forms, one rosette appeared which differed widely
from any know type, and its progeny was like it. In the case of Raimannia
odorata, a group of mutants appeared in the progeny of injected ovaries. It was
also found that "plants of the proarenv of the fiT^.t tmn^..... .-t,;.t, ..... .^^.«.ntl^
normal pelded seeds which gave a few at>'pic forms. fl

« MAcponG.^, D. T., asdsted by Vail, A.M., Shuxl, G. H., and Small, J. K.,
Mutants and hybrids of the Oenotheras. Carnegie Institution of Washington, Publ
no. 24. pp. 5;. pis. 22. fgs. 13. 1905.
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BouLENGER/'^ from observations of the evening primroses growing wild at

South Kensington, England, and in La Garde St. Cast, Brittany, concludes that

O. Lamarckiana and O. biennis cannot be distinguished as separate "species,'*

and that O. Lamarckiana originated from O. biennis through some hypothetical

process of hybridization among the different forms of the latter. His conchisions

rest on an examination of the variability of the plants taken en masse in the wild

condition, and the unproven assumption that all the plants obse^^'ed at St. Cast,

Brittany, came from a single stock. Many different forms, both in Europe and

America, go under the name of O. biennis^ as MacDougal has shown, and if

0. Lamarckiana were capable of giving rise to any of these we might have expected

to find them in DeViqes' cultures. The study of the Oenotheras has long since

reached the stage where cultures are necessary to determine the relationships of

the various strains, and without such studies speculations drawn from casual ot^er-

vations of variability among forms growing wild are not likely to affect seriously

the results obtained from culture work such as that of DeVries.—R. R. Gates.

A biometric study of Ceratophyllum.—A recent memoir by Pearl'? on varia-

tion and differentiation in Ceratophyllum presents an admirable illustration of

the successful application of mathematics to the working-out of important biological

problems. The work is too compact to allow a brief review to present all the impor-

tant relations which are clearly demonstrated by biometric analysis of the variation

in the number of leaves in a whori as related to the position of the whorl on the

plant. It is shown that the whorls on each grade of branches, e. g., main stem,

primary, secondary, tertian% etc., are differentiated as a class from each other

grade by several distinctive features of their variability. In all these grades the

correlation between number of leaves in a whori and its position on the stem is

considerable. It is least in the main stem and increases as we pass to the more

peripheral dinsions. The regression line is not linear, but logarithmic, being of

the t>-pe y =A + C\.og{x - a\ in which A, C, and a are constants, y is the number

of leaves per whori, and x the position of the whori. The curves so derived fit

beautifully the observed data, and allow the derivation of what is believed to be

a very fundamental biological law which b caUed the "first law of growth" in

CeratophvUum, and is stated thus: "On any axial division of the plant the mean

number of leaves per whori increases with each successive whori in such a way

that both the absolute increment and the rate of increase diminish as the distance

(measured by the number of nodes) of the whori from a fixed pomt mci^ases.

By the fact that the equation fits data from plants collected fiom different

hnbit^R hv mprplv rhan-inff the factor A which represents the actual size and

^ rrn—m ini'inii i iiii

•6 BoriEXGEE, G. A., On the variations of the evening primrose (Oemtk^m biennis

L.). J ox. Botany 45:333-363- 1907-

.7 Peaex, RiViiOOT, assisted by OmE il. Pefpek and F-^-^^y^/'

Variation and difierenuadon in CeratophyUun.. Carnegie Inst.tut.on d VVashington.

Ptihr Tin CS_ nn- tii6. ^Is. 2, fiZS. 26. IQO^.
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not at ail the size of parts relative to position, it is shown: (i) that A is the environ-
mental factor, and (2) that environment affects size but not at all the progress of
differentiation represented by the logarithmic curv-e. It is found that the cur\-e

for the main stem is most nearly horizontal and that for each successive grade of
branches is steeper and steeper, a change in the curve dependent upon the increas-
ing value of the constant C, which is therefore regarded as the constant which
expresses the action of internal formative factors.

On any axial division the first whorls are the most variable in number of leaves,
and this variability decreases at first rapidly, then less and less rapidly as more
and more distal positions are reached, the theoretical limit attained being perfect
constancy. This constitutes the "second law of growth" in CeratophyUum. It

is shown that these two laws are true in branch production as well as leaf produc-
tion in this species.

Although few other studies have been made which can be definitely cited to

demonstrate the general validity of these two laws of growth, the essence of the
second law was recognized by the reviewer^^ in the case of Shim cicutaejolitim,
and other published observations are mentioned' which appear to indicate that
these are general laws. It is believed that this second law is the same which in the
physiological field has been stated by Jexxings^^ thus: "An action performed
or a physiological state reached is performed or reached more rapidly after one or
more repetitions, so that in time it becomes ^habitual' " It is shown that in psv-
diolog}- It is probably the same law that Ues at the basis of memorj', namely, the
ease, as measured by rapidity and accuracy, with which a state once reached is

reached again. It seems probable, at any rate, that suitable analysis of aU these
cases will show that they are governed by logarithmic laws, and though no sugges-
tion has been made as to the nature of the common causes upon which such general
validity of the logarithmic law must rest, their nature will doubtless be brought
to hght very soon when once it is recognized that they exist.

The necessity of more studies of a similar nature is apparent. It is important
to know how these laws are affected by more complex environmental conditions.
The ease and conclusiveness with which they were demonstrated in CeratophvUum
probably depended upon the fact that in this species environmental modifications
are reduced to their lowest terms. It is to be hoped that the aims and methods
of this^ paper may serv-e as guides for many biometric studies, for the successful
analysis of ^the laws of differentiation within the individual must precede studies
which mvolve repeated structures in different individuals. Studies of the latter
type are msecure untH the laws of intra-individua! differentiation and variation
are known for the particular species of plant or animal under investigation
Geo. H. Shull. ^

^8 Shitll, G. H., Stages in the d.

Institution of Washington, PubL no. 30.

^ojEXNixGS, H. S., The methods
Jour. Exp. Zool. 2:473-49^ ^^5-

Carnegi'
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Taxonomic notes.—C. Warnstorf (Hedwigu 47:76-112. 1907), in describ-

ing new species of Sphagnum, includes 5 from the United States and 9 from S.

America.

—

Ed. Fischer (Ber. Deutsch. Bot. Gesells. 25:372-376. 1907) describes

in a preliminary way some hypogeous fungi from California, collected by Setchell

and Gardxer, including a new monotypic genus, Pseudohalsamia SetcheUiij and

a new species of Pseudogenea and of Hysterangium. He also refers Pseudhydno-

tr}'a to Geopora (Pezizaceae) .—R. C. Benedict (Bull. Torr. Bot. Club 34:445-

458. 1907), in a first paper on the genus Antrophytum, has presented a synopsis

of the subgenera and the American species, the latter 9 in number, 2 of which are

new.—F, D. Kern {idem 459-463) has published new western species of Gymno-

sporangium (3) and Roestelia (3).—W. A. Murrill {idem 465-481), in a list of

Philippine Polj'poraceae, has published 24 new species and transferred 21.—J. N.

Rose (Smithson. Miscell. Coll. 50:330. 1907) has published a new Xopalea from

Guatemala; and in collaboration with N. L. Brittox {idem 2>?,^-^ZZ' P^^- 43t 44)

has established a new genus {Pereskiopsis) of Cactaceae, by raising to generic rank

§ Pereskiopuntia of Opuntia, including 11 species, 2 of which are described as

new.—L. M. Underwood and W. R. Maxon {idem 335, 336) have described 2

new species of Lindsaea, one from Columbia, the other from Cuba.—^W. F. Wight

{idem 174. pi. xy) has described a new Alaskan larch (L. alaskensts).—C. V.

Piper (^idem 195-202), in publishing some new plants of the Pacific slope, describes

3 new subspecies of Cassiope Mertmsiana; presents a re\Tsion of Orikocarpus

tenuijoliiis and its relatives, including a new species; and describes new species

under Lupinus, Castilleia, and Valeriana.—F. S. Collins (Rhodora 9:197-202.

pL y6, 1907) has described new species of green algae under Pleurococcns,

Chaetomorpha, Cladophora, and Vaucheria (2).—A. Daitdson (Muhlenbergia

3:105-108. 1907), in a discussion of several species of Sphaerostigma, describes

a new species.—In the fii^t paper (Bull. Soc. Bot. France 54tt-30. 1907) of a

series to contain descriptions of new plants collected in tropical Africa by AirG.

Chevalier, Casimir DeC.^*dolle describes a new genus {Churia) of Meliaceae.—

In the 19th number of "Diagnoses Africanae" (Kew BuH. 1907:3^^3^5%

W. B. HEiiSLEY has described anew genus {Cordeauxia) of Leguminosae (Caes-

alpmieae), and H. Bollts a new genus {Peglera) of Rhi^phoraceae.—N, L.

Brittox (Bull. N. Y. Bot. Gaid. 5:311-3^8- 1907). '^ » fourth contribution to

*-!,« a—- -.r ii.„ T5_T T^i

—

Ar, A^:^t^^r^\^a riAw crv»rip« imder Zamia. Ibidiinn,

Badiera, Passiflora, Rochefortia, and Tetranthus.—G. W. Wh50X (BuH. Torr.

Bot. Club 34:387-416. 1907), in a second paper on X. Am. Peron(^porales,

presents the Ph>-tophtboreae and Rhysotheceae, and describes RJiysotheca as a new

genus of 12 species, to include Peronospora § Zoosporatopai^e DeBary—P. A.

Rydberg {idem 417-437), ia his iSth paper on the Rocky Mountain flaia,

breaks up Thelypodiuro, as heretofore recognized, into 6 genera, the 5 newjenera

being TMypodiopsis, Pleurophragma, Hesperidanihus, Stmkydla, and Hefera-

ihrix; establishes a new genus {CUarocrantbe) on Catdanthus hastaius S.^ats.;

and d^rrr-hP.. n^w «npries under Homaiobus (S), Diholcos, Kentrophyta, Aragal-
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lus (3), Hedysarum, Lathyrus, Capnoides (2), Lepidium (3), Thelypodium (2),

Pleurophragma, Sophia (2), and Arabis.—J. M. C.

Ammonifying soil nitrogen.—Lipman has made another valuable contribution

to soil bacterioIog)'.='° His experiments were exceedingly well planned, were
fundamental, and in most cases gave consistent results. So much detail is included

in the report that a satisfactory summary of the article is impossible.

amm
peptone, and solutions containing peptone and inorganic salts. The addition of
the salts favors the growth of certain species of bacteria and also ammonification
under certain conditions. These species wxre unequally distributed in soils.

Inoculation with soil infusion was decidedly inferior to inoculation with soil itself.

But soil infusions in the same sterile soil exhibit relations similar to those of the

corresponding direct soil inoculations. The inoculation of sterile soils in various

ways shows that in ammonification the bacterioIoOTral soil fartnr i?i much more

ammonimportant than the chemical one. Manured soils showed a superio __

power. Peptone salt solutions which are not provided with too large a quantity
of mineral are most suitable for study of the general condition of the bacterial

flora of the soil. The differences in the power of ammonification exhibited by
several soils seem to bear no direct relation to their mechanical composition. The
amount of the sterile soil which is inoculated affects the peld of ammonia, the

amount of ammonia being larger, in nearly ever>' case, in the larger samples of

soil. This may be due to increased production of ammonia bv ammonification

substances
amount

absorption of deleterious products by the soib. Old samples of soil kept in a

sam

laboratoiy for several months.

ammonifymg power than tne

onifying power of the different

fter keening the samples in the

ula

ulus increasing with the amount of lime up to two tons per acre. The author
sugg^ts that it may be possible to develop a bacteriological method of determining
tite lime reqnh^ments of soils in general. More consistent results were obtained
by soluble nitrogenous material, such as peptone and gelatin, than by insoluble
substances, like albumen, casein, and cotton-seed meal. As a rule, ammonia is

amounts

^ ,^*xij-i«u ud^.^, aau m some cases they were larger.
Working with Azotobacter, LmL^v found that small quandties of soil did not

furnish enough mineral salts, whereas in larger quantities a normal growth was
obtained. He therefore suggests that it mzy be possible to measure the mineral

soil nitrogen. ReptHt N. J. Agri(

ammosxifiGatioa

»TI;4
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deficiencies of soils by determining how much soil is required to give normal Azoto-

bacter formation.—F. L. Stevt^JS.

Fossil Osmundaceae.—KiDSlON and GwYXXE-VACGH.iN" describe the struc-

ture of two osmundaceous stems from the Jurassic of New Zealand. On account

of the difficulty of distinguishing anatomically between Osmunda and Todea,

they put these stems under the provisional genus Osmundites. One of the stems,

O. Dunlopi, is characterized by an extremely small central cylinder, comparable

with that found in the filmy Todeas of the present day. In this species the foUar

gaps are much reduced and are said by the authors even to be absent sometimes.

The other new species, O. gibbiana, has a better developed stele and its foliar gaps

are very similar to those of living species of Osmunda. The authors add something

to our knowledge of the Osmundites skidegatensis of Penh.^llow, from the Lower

Cretaceous of Western Canada. In this species they describe well-developed

internal phloem. The medullary tissues clearly become continuous with those of

the cortex through the very broad foliar gaps. Concerning this species the authors

sav: "At first sight (it) appears to provide something very like the dictyostelic

ancestor postulated by Jeffrey's theor5^" They conclude, however, with Boodle

and the majority of other British anatomists, since there is an absence of internal

phloem in the young plant of living species of Osmunda, that on the hypothesis

of recapitulation internal phloem and the accompanying structures must have

been absent m the ancestors of the Osmundaceae. This argument, Iio^'e^",

is quite fallacious. It would apparently be just as reasonable to assume that the

mesarch foliar and peduncular bundles of the Cycadales are not an ancestni!

feature, as is generally admitted. especiaUy in Great Britain, because forsooth

they have not been shown to occur in the stem of cycadean seedlings. Mor«)ver,

those who hold with Gw-y-nne-Vaughan, Worsdell, and others, that the cond.twn

without internal phloem is ancestral in the case of the tubular central Ota^" «

the stem in the Filicales, find likewise no ontogenetic support whatever for their

amon

adult is siphonostelic with internal phloem. Ontogeny at
PJ^"^*^

whatever on the subject of the presence or absence of interna! phloem

tive tubular central cylinder of the fern series. Argument accordn

. !„.,., .^^ fK -it K*»ma the case there

good reason
mesarch

as ancestral for leaf and shoot in the cycadean series. The authors foltowb

in .garding the Botry-opterideae Z'^on.^lTJZT^n<i^
group There is apparency no better reason for regardm

ustral

dUes Dunlopi and O. gibbiana as primitive Osmundaceae thari the
^^T^J

types, Agatks and Araucaria, as primitive aiaucanan comfeis.-E. C Je«rbt

-ITi^OK. R,, and Gw™-V...CHAK. D. T.. On .he fossfl Osmundaceae.

Trans. Rov. Soc. Edinburg': 45:759-78°- ^- '-°- '9°7-
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Ophioglossaceae.—C-\MPBELL^^ has published an account of his studies of
East Indian species of Ophioglossum. He collected O. moluccaniim, O. inter-

medium^ and O. pendulum, securing both gametophytes and sporophytes in con-
siderable number. The spores of O. moluccamwt germinated freely, but owing to

a failure to become associated with the mycorhizal fungus the prothallia died
after reaching the four-celled stage. ProthalUa of O. pendulum made the myco-
rhizal connection and reached the thirteen-celled stage. They did not develop
any chlorophyll on exposure to light, although a few chloroplasts developed in the
prothalHa of O. nioluccanum. The adult gametophyte in all the species studied
is subterranean, without chlorophyD, and radiate in structure. Campbell's
account agrees closely in this regard with the accounts of Mettenius, Laxg, and
Bruchmann. The account of the development of the antheridium is also essen-
tially the same as that given by these authors. The statement is made that in die
mitosis immediately preceding the formation of sperms the number of chromo-
somes is much larger than in the earlier divisions. Most cytologists wiU regret that
this interesting situation was not investigated somewhat further. The development
of the sperm agrees closely with that of Equisetum. The archegonia resemble
those of the Marattiaceae. There is either a binucleate neck canal ceil or two
neck canal cells. The ventral canal cell is difficult to demonstrate, but was
shown to be present in O. pendulum and probably in the others. The primary
wall in the embr}-o is transverse in most cases, but varies considerably, particularly
m O. pendulum. The entire hypobasal half goes to the formation of the foot.
There are three types of embrj-o: (i) that of O. moluccanum, in which only root
and leaf are developed, the plant being annual and no stem being produced; (2)
that of O. vidgatum, in which root and stem are first produced, and much later a
leaf; and (3) that of O. pendulum^ m which root only is produced, stem and leaf
arising later by means of an endo^nously developed bud from the primar>^ root
at some distance from the gametophyte; the vascular bundles of leaf and stem arise
separately from die bundle of the root and remain separate.

In O. moluccanum the primary root is monarch and the bundle of the leaf is

collateral, and Campbell says that it is merely a question of terms whether one
calls the root monarch or coHateral. The primary root of O. pendulum is diarch,
as are also the later roots. The O. moluccanum type of embn^o is probablv the
most primitive and is most nearly related to the embr}'os of "Marattiaceae and
Equaetineae, especially to the former. The author^s weU-known claim that
Ophiogiossum is a primitive t>'pe of pteridoph}tes is emphasized by his somewhat
detailed explanation as to how die O. moluccanum t>^pe might have arisen from
an Anthoceros-like ancestry.~L. Laxck BimiNGAMi:

Stw^lity in hybrids. ;chle
further investigation on the causes of sterility in hybrids. lie has studied FotentiHa

32 Campb
IL 6:138-194. ph,^ig. igoy,

=^3 TiscHLER, G., Weitere Untersuchungea uber Steri
pSanzen. Ber. Deutsch. Bot. Gesells. 25:376-383. 1907

Ann. Tard
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TabernaemofitanixP. rubens, Syringa vulgaris XS. persicay and Mirabilis forms

including M, JalapaXM. tuMflora and J/. JalapaXM. longtflora. In some of

these the usual irregularities in the reduction mitoses of sterile hybrids are reported.

In Potentilla TahernaemontaniXP . ruhens the x number of chromosomes b 16.

The hybrid shows no difference from the parent P. Tabernaemontani in pollen

formation, except that the former produces a larger number of imperfect pollen

grains. In P. rtibens nearly all the pollen grains are good. The latter is a constant

species, while the former is very variable or "mutable." By subjecting this

hybrid to etiolation in hothouse temperature, complete sterility was produced.

The reduction divisions were apparently normal, but there was a lack of cytoplasm

and of chromatin, the scarcity of the former beginning as early as the archesporium

stage. Similar but less marked results were obtained by subjecting P. rubens

to the same conditions. Some of Tischxer's interesting conclusions, which will

be further discussed in the forthcoming paper, may be briefly stated as follows:

(i) Sterility of hybrids does not depend upon any form of chromatin repulsion.

(2) Sterihty results from the fact that two sexual cells are thrown together whose

developmental tendencies are not identical. When the individual reaches the

critical reproductive stage the disturbance of harmony in its development makes

itself apparent. (3) By modification of the external conditions in plants which are

not hybrids, the sexual cells may be so influenced as to produce conditions similar

to those which result from hybridization. (4) The steriHty of hybrids is a purely

relative matter. (5) A true splitting or segregation of characters does not occur

in the reduction divisions. One of the arguments in support of this conclusion is

that certain characters :Mendelize which concern not single rudiments but the

constitution of the whole of the idioplasm. (6) The assumption that the indindua

characters are connected with distinct and separated pangens is abandoned. (7)

The chromatin is not of exclusive significance as a hereditary sul^tance.^ (8) There

is a specific idioplasm having a definite constitution. (9) A distinction is to be

maintained between chromatin and hnin. (10) Apogamy is merely an aid in

reproduction in cases of poUen sterihty, and is not the primary condition to which

pollen obliteration is secondary, (ir) Similarly, as shown by Correxs, m species

which are passing from the monoecious to the dioecious condition, disturbance

similar to those of mutation occur, resulting in contabescence of the anthers or

ovaries. (12) There is, as D.ajrwix beheved, a dose relation bet^veen the stenh^-

of hybrids and that of plants under cultivation. The full account of this work

will be awaited with interest.—R- R. Gates.

.^^^j of Aral!aceae.-A very comprehensive treatment of the Araiiaceae

has been published by ViGUizx," dealing with the history of the famuy, the extemai

morphological charactei^, and" the internal structure of stem and leaf ot about

sixty genera. Besides being a valuable contribution to the knowledge of plant

anatomv in general, the paper offers an exceUent proof of the nnponance ol aaa-

'* VlGtllES, Ress, Recherches anatomiques sur

Ann. Sci. Nat. Bot. IX. 4:1-208. 1906.

ia classification des Araliacees
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tomical characters to systematic research. As a matter of fact, the anatomical
characters as described by Viguier are not only verj- useful, but to some extent
really necessary for gaining a thorough knowledge of this family and its affinities.

From an external morphological point of view the Araliaceae exhibit a number
of ver>' conspicuous types, represented by herbaceous, frutescent, and arborescent
species; among these the herbaceous are of a special interest, and it is to be
regretted that the author could not examine the root structure of the very peculiar
Panacineae, for example, to which the ginseng belongs. The stem structure seems
to be ver>^ constant. The cuticle is often thick; the epidermis consists only of a
single layer; the cortex is differentiated as an external continuous zone of collen-
chyma and an inner parench\-matic zone frequently traversed by secretory ducts;
^e pericycle is stereomatic and forms arches, always accompanied by secretory
ducts; the cork develops constantly in the peripheral hypodermal stratum of
cortex, the only exception being Echinopanax. A \txy considerable variation
exists m the occurrence of ducts in the pith, of mestome strands in the pith, in the
presence or absence of secretory cells {poches secretrices) in the secondary hadrome,

^w!
'"'^^'^^ ^ ^^^^^^^ noticeable from the anatomical table. The petiole shows

also a very characteristic structure, and among the generic characters may be
enumerated the arrangement of the mestome in one or several concentric bands;
the vanous disposition of the ducts; the coUenchyma continuous or interrupted
by cortical, chlorophyll-bearing parenchyma, etc. The structure of the petiole
becomes very much complicated when secondary formations set in, as obsen-ed in
several species. In the blade of the leaf the structure is quite variable, as foHows:
secretory cells occur only in Gilibertia; the midrib may be composed of several
mestome strands arranged in a circle, or may consist only of an arch of leptome
and hadrome; hypodermal collenchyma is developed in some genera, but not in
others^ The anatomical keys are drawn so well that the genera may be easily
Identified m a number of cases. Ten tribes are recognized by the author, and
some new genera have been proposed. Aralidium has been excluded; it lacks
secretory ducts and might be placed more naturally a^ a member of Comaceae,
near Tomcellia, -MelanophyUa, and Kaliphora.-TnEO. Holm.

Embryology of Sechiam.-LoxG0=5 has found that in the maturing seed of
bechium (Cucurbitaceae) the outer integument enlarges, consisting of homogene-
ous patenchj-ma traversed by vascular strands and rich in starch. No "testa''
development occurs, but the o.-ule is closely invested by the pericarp. The outer
integument is thus a food-storage region for the embryo, which uses up the endo-
sperm aU ot the nucellar tissue, and the inner integument. In germination the
ODnnedons are differentiated into two regions, intraseminal and extraseminal.
The stomata of the two regions differ markedly, in the intraseminal region being
more circular m outline and with more circular sHts than shown by the decidedly
elongated^outfme of guard cells and sUts of the extraseminal region. The differ-
entiation IS possibly associated with the differentiation into absorbing and photo-
syntheuc regions.—J. M. C.

^ ^

-s LoNGO, B., Sul Sechium eduIeSw. R. Accad. Lincei 16:47=^472. figs. 2. 1907-
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Seed dispersal in Polygonum.

—

'ffltWIH

virgmianim has a somewhat unique means of seed dispersal. When an object

hits the rigid persistent style, the akene is violently ejected. It is found that a

arises

pedicel through the growth of the pith below the separation layer. This growth

is sufficient to cause the compression of the pith above the layer, since the bounding

vascular cells are rigid. The release of these cells from this pressure, when the

atene is detached by a stroke, causes the shooting of the akenes to a distance of

three or four meters.—H. C. Cowtes.

Solution tension and lipolysis.—Pond^' has investigated the effect of various

toxic salts upon the saponification of ethyl butyrate by a commercial product,

holadin. Whereas Mathews, McGuig.^x, and Caldwell concluded from their

results with eggs of Fundulus, diastatic digestion, and proteolysis, respecUvely,

that toxicity was an inverse function of solution tension, Pond concludes that m

lipolysis this is not true of the salts tested. He points out also various discrej^cies

in the results of these investigator, emphasizing the want of agreement and the

extent of the divergence of obser\-ed from calculated values.—C. R. B.

Swiss vegetation.-Few countries are better knoum phjtogeographicaUy than

Switzerland. Grisch^^ j^^s given a detailed account of one of the less known dis-

tricts. The entire area studied contains only subalpine, alpine, or nival ye^tauon.

Much is made of the influence of snow, and it is pointed out that snow is as detri-

mental to some plants as it is favorable to others. This was brought out by

some interesting experiments that supplemented the field study. A detailed treat-

ment of the various plant formations, and an annotated list of the species make up

the body of the paper.—H. C. Cowles.

Heliotropism in a lichen.-XEMEC has tested experimentally an inference of

Sachs from observations in nature that the thallus of Peitigera camna reacted to

Ught like the thallus of Marchantia.- He finds Peitigera aphihosa d^tmctly helio-

tropic, without having the rate of this reaction influenced by geotropism, and mm

a non-rever.ible inherent doisiventrulity. The young rhizines are negatively

heliotropic. The perceptive and active regions have not been detennmed. C K.is.

~
.6 R^E^, H. S-, and SMOor, L, The mechanism of seed-dispersai in Polygonum

vkginianum. Bull. Torr. Bot. Club 33 '•377'3^- ^9°^'

n PaxD, R. H-, Solution tension and toxicity in Upob-sis. Am. Jour. Phv-s. ig.

25^^-283. 190

- .__, Andr., Beitrage zur Kenntnbs der pflanzengeographischen

nisae der Bergunei^tocke. Beih. Bot. Centralbl. 22-255-3^6. 1907-

^. Xemkc, B., Die heliotropische Orientation des Thallus von Pe^g^

<L.) Hofltm. Bull. Int. Acad. Sci. Bohame 1 1
:
i-5- ^9^-



NEWS
Dr. Percy Groom has been appointed lecturer in botany at the North London

Polytechnic.

Dr. C. Detto of Leipzig, known for his treatise on the theory of adaptation

and for other ecological studies, is dead.

Mr. Oakes Ames, North Easton, Mass., has presented his collection of living

orchids to the New York Botanical Garden.

Dr. N. L. Brittox, N. Y. Botanical Garden, has been elected an honorary

member of the Philadelphia College of Pharmacy.

Dr. a. a. Lawson (Chicago), recently of Stanford University, has been

appointed assistant in botany at Glasgow University, to succeed Mr. Q-vvynne-

Vaughn.

Harvard University received in June last a bequest of $50,000 to be used

in connection with the Gray Herbarium. It is known as the Sarah E. Potter

endowment fimd,

Mr. R. p. Gregory has been appointed lecturer in botany at Cambridge

Universit}*, to succeed Mr. A. W. Hill, who has become assistant director of the

Royal Garden at Kew.

Professor \Vim.\M Bateson, Cambridge University, during his recent

visit to the United States, lectured at the Brookhm Institute of Arts and Sciences,

and at The University of Chicago.

Dr. Hans Fitting, privat-docent at the University of Tiibingen, has received

for 1907 the stipend of the German government which provides for a visit to

the Buitenzorg (Java) botanic garden.

Dr. J. Reynolds Green, lately professor of botany to the Pharmaceutical
Society of Great Britain, has been appointed to the Hartley lectureship on plant

physiolog}^ at The Univeisity of Liverpool.

Krasan is perhaps best

tain records; of mtprp«ti'i

Franz Krasan of Graz, Austria. Dr.

geograph

na.

A NEW B0T.4N1C.4L joxiRNAL has been established at Stockhlom, with the

title "Svensk Botanisk Tidskrift." It is published by the Swedish Botanical

Society, the editorial conunittee being O. Rosenberg, K. Bohlin, G. Lagerheim,
N. S\-edelil^, and R. Sernanber, with Rosenberg as editor. Four parts will

be issued each year, the subscription price being 15 kroner. Two parts for 1907
have appeared, containing about 300 pages.
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The Aesthetic Experience: its

Meaning in a Ftinctional PsychoI<^y

By ELIZABETH KEMPER ADAMS, Instruc-
tor in Philosophy and Education in Smith College

xi6 pages, 8vo. paper; net 75 cents

THIS book essays to discuss the aesthetic expen-
ence in terms of what is commonly known nowa-
days as "functional psychology," and to discover

its relation to other types of experience already inter-

preted from this point of view. It subjects to criticism

some r«:ent popular theories of the aesthetic, and
brings whether material that has hitherto been pre-

sented in isolation,
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THE TOXIC ACTION OF CERTAIN ORGANIC PL.\NT

CONSTITUENTS
Oswald Schreiner and Howard S. Reed^

(with seven figures)

The
tain compounds which, with few exceptions, occur naturally in vege-

The
for several years in studying the toxic properties of aqueous extracts of 1^

unproductive soils. As a result of these studies it has been found,

manv
because of the presence in them of toxic organic compounds. It has

also been found that toxic excretions are produced by growing roots

remain

may exert a harmful

or closely related species. Since these excretions are to be regarded,

in the light of our present knowIedgCj as products of plant metabolism

which escape from the tissues of the plant, it becomes of some mterest

to study the action of compounds which are known to exist as such

in the tissues of plants and might persist in the soil or arise from

related bodies.

Many instructive studies of toxic action of various inorganic and

organic compounds upon plants have been made. Those investi-

gatoi3 who studied the action of organic compounds have employed,

quite naturally, those which are more or less toxic to animal life ami

to bacteria. As a result, we have much information upon the action

of organic acids, phenols, aldehydes, terpenes, cyanogen, and volatile

oils. The oresent studv is intended to add some data upon the action

Agriculture,

73
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of compounds which occur naturally in plants. A few compounds
which have not been found to occur as such in vegetable tissues are

included in the study, for reasons which will be evident to the

reader.

Material and methods

The

employed as water cultures for wheat seedlings. Most of the com-
pounds used were obtained from Merck & Co. and were used with-

out further purification. The water used in making up solutions
was shaken with washed carbon-black, allowed to stand thirty min-

This
TON (:o6), gives physiologically pure water. Continued use of the

method proves that it is as efficient in removing the toxic properties

of ordinar}' distilled water as careful redistillation in the presence
of strong oxidizing or reducmg agents.

The solutions when made were placed in salt mouth glass bottles

having a capacity of 250^^, each of which accommodated ten seedling

made
million ^y weight. Since electrolytic dissociation

pla\^ a very subordinate role in determining the toxic properties of

most organic compounds, the concentration of the solutions was
expressed in terms of the mass of the respective substance pres-

ent. Whenever nos^ihV \\^^ T,t'«.T.^of ._^^- ^^.,,.A ^rac

1000 parts per million *'iooo

ppm.
'
A number of substances used were soluble only in amounts

less than looo ppm,; in these cases the range of concentration
employed was much smaUer, and is noted in the last column of

Table 11.

The wheat was ffermina

mg

23 and 40 of the Bureau of Soils. The

entei^
fct true

Lxum Its sneath. Iwenty plants in two cultures of ten each
were used in testing each concentration, and comparison was made
mth an equal number of plants growing in pure distiUed water under
like conditions. During the seasons of the year in which the condi-
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tions for growth were the best, each experiment was continued for

eight to ten days, but during the cloudy winter weather some of

the experiments were continued for twelve to fourteen days; the

umn

of Table II

Two and sometimes three criteria of growth were employed, viz.,

transpiration, green weight, and turgidity, no one of which can be

regarded as absolute; but they usually agree in indicating the order of

results, which was the point sought in the experiments. The jars con-

taining the water cultures were closed with cork stoppers notched and

carefully fitted to receive the seedling, so that there was practicaUy

no chance for loss of water except that transpired by the seedlings.

Therefore, the loss in weight of the cultures represents verj- closely

the amount of water transpired by the plants, and in the case of

wheat the transpiration has been shown by Ltongstox (:o5; and

Jensen (:o7) to be a very accurate measure of gtovnh when com-

parisons are made with control cultures. Transpiration is more

nearly proportional to the growth of both roots and tops, while the

green weight is not at aU an indication of root growth and is liable, more-

over, to some error in indicating the actual growth of tops. In com-

puting the effects of the toxic agents employed, the transpiration

figures are believed to be a more reliable indication of the gro^^th of

wheat, so far as the entire plant is concerned, than the weight of the

green tops. ^lany of the substances employed produced the greatest

effect upon the roots of the seedlings, and it was found that the trans-

piration record was a better indicator of the growth in such cases than

the green weight of the tops.

The weight of the tops or of the entire plants in the fresh condition

was taken as a second means of measuring their growth and as a

means of comparison with the control plants.

The condition of the root tips was also noted as an aid in deter-
^

mining the lethal concentration. When kiUed, the root tips lose their

turgidity and soon become slimy. Before this ensues they S^^^Y

show indications of injury by discoloration in the region occupied by

the most actively growing cells or meristem. In some solutions the

tips stop elonga'ting and become swollen, with more or less simui-

taneous discoloration.
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The photographs which are appended show in a general way the

growth of the plants in comparison with the controls.

The investigations here reported were intended to reveal the char-

acter of the toxic action of the several compounds rather than to estab-

lish the exact limits for then: toxicity. Strict mathematical accuracy

is not claimed for the data, but it is believed that they mdicate correctly

the order of the results, and that, within the experimental error, they

approach the toxic limits for each compound. A general summary
of the results is presented m Table II and the details are described in

the following pages. This table shows the lowest concentration of the

compounds which caused the death of the wheat plants, provided

they were killed by a concentration of looo ppm. or less; the lowest

concentration causing injur}^; and the concentration causing stimu-

lation, where such a phenomenon was observ^ed.

It would be manifestly improper to make strict comparisons
between these results and those obtained by other investigators who
determined the concentration necessary to kill or prevent growth in

twenty-four hours or less. Obviously, a concentration which is sufS-

of several days.

mav

Experimental results

THE ACTION OF SOME SIMPLE AXD SUBSTITUTED AMINO-ACIDS

Recent researches upon the chemistr}^ of proteids have brought
the amino-acids into prominence physiologically. These bodies are

found in relatively large amounts in plants, especiaUy in those of the

legume and mustard families, not only in the seedling stage of the

plants but also in the roots, stems, and storage organs of mature
plants. According to Dojarexko (:o2) the amino-acid nitrogen
forms a \^ry considerable portion of the nitrogen of humus bodies
(22 to 70 per cent.).

The action of amino-acids upon plants has been studied by a num-
ber of !r:-:stigators. Asparagin (amino-succinic acid) has received
the most attention because of its importance as a nutrient for hetero-
trophic plants. Maiek ('69) demonstrated the mlue of asparagin
as a nutrient for funni. To AUHENT (»9o f Studied the effect of gl;

asparagin upon yeast. He found
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I per cent, solution of glycocoU was harmful to yeast and that i per

cent, solutions of leucin and aspartic acid were assimilated when

carbohydrates were present, but asparagin was assimilated even in the

absence of carbohydrate. As classed by Loew ('99), alanin, leucin,

asparagin, and glycocoU form good sources of carbon for bacteria

a classification which is sustained by the result of numerous investi-

gations upon the nutrition of bacteria. Nakamuila. ('96) also showed

t
^x

Fig. I

that asparagin was a favorable nutrient for barley seedlings. Kiebs

('96) found that i per cent, solutions of asparagin and glycocoU

inhibited zoospore formation in Conjena m Inor.

Our experiments showed that leucin and asparagin are not at all

toxic to wheat seedlings. Alanin and glycocoU were slightly injurious

at the higher concentrations. Aspartic acid was rather toxic, prob-

ably due to its acidic qualities. TyTosin was more toxic than any of

the other amino-acid compounds tried {fig. i). At the expiration of

eleven days plants in a solution of t}Tosin containing i6 ppm. showed

marked injury. At a concentration of loo ppm. it killed the roots and

injured the tops of the plants. At a concentration of. i ppm. there
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waSj in some cases, a slight stimulation causing an increase in growth

over the controls. The physiological action of different samples of

tyrosin was found to var}^ somewhat.

Upon long standing with exposure to air the tyrosin solutions

appeared to have undergone oxidation, all of them havuig become
quite dark in color. The changes wrought were probably the same
as those produced by the enzyme tyrosinase, which oxidizes tyrosin

to homogentisinic acid, which in turn gives rise to the dark-colored

compounds.

An instructive result w^as obtained by studying the action of such a

t}Tosin solution which had suffered discoloration incident to age.

The tyrosin solution had become so dark in color that it resembled
manure extract. It was diluted so that it w^as equivalent to a i6 ppm.
solution of fresh t}Tosin. This solution was used for growing wheat
seedlings in comparison with a freshly prepared solution of tyrosin of

equal strength.

^

Jbi a few days the plants in the two solutions sho^ved pronounced
differences, which became greater as the experiment was continued.
Fig. I shows the appearance of the plants when the experiment was
discontinued at the end of the twelfth day. The leaves w^re narrow
and beginning to die at the tips; the roots were dead and had become
sluny. The plants in the discolored t}Tosin had made excellent growth

;

they resembled plants grown in manure extracts. The leaves were
rich green, broad, and making vigorous growth, and the roots showed
a similar good development. During the course of the experiment
the ten plants in the fresh t>Tosin had transpired 19 grams of water,
and attained a green weight of 580 mffligrams. The plants in the

tyrosin had in the same time

These
,ms

vciiuc auu dcuon 01 me so-called green manures used in agricultural
practice. The extensive work of E. Schuxze and others has shown
that tyrosin and related compounds are quite widely distributed in
the vegetable kingdom. These substances may even increase in
number and amount when Yegetabie matter is aHowed to decomposem the soil. Our experiments indicate that bodies like tyrosin
and cbrfm may have a toxic action uuon olants^ but that these
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substances in a more highly oxidized stage are actually beneficial to r

plant growth-

It is of great interest to note in this connection that green manures

may have the same action. When first applied to the soil they may

exert a depressing effect upon the growth of the crop. After enough

time has elapsed for the decomposition of the vegetable matter, with

change to other compounds, the crop shows a marked benefit from

the action of the green manure.

REX

The lecithins are readily decomposed and split off cholin and

complex glycerophosphoric acids, which upon further decomposition

yield fatty acids, glycerin, and phosphoric acid. It is such a dccom-
^ ^ ^ ^

'ermmatms:

the absence of light. decomposition

ithins is due to enzyme action. He has shown

phosphorus compounds are quickly and almost completely decom-

posed during germination, only 2 per cent, remaining unattacked.

ScHULZE ('91) and other investigators have reported the occurrence

of cholin in various plant tissues associated -with lecithin, and it does

not follow that it must always be regarded as a product of the decom-

position of lecithin.

eurm

may also be formed

ros, as Schmidt It

with baryta water. Betain or ox}-neurin may be prepared artificially

by the oxidation of cholin, LoEW ('99; reports that betain is a favor-

able and cholin is a moderately good source of carbon for bacteria.

In our experiments with wheat seedlings, neurin was found to be

very toxic, cholin moderately toxic, while betain was entirely harm-

less. WTieat plants were killed by solutions containing 250 ppm. of

neurin and mjured by solutions containing 25 ppm. It was thought

urv

erties of neurin. The experiment was accordin^y repeated, usmg

neurin which had been neutralized with acetic acid. The result, how-

ever, was not different from the experiment m ^ich the neurin was

not neutralized. It may be possible that a part of the difference in
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toxicity may be due to the fact that neurin contains the vinyl group.
LoEw ('93) has pomted out that vinylamin (H,C = CH-XHJ is

NH Substances
containing the vinyl group possess the power of forming addition
compounds.

of wheat seedlings.

1000

Injury was caused, however, by solutions con-

FlG. 2

taming 1000 and 500 ppm. As shown by fig. 2, the injurious effect
was most marked upon the roots of the wheat plants. The weakest
concentration (i ppm.) caused a slight increase in growth, which

:imulation

contrast to the

highly

was even slightly beneficiaL The
1000

grew
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THE ACTION OF SOIIE UREA DERIVATIVES

Four compounds which are structurally related to urea were

studied with regard to their action upon plants. Alloxan and guanidin

are sufficiently soluble in water to permit of being used in a concen-

tration of ICO ppm. Guanidin was used as guanidin carbonate.

Guanin and xanthin are so slightly soluble in water that the highest

concentrations used were only 40 and 25 ppm. respectively.

ms aj

Kaw
KiTA (:o4), who also found that some fungi were unable to utilize

guanidin as a source of carbon, although they could utilize it as a source

of nitrogen. In our experiments with wheat seedlings a concentra-

tion of ICO ppm. of guanidin carbonate was sufficient to kill, and all

the lower concentrations employed, including i ppm., caused seri-

ous injury. Alloxan, the ureid of mesoxalic acid, was stated by

LoEW ('99) to be an unfavorable source of carbon for bacteria. It

is quite toxic to wheat, but less toxic than guanidin. Seedlings were

killed by solutions containing 1000 ppm., and injured by lower con-

centrations down to 100 ppm. Guanin was tested only in concentra-

tions of 40, 20, 10, 5, and I ppm. on account of its slight solubility.

In all these concentrations there was no harmful effect to be noticed,

Xanthin is also so slightly soluble in water that the range of concen-

trations employed was small. In concentrations of 25, ro, 5, and i

ppm. it was slightly beneficial to the growth of wheat plants.

THE ACTION" OF COMPOUXBS COXTAIXING THE PYRIDIN XUCLEUS

Pyridin forms the nucleus upon which are built many of the alka-

loids. It is obtained chiefly froni coal tar, but may also be obtained

from a number of alkaloids (trigoneUin, spartcin, cinchonin) when

these are highly heated, treated with alkalies, or distiUed ^nth zinc dust.

It has been obser.'ed by Ru-KEXBUXG ('91) that the vapor of

pyridin and some of its homologues is poisonous to bacteria.^ The

action of p\Tidin and its homologues has received additional impor-

tance as a result of the investigations of Shorey (:o6), who obtamed

pmdin bv the dry distiHation of soH. The author cited sa}-s (p- 37) •

*^As the fat in this soH was found to be only 0.005 per cent, it does

not seem likelv that the p^xidin formed was due to the formation of
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1-

the p}TidiTi ring by condensation, but rather that it exists already in

some form in the soil." P\Tidin was also obtained from the same
soil after extraction with ether, hence it seems that the view taken is

the correct one.

In the experiments with wheat seedlings it was found that p\Tidin,

although not sufficiently toxic at a concentration of looo ppm. to kiU
wheat plants in nine days, was nevertheless very injurious, especially
to the growth of the green parts of the plants. In a concentration as

low as 50 ppm. the growth of the tops was inhibited and the leaf-

tips turned brown. In the lower concentrations there was no stimu-
lation of growth.

Picolm (C5H4N-CH3), or methyl p\Tidin, was toxic to wheat plants
but acted fatally only in the concentration of 1000 ppm., and caused
mjury at 500 ppm., but not in lower concentrations. The injury
seemed to be manifested by the tops more than by the roots, thus
resembling the action of pjTidin.

.

^^F^idi^ (CsH^.X), or hexahydropyridin, differs in chemical con-
stitution from p}Tidin by having two atoms of hydrogen attached to
each carbon and one atom of hydrogen attached to the nitrogen atom.
Solutiom of piperidin kiUed and injured at a lower concentration than
either pyridin or picolin. A sample of piperidin, which was neutral-
ized With acetic acid, proved to be more toxic than the stronglv alka-
line piperidin itself. Piperidin seemed to injure the roots more
severely than the tops. By reference to Table I, it wiU be seen that
pipc-ndm is more toxic than pyridm, a fact which may be due to the
additional hydrogen it contains.

Chinolin (C.HyN) forms the nucleus of manv alkaloids found in
plants belonging to the families Rubiaceae and Loganiaceae. Falk-
ENBUKG C91) found that chinolin was toxic to bacteria in a concen-
traton of 2000 ppm. Reference to Table H shows that chinolin was
efficiently toxic to kiU wheat plants at a concentration of 500 ppm.
bo low a concentration as 5 ppm. affected them injuriously in sLx days,

caused stimulation

PHEXOI

jmrt of the phenols used
make the stndv mnr^ ^*-.ty>^i

results
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Monatomic phenols.—Thenol (carbolic acid) is well known on

account of its toxic properties^ and an enumeration of the literature

dealing with its toxicity would be superfluous at this place. Suffice

it to say that True and Huxkel (^98) found that a concentration of

w/400 phenol prevented the growth of lupine roots. This concentration

would be about 235 ppm. and stands quite near the concentration

(250 ppm.) which was required to bring about the death of wheat

plants subjected to it for eight days.

The w^heat plants made a small amount of growth before death

in solutions containing 500 and 250 ppm. In solutions containing

IOC and 50 ppm. the tops wxre alive at the end of eight days, but the

roots were dead. The plants in solutions of 5 ppm. were slightly

poorer than the control plants, but those in i ppm. were fully as good

as the control plants.

Diatomic phenols.—VyToca^techin (ortho-dioxybenzcne) has been

reported in a number of different plants. According to Wee\trs

(:03) it occurs in several species of wiUows and the characteristic

black color which the leaves of certain species of wfllows assume upon

drying is probably the result of the oxidation of the p}TOcatechin

through the activity of an oxidase. Yabe C94) found that pyro-

catechin was fatal to veast ceUs and bacteria when used in concentra-

tions of 0.4 to 0.58 per cent. Trce and Hunkel ('98) found that

catechiUj i, e., about 137 ppm.

Rowing

kin^

and injured by solutions containing as low as 25 ppm. The stronger

solutions became dark colored after standing a few days and were

undoubtedlv somewhat more toxic on that account, as was pomted

out bv Trto and Huxkel ^98). At the conclusion of the experi-

ment ^he roots of the plants were colored purplish brown by the

stronger concentrations. The effects of different concentrations ot

p}Tocatechin are represented in fig- J. .

Resorcin (meta-dioxybcnzene), which appears to be more stable in

solution than pjTOcatechin, is less toxic than that compound. True and

Huxkel ('98) found that the growth of lupin roots was prevented by

m/200 solution (about 55° Ppm-), thus exhibiting less toxici^ than

pyrocatechin. Bv our method of experimentation we found that the

lowest concentration causing death was 1000 ppm. In concentration.
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of 500 and 250 ppm. the roots of the plants were entirely dead, although

the tops were still alive at the end of the experiment. Concentrations

of icx) ppm. stopped the growth of most of the plant roots and adven-

titious roots from the lower part of the stem ceased to grow as soon as

they dipped into the solution. Fifty ppm. was the lowest concen-

tration which appeared to cause injury to the plants.

Hydrochinone (para-dioxybenzene) undergoes oxidation w^hen its

solution is exposed for some time to the air. True and Hunkel ('98)

/
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found that for lupine roots hydrochinone was more toxic than pyro-

catechin or resorcin. With wheat plants the order of results differed

somewhat, hydrochinone and p\Tocatechin appearing to possess toxi-

city of about equal intensity. In our experiments a concentration of

500 ppm. of hydrochinone was fatal, 25 ppm. caused injury, and 5

ppm. caused stimulation.

Trlatomic ^/?eno/5.—Phloroglucin (1:3:5 trioxybenzene) is not

found as such in plants, but may be derived from several aromatic
plant constituents. It was found to suffer some oxidation when plant

roots were allowed to grow in its solutions, the stronger solutions show-
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iiiR a distinct vellow color after a few days. The cultures of wheat

seedlings indicated that phloroglucin possesses about the same rela-

tive toxicity as p}T0catechin and hydrochinone. True and Huxkel

('98) reported that for lupines phloroglucin was somewhat less toxic

than cither of the two diox\^benzenes mentioned.

In order to study the relative toxicity of phenols containing I. 2
7

and 3 hydroxyl groups, a series of cultures was set up in which solu-

tions of phenol, resorcin, and phloroglucin were employed. It

- ^' ^ ^.^\,^^\ - ^r^'. ^- >t ^iW:^t

Fig. 4

seemed best to use resorcin and phloroglucin for two reasons. First,

they appear to be more stable in solution; and second, because of the

arransrement
The

the 1:3, and phloroglucin the 1:3:5 arrangement.

were grown under the same conditions for eight days and records of

^
. . .

, i.i-_,-™i,
tl^e transpiration is

Table I shows the
transpiration

xperiment,

records for the growth of the plants in the different solutioi^_, and

fig. 4 sho.vs the plants grown in two series of paraUe concen™.

It would appear from these figures that the toxicity of phenok b

not directly dependent upon the number of hydroxj^ gro^ *ey

contain. Resorcin appears to be the least toxic of the h^ com

pounds and phenol the most toxic. Tkue and Hcxkel tound that
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TABLE I ^^

Growth of wheat plants in solutions of phenol, resorcin, and phloroglucin

Solution Transpiration
grams

Phenol 500 ppm.
Phenol 250 ppm
Phenol 100 ppm
Phenol 50 ppm
Resorcin 500 ppm
Resorcin 250 ppm
Resorcin 100 ppm
Resorcin 50 ppm
Phloroglucin 500 ppm
Phloroglucin 250 ppm
Phloroglucin 100 ppm
Phloroglucin 50 ppm

Green weight
grams

dead « • « •

dead # * > •

20.6 0-93
27.8 0.64
19.9 0-S3
23.8 0.76
26.4 0.84
41.0 0.98
15.0 0-54
16.7 0.69
22.9 0.98
31.0 0.80

lirait

hydroxid, hence the greater toxicity of this compound is probably
not due to its acid properties, but is to be attributed to the proper-
ties of the phenyl group. The introduction of additional hydroxyl
groups into phenol appears to alter its toxicity variously, so far as it

connection
converted upon standing to purpurogallein, which is more toxic
accordmg to Tsjte and Hunkel, than pjTogaUoI.

There seems to be no evidence, therefore, from our experiment:
that the toxicity of phenols to ^vheat i;

hydroxyl groups is increased.

diminished

DERIVATIVES OF SOME

mav
IS quite widely distributed amoag plants, especiaUy among members
of the Ericaceae.

small

AURENT (»9o) found that arbutin seemed to be assimflated

Klebs ('96; found that a 0.5 per cent

ma

trations of 1000

lis in the first day.

^eedlingSj concen-

nployed. At the

tts STOTnncr m the
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stronger solutions had oxidized part of the arbutin to an insoluble,

light-yellow dye which was deposited upon the roots. When the

experiment was discontinued at the end of twelve days, the plants in

000 The

of these plants were discolored at the tips and had become slimy. ^
The plants in solutions containing 100 and 25 ppm. were alive, but

had made much less growth than the controls in distilled water.

The plants in the solutions containing x ppm. of arbutin had been

stimulated to make sliffhtlv better growth than the control olants.

r^
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Vanillin, the aromatic principle of the vanilla bean, is a methoxy-

ether of protocatechuic aldehyde. It probably does not occur as

such in plants, but exists in the form of a ^ucoside which breaks

orsrans

Klebs (^96) found that saturated and haIf-saturated solutions of

xpcnmentsvanillin were fatal to Conjen:a mhior.

that wheat seedlings were killed in nine days by solutions conraining

1000 and 500 ppm. of \-anillin. In solutioos containing 100 ppm. of

ma
sometimes

cfrowth
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The roots of the plants growTi in the stronger solutions oxidized

some of the vanillin to a purplish-browTi, insoluble dye, which colored
the roots. The general character of the oxidation has been described
in a prelimmary communication by Schiieiner and Reed (:07c).

Vanillic acid, a monomethylprotocatechuic acid, showed greater
toxicity to wheat plants than vanillin. The plants were killed in seven
days in solutions of 100 ppm. or stronger. In solutions containing

25 ppm. of vanillic acid, the only inferiority noticed in the plants was
their root development ; but the plants grown in concentrations of 5
and^ I ppm. were better than the controls in distiUed water. Although
vanillic acid is more toxic to wheat plants than vanillin, it appears to
be less inhibitory of root development.

^

Chinone (benzochmone) may be prepared artificially from quinic
acid or from hydrochinone. It is a compound of interest in the study
of son problems since Beijeeinck (:oo) has found that a soil fungus,
Streptothrix chmnogena, has the ability to form chinone from proteids.

Chmone has been shown to be toxic to the seedlings of various
plants, algae, and fungi by Furuta (:o2). In concentrations of

1000 and 500 ppm. the roots of soy bean and wheat seedlings were
mjured within a few hours and kiUed in three or four days. Fila-
ments of algae were kiUed in a concentration of 1000 ppm'. in three
or four hours, and fungi in a somewhat longer period.

Chmone is one of the most toxic compounds whose effect upon
wheat seedlings was studied. A concentration of 100 ppm. was fatal

and even i ppm. produced an iniurious effect. In the
nm, ^„

intermediate

rhe plants scarcely survived in a concentration of 50 and 25 ppm.
and only in concentrations of 10 and i ppm. was there anv growth
comparable to that of the controls in distiUed water.

The great toxicity of chinone is probablv due to two of its

chemical properties. The first of these is its strong oxidizing power,
by virtue of which it is probably able to oxidize labfle compounds
which exist in cells of the plants and render them unsuitable for usem metabolism. The second property which gives chinone a toxic
action is Its ketone nature. Chinone readfly forms bromin addition
products. It umtes with one molecule of hydroxykmin to form chinon-
oximc; with two molecules of hydroxylamin it forms chinondioxime.
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The ketones, as is well known, are distinctly toxic to plants, and taken

together these two properties undoubtedly account for the action of

chinone upon plants.

Cinnamic acid occurs in small amounts in the secretions of certain

plants and its esters are found in the leaves of various tropical plants.

By proper treatment it yields all the different phenol acids.

True (:oo) found that a concentration of cinnamic acid equivalent

to m/i 2,800 (i 2 ppm.) prevented the growth of the root tips of Lupinus

albus in 24 hours. He also found that sodium cinnamate was toxic

to root tips when employed in a concentration of w/Soo (184 ppm.j.

Using a slightly different method, the results obtained with wheat

seedlmgs varied, naturally, from those obtained with lupine. The

same relations, however, hold true in both cases. Cinnamic acid is

strondv toxic for seedlings, and its sodium salt is moderately toxic.

A concentration of loo ppm. of cinnamic acid was fatal to wheat

plants and 25 ppm. was injurious. Cinnamic acid is particularly

toxic to root growth, and it was only in the concentrations below 25

ppm. that anything like normal root growth was exhibited. When a

wheat root is'kiUed by cinnamic acid it is not swollen nor discolored

in the usual fashion, but on the contrary appears perfectly white.

Sodium cinnamate is much less toxic than cinnamic acid. Wheat

plants were not killed by a concentration of 1000 ppm. and were not

injured at concentrations weaker than 100 ppm.

Cumarin is found in a number of different plants and gives the

odor which is characteristic of Hierochloa and MelHotus. It is a

lactone of cumaric acid which may be regarded as orthoxjxinnamic

acid. It is also of interest to note that Gosio (:o6) has found that

cumarin may be formed from carbohydrates by the action of certain

mold fungi,' e.g., Aspergillus glaucus, A. novus, A. flavescens, and

A. varians.

Orthocumaric acid and o-hydrocumaric acid (melilotic acid) are

found in Alelilotus (sweet clover) in addition to cumarm. Para_

hvdrocumaric acid, although it has not been reported in plants, is of

interest on account of its relation to tjTosin. Through the action ot

.._ .•_ t..^„-;^ ;= -hrntpTi nn and ammonia liber-
bacteria the amid gr*

umaric

Klebs °'q6) found that' Conjena minor was quickly kiBed
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saturated and half-saturated solutions of cumarin. Our results show

that cumarin is extremely poisonous to wheat plants. At the end of

five days the plants in 250 ppm. and stronger were dying, the roots

and tops having made practically no growth. The root tips were

swollen and slightly discolored, although the roots themselves were

quite turgid. Whtn the experiment was discontinued at the end of

eight days the plants in the solutions of 100 ppm. were dead, although

/
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The
ginning of the experiment

their surface was very slimy, due to the death of the outer layers of

The
plants were short and broad, a feature not brought out by the illus-

trations, but which was very characteristic in all experiments with

cumarin. The meristematic tissue of the stem appeared to be injured

in such a way that only the first leaves were unfolded, and in most
cases the sheathing leaf base was more or less swollen by the abnormal

inhibited

The ^ \.he solutions of 50 ppm. were alive at the end of
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eight days, but all growth had ceased. The root tips were discolored

and badly swollen. The leaves were dead for a considerable distance

back from the tips. In the solution of i ppm. the development of

tops, as shown by the illustration (fig, 6), was practically equal to

that of the control plants in distilled water. The root development

was not as good, however, the tips being slightly discolored but not

swollen.

Daphnetin, which occurs in various species of Daphne, is a lactone,

which is to be regarded as (3, 4) dioxycumarin. On account of its

slight solubility in water it was impossible to test daphnetin in con-

centrations greater than 50 ppm. Daphnetin was relatively less

toxic than cumarin. At a concentration of 50 ppm. the green weight

of tops produced m twelve days was 76 per cent, of the controls.

In concentrations of 25 ppm. and less the growth of tops was prac-

tically as good as in distilled water, and the development of roots was

only slightly inferior.

Esculm is of particular interest on account of its relation to cumarin.

It is the glucoside of esculetin, which is a lactone isomeric with daph-

netin, and has been shown by TiEirA>rN and Will ('82) to be (4, 5)

.ma

Both esculin and esculetin have been found in plants, but little is

tVtpir Hktrihiition. The esculin solutions had a
:rmn

blue fluorescence when prepared, which was lost after plants had

gro^-n for a time in them. The roots which grew m the stronger

solutions were colored dark yeUow as a result of their oxidative acti\i-

ties, the dye formed being insoluble and remaining upon the surfaces

of the roots where oxidation had occurred. This effect is sho^^m m

fig. 7. Esculin, as sho^-n by the figures, is decidedly less toxic to

plants than cumarin, but more toxic than daphnetin. Klebs ( 90)

found that a saturated solution of esculin inhibited the formation of

zoospores in Con]erva minor^ but did not pre.-ent the formation of

chlamvdospores in Miicor racemosus. The toxic effects of escubn

^eat

III concentrations of looo and 500 ppm. wheat plants were Ml.

and were injured even in a solution containing i ppm. (fig. 7h

the solutions containing 100 ppm. there was a distinct stimulation

the growth of tops.

In
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Heliotropiiij or piperonal, is the aldehyde of piperonylic acid. It

possesses the pleasant odor of heliotrope. The growth of wheat plants

in solutions was markedly afFected by the presence of heliotropin.

Although the plants w^ere not killed by a concentration of looo ppm.

or lesSj they were injured by such slight quantities as i ppm. It is

worthy of remark that the tops of the wheat plants were more affected

by the heliotropin than the roots. The roots were healthy and of

nearly equal development in all solutions of heliotropin used.

-'- -'!-".>
..-.J^-

i-f^,,.i-^^,-; ^. ^.;
-^.

i'

i^i'j'ffM'-
^;'"^'' -'"- ^" '-''' \ V '""'-^'-''i'^-^'iz

Fig. 7

MISCELLANEOUS COMPOUNDS

lo not permit

These bodieserf classification with the majority of compounds used.
are skatol, ricin, mucin, and quinic acid.

In solutions skatol proved to be somewhat toxic to wheat plants.

A concentration of 200 ppm. was sufficient to kill seedling plants in

nine days, and in the same time a concentration of 50 ppm. was

ef!ect. themjuncus those cases where skatol had a harmful
>Ian

pnnci
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its chemical composition is unknowii, but it is probably a toxalbumen.

BoKORXY ('96) found that ricin is slightly toxic to algae and infusoria.

On account of its slight solubility, we were not able to make tests of

solutions having a concentration greater than 50 ppm. The wheat

plants were somewhat injured by concentrations of 50 and 40 ppm.

Mucin is also comparatively insoluble in water and hence a wide

range of concentrations could not be employed. In a saturated solu-

tion there was practically no growth of the roots of the wheat plants.

In a solution of 100 ppm., which is slightly below the point of satura-

tion, the plants were seriously injured in the growth of both roots and

tops. A solution contaming 5 ppm. was slightly stimulating to the

growth of wheat plants.

Quinic acid, which occurs in cinchona bark associated with the

alkaloid qumin, proved to be quite toxic to seedlings. In all except

the more dilute solutions, qumic acid was xQiy toxic to wlieat plants.

1000

and 500 ppm. were dead; in 100 ppm. only the roots were dead. In

concentrations below 50 ppm. the plants were as good as the controls

grown in distilled water; and in the solutions containing 5 ppm. there

was a slight stimulation of gro'^th.

Discussion and suinmarj

nn

nxmiber of the compounds occur-

fT^^fc l^r^nr^ wheat seedliners. The

toxicity of certain compounds appears to be greater for plants than

for animals ; in the case of other compounds the reverse relations seem

exist

The amino-acid compounds display a relatively low toxicity, and

some of them appear to serve directly as nutrients to the plants.

Two exceptions desenx mention. TjTosin, which was found to

cause injury in concentrations of 25 to 10 ppm., may be regarded

as oxyphenylalanin. Reference to the table shows that alanin itself

was sH^tly injurious in the highest concentrations, and it is easy to

understand that increased toxicity should follow the mtroduction of

the oxTphenvl group. Aspartic acid is the other amino-compound

which di3pla^'s relatively great toxicity to the plants. Aspartic acid

differs chemicaUv from the other amino-compounds employed m
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TABLE TI

Effect of various organir rnmpniinds upon the growth of wheat plaiits (ppm = parts per iiuUion).
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Compound
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Glycoroil

ch;(NH.)cooh

A Ian in

{ 11, .CH(Nn.)-CO(JU

T.L'ucin

CH, .iLii.), •CIIiNII,) .COOH
T\T<tsin

^CH, •CH(NH.)-COOrT
Aspartic acid

HOOr . CHa • CH(NTT.) COO IF

Asparagin

Niror . cHa • riTiNHa) • coon

c^n4

CH : CH
Nc'urin

(CH3)3n/

Nciuiii (luturalized)

Cholin
^CHa'CH.OH

U uration
of cxjicri'

men I in

days

10

9

It

10

8

10

Lowest con
cenlriifkin

taiising

dcuth

500 ppni

250 ppm

350 ppm

Luwcst <:on

centration

causing
injur J'

500 ppm

10 ppm

100 ppm

25 ppm

25 V?^
500 ppm

Coiutntra-
tion causing

greatest

sliinulalion

25 ppm

I ppm

Remarks

Tops of all j)lants good, iiuots

st'tly iaj'd at higher conc'lions.

Only the roots were injured by

concunlratloii of 500 ppm.

No injurious action.

Normal growth in concentrations

below 100 ppm.

No injury in concentrations below

1000 ppm.

Roots were injured more than the

lops.
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CH

9

TO

12

10

7
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1000 ppin

* t * T

100 ppra

100 ppm I pptTl

1000 ])pm

250 ppm

50 ppm

500 ppiu

25 ppm

100 ppm

No injury.

Insoluble above 40
hannful cfFccts at

centration.

ppm,
that

No
con-

Insoluhle above 25 ppm. No
injurious effects at that concen-

tration.

In solutions of 50 ppm and less,

the root growth was normal.
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No. Compound
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1
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1

I ppm
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1

1
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0,H4(()H)., I = 4

9 500 ppm 25 pi>m 5 PP"i

24 PhlorogJLicin

Uii,(OU)3, 1:3:5

T3 500 ppm 25 ppm I ppm
1

1

t»J

35 Arhuiin 12 500 ppm 25 pjim I ppm

i

26 Vanillin

,CHO

CI13^0 . CH3

9 500 jjpm I ppm

27 Vanillir acid 7 100 ppm 25 ppm 5 l>pn"»

.COOH
C,H,^0 . CH3
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Chinone

CJf /
O

C6H4
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Cinuamic acid

Sodium rinnamate
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yCH : CH . CO
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CoH.^O
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Miuiu '
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C(.U,(f>IU4-CO(^I!

9

8
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8
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7
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TO

10

100 ppm I ppm

100 ppm

100 j)pm

• 4 « * *

500 ppm

100 pp n

200 p])m

25 ppm

100 l>pm

T ppm

SO ppm

I ppm

I ppm

50 ppm ' *

500 ppm

40 ppm
too ppm

100 ppm

^ t

Roots were slimuhitcd in lower
concentralions.

Insoluble above 50 p[)m. -Roots
injured marc than tO[)s by 50
j)pm.

Roots injnrfd more (lian lops.

InMjlublc above 50 ppm.

Not tested in soluiioiis slrongcr

than TOO ppm on aieounl of

insolubility.
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containing Uvo carboxyl groups, only one of which is linked with the

amid group. The behavior of the seedlings grown in solutions of

aspartic acid is in harmony with this fact. The injurious effect of

the aspartic acid suddenly disappears as soon as diluted below loo ppm.

and the gradual disappearance of toxic effects is not sho^ii. The

seems

carboxyl groups which it contains.

The physiological action of neurin, cholin, and betain presents

some interesting facts bearing upon the relation of toxicity to chemical

structure. It will be noted, by reference to the structural formulae for

these compounds, that they differ only in one of the groups. Neurin

ms

ethylene group, and has one carbon atom oxidized to the primary

alcohol stage ; finally in betain the alcohol group is oxidized to car-

boxyl with subsequent sphtting-off of water. Corresponding to the

increased degree of oxidation in these three compounds, there is a

decrease in their toxicity, neurin being the most toxic, and betain

being absolutely non-toxic in concentrations less than looo ppm.
On account of the slight solubility of two of the four urea deriva-

tives employed, it is not possible to make comparisons of their

physiological actions. The compounds which contam the purin

group did not appear to be toxic. Guanidin, however, is distinctly

toxic, and alloxan moderately toxic.

The pyridin compounds employed are all toxic, some of them
being fatal to wheat plants in relatively small amounts. Ppidin
itself appears to be relatively less toxic than any of the other related

compounds studied. It was not fatal at a concentration of looo ppm.
and only injured the tops slightly in concentrations of loo ppm. and
less. The introduction of methyl into the pyridin appears to increase

slightly its toxicity (picolin). The addition of more hydrogen to p}Ti-

din (reduction) produces a marked increase in its toxicity, as is shown
-^i action of piperidin, which may be regarded as

. This fact supports what was said on a previous

page concerning the decrease of toxicity accompan}Tng the oxidation
of neurin, cholin, and betain. Chinolin appears to be somewhat more
toxic than pyridin, as might be expected from its rpsemblance to
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The phenol compounds studied displayed varying degrees of

toxicity. In general their toxicity does not appear to depend upon

the number of hydroxyl groups they contain. Phenol itself is the

most toxic of any of the members of that group which have been

reported in this paper. Undue credence, however, must not Ix- given

to slight differences in the toxicity of the di- and triatomic phenols,

because It is known that they are more or less unstable m solution,

and as a result may be converted into more toxic compounds.

The toxicity of cinnamic acid is not difficult to understand when

one notes that it is phcnylacrylic acid. Sodium cinnamate is much

less toxic than the corresponding acid, indicating at least that a part,

but not all, of the injurious properties of cinnamic acid are due to the

amount of carboxyl it contains. True (:oo) reported that of a

series of sodium salts of organic acids, sodium cinnamate was the

most harmful to lupine seedlings. This observation indicates stiU

more strongly that the phenylacr}1ic group is responsible for a con-

siderable part of the toxicity exhibited by cinnamates.

Cumarin is related to cinnamic acid, and it is worthy of note that

cmnamic

acid containing dissociable hydrogen.

Daphnetin is another compound which shows a diminished toxicity

accompanying a higher stage of oxidation. It differs from cumarin

in having two atoms of phenyl-hydrogen replaced by hydrox>'l, with

+i-,n ^„^,,i+ fUof t'Ua ^^v^r^t-^ ic snmpwhat diminished.

While it would be presumptuous to asseri uwi ull-ii^^ —_~

action always accompanies the introduction of oxygen into organic

compounds, it is undoubtedly true that in a number of the cases

studied, the more highly oxj-genated compounds are less toxic than

those contaming less dx^•gen. ilany of these substances which are

ordinarily regarded as by-products in vegetable metabolism are highly

toxic to seedlings when present in sufficient quantities.

It wiU be noted that certain of the compounds studied produced

the effect which Le Ren.^ (:02. has termed "chemauxesis

or sthnulation, a phenomenon which has been studied carefully by

RAuriN C69), RicH-^s ('97, '99\ Ono (:oo), and others.

, .J ., f +v„ f„T,<x; hp studied that the presem
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small amount of toxic agent enabled the plants to work more economi-

cally with a given amount of nutritive material. It is possible, when

toxic agents are present in small amounts, that they excite th^ cells

to greater activity, as a result of which the cells are able to utilize

more fully the materials at their disposal, or to overcome retard-

ing conditions of their environment. Such an action would be

analogous to the "activating" influence of certain inorganic salts upon

enzymes

stimulating agents may

matter

plant or of the cell. The writers have shown (:07a, :076) that

deleterious waste products are excreted from living plants, and that

the accumulation of these substances may be detrimental to vegetable

growth unless some agency removes or destroys the excretory prod-

ucts, either by the formation of harmless compounds, or more simply

by precipitating them. It is well known that salts of the hca\y

metals, which in small amounts exert a stimulating action on plants,

will also bring about a precipitation of proteid-like bodies. When
larger amounts are present, these substances not only combine with

the excreted proteid bodies at the surface of the plant, but also

exert this same action on the living protoplasm within the plant^

causing death.

If the excretory products mentioned be of the nature of proteids,

it is easy to see how beneficial conditions might arise by the continual

precipitation of the harmful excretions. In other cases it is possible

that the compounds which exert a stimulating action may set up
chemical processes which, while not precipitating excretions, never-

theless render diem harmless to the plants which produce them.

small

[uantities of toxic ag

products, and the maintenance of a sanitary environment for the

growing plant. It is not at all improbable that each of the processes

mentioned may act as factors in increasing plant growth at different

times and under different conditions.

The oxidizing power of the plant roots was sho^-n in several

msfences by the formation of colored compounds which stained the

root?

.
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Certain of the substances employed appear to have had a toxic

action mainly upon the growth of the tops of the plants; other sub-

stances were more toxic to the growth of roots than of the tops.

U. S. Department of Agriculture

Bureau of Soils

Washington
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SQME NEW CASES OF MENDELIAN IXHERITA^XE

George Harrison Shull

(with four figures)

In crosses between nearly related elementary forms, numerous

investigations have shown that a very wide range of characteristics

in a great many species of both plants and animals behave in the Mcn-

delian way; that is, they give a uniform progeny in the first hybrid

:encration (F,), and show perfect segregation of the various character-

istics in F, and later generations. So consistent have been the results

that there can be no question that Mexdel's law has fundamental

and widespread applicabflity, but it has also been demonstrated that

it has its limitations. Where these limitations lie and why it is thus

limited may not be known until a much larger mass of data is on

record than is now available.

Several of the cultures at the Station for Experimental Evolution,

upon which no report has yet been published, present new mstances

of Mendelian heredity under conditions which make their considera-

tion desirable, even though only a preliminarj- account can be given

at this time

HELLiNTHUS AN^NXUS L.

Among 112 plants of the so-called "Russian" sunflower (Heli-

anthus anntius var.) grown at the Station during the summer of 1904,

aU but one had the usually unbranched stem surmounted by a smgle

large head. Sometimes these had several weak branches in uie axils

of several of the lower leaves, but there were never more than three

or four of these lateral branches, and none ever stood higher on ttie

stem than the fifth node above the cotyledons. The one exceptional

individual had strong branches in nearly all of the axils and bore a

number of somewhat smaEer heads, but was not obser.-ed to differ m

other respects from its unbranched neighbors {figs, r, 2). Ihe seeas

had been purchased at a seed store, and nothing is known ot the

antecedents of these plants.
[Botanical Gazette, rel. 45

103]
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Not until late in the season was it decided to investigate the heredi-

tar^' qualities of the branching habit, and consequently the pollination

was not guarded. Attempts at getting self-fertilized seeds from other

plants proved unsuccessfulj howeveij and all my experience in breed-

ing the sunflowers during the past four years indicates that they are

entirely seK-sterile. From this it may be safely inferred that the

Fig. I.
—

**Russian" sunSower {Helianthus annuiis var. hort.) showing two pure-

bred strains; unbranched on the left, branched on the right.

branched individual (pedigree no. 04109) was cross-fertilized; and

as it was the only indi\-idual of its kind, it must have been fertilized

means 01 pollen from the unbranched Assuming

that this branching habit is a Mendelian character^ several possible

assumptions would lead to different expectations regarding the off-

sprmg of this cross : (a) If the unbranched habit were dominant over

the branched, all the offspring should be unbranched; (6) If the

branching habit were dominant, there would be two cases: (i) when
the teanched parent is a pure dominant, the offspring should be all

branched; and (2) when the branched parent is a heterozygote (DR),
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the offspring should consist of both branched and unbranchcd indi-

viduals in the ratio 1:1.

In the summer of 1905^ 59 offspring were reared from this cross,

2% branched and 31 unbranched, showing either that branching is

Fig. 2. strai:
•»
sun-

flower; leaves removed to display the branching habit.

dominant, and the original branched plant was a heterozygote, or that

branching is not a Mendelian character. About half of the unbranched

plants showed a few weak branches about the base, but none had

more than four branches, while none of the branched individuals had
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less than nine branches, the average number of branches in the latter

being about 15.

During the same season, 81 offspring of an unbranched plant

(04108) which had also been left unguarded sho^ved 72 unbranched

and 9 branched. This result would find a ready explanation in case

branching is a Mendelian unit-character, simply as the usual result

of vicinism. On this assumption the proportion of branched off-

spring in this family indicates that the pistil-parent (04108) received

about one-fifth of its fertilizations from the branched specimen

(04109) which was growing near it, and the other four- fifths from

the no unbranched plants, several of which were growing equally

near.

In 1906 the Helianthus cultures were started several weeks too

early (Aprfl 2) and became tall and slender from long crowding and

insufficient illumination bpforp thp\^ rnnlri hp *;pt into the Erarden.

Some of these began to bloom shortly after they were transplanted,

aiid the branching habit was very much deranged. Two families,

(05149 and 05150) raised from branched parents having had the

pollination fully controlled, resulted in 54 branched and 2 nearly

an'

th" other, but as the whole branching system was considerably modi-

fied the classification could not be made with security- The expecta-

tion in these cases, since both parents were DR, would have been

branched and unbranched approaching the ratio 3:1. The results

Bcter

dealing

ment of branches in normally imbranched individuals. The latter

suggestion is strengthened by a small family (05145) reared from fully

guarded unbranched parents from the same hybrid family to which

the branched parents of the last-mentioned two families belonged.

Both parents should be in this case extmcted recessives (RR), and

aE of the offspring should belong to the unbranched class. Only six

offspring were produced, and all showed some branching, ranging

from one strong branch Wow the middle to twelve branches from the

middle tn thf f(\r\ nf \\\^ cfom fl^o l^i^i^^*- *^,-^« ^C Vv«,«^U;t,-^ W^Inrr ^Inar-

oppose

the branched form. The results in 1906 seem
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delian, but still leave a doubt on account of the obvious derangement

produced by ill-treatment.

In the summer of 1907 the seeds were sovm at the proper time

(April 30) and the Mendelian character of the branching habit was

fully established by the following facts: (a) Reciprocal crosses

(06356 and 06357), fully controlled, between two strongly branch ,^d

specimens belonging to the second of the two DR families mentioned

in 1906 (namely, no. 05150) gave 65 fully branched individuals in

the one family, 13 in the other family, and no unbranched specimens

in either, thus showing that at least one of the chosen parents was an

extracted dominant (DD). The number of branches in both these

reciprocal families ranged from 10 to 25. (J) Properly controlled

pollinations we re made between two specimens of the last family (05 145)

mentioned for 1906, supposedly a recessive family. The pistil-

parent had two strong branches, one of which showed an abnormal

bifesion. The poUen-parent had one strong lateral branch which ex-

ceeded the main stem. The cross was made between two heads borne

by lateral branches. Of the 22 offspring produced (06353), 19 "^'ere

wholly unbranched, two had one smaR branch, each near the base of

the stem, and one had two smaU branches similarly located. This

demonstrated that both parents were pure recessives and showed that

the branches produced the preceding year had no hereditary signifi-

cance. Another sowins: (o6^t;2) was mad

the same pistil-parent as the last. The 91 offspring consisted ot 67

individuals having less than 7 branches each and 24 having more than 7

branches each, the latter group havmg an average of about 16 branches

and the former group an average of less than two branches {fig. j).

As the branched iy^ does not usuaUy have more than 4 or 5 vacant

axils above the highest branch, one individual having 8 branches

and 10 vacant axfls probably belongs with the unbranched class.

The result in this family shows that about one-fourth ot the pollen

received by the unguarded mother came from branched indinduals,

and as this fact was made obvious in the first generation it gives further

proof of the dominance of the brandling habit over the unbranched.

Furthermore, it iUustrates weU how impossible it would be^ to

discover Mendelian ratios in cross-fertilizing species or ^-a^etles with-

nnt r^r.fnl rnntrol of fertilization. This requireir.iit accounts for
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two things, namely, the fact that Mendel's law was not discovered

economic

quarters the notion prevails that Mendelian inheritance is a function

only of self-fertilizing or inbred strains.

Fig. 3.—Curves showing the extent of branching in three families of "Russian

sunflower; the dotted line at left represents the offspring of two xmbranched parents;

the dotted line at the center represents the offspring of two branched parents, one of

which must have been an extracted dominant; the unbroken line shows the condition

of a family from the mother <rf the pure unbranched family, but with pollination

unguarded; the dominance of branching produces a branched offspring in each case

that successful fertilization took place by means of pollen from a branched plant.

The foregoing account of experiments on the inheritance of the

branching habit in Helianihus annuiis may be recapitulated in the

form of a familv tree thus

:

Branched (Dll)xrnbranched (R)

I

28 B (BR)
H

(

54B(DD-4-DR4-RR-
68B DD-^DR-fRR,

6qB DDorDR) }

i^B DDorDR)
)

1

2U iRR
2 U iRR

\

31 U (RR

6 RR)
More or less branched

22 U RR
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During the summer of 1905 experiments were also begun for the

purpose of testing the relationship between the Russian sunflower

and the wild Helianthtis annuiis of the prairie region. Seed of the

latter had been received from Nebraska through the kindness of Dr."

C. E. Bessey. Several points of contrast were noted between the

plants produced from this seed and the Russian sunflower, the most

noteworthy being with regard to branching habit and the color of the

disk; The lower branches of the wQd sunflower, when given space

for full individual expression as they are in my cultures, diverge-

almost horizontally, having on this account a slightly wider spread

than branches arising at higher points on the stem. At the time the

first head is ready to spread its rays, the whole plant has a nearly

conical form. The development of the primar}- head checks the

growth of the main stem, and some of the upper branches then usually

elongate so as to overtop the central axis, thus giving the mature

plant a more columnar form. My branched type of the Russian

sunflower has aU the branches strongly ascending, the lower being

enough longer than the upper to reach ^almost the same level, thus

giving the mature plant a cor}'mbose or broadly obconical form.
^

I have not yet reached a conclusion in regard to the hereditar}'

behavior of these two types of branching, as it is not easy to find

decisive criteria for the exact classification of the two forms and their

combinations. It has been apparent, howe\^r, in my cultures that

there is a combination of both types of branching in many if not aU

of the first-generation hybrids, and at least some segregation in the

next generation. The indefiniteness of the character wiU probably

ma
ma
sim

AU of the western Helianfhus annuus that I have thus far observed

have a deep purple disk, the color being found in the tips of die

paleae, which are of a deep, metaffic purple ; the margin of the coroHa

which is brownish purple ; and the st}'le and stigmas, which are midish

purple. In aU my Russian sunflower, the tips of the paleae are

^ellowish green, the coroUa is a clear iti

.nd stigmas usually have the same coloi

mall proportion the stigmas are n^rgined



no BOTANICAL GAZETTE [February

crimsoiij whiclt gives the stigmas the appearance of being orange

colored, unless examined closely. No study has been made of the

iDheritance of this stigmatal margin, hut it seems not unlikely that it

too may prove to be a Mendelian character. Although the color of

the disk affects several organs of ver}' different morphological value,

it proves to be a simple character, showing the same kind of correla-

tion that is found in peas and beans which have purple flowers and

black seeds, and other plants w^hich have purple flowers associated

with more or less purple in the stems.

The cross made during the summer of 1905 between the purple-

disked wild sunflower and the yellow-disked, branched, garden sun-

flower, produced in 1906 a progeny (05153) consisting of 26 with purple

disks and 27 with yellow disks; when I would have expected all purple

on the assumption that both parents were pure-bred and pxirple

dominant over non-purple, as has been the general experience with

the purple color-character in other plants. The conclusion reached

T?ms that either the purple disk is not a Mendelian character or the

purple parent was a DR instead of a pure-bred purple. As yellow

disks have not appeared among my cultures of wild sunflowers during

three years, the assumption that the one plant which I used for the

cross was itself a hybrid seemed Ytry unHkely, and the probability

that this strictly alternative character was not behaving according

to ^lendelian expectation led me to watch the culture the following

season (1907) with great interest. Five F^ famiKes were raised, two

reciprocal families of purple by purple, representing the h}^othetical

cross BRxDR; two reciprocal families between purple and yellow,

representing the cross DRxR; and one family of yellow by yellow,

representing the cross Rx R. The results were as follows

:

No. 06359, 64p:2iy

T^^ ^« ] ^^- 06360, 64 p: 16 y

} Total, I28p:37y

\ Expected, 123 p : 41 y

DRXR

r

/ No. 06361, 48 p; 46 y

)
No. 06362, 39p:4iy

i Total, 87p;87y
\ Expected, 87p:87y

RXR
I
^°- °^35«' 96 y

{ Expected, 96 y
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From all of these results it must be concluded that the purple disk

is a strict Mendelian character, and that the first purple-disked

parent was a heterozygote. The original cross is being repeated to

make

Lychnis dioica L.

This plant is a native of Europe and was doubtless very often

cultivated in the gardens of a generation or more ago. It has now

commonly escaped from the gardens and is maintaining itself quite

generally along roadsides in the eastern United States. The flowers

show^ considerable variation in the intensity of their purple color, and

white-fiowTred ones are quite common. Purple and white flowers

have been crossed in so many species and found to follow ^Iexdel's

law, that there would have been little incentive to study this particula.r

character in Lychnis dioica, had it not been for the fact that this

species is dioecious, and that in consequence self-fertilization could

not be held responsible for the Mendelian behavior if it should be

found to exist. Statements in the mianuals regarding the dioecious

habit of this species indicate that it also occurs as a hermaphrodite,

but among about five thousand individuals which I have examined

only one was noted which had both stamens and pistils, and that one

le flower w'ith both kinds of sporangia.

summer of 1905 I made all possible combinations with

white and purple flowers, but in one case unfortunately used two

different purple-flowered individuals for the poUination of the same

white-flowered plant and collected the seeds from both crosses together.

The offspring from these crosses reared in 1906 were as foUows

:

No. 05212, w X w, 90^

No. 05213, w X 2 p% 66 p:4i w

No. 05114, P X p, 65p:23W

No. 05115, P X P, 9<5p

The
purpl

.mg

ily "purple-flowered young, shows l^etty condu-

^aling here with a Mendelian pair of characters,

i faiSly (051x4), which probably represents the

ms a considerable departure from the expected
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ratio of 3p:iw. The ratio of purple to white in family no. 05213

can have no significance, since one of the two purple plants used as the

pollen parents was probably a D and the other a DR.
To test the assumption that family no. 05 114 represented the

cross DRxBR, and to get further evidence on the Mcndelian char-

p^lrpll

ma. this single family. All of the pistillate plants

received pollen from a single white staminate plant, and pollen from

each of the staminate plants w^as used to fertilize the different flowers

of a single white pistillate plant.

smi

the correct classification of every individual of the first generation of

hybrids may be attained. Every single cross in the series had the

recessive white as one of its members, so that only three possible com-

binations could occur among the resultant hybrid families, namely,

DxR, DRXR, and RxR, giving respectively, according to expecta-

tion, 100 pet cent., 50 per cent., and o per cent., of pxirple-flowered

offspring, in the ratio 1:2:1. About 50 plants from each of these

83 crosses were reared to maturity in 1907, and, when classified accord-

ing to the percentage of purple individuals in each family, showed 13

families with more than 95 per cent, purple, 48 having 30-70 per cent.

purple, and 22 with less than 5 per cent, purple, the expectation being

21 with 100 per cent, purple, 42 with 50 per cent, purple, and 21 w^ith

o per cent, purple. The result is close enough to expectation to

demonstrate the correctness of the ^lendelian law in regard to the

flower-color of Lychnis dimca L.

The diagram Oi^. 4) showing the distribution of percentages of purple

families may

xpcctation." Ver>^ often

mall

tire from the ratios 1:1, 1:2:1, 3:1, 9:3:4, or whatever other ratio

represents the theoretical liniit appropriate to the conditions of the

particular experiment ia hand, the statement is made that the results

are not in accord with "Mendelian expectation." When the number
of observations is small^ such a statement is usually due to the fact

that too much is expected. This will become clear w^hen attention is

called to the fimdamentai basis of the Mendelian ratios. Equal
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carry

tive qualities making up a pair of Mendelian units. These different

germ cells unite according to the laws of chance, and we should mean

therefore by the expression "Mendelian expectation" that our obser-

vations if seriated in the form of a curve will present a normal proba-

A^ithin the limits of orobable error. Not until the numbercurve

of observations becomes infinite have we a right to expect absolute

r
agreement with the theoretical ratios.

20

Anal

heterozygote families of Lychnis dioica, as

represented in the diagram, shows that it

approaches closely to the normal probability

curve, and that therefore every proper ex-

30% lOOVc

Fk3. ^.--Lychnis dioica L. : variation in the percentage of purple-flowered offsprxt^

in hybrid families of the third generation ha\-ing the form (D + aDR-fR)XR; 1^-

hand group represents the extracted recessives (RXR), the right-hand group the

extracted donunants (DXR), and the middle group the heterozygotes a>^><*^2;

superposed upon the heterozygote group is the normal cur^-e ha.'lng the same standard

deviation, showing the close ^eement with a perfect chance distribution.

pectation is fulhUed. As the departure of \-ariates from the mean

is a fundamental part of the law of chance, the fulfilment of expecta-

tion is just as complete in the case of the one DRXR family that had

onlv 35 per cent, of purple-flowered individuals, or the tliree similar

fan^ilies that had about 65 per cent, of purine flowers, as in the twelve

families which cons^ted of about 50 per cent, purple. This is an

important fact that needs to be taken into account by both t!^ student

and the critic of Mendelian inheritance.
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The results here presented both in regard to Lychnis and Helian-

thus show that Mendelian phenomena stand in no relation to self-

fertilization, since neither of these species can self-fertilize. Emphasis

upon this point should not be needed, smce many of the most typical

cases of Mendelian inheritance occur among animals, where the sexes

are almost invariably separated.

Verbascum Blattaria L.

There are t\v-o color-varieties of this widely distributed species, one

havmg bright-yellow flowers, and the other having the flowers almost

white. If examined carefully, however, the pale flowers are seen to

be cream colored rather than pure white. Two considerations made

it appear desirable to determine the relation between these two color-

varieties by means of crossing, (a) Many cases are on record m
which albinos are found to be typical Mendelian recessivcs when

paired with certain colors. In Verbascum Blattaria the pale flowers

approach the albino condition, but both forms possess some color,

and it is of interest to know whether this pale-flowered form behaves

in the same manner as an albino. (6) Several studies in which yellow

has been paired with white have shown that yellow is in these cases

isive to white. Thus Cosrens' foxmd white Pokmonium coeruleum

dominant over the yellow P. fiavum; and Bateson' has shown that

yellow-flowered stocks (Matthiola) are recessive to the white-flow^ered.

CoRRENs' results with Polemonium stood alone at the time my
* r

^

experiments with Verbascum were begun, as an instance in which a

white-flowered variety dominated one with colored flowers. It

seemed important on this account, also, to know what would be the

behavior of the yellow-flowered Verbascum Blattaria when crossed

with its pale-flowered form.

To secure a solution to these problems, several crosses were made

during the summer of 1904. The seeds were sowm in the spring of

* CofiREN's, C^ Weitere BMtrage zur Kermtnis der dominierenden ;Merkm.

cfer Mosaikbiidunp der Ea^tarrif-- l^**r 'npiTtcfli Tlnf r:^p=<*ll« -xt'toc—201

p. igB.')

*Bateso-n% W., Saitndess, Miss E. R., and Piin-n'ett, R. C, Reports to the

Evolution Committee of the Royal Society, H. 1905,' and III. 1906.
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summer of 1Q06. The
results then stood as follows

:

- No. 0446, y X y, 75( ?) y
No. 0447, w X w, 53 w
No. 0448 X 47, w X y, 8 y
No. 0448 X self, y X y, ( ?) y (number unrecorded)

Among the members of these families all possible combinations

were again made. The offspring of these crosses were mostly induced

to bloom the first season by starting early and giving the seedlings

the best possible conditions. The results of the second generation

were thus secured during the summer of 1907, and showed the follow-

ing composition:

No. 06241, D X R, 26 y

Expected, 26 V

No. 06244, DR X DR, 5y: 7w
Expected, 9y: 3W

No. 06243, R X DR, 13 y:i8\v

No. 06245, J^R X R, 5y: 8w

Total, 18 y: 26 w
Expected, 22y:22 w

No. 06242, R X R, 90 w
Expected, 90 w

Although some of these ratios depart rather strongly from the

theoretical limiting ratio, this is due entirely to the small numbers of

obser\'ations, as pointed out above in the discussion of Lychnis. It

is plain therefore that the color-forms of Verbascum Blattaria consti-

tute a :Mendelian pair, and that the bright yellow is dominant over

the pale. The dominance of yellow in this cross is just the reverse

of the behavior of yellow in Polemonium and Matthiola, and teaches

that there are two kinds of yellows in plants, one of which is dominant

to white, the other recessive to white. A microscopic examination

of the petals of Verbascum shows that BA^ES0^-'s3 distinction between

plastid-colors and sap-colors is probably fxmdamental, as the }t11ow

color in this species proves to be a sap-color, and its behavior in com-

binations with white is the same as that of the blue, purple, and red

3 Loc. cit.
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sap-colors; while the yellow color of Matthiola and of Polemonitim

flavtmi are plastid-colors and this must account for their different

behavior. In ^lirabilis Correns^ has noted a yellow-flowered variety,

M. Jalapa gilva^ in which the yellow color seems to be dominant/

I do not know that any examination has been made to determine the

basis of the yellow color in Mirabilis, but I predict that it will be found

to be a sap-color. Hurst^ reports, on the contrary, that the yellow of

Antirrhinum majuSj which is recessive to white, is a sap-color. If

this statement is correct, this species seems to stand alone at present

in the possession of a sap-color recessive to white. WTiy a plastid-

color should be recessive to the absence of that color calls for an

explanation which science is not yet ready to give. This difTerence

between the two kinds of yellow recalls a similar situation in poultry,

in which white is usually dominant over colors, but in at least one

strain (Silky) the white is recessive.

Station foe. ExPEEiiiExTAX EvoxunoN
Cold Spring Harbor, L. I., N. Y.

CORRENS, C., Zur Kenntnis der scheinbar neuen Merkmale der Bastarde. Ber.

Deutsch. Bot. Gesells. 23:70-85. 1905.

s HuESTj C. C, Mendelian characters in plants and animals. Rep. 3d Internat.

Conference on Genetics, 1906. Roy. Hort. Soc. 1907:114-128. figs. 6.



THE ANTAGONISTIC ACTION OF ^lAGNESIUM AND
POTASSIUM

w. j. v. o s i e r h o u t

(with three figures)

It has been previously pointed out' that potassium may inhibit

more or less fuUy the poisonous effects of magnesium and that the

abundance of potassium in the soil makes this inhibitory action of

importance in soil investigations. LoEW and Aso» have criticized

this statement. Their objections are that only chlorids were used

and that no flowering plants were investigated. In the present paper

these objections are fully met. The experiments extend over a wide

inns

of the above-mentioned action of potassium.

The technique employed has already been described in previous

papers in this journal.^ The material was placed in glass dishes con-

taining: ioo~I'dUlU-i^ l(JU~^UU KJX Lilt. JV/J.L4L^Vy^X ^^^ ^ *

exclude dust and hinder evaporation. Water twice dbtilled and salts

which were tested for purity were used throughout. The results given

in the tables are in all cases averages of several series of experiments.

The first experiments were made upon a marine alga, Enlero-

morpha Hopkirkii, ^vhich is able to live in both sea water and dis-

tiUed water. It was taken from the sea water, rinsed in distiHed

water, and placed directly in the solutions. The solutions used were

-f .u *^.t;„« ^ ^-r-m whiVh has the same osmotic pressure

plants naturally grow.

V lived but four da\-s ; in pure

hile
experiment

continued. It is evident therefore that both KCl and MgCl, have a

poisonous acti<«:i

mix

'SS
>:t

1 OsTERHOUT, Lmveraty oi i^auiuru^ - """-» '
-

. LOEW ASi^ Aso. BoH. Imp. Coll. Agr. Takyo 7:39S- ^W-

sOsxERHorr. Box. G.«et« 42:1.7-34. x9°6; "^^^S^^T-JT^
[Botanical Gaaetw, ^m

II 7I
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(MgCla and KClJ in proper proportions. In the mixture loo^^ MgCl^

+40^*^ KCl, the plants were alive and in good condition at the end of

twenty days, when the experiment was discontinued. It is evident

therefore that ia the mixture of magnesium and potassium chlorids

the plants live five times as long as in pure magnesium chlorid and

three times as long as in pure potassium chlorid.

TABLE I

Marine Algae

All quantities given are cubic centimeters of 0.375OT solutions

Culture solution
Duration of life in

days: ErUero-
__

morpha Hopkirkit

KCl. .....

100 KCl
40 MgCl.
MgCl.
Distilled water. ...

Sea water (total salts= 2.7 per cent.)

Artificial sea water (total salts =
2

. 7 per cent. :

roo NaCi
y.SMgCia
3-8MgSO^
2 . 2 KCl
I CaCU

7

20+

4
20+
20 +

20 +

The plus sign indicates that the plants were alive at the end of the expciiment.
V

L

The results obtained from the study of Vaucheria were <

striking. Zoospores were allowed to attach themselves

These were then rinsed in distilled water and placed in the

The results are shown in thp fnllriwino- taW^ nnrl rt}^r, in £0

T.\ELE II

Fresh-wateb. Alg.ab

AH quantities given are cubic centimetei^ of .01m solutions

CCLTURE SOLUTION

KCl
100 KCl
40 ]V%C1,
MgClj....

water

-2

Development poring 45 DAira
Vaucheria terrestris

Length of
thalias

in mm.

Percentage of
increase
in length

^

6.45

10.

o

4200

o
6k66.66
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A large Spirog}Ta of the majuscula type was used for experiments

with the stronger solutions. The results are given in Table III.

-TABLE III

Fresh-WATER Algae

All quantities given are cubic centimeters of .0937W

solutions

Culture solution
Duration of life in days:

Spirogyra species

KCl
100 KCl
40 MgCU
MgCl.
Distilled water

i

12

25 +

The plus sign indicates that the plants were aUve at the end of the

experiment.

A series of experiments was next made with

the gemmae of Lunularia. These were allowed

to float on the surface of the solutions. A
large number was used and the average results

given in the following table.

TABLE IV

Liverworts

All quantities given are cubic centimeters of .0937^

solutions

Culture solution

Duration of life

in clan's:

gemmae <^ Lunularia

KCl

\

100 KCl
50 MgCI. )

100 KCl }

100 MgCl. 5

50 KCl )

100 MgClj )

12

120+

T20-f-

M^Cla

Distilled water

100

4

120+

The plus sign indicates that the plants wctc alive at the end of the

^periraent.

I 2 3

Tig, I.—Growth

of Vaucheria during

45 days in . oi«i solu-

tions, r, KCl, gain

o; 2, ioo<=c KCl
4-40CC MgCla,

4200%; J, MgU
gain o. X 25.

a»
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It Will be noticed even when magnesium greatly preponderates in

the mixed solutions the plants live twenty-five times as long as in pure

MgCl^, and over eight times as long as in pure KCl. Increasing the

proportion of potassium increases the length of life.

The same relation is seen more completely in the next table (Table

V). Decreasing the amount of Mg causes increased growth up to a

certain point (loo K+io Mg). Still further decrease of the relative

amount of 'Mg beyond this point is imfavorable. The optimum

relation is therefore not far from lo ]Mg+ loo K.

TABLE V

Liverworts

Ail quantities given are cubic centimeters of .0375W solutions

Culture solutiom

Growth in 150 days: gemsiae
of luntjlaria

KCI...

ICO KCI
5 MgCl.

100 KCl
10 MgCl.

100 KCI
25 MgCI

MgCU
Distilled water

Length of
thallus

in mm.

0-5

3 30

3-4X

2.6

o-S

6.60

Percentage of
gain in length

of thallus

560

582

420

I230

It will be noticed also that the gemmae made no growth whatever

in pure MgCl^ or pure KCl^ while in mixtures of the tw^o a good growth

ed.W L w ij-j

wer

For the study of flowering plants wheat was chosen. The seeds

e supported in the solutions on strips of filter paper as described

m a previous paper.'* The results agree with those akeady given.

Table VI shows that certain mixtures of potassium chlorid and mag-
nesium chlorid are much more fa%-orable than either of the pure salts

(see also figs. 2, j).

^OsTESHomr, Bor. G.\ZEXTE 44:259-272. 1907.
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1

Turning now to the experiments with sulfates and nitrates, we

see entirely similar results, save that the mixed solutions, while better

than pure magnesium salts,

are not better than pure potas-

sium salts. The question

might then arise whether the

favorable result is due in this

case to mere dilution of mag-

nesium salts with less poison-

ous ones. This, however, is

not the case. We are dealing

witha true antagonistic action.

This is shoAATi by the fact that

addition of the potassium salt

in solid form likewise pro-

duces a favorable result, and

also by the fact that the

addition of pure water does

not produce anything like

Fig. 2.—Grow-th of wheat roots during

40 days in .0937m solutions: J, MgCU,

aggregate length of roots ic^»n»; 2, loocc

KCl + 25CC MgCIj, aggregate length <rf roots

i^^nmi; 2i IKICI, aggregate length of roots

the improvement seen on the addition of the same amount of a

solution of a potassium salt.

.0937 m.

.05m-

,037&m

Fig. 3.-Curves shoeing growth of wheat roots in salt solutions. The ordinates

represent concentrations (parts molecular); the al^ssae repres^it tJ^ aggr^te

length of roots per plant in milhmeters. u, loocc KCl+ioo-= MgCi,; b, loocc rcI

+ 5^^ MgCla; c, KCl; d, locf^ S:CI+ 2Scc MgCl,.
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TABLE VI

Wheat

CULTTTRE SOLUTION
QUANTITIES IX CC-

Gro\\'th during 6o days
aggregate length of roots per plant ix mm

In .09377n solutions

KCl

loo KCl
lOO MgCla

loo KCl
so MgCU
looKCl
25 MgCU

MgCl.

,

50 K,S04
50H2O

50 K,S04
100 MgS04

SO K.SO^
50 MgSO^

50 K2SO4
25 MgSO^

MgSO^

KKC.
100 KNO3
100 Mg(N03)2

100 KXO3
5oMg(N03).

looKNOg
25 Mg(N03),

Mg(N03).

Distilled water

In -0375 m solutions

268

170

224

340

220

312

20

2X6

112

294

28

276

144

148

166

10

76

190

144

224

S

240

24

345

104

198

290

10

740

Since each moleciile 01 K..SO4 yields two K ions, half as much K,S04 is used as KCl or KNOj.

The figures ior 50 KaSO^-t-so HaO are comparable with the corresponding figures for KCl and K>.03,

though the concentratioa of the solution is only half as great. For example, the roots reach a length

of &c^^ in 5o« K,SO* .0937 m-^- 50'"' HaO; a length of 216'"'^ in 50== K.SO* -05 m + so" H>0; and

a length of 276=^ in 50** K,S04 .037SW+-so" H,0.

It wiU be noticed tiiat these antagonistic effects are less marked as

the concentration is lowered. This is of course true of all antago-

nistic action, sin<x as the concentration is lowered toxicity diminishes

and the effect of its inhibition is consequently less striking.

It is olBer\'ed that those parts which are in direct contact with

solutions always show their effects much more plainly than those
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stems) seemed

stems

behave in the solutions. The answer to this question is given in

Table VH. Transverse sections of the stem of Tradescantia and the

root of the common red beet were employed. They were cut on a

microtome and were of considerable but uniform thickness.

TABLE VII

Cuttings and Sections

All quantities given are cubic centimeters of .0937m solutions

CULTTRE SOLUTION

Duration of life dj days

Microtome sections

of stem of

Tropaeolum majus

KCl
100 KCl
40 MgCU
MgCl.
Distilled water

20,

28 +
20
28 -f

Microtome sections

of root of

Beta vulgaris

Development

Cutting i5«"
long of

Tradescantia

14

18

28+

No roots

Short roots

No roots

Long roots

A plus sign indicates that the plants were alive at the end of the experiment.

In both cases the color and microscopic appearance served as the

criterion of death. As is seen in Table VII, the results agree with

those already obtained. The table Ukewise shows the results obtained

from cuttings of Tradescantia (about 15*=^ long) which were placed

with then: lower ends in the solutions.

obtam

variety of material, it seems useless to seek for furtter proof. The

leriments

slum and magnesium, as far as they go. They do not, however,

emplov sufficient potassium (nor sufficiently strong solutions
)
to bring

out the results clearly. The use of percentage solutions (rather

than molecular solutions) likewise obscures their results. More funda-

mental is their confusion of physiologicaUy balanced solutions with

ordinar}' nutrient solutions.'

As for the theorj- of LoEW and Aso that the mhibitorj- action of

potassium on magnesium is due to the formation of a double salt, I

s Cf OSTERHOUT, On nutrient aed balanced solutions. University of Calift^a

PubUcations.Botany2:.U7. iW! also. Box. Gazette 44 : ^59-272- i9°7-
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need merely say that it cannot be true because this inhibitory action

is seen in mixtures of potassium nitrate and magnesium nitrate where

no double salt is formed. Moreover, even in the chlorids and suKates

the formation of a double salt cannot much affect the result, since the

double salt, at the concentrations here used, dissociates and sets free

magnesium and potassium ions to almost the same extent as the

simple salts.

RESULTS

Magnesium salts and potassium salts, used separately, are poison-

ous to plants, but when mixed together (in suitable proportions) the

poisonous effects more or less completely disappear. These results

are of importance in soil investigations.

University of California

Berkeley

»



NEREOCYSTIS AND PELAGOPHYCUS

William Albert Setchell

Nereocystis Ltieikeana (:Mcrt.) P. & R. is one of the most striking of

all the algae of the western coast of North America, yet very varied

statements are made concerning its dimensions and duration. This

matter has been brought up again recently by Professor T. C. Frye,

who in an article in this journal (42:143-146. 1906) states certain

facts and suggestions from his observations on this species as it

occurs in Puget Sound.

In the first place, Frve doubts that this species ever reaches a

length of over 21^, although in no case does he mention that he has

made any measurements, and he regards a length of 90°^ as beyond

the bounds of credibflity. It is to be regretted that so few authentic

measurements are on record for plants of this species, especially for

those of the greater lengths. It is difficult, however, to obtain reason-

ably perfect plants out of the water and in such a position that they

may be measured with accuracy. The statement of 90"^ rests, so far

as I know, upon that made by Mertens (Linnaea 4:48. 1S29) that

the stipes reach a length of 45 -P"^^^" or fathoms, making in aH

something approaching 90^, and that the Aleuts use them for fish-

lines, one of which he himseK bought. It seems likely that AIertexs'

statement about the length of these lines must have been made with

care, as are his statements in general. Of course it may be that there

is a misprint here for 15, which, from aU experience, seems likely.

RuPRECHT, however, says (Neue oder unbek. Pfl. a. d. nordl. Th. des

stillen Oceans, p. 22. 1852) that Nereoc}^tis, in the neighborhood of

Bodega, California, reaches a length of 25 English feet, but that accord-

ing to trustworthy natives in the employ of the N. A. Company at

Fort Ross, it reaches a length ten times greater in the nei^borhood

of Sitka and the Aleutian Islands. This would correspond with

Mertens' figures. This impressed RrPRECHX 10 such an extent

that he suggested (/. c. 22) that the southern smaHer plant m^t

belong to a different species. I have had an opportunity of obsenmg

this species at different localities of its growth from Kadiak Island on

125]
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the coasts of the Alaskan Peninsula do^\-n to Port Harford in Cali-

fornia. I have never seen any specimens which approximated to the

dimensions mentioned by IMertexs and Rupeecht. All along the

west coast, howeverj it grows out into water having a depth of 12 to 15

fathoms, and this, which is about 30"^, represents the length of the

solid portion of the stipe of the adult plant. The hollow portion, both

apophysis and bulb, commonly floats on the surface, as do also the

long leaves. Off the entrance to Yakutat Bay, Alaska, while at

anchor during a fog, I saw soundings taken close to and among Nereo-

C3^tis plants, showing that the solid portions of the stipes were 10 to

12 fathoms in length. Altogether the plants thus obsen^ed must have

been in the neighborhood of 45 to 50"^ total length, or nearly, if not

quite, twice as long as the maximum credited by Frye. On the coasts

of California, I have measured many specimens cast ashore. The

longest specimen, in reasonably perfect condition, I ever found cast

ashore was on the beach at Carmel Bay in ^Monterey County, Cali-

fornia. Not having a tape line, I resorted to pacing. Its greatest

length was 41 good paces, which by measurement of my average pace

fully equals that number of meters. All these figures from my own

experience come from plants growing in the open. From these and

from the experience of the great length attained by the various plants

growing in swift currents, I am not prepared to reject the greater

lengths recorded by Mertens and Ruprecht.
Fr\-e makes some point of the rock attachment of Nereocystis

Luetkeana and it certainly is commonly attached to the rocks or to

stones. On the Californian coasts, however, I often find it anchored

firmly by its holdfasts to other members of the Laminariaceae, par-

ticularly to Pterygophora californica. I have seen stipes of Rer}'go-

phora to which as many as five or six holdfasts of Nereocystis were

attached.

The origin of the numerous blades of Nereocystis Luetkeana has

been made plain through the investigations of a number of writers.

At first there is a single blade when the plant is in the primitive lamina

-

rioid condition- Soon, and at about the time that the bulb is bedn-

form. this

are These
are also in the same way separated at the base. The first
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splittings, thus taking place when the bulb is rapidly expanding,

become widely separated and form four to six centers for further split-

ting and growth. This is well shown in the fine plates of Postels

and RupRECHT (111. Alg. pis, 8, 9. 1840), in that of Saunders (.\lgae

of the Harriman Expedition, ph. 58, fig. i, and jp, fig. 8. 1898),

and less accurately in that of ]Mac:Milian (Bull. Torr. Bot. Club

26:pL 361. fig, 5. 1899). The normal certainly seems to be four

centers thus separated and which then proceed to form blades by

further splittings, but without any considerable separation. I have

also described this process in my paper *'Thc elk-kelp" (Erythea

4: 183. 1896). The type of division in this case is a regular dichotomy

but, as happens just as considerably in Lessonia, the absolute regu-

larity is interrupted in minor details. However, Nereocysiis Ludkcana

has the regularity of its dichotomy as complete as do the species of

Lessonia, and has no such scorpioid unilaterality in its branching and

in the succession of divisions leading up to it as does its near relative

Macrocystis. Between the two, but nearer, as it seems to me, to

Macrocystis in this respect is Pelagophycus. Skottsberg (Zur

Kenntn. d. Subantarkt. u. Antarkt. Meeresalgen 1:137, 138. 1907)

seems to take the opposite view and to consider that after the first

splitting in Nereocystis Lueikeam, the other splittings are unequal

as in Macrocystis. An investigation of a large number of older and

younger individuals convinces me that such is not the case. In

Postelsia also the splitting is largely equal, but finally there comes

something of unflateral splitting, so that while Postelsia reaHy stands

next to Lessonia and Nereocystis, it approaches slightly ako Pela-

gophycus. This point will be returned to below.

Since the time of Mertens, it has been generaUy received and aU

e^adence has seemed to show that Nereocysiis Luetkeam, in spite of

its large size, is an annual plant. In his paper Frye has distmctly

discredited that belief, and whne he does not say so in so many words,

he intimates very strongly that it is a biennial plant. He says (/. c, 143)

:

"Fishermen and pHots .... say that it disappears in winter," and

later (p. 143) he says: "The fishermen are partly n^t. Except

, ___ 1 ^ *.u^^^ fT.^ I'^lr^ nrp crnnp: while those remaining

away.

.../Iv aU decayed and loose, with their fronds mmuy ton

" liiis observation was made in ^lardi to supplement obser
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vations made the previous June. Also in ]March, however, he finds

plants 3 to 9"^ below the surface which have reached a length of 1.25

makes

surface the first

but remain out of reach of waves, pushing up rapidly in the second

season only to die when winter overtakes them." He does not tell us

what period of time is included in what he calls the first season, but

he does call the second season also the second year. It is proper to

seems

spring and summer probably, the gro^1;h is slow and only plants up

to 2.5"^ or thereabouts are produced, while in the second year the

rest of the growth of 18 to 20"* is produced. Growth during the

winter season also must be, according to -his idea, ver}^ slow or stopped

altogether. This assumption seems necessary in order to arrive at the

conclusion that the gro-^lh of 1.25 to 2.5"^ had been accomplished

in the previous year instead of a few nrevious months. Yet it does

kno^Ti

germination

have not been obser\'ed. That the plants of colder waters, especially

Phaeophyceae, can carry through their entire life-processes at a tem-

perature which never rises above the freezing-point has been demon-

strated by KjELLMAN (Algae of the Arctic Sea, p. 31. 1883), since he

manne
be found, it [the temperature] does not rise in general above 0° C.

at any time of the year." From what we know of the temperature

of the surface waters of the region of Puget Sound, it seems safe to

infer that the temperature of the waters within a few fathoms of the

.ce cannot be lower than somt

:inie of the year. Furthermore

.0 C. at

ture of the water by the temperature of the air, and especially of the

water 3 to 9^ below the surface. Consequentlv. even if the surface

lund were frozen fcf. Frye
true

near the freezing-point. Farther, KjELLM.\>f adds (/. c. 31 ff.) that

the temperature of tiie air affects only the algae of the littoral zone,

for it is only those algae which are exposed to the air. Finally, it

seenB to me, after considering^ all the fart^ nnnn whiVh Ftjvt/s con-
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elusion is based^ at least so far as they are presented, that it is not

nccessar}^ to assume that the initial growth of 2 or 3"* mu?t have

taken place in the previous year, especially when it is clear that a

growth of 18"" can occur in two months and a half, viz., from the

middle of March to the first of June. There certainly seem to be no

theoretical impossibilities in the way of its having all taken place in

the same year.

Nercocystis Luctkeana is fairly abundant on that portion of the

coast of California lying to the north of Point Conception and I have

followed its growth with some care. ^ly conclusions are different

from those of Frye. Many plants arise in pools and in the deeper

tideways among the reefs, and some persist through to the fruiting

stage. Such plants are easy of obser\'ation and the results may be

checked by more limited observation of the plants of the deeper waters.

I find that they appear in February and March, for the most part,

and in places where none are to be seen in December or Januar}-, and

that they pass through their different stages of growth and fruiting by

November, and for the most part disappear in December or January

of the same year. The young plants with and without bulte are in

greatest abundance in March, although in some yeai^ they are present

early in February, and this occurs in the same locality year after year.

Belated specimens appear later, but as stragglers, the general rule

being as stated above. It has been possible, therefore, to follow the

same group of individuals through their life-histor}^, and the result

shows that the period of active existence is about nine or ten months

and within the period of one year. Exceptional times of germination

may occur and I find some, but in such cases the plants are usually

tide-pool plants and do not develop beyond a certain sta^. Mac-

Mtllan mentions (/. c. 274) a set of sporelings of 0.5^°^ and

upward in size, in two feet of water in June, off San Juan Inland,

Washington. I have never found any young plants so late in the year,

but I have found adult fruiting plants as late as April and in prime

condition, but they are decidedly out of season, and the cases can be

paraUeled among annual flowering plants, so that they do not i^aUy

affect the general truth of the statement ^ to the annual character

of these plants.

The floating seaweeds of the group of the Hiaeophyceae have long
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attracted attention, especially from the early navigators, and ^vllile

attention in the Atlantic Ocean has been directed particularly to the

species of Sargassum or gulfweed, in the Pacific several of the larger

members of both Fucaceae and Laminariaceae were early used as

indications of the approach toward land. Of all of these, perhaps

no one was of such usefulness in this connection as the so-called

Porra of the Spanish navigators approaching the coast of Lower

California on their voyages from the Philippine Islands. Ruprecht

(/. c, 22-24) has given a fairly full discussion of this and other

names applied by the Spaniards to these floating algae, but he did

not have access to all the books, nor is the case different -with myself.

I have one point, however, to add to the account of Ruprecht, which

I think will clear up the more important part of the subject.

One of the earlier references is that of Anson, whose voyage round

the world in the years 1740 to 1744 was written from his papers and

materials

many

P *

editions. On p. 335 of the

fourth abridged edition (London, 1748), and in the same language in

the larger or so-called Admiralty editions (p. 243 in ist, 1748; same

page in 12th, 1767, and m 15th, 1776), occurs the following,

regarding the "Manila ship":

and when she has run into the longitude of 96° from Cape Espiritu Santo,

die generally meets with a plant floating on the sea, which being called "Porra

by the Spaniards, is, I presume, a species of sea-leek. On the sight of this plant

they esteem themselves sufficiently near the Califomian shore, and immediately

stand to the southward; and so much do they rely on this circumstance that on

the first discovery of the plant the whole ship's company chaunt a solemn Te

Deum, esteeming the difficulties and hazards of their passage to be now at an end;

and they constantly correct their longitude thereby, without ever coming withm

m^ of land.

Akson's account gives us no further details concerning the nature

of the plant. LeGexxil, however, goes more into detail in his Voyage

dans les mers de Vlnde^ published at Paris in 1781. The expedition

was made in the years 1768 and 1769, to observe the transit of Venus,

and made many obs€r\'ations of a scientific nature in other lines than

astronomy. On p. 215, he quotes Axsox in regard to Porra ^ trans-

lating into French the passage quoted above. LeGentil, however,

goes on to give a figure of the Porta (cf . Vol. II, pi. j) from a drawing
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made by Father Dox Estevan Roxas y Melo. The drawing is an

excellent likeness of our Califorman Pelagophycus giganteus Arcsch.,

and will be discussed later. LeGentil consulted AL Guettard of

the Royal Academy in regard to the nature of this plant and obtained

the following opinion (/. c):

Cette plante .... est une espece de celles qu'on appelle en France du nom

de varech, goemon, et par les Botanistes de celui de jucus: cette espece est singu-

liere, en ce que le haut de la tige est termine par un tubercule ou une vessie, dont

les branches partent, et, en ce qu'il paroit, que les pedicules des feuilles sortent

d'un mSme cote. H me semble qu'elle n'a pas encore 6X6 gravee; je ne Tai pas

reconnu parmi celles dont il est park' dans Fouvrage de Linn^, intitule Especes

des Plantes; elle n'est pas non plus dans Fouvrage de Samuel Gottlieb GiiEUN,

qui en a fait graver un grand nombre d'especes; on le voit point parmi les plantes

de Mexique gravees dans rou\Tage de Hern.\nd£s sur ce pays; il n'est pas plus

fait mention dans VHistoire des Barhades par Hugttes, ni dans la CoUection des

Plantes de Morison. II me parott que cette plante est nouvellement de'couvert

par les Europeens, et qu'il est bon d'en donner une figure gravee.

Guettard also supplied a Latin diagnosis, as follows: "Fucus

ramis ex tuberculo rotundo exientibus, foliis planis, profunde crenatis,

pediculatisj pediculis uno versu dispositis."

There has been some discussion as to the nature of Porra and

other floating seaweeds of the western coasts of the Americas, and the

best resume thus far given is that of Ruprecht (/. c.) who, although

he had not seen the plate of LeGenth, came to the conclusion that

it must be a species of Xereocystis, noting, however, the discreimncies

between the descriptions and this N.Luetkeana^thc only species known

to him. A statement to the same effect is to be found in Postels and

RuPRECHX^s Illustrationes Algarum (p. i), with the reference, however,

to their species~A^. Lu€tk€ana~\^\dc\i is probably the Porra of

some of the Spanish witers. There is also a Porra of the South

American coasts, for Ruprecht saj^s (/. c. 22) that Boky identified

the Porra with ^.lacrocystis, and that the Laminaria porroidea of

L ^MOUKOUX, as represented by tte type specimen, is Durviaaea

utiHs. Again, Maurelle, according to Ruprecht, speaks of float-

ing seaweeds found in lat. 3^"" m' N. of two sorts: Cabeza ie Nar-

anja or sea oranges, and Zamte de! mare. The former are hkely

Ruprecht

minp: probability, may I find on p. 98 of
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Vol. I^ of the English translation of LaPerouse's Voyage round the

world (London/i799)j Maurelle's observation that in lat. 47° 40' N.

"they observed that the sea was colored as in soundings, and they

saw numbers of fish, reeds twenty feet long, and a species of seaweed

with a head resembling an orange." In spite of the suggestion that

seems

probable that it was iV. Luetkeana, Later in the same volume,

La Perouse speaks of the same plant as follows: "As we advanced

to the north and approached America, we obserA'ed seaweeds of a

species entirely new to us. A bail of the size of an orange terminated

a stalk forty or fifty feet long, resembling an onion run to seed, but

much superior m size." This was m the latitude of Mt. St. Elias on

the .\laskan coast, where floating N, Luetkeana is common.
Following the suggestion derived from Ruprecht's account just

alluded to, I have been able to find, by the help of Librarian F. J.

Taggart, a copy of the rare first edition (1780?) of Maurelle's
Journal 0} a voyage in ly/^ to explore the coast of America^ northward

of California (reprinted in 1781 m Parrington's Miscellanies), in

the Bancroft Library of the University of California. ^Matjrelle's

observations on the floating seaweeds, as there set forth, are as follows

(p. 12):

June 1, 1775. On the same day we observed some seaweeds, the top of which
much resembled an orange (una naranja), from the upper part of which hung
large and broad leaves. At the extremity of this plant is a very long ttibe, which
fixes it to the rocks on the coast until It is loosened by the sea, when it often floats

to the distance of 100 leagues. We named this plant the "orange head." The
next day we saw another plant with long and narrow leaves like a ribband, which
b called ZaaUe del Mar; we also saw many sea-wolves, duck, and fish.

ThB observation was made when they were apparently well north

of Point Conception and the "orange heads" were probably Nereo-

cystis Luetkeana. Again he says (p. 25); "We obsen-ed that the sea

was COlOir.d as in ^nnnrlinrrc- mamr ^ol. T^-^<^f. <,,-, ^^^4- I^Mnr oTnrI fVif

orange heads' likewise appeared." Thiswa
n the neidiborhood of thf^ Strah^ ni Tnan r^^. He goes on to

ourse
ings from the color of the sea; at the same time appeared * orange
heads,' many fla^," etc. At this time they were apparently in lat.

55° or s^" N.
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. Later on, when giving instructions as to approaching the west

coast of North America from the Pacific Ocean, he says (p. 56)

:

"Wlien the coast is 80 or 90 leagues to the E., those sea-plants appear which I

have before called "orange heads;" but I must now add, that from the state of

them as they floatj one may sometimes infer that the land is not so far distant.

Its figure much resembles the fistular stalk of garlick; and from the top of its

head hang some verj^ long leaves, by which the plant is fixed to the rocks. Now

if these leaves are tolerably perfect, they afford a strong presumption that they

have not floated far from the coast. On the contran*, those which have been

wafted to a considerable distance have generally lost this head, and the stalk

becomes more rough, when you may suppose that you are 50 leagues from land-

[He further says (p. 57)] When you are 30 or 40 leagues from the coast, .... you

will perceive birds, .... togetherwith the plant Zaca/e (if/ J/ar before mentioned,
t

which has long and narrow leaves.

It is ver}' evident that both species of the west-coast kelp with the

large bulbs were kno\TO to the navigators, and it is of interest that the

southern species Nereocystis gigantea Aresch. or Pelagophycus gigan-

ioiMc- A^^c-^u T»-oc- i'T-.,-iTTTi cn Irmn- Vvfnrp it ws*; cTf'nf'ndlv rero2TUzed

by botanists. fiimished

is reasonably explicit, but, when taken into account in connection with

the plate referred to above, leaves no doubt as to the identity of the

plant with that of Areschoug. The first botanical description, how-

ever, was given by Leman (Diet, des sciences naturelles 2$ : 189. Paris.

1S22) under the article Laminaria. It reads as follows:

Laminaria porra nob. Stipe tres-Iong, tannine par un renSement fusiforme,

portant une grosse vessie sph^rique, couronn^ de frondes lanceolees, tifes-

elongees et profondement dentees. Cette espece a et^ observe dans le mer du

Sud par LeGextil. Les marins espagnols la nomment porta, Elle se^ fait

remarquer par sa longueur qui excede de quarante brasees ou de deux cent pieds.

(Voyez LeGentil, Voyage Ind., p. 2. $1. 3.)

From this it becomes evident that the earHest specific name for

the southern species is Porra,

AsESCHOUG first referred the southern or elk-kelp to the genus

Nereocystis, but later created the genus Pelagophycus for its recep-

tion. The close resemblance between it and Nereoc}'stis,^ however,

has led most writers to retain both in the same genus. This was my

o™ opinion in the paper entitled ^'^The elk-kelp"(Erythea 4: 17^^84-

pi. 7. 1896), but at the same time I called attentfen (/. c, 184) to the

uneaual spUttinir and the consequent close relation to :Macrocystfe.



134 BOTANICAL GAZETTE [febrvAry

Skottsberg has given a most careful and valuable discussion of the

relationships of the Lessonia group in the Phaeophyceae of his Sub-

antarktischen und antarhtischen Meeresalgen (Wiss. Ergebn. d.

Schwedischen Sudpolar-Exp. 4: Lief. 6. 1907) and takes up this

matter in that connection. His decision is to retain the species in

Nereocystis (/. c. 139). He seems to incline toward the view that

the splitting in Nereocystis is also unilateral. With this view, as

indicated above, I cannot find myself in agreement. I have examined

many, both older and younger, Nereocystis Luetkeana, with the result

that I find the splitting to proceed fairly imiformly dichotomously as

noted above. In Pelagophycus, on the contrary, the splitting is

decidedly unilateral and like that of Macrocystis. A yoimg plant, with

characteristic adult form though not of adult dimensions, is represented

in the photograph reproduced in connection with my paper. Skotts-

berg has remarked that there are five leaves on one branch and sLx

on the other. There were sk on each, but on one only the petiole

remains to show its position. In the specimen figured, the branching

has been absolutely unilateral after the first splitting, as is shown by

the fact that the leaves are single. In many specimens, however,

some of the lower leaves divide a second time, as happens constantly

in young specimens of Macrocystis, but not more than one or two

usually do this. In this, as in other characters, this plant is inter-

mediate between Nereocystis and IMacrocystis. From all the ex^idence

it seems to me best to keep the genus Pelagophycus, and to associate

it with the Macrocysteae under the tribe of the Lessoniideae.

As has been shown above, Leman's name of Laminaria Porra is

the earliest binomial, which necessitates the new combination:

Pelagopriycus Porra, comb. nov.

Laminaria Porra Lenian. Diet. Sci, Nat. 23:189. 1822.

Nereocystis gigantea kr^soh. Bot. Notiser 1876: 71.

Pelagophycus giganieus Aresch. Bot. Notiser 1881: 49.

I desire to thank Mr. F. S. Collins of Maiden, Mass., for tran-

scripts of the reference of Leman and also that of LeGentil to

Porra. To F. J. Taggart, librarian of the Bancroft Library of the

University of California, I am indebted for assistance in obtaining

LaPehou
STVESSTTY OF Ca

Berkeley



BRIEFER ARTICLES

NOTES ON CLEISTOGAMY OF GRASSES

(with five figures)

The genus Triplasis Beauv., so far as we can find, has not been recog-

nized as one of the many genera of grasses producing cleistogamous spike-

lets. Its nearest relative recognized as having this habit is SieglingM

decumhens (L.) Ktze. This and other cleistogamous grasses are dis-

cussed by Professor Eduard Hackel (Oest. Bot. Zeits. 56:81-88, 143-154.

180-186. 1906). Specimens of Tripla'sis in the National Herbarium col-

lected in autumn show reduced panicles whoUy or partly included in the

sheaths, and bearing few to several cleistogamous spikelets with glumes

and awns much reduced, but othenvise like those of the terminal panicle.

Specimens of T. purpurea (Walt.) Chapm. coUected on the low dunes

of the Isle of Palms, S. C, October 18, 1907 {CMse 4524), show an addi-

tional form of cleistogamous spikelet. This is larger, solitary, and sessJe

in the base of an indurated prophyllum, in the wings of which it is clasped

together with the first intemode of the branch, lying between the branch

and the back of the prophyilum. The

sections faQing to show even traces of them. The spikelets are one-flowered,

.wn

^^ are

h reduced. (The

from the terminal
ngures snow tiic u-iiicicuvt u»-i.**»_wi^ v^^w w^

^

panicle, also the comparative size of the two developed grams.) Ihis

second form of cleistogene was discovered in the field, and plenty of matenal

for dissection was coUected. Most of the culms produced two to eight or

nine of these spikelets, beginning usuaUy at the second node. The spite-

lets in the upper sheaths have smaller florets and rddimentarj' glumes

and -r 'e into the ordinary form of cleistogene. Since herbarium matenai

cannot be ruthlessly disjointed, only a few sheaths of autumnal specunens,

which by their swoHen appearance gave promise of contammg these cleis-

togenes, were examined. Of these, one specimen of T._ amenmmBe^nr.

from Florida {Comhs 871) showed this form, the glumes wanting, the am-n,

which in this species is 5"^ or more long, nearly obsolete. A dupkcate

[^taffllcal Gazette, toI. 45
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type of T. intermedia Nash (Nash 2426) was found to contain these cleis-

togenes, and judging by the swollen sheaths they were abundant. This is

true also of specimens of the same species from Cape Florida {Chase ^9$9)-

Of r. purpurea (Walt.) Chapm., practically all the late collections contained

these spikelets. Hence this habit

of producing two forms of cleisto-

gene belongs to the entire genus.

Unlike the dichotomous species of

Panicum, in which only the cleisto-

genes perfect their grains, the

terminal spikelets are fruitful in

Triplasis as well as the two forms of

cleistogene. The presence of these

cleistogenes at the nodes explains

the habit, common to the three

species, of disjointing at the lower

nodes when dry.

Another interesting point in the

habit of cleistogamous grasses de-

veloped in the field-work of last

October. Amphicarpon amphi-

carpon (Pursh) Nash w^as found

with perfectly developed grains in

the aerial spikelets. These speci-

mens were collected in the border

of a cypress swamp between Wil-

mington and the eastern coast of

North Carolina (Chase 4597). After

noting these fruitful spikelets, practically all the plants in the small colony

were examined. Derhans a finnHrpH anri oK/^ti* f;f+««^ ,,-0^0 fi^nnrl wJth

Fig. X. Base of intemode showing pro-

phyllum inclosing cleistogamous spikelet.

X4*

—

Fig. 2. Cleistogamous spikelet.

XS.

—

Fig. 3. Grain from same. X8.

—

Fig. 4. Spikelet from terminal panicle.

X8.— Fig. 5. Grain from same. X&.

—

B<:^ SDikelet'; draxorr frnm t>toe^rv^^ ^1^«*-

fruiting aerial

spikelets also,

sterile.

spiiielets. Most of these possessed developed subterranean

The aerial spikelets have heretofore been supposed to be
The earlier antlinrc

—

Pt^t?ctx tT-V,rtearlier authors

—

Pursh, who first described the species

under Milium, Kunxh, and Bentham—cailed them staminate and the

subterranean spikelets pistillate. It is doubtless very seldom that these

aerial spikelets develop tiieir grains. Herbarium material was examined
tod a single specimen of .4. amphicarpon from Delaware {Commons 18 of

1895) was found with fertile aerial spikelets. No such spikelets were
found in .4. fioridamm Chapm.—Agnes Chase, U. S. Department 0}
Agfictdture, Washington, D, C.



CURRENT LITERATURE

BOOK REVIEWS
Form and flowering

An interesting discussion of the relations between the vegetative form and the

flowering perio<I of plants is presented by Dr. DiELS in a small book,' issued

more than a year ago, which deserves notice in spite of unavoidable delay."

The questions with which the book de^ were raised by the author's travels

in West Australia in igo2. After his return he examined the literature and made

further investigations to throw light upon theproblems of form in the plant kingdom.

He has gather^ together a considerable number of examples of the relation

between form, blooming time, and external conditions. These he presents and

discusses in his usual luminous fashion. He has even cited briefly analogous

phenomena, not a few from the animal kingdom.

The thesis of the book is that the generative maturity of plants is not connected

immutably with a definitive stage of their development, as has been so widely

held. A certain minimum of nutritive preparation is presupposed; but once

this is passed there is a broad variation zone in which blooming occurs. Its

appearance is dependent upon complex, largely unknown conditions, an important

part of which, however, are external. The vegetative ontogeny depends upon

the cooperation of autogenous and exogenous (an excellent substitute for the

awkward term "aitiogenous") factors; for the rudiments of the vegetative oipns

have many possibilities, and which one is realized is determined by the environ-

ment. The mature form of the entire organism is thus a product of vegetative

ontogeny and of generative maturity, both of which factors are variable, though

theu- variabUity is not in the same direction. True, the development of vegetative

structures usually ceases at blooming, but this is the only place where the two lines

of development, the vegetative and the generative, are inseparably connected.

Elsewhere they are free and independent of one another and each varies after iU

own manner. In this connection of two variable factors lies an important impulse

to increase the manifold forms of the plant world. For the conditions which help

to regulate the succession of leaf forms and floral maturity change with the changes

of climate in space and in time, giving rise to local geographic species and aHowing

true species to arise in the course of time. Their features attain heritabiiity- and

become therewith a soiu-ce of new lines with new possibilities.

I DiELS, L., Jugendformen und Bliitenreife im' Pflanzenreich. 8vo. pp. 130-

^gs. ^. Berlin: Gebriider Borntraeger. 1906. M 3.80.

» Hie work was sent to a reviewer on its receipt, and wa5 recently returned at our

request.

—

Eds.
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A new term, "helicomorphy," is suggested to comprehend Goebel's two
terms for the two leaf forms in heteroblastic species, the juvenile forms and
successive forms. In the course of a short chapter on the phylogenetic

significance of helicomorphy, the author pays his respects to the famous ** bioge-

netic law/' that ontogeny recapitulates phylogeny, in these terms: "In the botani-

cal field it has absolutely no (nicht einmal immer) heuristic value, and w^hoever
allows hmiself to be led by it will at most succeed in satisfying the needs of his

imagination."

The book is one to be commended to all sorts of botanists; morphologists,

physiologists, ecologists, and taxonomists will alike profit by its perusal.—C. R. B.

NOTES FOR STUDENTS
Soil chemics and plant distribution.—Of late the physical character of the

soil, and especially the relation of the soil to water, has been more and more
regarded as the greatest single factor that determines plant distribution. For
this reason the contribution of Fernalds will come to most with something of a
shock. Fernald feels that the dissimilarity of the floras of the alpine districts

of Xew England and adjoining regions cannot be explained by differences in pre-

cipitation, exposure, fineness or coarseness of the soil, or water content of the

soil. On the other hand, it is possible to divide the alpine regions into three

groups on the basis of similar floras. The striking thing that then appears is that

can

nature of the subjacent rocks. One group, including the Adirondacks, Green
Mountains, l\liite Mountains, and Mt. Katahdin, is characterized by granites,

gneisses, or mica schists, all rich in potassium. The second group, including

Smuggler's Notch, Mt. Willoughby, and the Gaspe coast, is characterized by
calcareous rocks. The third group includes only the one remarkable area of Mt.
Albert, where many plants are found that are known from nowhere else in that

part of the continent; this area is one of serpentine. It will thus be seen that

Fernau)*s groups correspond to those made long ago in Europe by partisans of

tire chemical theor>', except that the European sHicicole group is replaced by
Fernald^s potassium group. It is likely that in a complex world not ever> thing
IS to be referred to one cause, and perhaps we have been too ready to see in soil

answer

an excellent purpo:

bered that this n-^

If so, Ferxald's paper will serve

Yet it must be remem-

and chemical factors can be adequately analyzed in the field. The trend of recent

experimental woii is mostly toward physical theories or toxic phases of chemical
theories,^ and until Fernald^s theories are substantiated by rigid experimental
tests, it is doubtful if they can find acceptance. It is well also to call attention to

the idea expressed so long ago by DeCanboixe in this connection, that what holds

3 TERNALD.

Rhodora o:u_&
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true for one re^on may be far from true in another. For example, Shepherdia

canadensis, Artemisia canadefisis, and Pellaea atropurpurea are cited as calcicoles.

In the Chicago region, only the latter is commonly a calcicole, and it is also a

silicicole. It is doubtful too if the chemical theory can account for the prevalence

of alpine plants in bogs, a phenomenon readily explained by the current theories,

—

Henry C. Cowles.

Ecological notes from New Zealand.^Some of Cockayn'e's* brief papers

should be noticed here. Coprosma Baueri is found to show a striking case of leaf

variation. In the usual natural habitat the leaves are fleshy and have margins so

recur\xd as to be called "rolled;" in shade the leaves are much larger and quite

flat. An accompanying photograph shows how striking is the variation. The
second paper discusses the supposed finding of a seashore Celmisia in the moun-

tains; the two forms are very similar, but Cockayne believes, as everyone must

in these days, that the court of last resort in the determination of the validity of

species is no longer the herbarium but the experimental garden. The Poor Knights

Islands are small precipitous islands exposed to the open sea and never before

visited by a naturalist. The scrub formation, in which Suttoftia divaricata domi-

nates, differs from any allied New Zealand formation; the luxuriance of the arbo-

rescent plants is very remarkable in view of the great exposure of the islands.

A Carmichaelia, known previously from but one place and that far away, probably

attests that the species was once widespread. In another paper, Cockayne^

has added another to the long list of probable mutants observed in nature. This

case is of special interest becaiise the mutation is in a plant well known in the

region, and is too conspicuous to be overlooked. Leptospcrmum scoparium is

one of the commonest weeds of New Zealand, and possesses white or sometimes

pink flowers. The "mutant" consists of a crimson-flowered form, and it is

noteworthy that the foliage is so much darker that it is easy to pick out the mutant

in the seedling condition. In connection with Cockayn'e's studies it should be

noted that he has published a large amount of ecological literature in popular form

in the Lyttellon Times, a Christchurch paper. These ^says have been well

written and must have done much to interest New Zealanders in the remarkabte

vegetation of their country, and to induce them to take steps to presen-e thib

vegetation in large part through the medium of government reservations.—Hexey

C. COWT^S.

Plant-breeding in the tropics.—Lock^ has published a third report on hybridi-

zation experiments carried on at Peradeniya, Ceylon, giving in detail the results

* Cockayne, L., On a specific case of leaf variation in Coprosma Baueri EndL;

on the supposed Mount Bonpland habitat of Celmisia Lindsayi Hook, f.; Nc^es on a

brief botanical \isii to the Poor Knights Islands. Trans. N. Z. Inst. 38:34i-3'5o- ^^^

5 CooCAYNE, L., On the sudden appearance of a new character in an individual

of Leptospermum scoparium. New Phytologist 6:43-4*5- I907"

* Lock, R. H., Studies in plant breeding in the tropics. III. Esperiments with

maize. Ann. Rov. Bot. Gard- Peradeniya 3: 9";-184- ^9°^-
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of extensive crosses between various races of Indian com. In almost every regard

the important early work of Correns on this species is confirmed, it being again

demonstrated that yellow endosperm is dominant over white, starchy over sugary,

blue aleurone layer over white, and red pericarp over white. The latter being a

character of the mother plant does not appear as "xenia." The same seems to

be true, to some extent at least, with regard to the indent character of the grains.

It is not clear from the experiments that this character segregates after the !Mende-

lian fashion, but it is pointed out by the author that a certain looseness in the

method of pollination used makes it impossible to interpret the behavior of this

character. With respect to height of plant, all cases tested seem to indicate that

there is a blend in Fi and no segregation in later generations. The most important

contribution to knowledge is the complete confirmation of the \iew that failure of

the Mendelian ratio in the case of blue vs. white aleurone layer is due to defective

dominance and not to imperfect segregation. In such crosses the blue appears

in ratios almost invariably below expectation, sometimes considerably below, but

subsequent breeding of the whites from such a cross shows that enough of them

are heterozygotes to make up the deficiency in the number of blue grains in the

preceding generation. The author speaks of the "dominance" of the white

aleurone layer in this case, but this is not correct, for if the white were really domi-

nant in the accepted sense, the crossing of these white heterozygotes with pure

whites would give only white offspring; but this was the method used to demon-

strate their heterozygote nature by showing that such a cross produces a consider-

able proportion of blues. The failure of dominance of blue in these cases is rather

to be spoken of as "latency," and the possibihty that there may be another factor

involved, as in certain other known cases of latency (invisibility), is suggested and

needs investigation.—G. H. Shtjll.

Anatomy of Lobeliaceae.—The anatomy of the Lobeliaceae has been described

by Ybrac,^ who reaches the conclusion that Jussieu's classification is more

natural than that of Bentham and Hooker, and that the family ought to be placed

between the Compositae and Campanulaceae, instead of representing only a tribe

of the latter. Many genera and species have been examined, and the author has

not confined himself to the stem and leaf alone, but gives also many points of inter-

est about the root structure, and a special chapter is devoted to the medicinal spe-

cies. Characteristic of the familv is the occurrence of articulated laticiferous

ducts, which are located in the leptome and accompany this tissue in the roots,

the stem, and the leaf; but the aquatic Lobelia Dortmanna is destitute of latex.

None of the Lobeliaceae possesses bicollateral mestome strands, while these are

frequently observed in the Campanulaceae and Compositae (Ligulifiorae) ;
the

mechanical tissue is only represented by collench)Tna in the stem, there being no

stereomatic pericycle. The leaves are bifacial so far as concerns the distribution

of the stomata (on the dorsal face), but the chlorenchyma is mostly of ahomogene-

7 Yd-r.\c, F. L., Recherches anatomiques sur les Lobeliacees. Thesis, pp- ^^5-

Lons-Le-Saunier. 1905.
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ous structure; many species contain inulin. It does not appear as if any decisive

conclusion may be drawn from the internal structure alone in regard to the question

of classification, and it must not be forgotten that the occurrence of bicollateral

mestome strands in the Campanulaceae is not common to all members of the

family. Of far greater importance seems to be the morphological structure of the

flower, and quite especially of the corolla and the stamens. This same view was

held by Gray, and we find in his Synoptical flora that the Lobeliaceae are kept

separate from the Campanulaceae.

—

Theo. Holm.

Anatomy of Palaeostachya.—In an interesting article Hicklixg^ gives an

account of the cone of an important calamitean species. There are approximately

eighteen sporangiophores and an equal number of sterile bracts. The former are

axillary to the latter and are supplied by traces originating from the same node

above the vascular strands, which pass off to the bracts. In spite of the fact that

the sporangiophores are apparently in the axils of the bracts, the s{X)rangiophore

trace turns sharply upward in the secondarj' wood of the cone-axis through half

an intemode, to redescend afterward through the cortex to the sporangiophore.

It appears from this investigation that the condition which is present in Calamo-

stachys, in which the sporangiophore is placed high on the axis, is more primitive

than that found in Palaeostachya, where it is apparently axillary; but nevertheless

the sporangiophore in both these genera is an axillary structure and constitutes

the ventral segment of its subtending, divided or undivided, bract. A verj- interest-

ing statement on the part of the author, in view of the opinions recently expressed

by Campbell and Scott in regard to the presence of foliar gaps in the equisetal

series, is the following: "It (the trace of the sterile bract) arises from the primary-

wood of that (the main) bundle. Just where the carinal canal is obliterated and

passes radially outward and slightly upward tlirough the nodal secondar)^ wood:

. ... No gap is left in the main bundle** The italics are the re\-iewer's.—

E. C. Jeffrey.

development in Saxifraga.—JuEL^ has published a rather lengthy

account of seed development in Saxijraga granuJata, including some reference to

and a few figures of Pyrola minor. In Saxifraga the nucleus of the megaspore

shows an apparently simple, homogeneous chromatin thread in synapsis stage,

and the double chromosomes of later stages seem to arise, not from a splitting,

but from a doubling of the thread. The number of chromosomes is about thirty.

The arrangement of the conducting tissue and the course of the pollen tube are

described. Xo plasma sheath can be demonstrated about the male nuclei in the

pollen tube, but a thin sheath is evident after the nuclei are discharged. The male

cells nn« intn q ^^-r^f^rrnA QTi(l nrnK'i>^lv thf^ U\he micleus also. The definitive

s Annals

21:369-386. pis. 32, 33. 1907.

idata

ScL
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endosperm nucleuSj which is fertilized by the second male nucleus, divides near

the lower end of the sac, and following this division the protoplasm is separated by

a plasma membrane into a large upper and a small lower cell. After two more

divisions in the lower cell, walls appear, and four basal endosperm cells are formed.

These elongate and divide again to form eight cells with dense contents which form

a cap over the lower end of the more extensive endosperm tissue above. This

lower tissue, while not so extensive, is similar in origin to that recently described

in the Pontederiaceae. After examining the food-stuffs of the seed, the author

closes with a description of a special tissue formed from the funiculus, which serves

to separate the seed from the placenta.—^W. C. Coker.

Roots of aroids.

—

Linsbauer^^ has studied the growth and geotropism of the

aerial roots of a large number of aroids. These are often dimorphic; some roots

are long and strong, the so-called Nahnmirzel (here called long roots) ; others are

more slender, usually horizontal and tufted, the Hajtimirzel (here called short

roots). Of these only a few have been sufficiently examined since the rise of the

statolith theory of geoperception. He extends Sachs's observation as to the great

length of the growing zone; in long roots for most it Hes between 20 and 50

with a minimima of 5-10^"^ and a maximum of 90"^^; in short roots, however^

it runs from 3-14"^'^. Yet the former grow less rapidly than the latter; nor do

either grow daily more in toto than ordinary soil roots, and their growing zone is

not so sharply marked. The typical long roots are mostly geotropic, though only

weakly so, for in a whole day they do not curve from the horizontal to the vertical;

and many, even under the most advantageous external conditions, are wholly

or periodically ageotropic; typical short roots are always ageotropic.

When the roots are not dimorphic (as in Anthurlum and some other genera),

tiiey are ageotropic. Both sorts have a well-developed columella in the root

cap, which is furnished, so long as they are growing, with statolith starch, quite

irrespective of their geotropic or ageotropic behavior. This fact LinsbatteR

contents himself with stating and does attempt to use It against the theory or to

reconcile it therewith.—C. R. B.

mm

Production of diastase.

—

Eisenberg has attacked anew the problem of the

regulatory production of diastase, determining the effect of various factors on its

formation." This was estimated by the effectiveness of a given solution in con-

vertn^ into sugar a standard solution of soluble starch. The results coincide m
large measure with those of previous observers and strengthen the belief that dias-

tese is formed in variable amounts according as other metabolic factors vary-

Thus more diastase is produced in active, less in sluggish, germination. At the

optiminn temperature for growth diastase production is greatest. In germinating

i^ Li^SBAtnia, K., Ueber Wachstum und Geotropismus der Aroideen-Luftwur-

zeln. Flora 97:267-297. 1907.

" Eisenberg, Eljride, Beitrage zur Kenntnis der Entstehungsbedingungen

diastatischer Enzyme in hoheren Pflanzen. Flora 97:347-374- J9°7-
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wheat in the absence of oxygen, there is no increase in diastase, but the amount

formed in air and in pure O2 is equal. Increasing etherization of seedlings reduces

their growth and also the diastase. Traces of acid favor the production of secre-

tion diastase, but not of translocation diastase, while larger amounts hinder in

both. In general leaves that readily store starch have much diastase, while those

that contain sugar do not; but this is not uniformly true. Insolated starchy leaves

have more diastase than starch-free shade leaves of the same plant. No increase

of diastase on darkening pea leaves was obser\-able; but the author does not con-

sider the experiments with light satisfactory.—C. R. B.

ITourishment of embryos.—Basing his study upon the conclusions, already well

established, that the endosperm is a live tissue which may affect ipso jaclo the

development of the embryo, Stingl reports the results" of his experiments to

determine how embryos were affected by other endosperm than their own. He
tested rye, barley, oats, and wheat reciprocally. No embryo freed from the endo-

sperm could be made to develop fully, nor even when replaced after the operation

did it develop as well as undisturbed ones. The four sorts were unequally affected.

Rye developed about equally with its owm and wheat endosperm ; not so well with

others. Wheat did better with r>'e endosperm than with its own, but not so well

with barley and oats. Barley flourished with wheat endosperm, grew less with its

own and r)-e, and least with oats. Oats embrj'os developed far more uniformly

with strange endosperms than the others did with oats endosperm, though it

did best with its own. One must suspect that some neglected factor is accountable

for the surprising conclusion that a plant may develop better with foreign endo-

sperm than witb its own.—C. R. B.

Alpine plankton studies.

—

Shantz^^ has made a comparative study of Uie

plankton of the lakes of the plains and mountains near Pike's Peak. The different

alpine lakes studied differ somewhat largely from each other, but in general their

plankton is not abundant, and it is only in the fall that algae become dominant.

The plains lakes studied are artificial; their plankton is many times more abundant

than is that of the aloine lakes.—HzNiiy C. CoWixs.

" Stingl, G., ExperimentelleStudieuberdieEniahrungvoapflanzUchenErabr>'o

. Flora 97:3<58-33i- 3:907.

'3 Sh.\ntz, H. L., a biological study of the lakes of the Pike's Peak regkm

iiminary report. Trans. Amer. Mic. Soc. 27:75-5^. 1907.
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Museum

been

That the International Botanical Congress of 1910 will be held in Brussels

has been decided, an appropriation for it having been granted by the Belgian

government. The arrangements for the Congress are in charge of Tn. Dukand
as president, and E. de Wh-Deman as general secretary.

The botanical state of the g
Merrill, F. W. Foxworthy.

Normal
Copeland; Forest Investigation, H. N.Whitford; Collector, A. D. E. Elmer.

A BIOGRAPHICAL SKETCH of the late Mr. A. P. Morgan has been published

by Professor W. A. Kellerman in the Jaurnal of Mycology (iS-^SS-^^S^- ^9o7)-

The bibliographical list contains 46 titles, extending from 1877 to 1907, the first

paper having appeared in the second volume of the Botanical Gazette. Since

1902 all his papers (26) appeared in the Jaurnal 0} Mycology.

The following action was taken, diiring the Chicago meeting of the Ameri-

can Association, by the Botanical Society of America, Section G of the American

Association, and the American Society of Naturalists:

Whereas, By the lamented death of Dr. Lvcien Marcus Underwood, late

Professor of Botany in Columbia University, science has suffered a severe loss and the

American Association, the Botanical Society of America, and the American Society of

Naturalists an active and esteemed member, be it

Resolved, That these societies place on record their recognition of his fruitful labors

along his chosen lines in the field of scientific research and instruction, and their keen

and
ments

The Philippine Bureatt of Foi^EfiTPv hnc heen renrranized under

Geo. p. Ah£rn gned
Forest Administration, under H. D. E\-erext; and Forest Investigation, under

H. N. Whitford. The work of the latter division is to discover the forest

r^ources and to bring this information to public attention. A detailed system

of mapping has been inaugurated, and considerable portions of the islands have

been mapped. Special tracts are being studied in detail for working plans, and

herbarium and wood specimens are being coDected. The herbarium shows 1109

species of trees on the islands, and the number is likely to be increased to 1600 or

1800. During the three months beginning with November, Dr. Whixford has

been exploring the Island of Mindanao.
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Adam 5nilth and
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A STUDY IN THE flETHODOLOGY
OF THE SOCIAL SCIENCES

ALBION W. SMALL
•"rilE volume is the first of a series which the
1 author will edit on the preparations for soci-

ology in the fragmentary work of the nineteenth-
century social sciences. The main argument of
the book is that modern sociology is virtually an
attempt to take up the larger program of social
analysis and interpretation which was im-
plicit in Adam Smith's moral philosophy, but
which was suppressed for a century by prevailing
interest in the technique of the production of
wealth. It is both a plea for revision of the
methods of the social sciences, and asy-mptom of
the reconstruction that is already in progress.
26opages>l2mo, cloth; net ^1.25, postpaid jSi.36
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An Exposition of the Main Development

in Sociological Theory, from Spencer

to Ratzenhofer

By ALBION W. SMALL
Professor and Head of the Department of Sociol-

ogy in the University of Chicago

N this important book Professor Small brings his

wide reading and keen analytical powers to bear

on the history of sociology and its present claims to

be regarded as a science. These claims have often

been disputed, on the ground that the material o(

sociology has already been pre-empted by the recog-

nized social sciences—ethnology , history, economics,

etc. Professor Small's answer is that the work of

co-ordinating these various groups, of surveying the

process of human association as a whole, is a task

distinct from that of a worker in one of the special

fields, and that the body of knowledge so gained

legitimately ranks as a science. In other words,

sociology is to social science in general what neu-

rology is to medicine. It is addressed to histonans.

economists, political scientists, psychologists, and

moralists, quite as much as to sociologists.
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The Study of Stellar Evolution : A Popular
Account of Modern Methods of Astrophysical
Research. By George E. Hale. 8vo, cloth.
[In preparation.]

Tells how the origin, development, and decay of celestial
bodies are studied in a modern observatory. The explana-
tions of instruments and methods are accompanied by illus-
trations, and the most recent photographs obtained with the
telescoi^s of the Yerkes Observatory are reproduced in a
series of plates.

General Catalogue of Double Stars. By Sher-
burne W. BuRNHAM. With illustrations.
xxxH+296 pp., 4to, cloth; net, S4.00; post-
paid, $4.32.

Measures of Double Stars Made with the Forty-
Inch Refractor of the Yerkes Observatory in
1900 and igoi. By Sherburne W. Burn-
ham. 76 pp., 4to, paper; net, ^i.oo; post-
paid, I1.05.

Micrometrical Observations of Eros Made with
the Forty-Inch Refractor of the Yerkes Ob-
servatory during the Opposition of 1900
and 1 901. By Edward E.Barnard. 40pp.,
4to, paper; net, 50 cents; postpaid, 53 cents.

Astronomical Photography with the Forty-
Inch Refractor and the Two-Foot Reflectoi
of toe Yerkes Observatory. Bv George
W. RiTCHEY. With 29 plates. 1^2 pp., 4to,
paper; net, 75 cents; postpaid, 80 cents.

plastischen Eindruck. '— Technische Literatur.

Kaaiai velocities of Twenty Stars Having
Spectra of the Orion Type. By Edwin B
tRosT AND Walter S. Adams. With 3plates 108 pp., 4to, paper; net, $1.50; post-
paid, $1.59. ^ *'

On the Spectra of Stars of Secchi's Fourth
Type. By George E. Hale, Ferdinand
ELLERMAis, and John A. Parkhurst. With
II plates. 136 pp., 4te, paper; net. fa.oo-.
postpaid, la.ii.

The Romford SpectroheliOgraph of the Yerkes
Observatory. By George E. Hale and
Ferdinand Ellerman. With 26 plates.
IS pp., 4to, paper; net, 75 cents; postpaid, 81

The
charge

Spectrum of
between

the High Potential Dis-

Ti««4^ ^
MetaUic Electrodes in

Liquids and in Gases of ffigh Pressure.Bj George E. Hale and Morton A. Kent.Wiui 23 plates. 66 pp., 4to, paper; net i^
cents; postpaid, Si cenL ^ ^ '
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Quantitative Classification of Igneous Rocks.
By Whitman Cross, Joseph Iddings, Louis
V.PiRssoN, and Henry S. Washington. 286

pp., 8vo, cloth ; net, $1.75; postpaid, ;pl.91.

'* The publication of this work by four of the leading
pctrographers of America marks a distinct epoch in the

study of igneous rocks and the handling of chemical analyses
in petrographic investigations."

—

American Chemical
yournal,

*^An important work.*'

—

Journal ofAmerican Chefn-
ical Society,

Glacial Studies in Greenland. By Thomas C.

Chamberlin. 8vo, cloth. [In preparation.]

Light Waves and Their Uses. By Albert
A. MiCHELSON. With 108 drawings and 3

colored plates. 174 pp., 8vo, cloth; net, $i.50>

postpaid, 51-63

**The presentation is so skilfully managed that the book

can scarcely fail to hold the interest of the genera! ^^^^^
while at the same time physicists and astronomers will find

in it much valuable information,"

—

American Journal of
Science^

Physical Chemistry in the Service of the

Sciences. By Jacobus H. van 't Hoff.

.Translated by Alexander Smith. With

illustrations- xVin-\-i2b pp., 8vo, cloth; net,

51.50; postpaid, #1.62.
" The volume is an unusually elegant one, which makes

a strong appeal to the book-lover as well as to the chemist.

—Journal ofAmerican Chemical Society.

_'* Lucid, terse, concentrated."

—

Knowledge and Scien-

tific ^^eivs (London).

"Die Uebersetzung ist ausgezeichnet."
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The Role of Diffusion and Osmotic Pressure in

Plants. By Burton E. Livingston. xiv4-

150 pp., 8vo, cloth; net, $1.50; postpaid,

11.62.

"An excellent and much-needed general treatment of the

diffusion and osmotic pressure in plants. The treatment oi

the whole subject is clear and concise, and forms an admi-

rable addition to the literature of physiological botany, it

will be found indispensable to all students along tnese

Viu.^r-Plant World,

A Laboratory Guide in Bacteriology.

Paul G. Heinemann. vii-f 143 PP-» ^^^^'

cloth; net, $1.50; postpaid, ^1.67.

A Laboratory Outline of Physiological Chem-

istry. By Ralph W. Webster and Walde-
mar Koch. viii-(-io7 pp., 8vo, cloth; net,

$1.50; postpaid, $1.68.

Reprints from the Publications of the Alem-

bic Club. The University of Chicago Press

is the sole American agent for these publica-

tions. The complete series is carried m
stock. For details, send for Catalogue.
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An Indis^ ^^wi^^Mnsabie H ok for Students of Botany

ethods in Histology
SECOND EDITION—ILLUSTRATED

By Charles J. Chamberlain, Ph.D.
Instructor lu Botany in the University of Chicago

HIS BOOK contains directions for collecting and preparing plant material

^^ for microscopic ifavestigation. It is based upon a course in botanical micro-

technique, and is the first complete manual to be published on this subject*
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Shig£o Yamanouchi

(with plates vi-\-in)

Historical review

The pteridophytes have been the source of important contribu-

tions to our knowledge of sperms in the plant kingdom, and investi-

gations upon spermatogenesis in pteridophvtes are already numerous.

Chara

ically, however, the motile sperm which first attracted att(

as that of the algae, and among them especiaUv the sperm

y studies of spermatogenesis in Chara it was
,

Nageli r6o), Mettexius (62), Hofmeistee

Stil\sburger (83), and Sachs (74) that the nucleus, before the

formation of the sperm, dissolves into cytoplasm to form a homo-

geneous slimy protoplast from which the body of the sperm is organ-

ized. HoFMEisTER, Strasburger, and Sachs held a similar view

concerning spermatogenesis in some forms of brj'ophytes and pterido-

ph}tes.

The first definite statement that the nucleus does not dissolve

before the formation of the sperm was made by ScHiiiiz (77) from

a study of Chara and a number of mosses. He writes that the b<xiy

of the sperm is produced by a direct change of form of the nucleus,

whose peripheral layer becomes thickened to form a spirally coiled

band, while the inner part becomes loose and forms a vesicle. The

surface layer of the anterior end of the sperm, bearing cilia, consists

of the cytoplasm which envelops that part of the nucleus.

X4S
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]Most of the papers concerning spermatogenesis in pteridophytes

were published after the appearance of Schmitz's study of Chara^

by such investigators as Carnoy (16, in Hymenophyllum), Belajeff

(i, in Isoetes; 2,4, in Gymnogramme and Equisetum), Zacharias

(102, in Pteris), enium
eramme Alsophila, and Ceratopteris ; 13, in Pilularia;

UCHTIEN

ard
and Equisetum) , Schottlander (78 , in Gymnogramme) , and

Strasburger (85, in :MarsiHa).

These studies begin with the structure of spermatids and are

chietly devoted to details of the events which occur within the sper-

matids during their transformation into sperms. Since the forms

investigated were different, it is natural that the results should diverge

in some particulars: but so far as the constituents of the mature

sperm One group

acharl\s. Leclerc du Sablon, and Belajeff

body

mam

material

coiled part of the body w^here cilia are produced;

does not extend to the anterior Dart. The other

authors mentioned above hold that the nucleus is the main constituent

of the body of the sperm, its anterior coiled part being enveloped with

cytoplasm on which cilia are borne. Most observers of both groups

agree that the cilia are produced from the cytoplasm, and that the

attached sperm
is cytoplasmic in nature.

1

- ]Most of the investigation of the origin and nature of the cilia-

bearing organs of the sperms of pteridophytes has been done since

the discovery of motile sperms and cilia-bearing structure in gjmno-
sperms was made by Ikeno (40, 41, 42, 43), HmAsi (36, 37), and
Webber (g4, 95). The first paper that dealt with the details of

the origin of cilia-bearing structures in the sperms of pteridophytes
was that of Belajeff. FoUowing his three preliminar}' notes (3, 4>

5), he published in 1898 an account (6) of spermatogenesis in Gymno-
gramme and Equisetum. Two deeply staining bodies (which he
called Nebenkern) appeared on opposite sides of the nucleus previous
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to the final mitosis in the anthcridium which differentiates the sper-

matids. At this final division each spermatid receives a blepharo-

plast which lies close beside the nucleus. The blepharoplast begins

to elongate and its elongation is followed by that of the nucleus, so

that both structures form two parallel bands which take a spiral

form.

Shawns paper (80) on Onoclea and MarsiHa appeared almost

simultaneously with the foregoing contribution of Belajeff. He
investigated the cell divisions preceding the formation of the spermatid

in Marsilia and found two small bodies, which he called ^^ blepharo-

plastoids/' first in the daughter nuclei after the mitosis which

differentiates the spermatid grandmother cell. There is one

blepharoplastoid, therefore, for each nucleus of the grandmother cell

of the spermatid. This blepharoplastoid di\'ides, but the halves re-

main close together and pass to one side of the cell. With the next

mitosis which occurs in the grandmother cell two new blepharoplasts

appear at the pole of the spindle, and they accompany each daughter

nucleus after this mitosis into the spermatid mother cell. Then each

divides, and after the di\ision of the spermatid mother cell, a

blepharoplast is included in each spermatid.

The next year Belajeff (7) studied Gymnogramme and also tht:

same species of Marsiha which Shaw had investigated. He found

centrosome-like bodies at the poles of spindles in various mitoses pre-

ceding the formation of the spermatids with their unquestioned

blepharoplasts, and he also found the blepharoplasts at the poles of

the spindle. From this he drew the conclusion that the blepharoplast

of Marsilia holds the same relation to the pole of the spindle as does a

centrosome,

Thom (88) in the same year obser^-ed a blepharoplast in the sperma-

tids of Adiantum and Aspidium as a round body beside the nucleus.

He states that the disappearance of nucleoli at the time of the appear-

ance of the blepharoplast would suggest a relationship between them.

According to his obser\'ation the modification of the blepharoplast

into a band structure is "considerably delayed after the transformation

of the nucleus.

Xo contribution based upon the original imTstigation of sperma-

togenesis in pteridophnes has been published since Thom's paper
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appeared. However, the problem concerning the nature of the

blepharoplast and its relation to the centrosome, not only in pterido-

phytes but in various groups of plants, has been discussed by Str.\s-

BURGER (87, with a critical re\iew of the works on this subject),

Dangeard (21, on algae), Timberlaee fSo. on akae>. Webber
Ikeno

some others.

Davis

Oogenesis in pteridophytes has not aroused as much interest as

spermatogenesis. Oogenesis in Filicales has been obsenxd in vari-

ous forms by Janczewski (40), Goebel ('20). Brixton (q). Camp-
le (15), and many others.

Morphological investigations of the

and
Strasbu

>
on

Shaw
m
concemin

A few points of cytological interest

marized as follows

:

ha
stances, when the archegonium seemed about ready to open, an
appearance was observed that looked ver>- much Hke the formation of

a true polar body, and was not to be compared with the ventral canal
ceU. He suggests that this structure, Kke the polar body, may be
derived from the division of the nucleus of the egg, his reason for

the suggestion being the aoDarpnt HTmrnntiVn r^f t^^ r,^^Af^^^<^ nf the

ma the appearance of the structure
actual division was not observed.

In Onoclea Saw states that before the archegonium op.
egg IS depressed above, and the nucleus of the egg is flattened
the pressure caused by the swelUng of the waU of the ventral ca

the

A ^%

the archegonium opens and
the neck canal cells are expelled, the tgg becomes turgid. After the
sperm has entered the egg at the receptive spot, the egg coUapses, and

this penetration of more than one
sperm. Mottier ,67) expressed some doubt whether the coHapsed
appearance is reallv normal

.

In Pteris STR.4SBLTRGER (S3) observed the forma
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brane around the fertilized egg within a very few minutes after the

entrance of the sperm, while Shaw in his paper (79) on Onoclea found

no endence that a membrane of appreciable thickness was formed

immediately after the entrance of sperm.

In his account of Adiantum and Aspidium, Thom finds that when
the sperm reaches the nuclear membrane, the nuclear part of the sperm

finds or breaks an opening into the egg nucleus and cytoplasmic

envelope, while the blepharoplast and the cilia are left out in the cyto-

plasm of the egg. Whether blepharoplast and cilia are left out in the

cytoplasm Shaw leaves in doubt.

That the egg nucleus during the entire process of fertilization is in

the resting condition and that the sperm enters the egg nucleus before

undergoing any change in form or visible structure, are points of

agreement among these authors in their studies on Adiantum, Aspid-

ium, Onoclea, and Osmunda. One pecuHar case, different from the

foregoing results, was reported for Pilularia by Campbell (13), who
finds that a sperm nucleus assumes a loose and more granular struc-

w

ture and rounds up before entering to unite with the nucleus of the egg.

No work has been published showing details of the beha\ior of

chromosomes during spermatogenesis, oogenesis, and fertilization in

pteridophytes, nor has the organization of the figure of first segmenta-

tion division ever been followed.

The present investigation of this subject, with a study of sporo-'

genesis which was considered in my recent paper (lOi), was carried on

to trace out the complete history of the chromosomes throughout the

life-cycle of Nephrodium molle Desv. The former paper, together

with the present investigation, may serve as an introduction to the

study of apogamy in Nephrodium, which will appear in a subsequent

paper

Material and methods

Gametogenesis and fertiKzation were studied from prothallia raised

from spores in the greenhouse of the Hull Botanical Laboratory' during

the five months beginning October 1906. Hie sjK)res for this culture

were collected from leaves of the same individuals of Nephrodium

molle that furnished material for the study of sporogenesis.

Various fluids were used for killing and fixing- The best fixation

for the present studies was obtained in the material killed and fixed in
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the following solution: i per cent, chromic acid 25^=% i per cent,

glacial acetic acid is'^'^, i per cent, osmic acid lo-^^, water 50 ^<=. The
methods used after the material was thoroughly washed were similar
to those given in the pre\'ious paper on sporogenesis (loi).

Description

ATGETATIVE MITOSIS IN PROTHALLIA

Immediately after the germination of the spore, the nucleus in the

prothallial cell is quite large, but shows a tendency to diminish gradu-
ally during the further development of the prothallia into many-celled
stages. The events of the mitosis in any vegetative cell of a prothal-

those

type
^ X ^

— J

For this reason no detailed account will be

mention
The chromatm reticulum of the resting nucleus of the prothallia,

ich has a ragged structure like that in a \'egetative cell of the sporo-

yte, becomes transformed into a spirem that runs an irregular course
:hin the nucleus. manV tanorTpr! r.nrt= r^r Inr^r^c r-z^mino- I'nto r1o«;P

membrane. The spirem then be
and uniform in thickness and
tinuous spirem {iig. i). A kino

ery

pole of the nucleus, consisting of a few fibers

appears

the lateral edges of the cone. With
membrane at the two poles, the fibers

(k
gmented from the

points at which segmentation pirem
may occur Have a certain regularity in relation to location within the
nucleus, -\lthough it is impossible to give an accurate explanation
of the mechanism at present, the fact that many free ends of the
chromosomes, immediately after segmentation, are directed toward
the poles may prove that the segmentation took place in bent points
of loops. Longitudinal splitting of the chromosomes appeared after
the completion of this segmentation.

Contemporary' with the entire dissolution of the nuclear membrane,
the chromosomes show a tendency to arrange themselves paraUel to

aas passing between the two poles
(fig, 3) . The O
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of chromosomes either remain in contact side by side throughout

their length, or diverge in the middle part, remaining attached only

at the ends; but the latter case is of short duration and soon they

become reunited in pairs. The chromosomes now shorten and assume

an L-shape^ and there is established an early condition of an equatorial

plate in which the vertical arms of the L-shaped chromosomes are

parallel and directed toward the pole, while the horizontal arms lie in
r

the equatorial plane; the spindle threads are attached at the ends

directed toward the periphery of the equator (fig. 4). A polar view-

in this stage shows that the horizontal arms hold almost a radial

arrangement, while the vertical arms are visible only in the optical

section of their ends {fig. 5). The shortening and thickening of the

chromosomes advance farther until they become short, rod-shaped,

and arranged in the equatorial plate.

The separation of daughter chromosomes begins at once {fig. 6),

As a rule, it takes place similarly in each chromosome, so that the

daughter chromosomes proceed toward the pole as a set {fig. 7).

"When the set of daughter chromosomes has reached the pole, they

remain for a short time as regularly arranged and straight chromo-

somes {fig. 5), the polar \dew of which clearly shows that the number

of the chromosomes is 66 or 64 {fig. p). The daughter chromosomes

grouped at the pole become drawn together tightly and vacuolization

begins, ^\^len the nuclear membrane is formed, the chromatin struc-

ture of the daughter nucleus shows polarity {fig. 10). The formation

of the cell plate is like that described for the vegetative mitosis of the

sporophj-te.

SPERMATOGENESIS

A detailed description of the mitoses which take place from the

cutting-off of an antheridium initial from a superficial cell until the

formation of a spermatid mother ceU will be omitted. TTie number

of chromosomes is always 66 or 64- The only point which seems

noteworthy is that in the central or primary spermatogenous cell there

the majority of cases threadlike structures imbedded

ytoplasm, sometimes very densely crowded together

cell wall. The length of these threads was various, and

little more slender than the spirem that is usuaEy present in the

mitoses of spermatogenous cells. No such structure was ever observed
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:perficial cells

may
in the central cell. It does not seem
the nuclear division. As successive mitoses proceed, it becomes
more faintly stained, less conspicuous, and finally becomes impossible

to differentiate by staining; but in rare cases it still remains, filling the

whole cyioplasm up to the eight- or sixteen-cell stage of the sperma-

togcnous cells. A structure of similar appearance was observed in

the central cell of the archegonium {figs. 41, 41a).

The spermatid mother cell is characterized by the first appearance

of blepharoplasts. In general, the spermatogenous cells, in spite of

their small size compared with the vegetative cells of the prothallia,

contain large nuclei. The cytor asm seems

delicate.

ery fine fibrillar structure, and the membrant

Jes which take place in the spermatogenous c(

accoimt of the comoarativelv larsre amount
chromatin, but otherwise they resemble those of the vegetative cells.

In the telophase of the mitosis, previous to the formation of the

spermatid mother cell, the groups of daughter chromosomes, having
reached the poles, begin to be vacuolized. Detailed study of this

v-acuolized chromoso
me

appears concave from the side view {fig.

The nucleus when viewed from the pole shows that the chromatin
material resulting from the vacuolized chromosomes is very scanty
m the polar region and three or four nucleoli are always present

{figs. 12, ij)
; such a structure of the nucleus may be regarded as a

kmd of polarity. If there could possibly be any migration of nucleoli

occur

mtenor of the nucleus to the cytopi

able any peculiar differentiation within the cytoplasm that might
warrant the supposition.

As the young daughter nucleus grows in size and assumes a spheri-
cal form, the chromatin loses its peculiar arrangement and becomes
transformed into the irregular ragged reticulum of the resting condi-

""ii C"^"^
^^^"^ ^""^ observ-ed by their differential staining two

smaU bodies, the primordia of the blepharoolasts. Ivinff within the
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firstcytoplasm at the opposite sides of the nucleus. The
tiation of the blepharoplasts by stains is very sudden, and they are

:pectedly

first as very small granule

guishable size. The blepharoplasts move toward the nucleus, and

during mitosis they hold positions near the poles of the spindle, without

any noticeable increase in size {figs. 14-19). Sometimes (not often)

it is obser\Td that the blepharoplasts lie just at the poles of the spindle,

but evidently this does not seem to mean that the blepharoplasts func-

tion as centrosomes; instead, the blepharoplasts in this case may
have happened to be caught accidentally in the focal centers of the

spindle.

In the anaphase of this mitosis 66 or 64 chromosomes are always

counted
{fig. 20). After the telophase each daughter cell of the

spermatid mother cell, or each spermatid, contains a single blepharo-

plast, which now lies very close to the concave side of the nucleus.

A\Tien the cell plate is just being completed^ a new body appears

near the nucleus of the spermatid far away from the blepharoplast

(fig. 21). For the sake of convenience, I called this body a Neben-

kern in the preliminary note. It should be understood that this term

is used simply as a temporary designation, which must be replaced by

a more accurate one. The Nehenkem in Nephrodium alwaj^ appears

in the location previously occupied by the central spindle of the last

mitosis. This spindle has almost disappeared when the Nebenkern

appears. Accordingly, it is not probable that the Nebenkern origi-

nates from the spindle

.

The spermatids grow to a certain stage and become almost free from

one another, so that the antheridium now contains eight to thirty-two

polyhedral or spherical spermatids, with very delicate membranes.

During the growth of the nucleus of the spermatids the nuclear reticu-

lum becomes transformed into a ragged network, verj' rich in irregular

chromatin clumps, but with scanty branched strand structures. One

or two nucleoli are alwa}^ present {fig. 22). The blepharoplast, a round

granule by this time, becomes applied to the nuclear membrane, and

the Nebenkern^ also a round body a great deal smaller than the bleph-

aroplast, lies in various locations within the cytoplasm.

Now the modification of the blepharoplast begins. While the
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2T0W

metam
;ytoplasin consequently gradually diminishes. The blepharo-

round in shape, lies very

^herical surface (figs, 2j.

:

(fig

cross-section is crescent-shaped, the concave surface being in close

contact with the nuclear membrane (fig, 24). The elongation of the

blepharoplast now proceeds farther. Fig. 26 shows the section of the

blepharoplast at this stage, cut parallel with the axis of elongation.

The cross-section of the blepharoplast is shown in fig. 27, and a part

of the structure view^ed from the surface is given in fig. 25.

Until this time the blepharoplast is alike at both ends, and no

modification was ever observed in the structure of the nucleus; but

soon after the blepharoplast has elongated into a semicircular band, a

very complicated modification follows in both nucleus and blepharo-

plast. One end of the blepharoplast becomes w^edge-shaped and

loosel} laid along the spherical surface of the nucleus (fig. 28), while

the other end, which still remains pointed

(figs.28.2gy The elon-

gating blepharoplast now takes a spiral direction and has a tendency

to form a coiled ribbon-like structure.

WTiile the foregoing modification is occurring in the blepharoplast,

the nucleus undergoes a characteristic transformation of form. The

distribution of the ragged chromatin clumps within the nucleus be-

comes irregular; at certam regions of the nuclear cavity they become

grouped very densely; while in other parts the chromatin substance

is scattered. The
seems to be easilv

at this time,

occurs in the

mtenor of the nucleus, so that the region where the chromatin clumps

are densely crowded may protrude above the spherical surface of the

nucleus, while the region with scanty chromatin material may forn

a depression or furrow. This unevenness in the form of the nucleus

brou^t about by the irregular aggregation of the ragged chromatir

clumps in different regions of the interior, develops in such a direc

tion that the nucleus becomes metamorphosed into a coiled structure

W hen the nucleus has almost assumed the coiled form, one end o:
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the coil takes on a round sausage-shape {fig. 30)^ which gradually

passes into a band structure {fig. 2g). This band becomes more

and more narrow, with a gradual diminution of its width, but this

diminution is compensated for by a coalescence with the tapering end

of the band-shaped blepharoplast; so that now the tapering end of

the blepharoplast runs with the nuclear band as far as the latter struc-

ture goes, and finally the blepharoplast ends in the w^edge-shaped

band. Then the outer surface of that part of the coiled band,

which is composed of the blepharoplast and nucleus by their parallel

coalescence, becomes covered by the blepharoplast, w^hich grows

extensively.

The structure of the coiled nuclear region becomes more and more

compact during this metamorphosis of the nucleus, by the gradual

aggregation of clumps of the chromatin

structure of the coiled sperm is organized

permatid By this time, numerous cilia are obsenxd growmg on

the surface of the coiled band of the blepharoplast {fig. 31). During

this modification of the nucleus and blepharoplast, the Nebenkern is

always present in a definite position close to the nucleus, and when

the coiled form of the sperm is established, the Nebenkern is observed

near the blunt end of the sausage-shaped portion without entering

into the construction of the body of the sperm {fig^ 32).

The mature sperm when observed within the spermatid consists

of 2. 75 coils, 1
.
5 of which are composed of the blepharoj^last with the

nuclear substance lining a certain distance, and the rest exclusively

of the nucleus. When the spermatids are discharged from the anther-

idium the anterior part of the sperm, which consists of the blepharo-

plast with cilia, first protrudes from the membrane of the spermatid,

the membrane being so delicate at this time that it looks like a thin

fihn of cytoplasm. As soon as the sperm begins to swim freely, the

c}1:oplasmic substance with the Nebenkern is attached to the pc^terior

coil of the sperm as a vesicle (fig. 33). The number of coik in the

swimming sperm varies, but an awrage in material quickly killed is

observed to be 2.75 coils. Numerous cilia grow from the whole of

the surface of the band-shaped blepharoplast, their length some-

surpassing more than twice the length of the body

sperm.
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OOGENESIS
^ -

The nuclei in the cells of the cushion region are generally larger

than those of the rest of the prothallium. At first, successive mitoses
that occur in the region to become the cushion divide cells anticlinally,

so that there result a number of narrow parallel cells in a single row.
In one of these cells, the next mitosis is periclinal and gives rise to an
archegonium initial

{fig. 34). From the archegonium initial, by two
successive mitoses, there are cut off a basal cell, a primary neck cell,

and a central cell, or primary oogenous cell {figs. 35, 36, 37). Up
to this differentiation of the central cell, the critical stage of each
mitosis showed that the number of chromosomes is 64 or 66.

The central cell grows in size even after its nucleus begins to divide
and becomes characteristically asymmetrical in form, due to the

mfluence of the surrounding cells. The cytoplasm in the central cell

consists of a fine fibrillar structure in general, which passes into an
alveolar structure toward the periphery

{fig. 38). There are observed
m the central cell thread structures of various lengths, " scattered

throughout the whole ceU, especially near the cell wall. Theu: stain-

The resting nucleus

pect recall similar structures

3f the antheridium.

fe 3^)- The nuclear reticulum consists of ragged chromatin material
and three or more nucleoli are present. There now takes place a
mitosis to divide the cell into neck-canal and ventral cells {figs. 39-42)-
The mitosis is typically vegetative; in the prophase' the spirem is

continuous and a single nucleolus is 'present, perhaps resulting from
the union of the nucleoli in the resting stage. The appearance of

longitudinal fissions in the chromosomes, then: shortening and their

arrangement in the equatorial plate, were exactly simflar to those
which were described in the vegetative mitoses of the prothallia. In
the anaphase the two sets of daughter chromosomes show no difference
m the amount of chromatin material {figs. 41, 41a), but after the
Mophase the two daughter nuclei become unequal in size {fig. 42) •

The imquaHty of these two sister nuclei has resulted neither from
imequal distribution of the chromatin mass nor from the number
of chromosomes, but fe a matter of nucIeo-c}^oplasmic relation, i. e.,
on account of the position of the nucleus of the central ceU. the cell
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plate being laid dovm so as to divide the cytoplasm into two une

cells. The immense amount of food material in the wntral cell ca

its nucleus to grow more rapidly than that of the neck canal cell,

this time these two nuclei contain 66 or 64 chromosomes.

At

more mitosis (simultaneous or successive) in

each of these cells. The mitosis

(figs. 43-43)' In the telophase

er nuclei are formed, a cell plate is la

begins to disorganize and finally disappe

The direction of this mitosis is various, be

sometimes oblique.

sometimes perpendicular to it, and

The

(figs. 46-48), No peculiarity

:he metaphase (fig. 46). when t

present a single dark staining body near the spindle, which pos-

sibly may be a persistent nucleolus, but its origin w^as not traced.

The peculiar thread structure of unknown substance which is differ-

entiated in the central cell is also continuously obser\-ed in the ventral

cell, without any visible connection with the mitotic figure. In the

o marked
and shape, perhaps due to a nucIeo-c}1;oplasniic relation, similar

the case previously obsen"ed {fig. 47). Several nucleoli appear in 1

young daughter nucleoli (fig. 48).

cun^ature of the nucleus of the egg cell begins

this

shaped ger duration than that between

the neck canal cells. The egg nucleus grows to an immense size and is

ver}' irregular in outliae, w^hereas the neck canal cell and the ventral

canal cell collapse and become mucilaginous, together with their

orcranizin

FERTILIZATION

The egg cell w^hen ready for fertilization lies in the bottom of th<

archegonial ca\ity. Some of the material resulting from the disor

ganization of canal cells remains in the neck and ventral regicm of the

archegonium as a slimv sul^tance. even after the wide opening of the
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neck admits free access of water. The dome

seems

disappear at the time of the disorganization of the ventral canal

cell, so that the protoplast of the egg cell is exposed at the neck side to

retains its irrcsnj

shape

fine fibrillar structure

dense around the nucleus and vacuolate toward the periphery of the

cell. The upper part of the nucleus becomes depressed, so that its

concave side is directed toward the neck, and it presents a crescent

form in the side view {figs. 48, 4g). The chromatin material within

the nucleus becomes transformed comnletelv into a svstem of anasto-

6 c.xx^ manLimig small

teristic of the resting condition,

are present.

more

sperms

face of the exposed protoplast of the egg cell at the so-called receptive

spot {fig. 50). Normally one of these sperms penetrates the cytoplasm
of the egg. The cnoplasmic laver which surrounds the esrfir nucleus

time

sperm

sperm
coil becomes shortened and the penetration of the sperm
nucleus begins from the anterior region, followed gradual]

posterior region
{fig. 51) .

During the penetration of the sperm the chromatin reticulum
the egg nucleus persists as it was before, but a peculiar irregularity

ibse intrud

sperm, which in penetrating has presumably caused a mo^ment
the contents of the egg nucleus. After the sperm has complet*

penetrated into the egg nucleus, this disturbance of the homoffenc

ifigs

gement of the chromatin reticulum is still obse
sperm within the egg nucleus maintains its \xu

ol:Ken-ed

surrounding the body of the sperm within the egg nucleus, and this

seems to be a transient stage preceding the'disintegration of the body
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The disintegration takes place in the body of the sperm in the very

situation it qccupied within the egg nucleus. The chromatin material,

which was aggregated into a compact and condensed structure up to

this time, now begins to return into a loose anastomosed com])lex of

numerous chromatin clumps and branched fine strands, similar to

those which were observed during the metamorphosis of the nucleus

to organize the sperm. Small new nucleoli make their appearance

near or in the disintegrated region (figs. 53a, h). ^\'hetht^ these

nucleoli result from the disintegrated blepharoplast or nuclear region

of the sperm or from some different source was not determined. If

the blepharoplast originated indirectly in the interior of the nucleus

from nucleoli which might have escaped during the reconstruction

of the nucleus of the spermatid mother cell in the last telophase

ifig. 11), and by a temporar}' change of staining capacity may have

escaped observation until they first become differentiated by stains

as two bodies, It might be expected that it should now reappear or

return again into nucleoli as it disintegrates. Thus close relation-

ship between the blepharoplast and nucleolus might be established.

However, this is entirely a speculative view, which lacks e\-idence

sufficient to make the suggestion probable.

Disintegration of the body of the sperm proceeds still farther, the

anastomosing chromatin material showing presently the ragged reticu-

lar structure characteristic of the resting condition (^^5. 5-;a, b), and

finally the chromatin material of the sperm nucleus becomes entirely

anastomosed with that of the egg nucleus whose membrane now sur-

rounds the chromatin of both egg and sperm (fig. 33).

The fusion nucleus in the resting condition contains two or more

nucleoli, some of which have appeared at the time of disintegration

of the sperm nucleus, w^hile others have probably resulted from the

union of nucleoli which already existed in the egg nucleus (fig. 33)-

Figures of the first segmentation dinsion are obtained in material

fixed a week after the entrance of the sperm had been obsen-cd. The

spirem which is organized at the expense of the chromatin reticulum

of the fusion nucleus has a continuous structure, without any indica-

tion of two chromatin constituents of maternal and paternal ongin.

WTiether there exists one or two sph-ems was not determined, but even

if there be present more than one spirem they are exactly similar in
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(fig described

o mitosis

best stage for an accurate counting

ge number

anaphase, m which trv-o sets of daughter chromosomes are regularly
arranged near the poles {fig. 57). The polar view of this stage showed
128 or 132, or in rare cases 130, chromosomes {fig. 58).

Mitoses that occur following this first segmentation division, during
the development of the embr}-o, were traced up to the appearance of
the fii^t leaf. The process is essentially similar, and 128 or 132
chromosomes are invariahk- nrpc^^tit

Discussion of cytological phenomena

The origin of the blepharopIasL—There have been many contribu-
tions concerning the origin and structure of the blepharoplast, not only
m sperms of gymnosperms and pferidophytes, but also in zoospores of

thalloph}tes.

In Cycas (Ikeno 41, 42, 43, 48), Ginkgo (Hir.\se 36, 37, 48),
and Zamia (Webber 94, 95, 96), two blepharoplasts first are formed
de novo in the cytoplasm of the body cell at some distance from the
nucleus, and one of these blepharoplasts is included in each sperma-
tid; accordingly the origin of the blepharoplast is cytoplasmic.

In Equisetum and Gymnogramme, Belajefe (6) observed the

blepharoplasts as two deeply stained bodies on opposite sides of the
nucleus previous to the final mitosis which differentiates the spermatid.
In Marsilia Sh.\w (80) in the

mitosis which differentiates the grandmother
spermatid. The blepharoplastoids disappear in the spermatid grand-
mother ceU, in which two new blepharoplasts are formed at the poles of
the spmdle. BELAjErr (7) examined the same form which Shaw had
studied, and he found two centrosome-like bodies at the poles of the
spmdle of the mitosis which gives rise to the spermatid grandmother
ceH. These centrosome-like bodies are probably structures simflar to
the blepharoplastoids of Sh.\w; however, according to BEiAjErr's
accounts, these structures do not pass into the cytoplasm to disappear,
but accompany each daughter nucleus in the telophase and in the
prophase of the next mitosis which occurs in the spermatid grand-
mother cell. This centrosome-like body divides and the two resulting
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ones become situated at the poles of the :

peated until there is formed a spermatid

process

becomes

account

of the last two authors. In regard to tC
plast he states that the disappearance of nu

sperma

between

account

is formed within the interior of the nucle

spermatogenous cells up to the spermatid grandmother cell. This

body moves to the nuclear membrane and is thrust out into the cyto-

plasm. It then lies outside of the nucleus and becomes the function-

ing centrosome, dividing to form two centrosomes that separate and

occupy the poles of the spindle. After the mitosis that gives rise to

the spermatids, the centrosome remains to become the blepharoplast

of the sperm

-

Regarding the origin and structure of the blepharoplast of thallo-

ph}1es, Stil^sburgee. (85, 87) expressed the following \dew, chiefly

based on his study of the zoospores of Vaucheria, Cladophora, and

Oedogonium. In all of these forms, he states, the blepharoplast arises

from the outer plasma membrane (Hauischlcht), the nucleus lying

close to the plasma membrane at the time when the blepharoplast is

formed. Another view, based upon the zoospores of Hydrodictyon,

was advanced by Timberlake (89), who found that after nuclear

multiplication had ceased, segmentation proceeded until uninucleate

masses of protoplasm become separated from one another as zoospores.

Then a blepharoplast was formed, lying in contact with the plasma

membrane. But before the appearance of the blepharoplast, he adds,

a granule may sometimes be observed close to the nucleie and it is

possible that this is the first appearance of the blepharoplast- Dax-

geard's study (21) on Poljioma also suggests some possible rela-

tionship between the blepharoplast and nucleus. In zoospores of

this form, he finds that the blepharoplast is situated directly under the

plasma membrane and that a delicate threadlike structure extends

from it into the c\1:opiasm and sometimes ends at the side of the

nucleus in a granule. Bavis (24 a) traced the origin of the blefrfiaro-
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granules

observed close to the nucleus. There is a time previous to the differ-

entiation of the zoospore when the nucleus lies close to the cleavage

finaU) Close

surface

granules which migrate

shaped arrangemeu

plast is established.

granule

results, exceDtinsr Strasburger

:onium

in the interior of the cytoplasm (Cycas, Ginkgo, Zamia
Marsilia, Gymnogramme, OnocleaT" sometimes from a

]

Hydrodictyon, Polytoma, Der-

besia), and in still another case from The interior of' the nucleus

nucleus (Adiantum, ^pidium

(Marchantia).

In Nephrodium, as has Just been described, the mitoses which occur

within the antheridium were all investigated, from the first sperma-

togenous cell until the final differentiation of the spermatid. The

blepharoplasts were demonstrated by the differentiation of stains as

two small deeply staining bodies appearing first within the c}i:oplasm

of the spermatid mother cell. The nucleus of the spermatid mother

cell is in the resting condition when these bodies appear, and durir

the mitosis which differentiates the spermatid the blepharoplasts are

situated near the pole of the spindle. After the telophase one bleph-

aroplast accompanies each daughter nucleus and there is estab-

lished a spermatid with a single blepharoplast. Sometimes blepharo-

appeared in spermatogenous
antheridium

spermatogen
-Us do not represent

formation

spermatid mother cells; on the contrary, they are in this case real

spermatid mother cells, the number of sperms produced in the anther-

idium then being only eight.

The relationship of the blepharoplast and the centrosome.—The
centrosome in pteridophvtes was figured first by Humphrey (il) and

Caikins (39) in the spore mother cells of such forms as

Osmunda, ?&ilotum, Adiantum, and Pteris. One year after Calkins

ppeared, Sel\w^ account (80) of IVIarsilia and Onoclea w^as
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published, according to which the blepharoplast has nothing to do
mitosis

simply lies near the pole of the spindle. He does not regard the

blepharoplast as a centrosome.

Belajeff's conclusions (7) in reference to Marsilia oppose those

of Shaw; for he believes that the blepharoplast always occupies the

pol

claims that the hlepharop

the centrosome. He fisrures

He

mother

centrc^omes

certain

animal cells.

Ikeno (45) considers the blepharoplast of ]Marchantia to be actu-

ally a centrosome, as shown by its behavior during mitosis. He
homalogizes the Nebenkorper^ the deeply staining body in the cjrto-

plasm of the spermatid, with the blepharoplastoid of Shaw. ' Again
he (46) discusses the homologous nature of the blepharoplast and

centrosome in his paper entitled " Blepharoplasten im Pflanzenreich."

The Nehenkern of Belajeff, he suggests, is homologous with the

deeply staining body (the Korperchen) m the spermatid of animals.

Last year Ikeno (47) reasserted his belief that the blepharoplast is a

centrosome. He thinks that the bodies now called blepharoplasts

day not all be homologous structures, but he holds that the blepharo-

plasts of pteridophytes, gj^mnosperms, liverworts, and myxomycetes
are of centrosome origin either ontogenetically or phylogenetically.

The foregoing accounts of Ikeno confirm Belajeff's view regard-

ing the homolog}^ of centrosome and blepharoplast. Str.vsburger

(87) wrote at length on this subject seven years ago, and docs not

accept Belajeff's view. He emphasizes the kinoplasmic character

of the blepharoplast, whether it be a differentiated region of the

plasma (as he believes for the zoospores of Vaucheria, Cladophora,

^^d Oedogonium), or a special development in the interior of the

cytoplasm (pteridophytes and g}Tnno3perm5). He thinks that all kino-

plasmic structures, be they centrosomes, centrospheres, or blepharo-

plasts, hold a ver}' clc^e physiological relation to the structure of

the nucleolus, so that the blepharoplast might occupy the positian
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of centrosome without being genetically connected with that

structure

phrodium

history, and the blepharoplasts which arise de novo in the cytopl

-permatid

found
^ K-^ ^ ^^ ^^ ^— n — ^— -^ — ^^ — - ^

to discuss any relationship between them. If any genetic relation-

ship really exists between the two structures m the plant kingdom,
evidence might be sought in some of the lower forms, such as Snhace-

species

known and motile

'/ male and female xual

different

time of fertilization has been studied in numerous

Among thallophj^es the fusion of gamete nuclei was observed in

)sterium and Cosmarium (Klebahn 52), Rhopalodia (Klebahn
), Cocconeis (KLaesten 50), Sphaeroplea fKLEBAHN K<; Golex-

ANNSKIN 30), Oedogonium (Klebahn 52), Vaucheria (Olta
Davis 23), Coleochaete (Oltmanns 71), Fucus (Farmer and Wil-
liams 25, 26; Strasburger 86), Dictyota (Williams 97), Batracho-
spermum (ScH:iiiDLE 76; Osterhoft 72), Nemalion (Wolee
98j, Polysiphonia (Yamanouchi too), Basidiobolus (Fairchild 27),
.\lbugo (Wager 92; Stevens 81, 82; Davis 22), Peronospora
Onager 93), P^thium (:Miyake 63; Trow 91), Achyla (Trow 91),
Araiospora (King 51), Sphaerotheca (Harper 34), Pyronema (Har-
per 35 )

.
No matter whether a condition of heterogamy is established'

or not in these forms after the union of gametes or gametangiafthe
male nucleus or nuclei pass into the cvtoolasm of the ess: or oogonium

resting
between the male and female

conditions regarding the union of the sexual
angiosperms were described by Strasburger (84)
by ScH-VFFNER (7sN for Sagittaria, by Coulter (19

Ranunculus, by Moctier (66, 67) for LiUum
Sflphium, and by others. Mother gives thrmost detailed account
chromatin at the time of the union, ^and figures the gamete nucl

as unitmg with their chromatin

1

g condition. In the forms
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mentioned abov

almost equal size at the time of union

exceptional cases,

tin of the two gamete nuclei takes place after the dissolution of the

portions

described among g}'mnosperms

marked difference in size betw

(M
ERTSON 73), Sequoia (Lawson 59), Cryptomeria (Lawson 60), In

these species the sperm nucleus, being considerably, smalkr, becomes
imbedded in a depression of the egg nucleus. Howeverj the process

of their union does not differ essentially from the cases observed in

thallophytes and angiosperms^ because the chromatin material of

both gamete nuclei in resting condition fuses after the disappearance

of the contiguous part of the nuclear membrane.
According to the accounts given by a number of authors there is

still another case: in Larix (Woycicki 99) and Taxodium (Coker

18), the gamete nuclei which come into contact do not fuse, but the

chromatin contents of both nuclei are kept in distinguishable maternal

and paternal groups; while in Pinus (Blackmax 8; Chamberlain

17; Ferguson 28) and Tsuga (Mfrrtll 63) the chromatin of

sperm and egg nuclei remains separate, forming two spirems^ and only

after their segmentation into chromosomes are the two sets of struc-o

first cleavasre soindle. In

paternal chromatin within

both maternal

In the case of Nephrodium, as already described, the sperm which

entered into the egg nucleus was observed during a certain period

without any visible change, entirely imbedded within the chromatin

reticulum of the egg nucleus. The chromatin material which con-

stituted the body of the sperm begins to disintegrate, and the final

result is a reticular structure similar to that which we have noticed

in the nucleus of the spermatid before the formation of the sperm.

The reticular structures of both sperm and egg nuclei becon^

anastomosed and mixed together entirely within the membrane of

the e^ nucleus. The spirem of the first segmentation di\'isk>n is

organized from this reticulum as a continuous homogenous structure.

This proce^ of disintegration of the body of the sperm within the
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egg in Nephrodium accords with Thom's and Shaw's accounts. The

presence of the resting nucleus including both maternal and paternal

chromatin within a common nuclear membrane as described in

phrodium Ikeno (43, 44) in Cycas and

forms

union

two

There is only one paper that gives details of fertilization in a

br}'oph}1:e, a contribution by Kruch (56) on Riella. In this form

orsran-

m
This differs from the condition in Nephrodium^ for the sperm does

not enter into the egg nucleus, but two nuclei fuse side by side with

their chromosomes fully organized.

With respect to the cytoplasmic structures of the sperm, all inves-

tigations among cycads and in Ginkgo agree that they are left behind

in the c\1;oplasm of the essr before the gamete nuclei unite. A limil

ported in both Adiantum and Aspidium. In

cannot confirm — ^

—

^ . — .. ,

obsened in which the blepharoplast was not left behind in the cyto-

plasm. However, such cases do not of course necessarily mean that

this stnicture takes part in what may be regarded as an essential part

of the process of fertilization.

Conclusion

Since the present investigation on spermatogenesis, oogenesis, and

fertilization, together with the preceding study on sporogenesis, has

been made to trace out the complete histor}^ of the chromosome in

the normal life-cyde of Xephrodium as preparatory to the study of

apogamy, the general conclusions will be given in the subsequent

paper. However, the two principal points established by the present

investigation may be stated here : (i) the countmg of the number of

Chromosomes is possible in the gametoph\-te
; (2) the number of the

chromosomes in the gametoph\te is constant (6a or 66>.

In closing I wish to express my thanks to Professor John -M.

CotJXTEs. and Doctor Charles J. Chamberlain who gave important
advice and valuable suggestions in the course of the study.
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EXPLANATION OF PLATES Vl-Vm
The figures were drawn with the aid of an Abbe camera lucida, under Zeiss

apochxomatic objective i .5««° N. A, i .30, combined with compensating ocular 18,

except figs, 34-38, 41 y 42, 46-50 drawn with compensating ocular 4» and pg. 33

drawn with compensating ocular 18 under higjier magnification obtained by

extending the tube. The plates are reduced to one-half the original sl^e.
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PLATE VI

Mitosis in the vegetative cells of the prothallium

Fig. I. Prophase; nucleus with a continuous spirem.
Fig. 2. The nucleus after segmentation of spirem into a nu

somes, most of them before the s+»"^^ ^^ i.^r»m'H, ^tr^oi ^^lu*-:^^.

caps with a few fibers are present

two

Fig, 3. The nucleus after disappearance of membrane: chromosomes which

arraneed Darallel to the axis

passing between the two pol

Fig. 4. Late prophase; daughter halves of chromosomes are in close contact
with each other;

!gul

an equatorial plate; the vertical arms of the L's are directed to the poles
horizontal arms are lying

arms appear like dots.

gularly radiating arrangement

fig. 4; the horizontal arms

ase

Fig. 9

anaphase; tNo sets of daughter chromosomes near the pole,

' telophase; daughter chromosomes regularly arranged at pole

present.
•wn in the previous figu

two
It of chromatin substance in daughter nuclei showing polarity.

Spermatogenesis

Fig. II. Telonhase preceding formation of spermatid mother cells
spermatid mother ceUs just organized : two

pol
H

Still later stage than that in pg. 12; arrangement of chromatin material

polarity.

More advanced stage than that shown in jig. 13 ; nucleus of sper-

abnost in resting stage; no polarity in distribution of chromatin

two kinoplasmic

material; two blepharoplasts mthin atoplasm on opposite
i-iG. IS. Nudeus of spermatid mother ce

caps with a few fibers ; blepharoplast near pol
IG. 16. Spirem segmented into chromosomes; nuclear membrane begins

to d^ppear at poles of nudeus; blephaix)plast near the pole.
IG. 17. Late prophase; nudear membrane has completely disappeared;

Chromosomes split longitudinally; blepharoplast near center of spindle.

the Jes^
^^Ptase; two sets of daughter chromosomes on the way toward

Fig. 19. Early telophase; daughter chromosomes grouped at pole with regular
arrangement; blepharoplast retains same position as befo^ '
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Fig. 20. Polar view of stage shown in f-g. ig; 66 chromosomes evident.

Fig. 21. Late telophase; spermatid mother cell has divided into two sperma-

tids, each containing a single blepharoplast near concave side of young nucleus;

Nebenkern near each nucleus.

Fig. 22. One of the spermatids after the cellular connection has become

loose and the regular arrangement has been lost; nucleus larger; chromatin

reticulum composed of ragged clumps and two nucleoli present; blepharoplast

applied very close to nuclear membrane; Nebenkern a little apart from the mem-

brane.

Figs. 23, 24. Two different views of same stage; fig, 2j shows surface of

blepharoplast; fig. 24 the cross-section; Nebenkern moved near nucleus after

blepharoplast has begun to grow and elongate.

Figs. 25-27. Three different views of the same stage; fig, 25 shows part of

surface \-iew; fig, 26 longitudinal section; fig. 27 cross-section.

Fig. 28. Nucleus of spermatid has become spiral; free end of blepharoplast

wedge-shaped, the other end gradually tapering and along one edge a tapering

end of the nucleus runs from the opposite direction and coalesces.

Fig. 29. Stage of spermatid nucleus later than that in fig, 28; coiled form of

nucleus farther advanced; one end of nucleus, consisting chiefly of the blepharo-

plast, dearly visible; the other end, terminating in a sausage-shaped structure,

slightly recognizable in the center below the Nebenkern, which is drawn lightly.

Fig. 30. Stage similar to that shown in fig. 2Q, \iewed from different direction;

end of nucleus terminating in sausage-shaped structure visible.

Fig. 31. Almost mature sperm within a spermatid; whole structure of 2 75

coils, of which 1 . 2 coils are blepharoplast, the rest the nucleus that terminates in

a blunt end; long cilia borne on outer surface of blepharoplast; Nebenkern not

drawn.

Fig. 32. Optical section of side \'iew of stage shown in fig. 31; Nebenkern

larger and near blunt end of sperm.

Fi<^-
2>i' Sperm fixed in free swimming condition; anterior end consists of

blepharoplast which gradually covers only outer surface, and is replaced by band

structure of nuclear substance which finally ends in a sausage form; Nebenkern

present within vesicle.

PLATE VJI

Oogenesis

Fig. 34, Cross-section of part of prothallium where cushion region aris^ later;

nucleus in telophase of mitosis which forms archegonium initial.

Fig. 34a. Nucleus shown in previous figure imder higher magnification.

Fig. ^S' Nucleus of archegonium mitial in metaphase of mitosis whidi cnte

off basal cell.

Fig. 35a. Nucleus shown in fig. 35 under higher magnification.

Fig. 36. Division into central cell and primary neck cell.

Fig. 37. Central cell or primary oo^nous cell.
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Fig. 38. By successive divisions of primary neck cell and growth of central

with peculiar thread

formed

sinde nucleolus.

prophase; spirem continuous; a

Fig. 40. Early metaphase; chromosomes, daughter halves in pairs, have
shortened.

'Wth continuinsT durine: mi

daught

figure shown in fig. 41 under higher magnification;

^somes almost similar in amount: thread structures

in cytoplasm.

Fig.. 42. Telophase; two daughter nuclei unequal in size; ventral nucleus
considerably larger than nucleus of neck canal cell.

Fig. 43. Prophase of mitosis in a neck canal cell.

Fig. 44, Anaphase of same.
Fig. 45. Telophase; a cell plate laid down between two neck canal cell nuclei;

cytoplasm with vacuoles o\ various sizes.

:he2:omum af

ventral cell in metaphase.

already

body

-jig. 46 under higher magni

Fig. 47. Section of archegonium; ventral cell nucleus in telophase; twi

canal

Fig. 47a. Two daughter nuclei sho^ra in fig, 47 under higher magoifi
size and shape quite different; both contain a number of nucleoli; dome-i
cell plate laid down separating egg and ventral canal cell.

and
:onium after completion of egg, ventral canal

•TIG. 49. Section of archegonium with open neck; canal cells becoming muci-
laginous, with disorganizing nuclei; egg nucleus irregular; single nucleolus
present, due to union of several nucleoli seen when nucleus was organized.

PLATE VIII

Fa^tilization

Fig. 50. Entrance of a number of sperms; many of them have akeady reached
the egg.

Fig. 51. Union of sperm and egg; sperm partly within egg nucleus; cytoplasm
of egg enveloping nucleus very shallow toward neck

.

Figs. 52a, b. Two sections of same egg nucleus containing sperm, which
has not changed; dear region surrounding sperm; upper side of figures toward

Figs. 53a, b. Two sections of same egg nucleus containing sperm in later
stage than that shown in previous figures; disintegration besun: compact body
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of sperm loosened into complex structure of chromatin clumps and fine strands;

three nucleoli in region of disintegrating sperm; upper side of figures toward neck.

Figs. 54a, b. Two sections of egg nucleus containing a disintegrating sperm
in stage later than in last figures; neck toward the left.

Fig. 55, Fusion nucleus after complete union of the two chromatin reticulums

of sperm and egg; ragged reticular structure homogeneous throughout; three

nucleoli present; upper side of figure toward neck.

Fig. 56, Spirem of first segmentation di\ision of fusion nucleus shows a

continuous structure.

Fig. 57. Anaphase of same mitosis; the two sets of chromosomes regularly

arranged at the poles.

Fig. 58. Polar view of stage shown in Jig, 57; 128 chromosomes present.



THE CARBON ASSIMILATION OF PENICILLIUM
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 10 6

Heinrich Hasselbring
Since Pasteur first showed that the lower fungi (yeasts in this

case) could be grown on nutrient solutions containing organic sub-
stances other than those derived from plant and animal tissues, a
large number of organic compounds have been examined with regard
to their nutritive value for molds. It has been found that the most
varied and widely different compounds are suitable in one case or
another for supplying carbon and nitrogen to those organisms. AU
the fungi, however, cannot utilize the various compounds with equal
facility. Thus, while Penicillium is almost nmnivnrnn^ thrivino- on

Mucor
M javamciis^ according to Wehmer,' and

accoramg to Laurent,3 do not assimilate alcohol. In like manner,
two ver}^^ closely related compounds, such as the optically active
modifications of tartaric acid, as weU as chemical isomers without an
asymmetric carbon atom,* imy possess very different nutrient value.

The knowledge that a great number of organic compounds of the
most varied structure could supply fungi with the necessar}' food and
energ)- for aU of their activities, soon led to attempts to establish some
relation between the structure of organic compounds and their nutri-
tive value. One of the fii^t of these attempts was that of Nageli,-
who came to the conclusion, as the result of the study of a large number
of substances, that food value depended upon the specific linkage of

*^™^™'.?' ^^ corpuscules organises qui existent dans ratmosph^re. Ann.
Chim

n.. V!^
^^^^ ^"' ^^^"^ ^"^^ Verhalten der Mucor-Arten gegen verdiinnten Alcohol

Ber. Deutsch. Bot. Gesells. 23:216. 217. 1905.

d^ hV^'^^"^'^''
^"""^^oa hydrocarbonde et formation de glycogene chez la lectin

de biere. Ann. Inst. Pasteur 3: 113-123. 1889.

2K . rr^^^^^T^
^'' ^^^^ ^"^ ^^"^ GSlirungscliemie. Ber. Deutsch. Chem. Gesells.

Wehmer, C., Beitrage zur Kenntnis einheimischer Pilze •:«

^^bindungen. Bot Mitth.

[176



iQoS] HASSELBRING—ASSIMILATION OF PENICILI.IUM 177

certain atomic groups. According to Xageli, carbon is assimilatedO "^ -.'T.v^^^i,

trom the groups =-CH, and =CH, but in the latter case only when it

occurs in a chain of two or more C-atoms to which H is bound. Ben-
zoic acid is assimilated, but formic acid is not. On the other hand,
carbon is not assimilated when it is directly united only with O or N

H
similar

group oxalic acid, urea

sionsSubsequent researches showed that the concl
were^ no longer tenable, since it was found that the molds were not
restricted to such specific groupings as he supposed. Reinke*'
greatly extended the list of substances which could be assimilated,
and showed that some of the particular groupings which Nageli
excepted could be utilized. Thus, for example, parabanic acid.

/NH—CO
co<;

^NH—CO
source

carbon from urea and from formi

be utilized bv this fundusM
be established between the atomic structure of a substance and its

food value. The mechanism of assimilation probably differs with
each individual case and is as much dependent upon the nature of
the plant as upon the chemical reactions of the compounds used; for,

as already stated, everj' substance that has nutritive value for one
plant will not serve as a food for all plants.

It was with a view of gaining, if possible, some knowledge of the

complex problem of the chemistry of the assimilation of some of the

smipler compounds that the work reported here was undertaken.
It was thought that by studying the effect of a number of related com-
pounds on the growth of the mold fungi, and noting the \^riations

caused by different stimulating agents, it would be possible to gain

some knowledge of the probable chemical reactions by which nutrient

substances combine with the constituents of the living celL

This proved to be a most complex problem, whose solution is made

^ Reinkie, J., Unters. Bot Lab, Gottingen. (Rev. in Bot. Zert. 4r:S5^- i^3» ^^
Just's Bot. Jahresb. 11:55. 1883.)

^ DiAKONOW, N. W., Orgaa^he Substanz als Xahrsubstanz. Bct. Deutsch.

Bot, GeseOs. 5:380-387. 1S87.
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more

anisms can be subjected. Although no finally

factory conclusions

been worked out with great care. As I am for the present compelled
by circumstances to discontinue the work, it is desirable to present

sible significance.

final remarks on their pos

METHODS
The form selected for this work was a strain" of Penicillium glau-

cum. A number
they did not thrive well under the conditions of the experiments.

Penicillium, which has been used in innumerable physiological inves-

tigations, is especially suitable for this work on account of its omnivo-
rous habit, and because many compounds have been studied with

regard to their nutritive ralue for this fungus. The same strain of

the mold was used throughout. The stock-cultures were always
grown on sterilized bean-stems, so as to avoid any possible temporar>'
influence of the substratum on the strain.

^

The culture medium used was a solution of the necessary inorganic

purest grades obtainable in the market. Except where
specially noted, the

in the same concentration, namely is™ NH
and 0.25^- MgSO,, per 100-. Potassium

mm

magnesium varied

^ uLuers. 1 nese changes are noted in the respective tables. It ^v-as

the purpose in this work to have the mineral solution alike in aU the

c^tures in order to make the different series exactly comparable.

Jhis was carried out, except where special problems occurred which
demanded a change from the standard.^ a source of carbon the foUowmg substances were used: alcohol
L.H.OH), potassium ethyl sulfate (C.H^KSO,), ethyl nitrate

J^^jf^3),
ethyl acetate (CH3COOC,H5), potassium acetate

(CH COOK), and acetic acid (CH3COOH). These compounds
are aU closely related, and have certain radicles in common. The
combination of those radicles with various groups has a definite
e ect upon the mode of reaction of the compounds. By a compara-
i^e study of a large number of compounds of this nature with regard
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to their assimilation by the molds, it was deemed possible to throw

some light on the mechanism of their assimilation. The simpler

compounds are most suitable for studies of this nature; first, because

their reactions are weU understood, and second, because it is known

that the complex compounds, such as polysaccharides, glucosides,

and certainly in some cases even the hexoses, undergo decomposition

they are taken into the cell.* The solution of the mode of

assimilation of the simpler compounds will therefore enable us to

approach an interpretation of this process with the more complex

compounds.

Cultures were made in 200'='= flasks, of the Erlenmeyer form,

loosely stoppered with cotton to permit the free exchange of air. In each

flask ^0*=*= of the culture medium were used. The mineral solution

before

first nut into the flasks and sterilized

organic The concen-

given is the final

comp

addition of the organic solution, without allowing, however, for error

caused by evaporation in the sterilizer, \\'hich averaged a little less

than 0.58™ per flask. In cases where acid was added the error

caused by this addition was also not considered. These two errors

nsated each other. ^Moreover, it was found that much greater

nces than these produced no eflFect on the growth of the fungus,

and a variation in the concentration is furthermore unavoidable on

account of a slight evaporation in the incubator, which could not be

prevented. The cultures w^re grown in an electrically regulated and

electrically heated incubator, which permitted the maintenance of a

constant temperature of 28° C. The duration of the cultures, except

where noted, was 10 days.

Considerable effort was made to work out the best method for

inoculating the flasks. On account of some observations of Dl-claux,

indicating that some media which were suitable for nourishmg

8 PuRiEwrrscH, K., Ueber die Spaltung der Glycoside durch die Schimmelpilze.

Ber. Deutsch. Bot. Gesells. 16:368-377. 1898.

Brunstein, a., Ueber Spaltungen voa Glycosiden durch Schimmelpilze. BeiQ.

Bot. Centralbl. 10:1-50. 1901. , „ ,

KoHKST.\iui, P., Amylolytische, glycosidspalteade, proteolytische und ceUulose-

losende Fermente m holzebewohnenden Pilzen. Ibid. 10:90-121.

5 DucLAtrx, E., Sur la nutrition mtracellulaire. Ann. Inst. Pasteur y.gj-xti-

1SS9.
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grown mycelia were not suitable for the germination of spores,

the spores used in the first cultures were germinated before inocu-

lation. This method was extremely unsatisfactory, because the

germinating spores could not be evenly distributed in the culture

liquid. Moreover, it was found that spores germinated well in all the

media used. Attemnts to innmlatp the fla=;V'; bv means

be

even distribution of the dry spores. The method finally adopted,

which proved entirely satisfactory, was as follows: A stock-culture

beans

growing; the liquid was then

poured on a screen of fine-meshed muslin in a funnel

into a sterilized flask. This

been

gav

ery

into the flask. For inoculation three

dropped
This gave an abundance of spores, perhaps some thousands, which

were uniformly distributed in the culture fluid.

The yield of dry material produced was used as an indicator of the

effect of the food given. The yield was determined by adding lo" of

a lo per cent, solution of chemically pure hydrochloric acid to the

culture to kQl the growth and dissolve any precipitates that had been

formed. After this the culture was filtered on a hard filter paper,

from which the fungous material was washed into a tared Gooche
crucible, and dried at 100-110° C. The variation in the temperature

at which the yields were dried was not preventable, since no regu-

lated dr}^mg oven was avaflable. AU the yields of each series were

dried at the same tune. howpv*^r «;n ilmt tTi^^r w^^r^ QiibiVrfed to the

same conditions in drying. The
therefore comparable with each nt1

TABLES AND EXPLA?rATIONS

In the following tables are given the results of the cultures
necessary

o In the course of the

work many hundreds of cultures were made before finaUy satisfactory
details of manipulation were worked out, and for the purpose of deter-

nunmg the concentrations of the various substances that permitted
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the best growth of the iribW/ None of these preliminar}' series is

included in this report although the facts gained from them served
in a general way to sSstantiate the results of the other cultures.

Alcohol.

long

made for the purpose

m
could provide sufficient food for an increase in growth, may not be
without interest and is here given as table I. The yield is given in

milliOTams in all curp'^.t3

TABLE I

468°! concentration of o . 2 GM. per liter.

Time in days (24 h.)

I

2

3
4
5
6

7
8

9
10,

o
I 4

13

0.1
1.8

14

38

59
80
118
118
no

39
6i

91
119
121

"3

IS
9

5

43
65

95
120

124
114

16

• •

S3

79
104
122

128

115

» *

17
• • •

92
no
124
1 28

120

All the culture

weidit took d

An increase

there was a

gradual

TABLE n
Each flask received 0.69^^1 alcohol = concentration of 0.3 GM per liter.

Number

I

2

3
4
5

I

3
4
s

I- No acid H, o.oo4nHCl ni, o.oo4»HN03 n'. a.oo4»H,S04

53
57
86
89
93

90
108
114
IIS
118

106
120

T27

113
T16

131

141

V.
Xo orgaiiic

compouzids

4

TABLE in
Each flask received 0.46?:™ alcohol = concentration 0.2 GM. per liter.

-^ ^

Kumbrr I. Ko add II, o.oo4JiHa ni. o.oo4«HXOji IV. o,oo4»H,S04

!

68

70
71

73
77

ro6
106

loS
no

88

89
91

93
95
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In about 200 preliminary cultures it was found that the addition of

small quantities of acids such as HCl, HNO„ and H.SO^ had a

stimulating effect on the growth of Penicillium. This is only an
instance of the general rule that poisonous substances act as stimu-

lants when given in sufficiently dilute concentration. These two

series were carried through with great care and uniformity, in order

to get, if possible, a more accurate quantitative statement of the facts

preliminary There is considerable individual

difference in the cultures, as is noted by reading the figures in

nm, the five cultures be

smi

stimulation of stow

? another. Neverthe-

The addition of min-

;h. The nitric acid

hvdrochloric. Them each case gave a greater stimulation than the hydrochloric,
sulfuric acid m one case (table II) gave a greater increase than hydro-
chloric, while in the other case [table III) its effect was about equal

to that of the HCl. These observations agree with those made on the

preliminary cultures. Many of the cultures seemed to show that

chloric

greater stimulation

as thought possible that HCl might be
poison at the concentration used, but a series of cultures {table IV]

ved that the optimum for stimulation was much higher than 0.004W

cannot
actually a milder stimulant than HNO3,
H,SO^. In addition to the usual mineral

which HCl was added.

KCl per 100" of cultur

ion, CI, in the cultures tc

I cultures produced spores

Each flask received o _ finsnn

TABLE TV

concentration o . 3 GM. per liter.
.

CONCZSTHATION OF ACID

Numbo-

*.*• 0.002»
, O.O04» r

i

4

o.oG6n

6 B

o.oo8» ] o.oi2» ; o.GiCn , o.oa4»

r.

3
4
3

I

Che<^

208

209
209
214

t

172
227
232

239
242

146
185

266 I

280 '

266
268
284

29s
\

183

255

2S7
260

273

193

,

239
246

255
255

236
j

239
240
246

257

163

171

173
181

181

3-6
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'/ culture

mineral

tables. The actual quantity as well as the concentration of the

flask

the

giving the yields for each set. 1^

TABLE V

Numbeis Amount of CaHsKSO* Tield

o.82*i^ ( = 0.1 GM. per 1.)

1 . 64:^^ (=0.2 GM. per L)

none
none

TABLE VI

Number
0.82^ C.H5KSO4
(-=0.1 GM. perl.)

0.69^ CHjOH
(=0.3 GM, perl.)

I

3
4
5

152*

184
207
219
219

0.82^
CHsKSO*

0.41^ CHsKSO*
(=0.05 GM. per I.)

o.69^"'C.HjOH

0.41*
CaH5KS04

None
None
None
None
None

Check

CHsOH

200
210
2x4
228

238

None
None
None
None
None

193

* Contaminated.

TABLE VII

Numbers CaHsNOa* Yield

r-io
11-20

The concentration of the ethyl nitrate is not stated, since only a part of the amounts givtn

into sohition in 50" of the culture fluid.

TABLE VIII

'«•.-

Number o.bg^CjasOH
(=0.3 GM. perl.)

0.46^ CHjNOa
0.69^ C^sOH

2

3
4
S

I

! 103 52
106 56
1X2 6s
"5 72
126 89

i

1

1
C2ieck.

o.e^"' C.H5OH No organic
matter

(& 1X7

94 118

3

112 141

113 ^3
116 140

The cultures of potassium ethyl sulfate {table V) had a barely

visible film on the surface, similar to cultures to which no organic

matter had been added. Microscopic examination showed that prac-
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tically all the spores had germinated and had produced germ tubes

50 to 100 p- long. This is clear proof that the potassium ethyl sulfate

is not poisonous in the concentrations used, but also that it is not a

suitable source of carbon. This is more fuUy brought out in table VI-

The cultures with potassium ethyl sulfate behaved as before, while

those with suKate to which alcohol was added gave a yield comparable

with that obtained when alcohol alone was given. These cultures,

like the alcohol cultures, remained pure white and produced no

spores.

concentrations ranerincr from m per

50^*^ to 0.91^"^ per 50*=^ proved absolutely valueless as a source of

carbon, although like potassium ethyl sulfate it did not inhibit germi-

nation at these concentrations. In a series in which the ethyl nitrate

place.

iource of carbon and nitrogen, no growth iook

funsrus able to break ud the nitrate by means

energy

of ethyl nitrate failed to produce an increase of yield over pure alcohol.

contrarv

that ethyl nitrate is mildly

spores in cultures with et

— X ^ ^

This is also shown by the fact that

ate germmated two to three days

cultures.
'

germination

be

nitrate. The cultures produced no spores.

Ethyl acetate.—WhilQ the esters of alcohol with mineral

carbon

source but

in stronger solutions it becomes a poison, as appears from tables IX and

X. The mineral solution used here was of the same composition as

in the alcohol cultures*

Each flask received o

.

Numbo'

X

3
4
5

No mineral add

13

14
14

15

TABLE IX
'Mi> CH3COOC2H5-0.05 GM. per Uter.

o . 0O4nHN'03

12
12
12
X2
12

o.oc4»H,S04 0.004wHO

II

II

II
12

13
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TABLE

No,

I

2

3

4
5

I

o.88^°^CH,COOC.H5
(=0.2 GM. perl.)

(=0.3 GM. perl.

II

None
None
None
None
None

o.88^™CH.COOC,H

None
None
None
None
None

m
0-44^" CH3COOC,Hs

(=0.1 GM.perl.
0.69^ CHjOH

IV

o.4/"'CHaCOOC,H5

59
74
79
89
90

19
20

21

23

22

Ethyl acetate is easily soluble in water and forms a suitable source

of carbon for fungi. It is poisonous, however, in comparatively low

concentrations. The fungi in this medium grew for a time and then

ceased growing^ owing to the accumulation of acetic acid in the cul-

tures. The addition of mineral acids had no ver}^ evident eflfect on
the growth of the mold, but seemed to depress rather than increase the

yield. It is important to note that the cultures containing alcohol in

addition to ethyl acetate {table X, col III) gave a yield about equal

to that produced by alcohol alone {table 11^ col /)- It is probable

that the alcohol, which is the better food, is largely responsible for this

growth, and that the acetate was left largely intact. If it had been

consumed in the usual way, the accumulation of acetic acid would
have stopped the growth of the cultures* The cultures containing

alcohol failed to fruit, while those containing only ethyl acetate fruited

abundantly. The spores from sets I and II, table X, were killed, as

no growth appeared when they were transferred to bean-stems.

Acetic acid.—Acetic acid in its free state forms an efficient source

of carbon, but is so highly toxic that it must be used in extremely

dilute solutions. Nevertheless, two series of cultures placed the fact

of its assimilation beyond doubt. These are giwn here.

TABLE XI

Acetic acid in each flask 0.012^^ (=o-oo4w).

Number

I

2

3
4
5

I

No mineral acid

3
3

3
3

o.oo4»H2SO«

I

2

3
3

3

o.oo4ffHX03 :o.oo4»Ha| Oiedt

2-S
3
3
3-5
4

X

2
2

3
3
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mineral acids seems

evident
would DerhaDs not be made

difference in growth is shown more strikin

'mm'

than

made
cultmres

TABLE XII

o-io

16-20

No acid
o.o24?m per flask (= o.oo870

o.048&m per flask (= o.oi6«)
0.0722^ per flask (0.03 an)

Bare trace of growth
Good growth forming

culent film

No germination
No germination

All the acetic acid cultures fruited, so that even the minute
were Dlue with spores

Potassium acetate.

potassium acetate. '

are given here.

•A large numbe
from the most significant

TABLE XIII

gm
loccc solution ig^NH^NOj, 0.5^:^ KH2PO4, 0,25
"L Quantity and concentration of CH3COOK per
flask is given at the head of each column.

gm MgS04,

Xo.

3

3
4
5

I

0.245^ CH3COOK
(«-o.05GM. perl.)

II

0.49^ CH3COOK
(—o.iGM. perl.)

31

32
32

in

0.08^ CH.COOK
(=0.2 GM. perl.)

IV

1.47^ CH3COOK
(=0.3 GM. per I.J

41
42
42
43
43

40
4X
41
42
42

40
40
41
42
SI

XIV
conditions of this series were the same as those for the preceding

^_potassmm chlorid was used in the mineral solution.

No.

X.

2.

S-

4.

« «

* 9-

I

0-245^ CHaCOQK

30
31

32
32

n
o.49^CH3COOK

in
gmo.^S^'^CH^COOK

* Contr

26*

40
41
41

43

39
40
4^
4X
42

:ed witK a bactenum forming a sreen pigment

IV

i.47^"CH3COOK

40
41
4^
41
42
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TABLE XV
In this series the amount of CH3COOK was 0.988™ per flask, but the magnesium

content was varied.

Number

3

4

5
6

7
S
9-

II

II

i^"" MgSO* per 100"

S

20

37
39
41

47
55
64

in

rhe potassium acetate cultures show a remarkable uniformity

d, which is independent of the concentration of the acetate, exc

'cry dilute solutions and probably also in very concentrated sc

tions. The lowest concentration in tables IX and X is too d

allow the full develoDment of the funerus under those conditions

concentrations give the same

he increase of magnesium in t

XV A higher concentration

becomes poisonous

In the growth of all the pot

fungu;

•nly radicle is taken

KHCO
precipitation of NH^MgPO^, thus keeping the culture neutral or only

slightly alkaline for a time. Wlien all the Mg is precipitated, the

alkalinity prevents further grow The

period, and hence gives a greater The yield is

practically quantitative for a certain amount of ^Ig, and is independ

amount of CH
The potassium acetate cultures brought out the striking difference

ia power of resistance to deleterious substances possessed by different

spores from the same culture ibserved in other cases

deleterious concentrations of substances werc used, but it was

potassium acetate cultui^ the

method of inoculation, it is likely that more than a thousand spores

were sown in each flask. In the favorable media a large percentage
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r

germinated so that the surface was covered from the beginning with

fihn of fungu solutions

sometimes

2T0W

lal to that of the flasks in which.more spores had germin.

All the potassium acetate cultures formed spores, but •

icentration of 0.05 GM. per liter produced them most j

DISCUSSION

A general survey of these data shows that alcohol, acetic acid, and
the substances from

assimilated

is easily

In the case of

greater

mineral acids stimulates growt

mineral
The esters of alcohol with

possess the greater

any toxic properties. The substances

eral, those which are readily oxidized. To what extent will these data
enable us to correlate the mode of assunilation of these compounds
with the kno^Ti chemical reactions of the substances ?

The first possibility that presents itself is that alcohol enters into

combination with substances in the protoplasm by virtue of its disso-

ciation into ethylidene and water

CH3CH,OH±^CH3CH=+HOH,
vvhich, as X£r^° has shown, takes place completely at about 650° C.
At ordinary temperatures dissociation into ethylidene and water takes
place to a very slight extent, probably less than o . 01 per cent. The
dissociation, however, is enormouslv increased bv a combination of

also by the action of enzymes
with metals or mineral acids, and

other catahlir agents. The alco-

so great an extent at ordinary temperatures
that they bum spontaneous!}
about 200° C. ( ?) and potassium ethyl suHateH 250°

C

acid and ethyl sulfate dissociate at low temperature
formation begins in a mixture of alcohol with a Httle

^l^rJ'^^'J'
^'' ^"^ ^^^ fundamental conceptions underlying telement carbon. Jouxn. Am. Chem. Soc. 26: x34^x577^ x^

dissociat

cHemlstry of the



1908] HASSELBRING—ASSIMILATION OF PENICILLIUM 189

95° C. The reaction is due, as Nef" has sho^n, to the absorption

of water by the bivalent carbon of the ethylidene particles. The
reaction may be represented as follows. The dissociation of ethyl

sulfuric acid takes place thus

:

CH3CH,OSO,OH^CH3CH=+-OSO,OH
r

The sulfuric acid is regenerated and reacts with more alcohol to

give ethyl sulfuric acid^ or ethyl sulfate, while the ethylidene decom-

poses water to form ether thus :

CH3CH<^
.CH3CH<^

If, in the first steps of assimilation, alcohol enters into combina-

tion with some substance of the protoplasm to form an unknown
pound Ppm, then we should expect

substances which increase ethylidene dissociation to affect the rapidity

of assimilation. It is immaterial whether the alcohol is first elaborated

mto sugar, glycerin, or some other substance, before it becomes a part

of the protoplasm, or whether it is directly taken up by the permanent

constituents of the cell. In either case it must combine with some

combination must be regarded as

assimilation

An i

grow

solutions, would to some extent combine with alcohol and dissociate

into ethylidene; but an equal increase is obtained by the addition of

hydrochloric acid, and nitric acid shows an even greater increase in

^ost cases; yet neither hydrochloric nor nitric acid combines with

mixed stmiu

any Fur-

assimilation

substance of the cell, then bodies w-hich dissociate

ver}' easily should be We find, however.

that potassium ethyl sulfate and ethyl nitrate, which dissociate to a

high degree, are valueless as sources of carbon when giwn alone, and

in all probabilitv^ cannot even be utilized by means of energy derived

^^ Net, J. U., Dissociationsvomange bei den .\lkyiatheni der Salpetersaure, der

und der HalocreTiwasserstoffsauren. Liebig's Annale fT«
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from alcohol when it is given together with the esters. This would

areiie

plasm or cell constituents.
J

Another possibility to be considered is the oxidation of alcohol

to acetaldehyde or even to acetic acid. This view becomes the more
probable on account of the ease with which alcohol is knowTi in many
mstances to be oxidized by organisms. This view would perhaps

explain also the increased stimulation of nitric acid over hydrochloric

acid, on the basis of the oxidizing power of nitric acid. Oxidation to

acetic acid, if it takes place at all, does not proceed to such an extent

that the acid accumulates in the cultures.

To determine whether acetic acid was accumulated in the cultures,

10 flasks, with alcohol as an organic food, were inoculated in the usual

way. After a vigorous growth took place, the culture solution was
poured off, and after rinsing was replaced by a 0.3 GM. solution of

alcohol. After further 6 days this liquid was tested for acetic acid,

Duld be detected. Duclaux also was unable to obsene.
format

with the intermediate formation
of oxalic acid. I was unable to she .. .,„ ^
the cultures of PeniciUium, nor is it likely that this is formed. K
alcohol is assimilated by way of acetic acid the oxidation takes place

entirely within the cell.

Another fact gained from the ethyl acetate cultures (table X)
speaks against From the

general principles resulting from the work on selective powe
organisms by Pasteur, Duclaux, and Pfeffer, we know that t

two foods of different nutrient value are given to a plant, the
most readily assimilated Ls used nft^n tn th^ ^^^inci^n ..f the- n
Although the experiments

>

with ethyl acetate have not been carried
as far as might be desirable, there is some evidenre that arid accumu-

in the cultures, consequentlv
adHy absorbed

acid.
fot

This, it would seem, would

probable that this stops
e, from which the formation of suears can proceed. It

be probable that the acetic acid in
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to the aldehyde. This would account for the greater ease of assimi-

lation of alcohol, since the oxidation of alcohol takes place more
readily than the reduction of acetic acid.

The cultures of acetic acid and potassium acetate require no dis-

cussion, since it is evident, especially from the acetate cultures, that

it is the acetate ion that is assimilated- This ion was assimilated,

so far as could be determined, with much more difficulty than alcohol,

which would be in accord with the belief that the acid must be reduced

to aldehyde-

INCIDENTAL OBSERVATIOXS

As in any long series of cultures, some facts were observed in this

study, which, while not directly concerned with the work, may be of

sufficient interest to be worth notii

DucLAUx is responsible for the belief, current in textbooks, that

some substances which permit vigorous growth of mycelia are not

suitable for the germination of spores. Alcohol is one of the substances

mentioned by him. Contrarj^ to this statement, it was found that

alcohol was not only favorable for growth, but also permitted abundant

on of spores. From the preliminary cultures it seems prob-

all concentrations which w^ill permit growth will also permit

germinat

germination

many other instances substances failed to allow mycelia

p and yet were not detrimental to germination, e, g., CaH^K?'

^hole subject deserves further investigation, with careful sti

effect of different concentrations on growth and germination

o obsen^tion was made on the alcohol cultures,

namely, that none of them produced spores during the growth of the

cultures. It is difficult at present to offer an explanation of this fact.

The fungus grew more vigorously in the alcohol cultures than in any

others, and as far as could be observed all the external diJitions

spores The mycelia

formed dense white mats on the culture liquid mn
grew mtoo usua

spores -yet none of the aerial hyphae bore spores. It

as if this strain of Penicillimn was unable to manufacture

npounds necessaiv' for spore formation from alcohol alone;



192 BOTANICAL GAZETTE [march

improbable when we reme
compounds easily derived from alcohol, e. g., acetic acid, ethyl acetate,

potassium acetate, fumi
fimcnis It is also possible that the

spores

in the culture fluid, although it is difficult to see how a substance can

same time

poison. At first sight the cultures containing .both ethyl acetate and

seem to bear

formation

fruit. In such cultures

ever, it is probable that the more nutritious alcohol was absorbed
first, and largely to the exclusion of the acetate. Further work is

necessary to give a complete explanation of this unusual nhenomenon.
be

respect

in the course of this investigation

the great individual difference of resistance of spores to deleterious

agents.
substances

growth, practically all spores germinated, forming a dense matlike

growth over the surface of the culture fluid. When, with increase of

concentration, the substance becomes deleterious, germination and
growth are not stopped abruptly, but the number of colonies becomes
fewer and fewer until the final concentration is reached, where germi-

nation of even the most resistant spores is inhibited. In most cases,

where only a few colonies were formed, these grew wath unusual vigor,

o culture was often as great

concentrations

This was especiaUyweU shown in the series with potassium
XV comparatively few spores germ

hi^er concentrations, forming isolated floating colonies. Yet the

• " from these was equal to the vield from other flasks which were
uniformly

seems to indicate that the mycelium
the more resistant spores continues itself to be more vigorous

true

although it is not impossible that the belief
nere

;
that is, while the concentration in aay given case may be

mjunous to germination, it does not interfere with later development.
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The sixjres which arc able to germinate then have the whole of the

nutrient solution at their disposal and make more vigorous growth.
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BRIEFER ARTICLES
*

A NEW SPECIES OF ACHLYA

SIX FIGURES

906, while studying the Saprolegniaceae

form

developed

university campus. Achlya /<

and the new form kept growing in pure cultures for over two months.

A careful study was made of its growth and structure and some of the

obsen-ations made are given at the end of this paper. The specific descrip-

tion is as follows:

Achlya hypogyna, sp. nov.—Hyphae slender, tapering gradually

ard

in vigorous cultures reaching a length of i^^™. Zoosporangia nearly cylin-

drical, sparingly produced. Oogonia generally borne on short branches,

r^cemosely arranged on the main hj-phae, but occasionally terminating a

main h>-pha, and very rarely intercalary; globular or rarely oblong, the

walls more or less abundantly producing short, rounded outgrowths;

yellow when old. Oospores 1-7 (commonly 3-5), centric, diameter 24-36 /*,

averaging 27-28 fi, .\ntheridia cut off from oogonial branches just below

the oogonia, very rarely absent. Fertilizing tubes arising from the common

pogynous

The absence of antheridial branches and the origin of the fertilizin or

guish

Saprolegniaceae

group in Saprolegnia. In two or three

oogonium

fer-

and applied its end to the surface of the oogonium, and in one case
an antheridial branch was of diclinous origin. In all such cases, howi
the characteristic sub-oogonial antheridia were also present and no
tduing tubes were formed from the supernumerary antheridial branaes.
It 15 evident that AcUya hypogyna Is closely related to A. racemosa HUdeb.,
var. sieUigera Comu.^ The general habit, the structure of the oogonia,
and the sub-oogonial antheridia are very much the same in both forms

;

» Htophkey, James Ellis, The Sapndegmaceae of the United States, vv-ith

notes on other species. Trans. Amer. Philos. Soc. 17:63-148. pis. 14-20. 1892-
Botanical Gazette, toI. 45I [ 194
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of the antheridial branches

raise the Chapel Hill form to

exseptate ori

importance

species

the same group with A. racemosa and its variety stelligera, in which they

are absent, must modify to some extent our ideas of the distinctive value

of this character. Maurizio sufferests that sub-ooeronial antheridia with

P<^gv He savs;^

hypog}-

erhohen, wodurch die ofifenbar eine naturliche Gruppe bildenden hypog>Tien

Fomien von der Gattung Saprolegnia abgetrennt vviirden. Charakterisirt eine

Querwand in der Traghyphe den in das Oogonium eindrin^enden Fortsatz als

emen Befruchtungsschlauch wie dies bei den zwei vorli
*

1st ... . 1st dieser ein Analogon des Befruchtungsschlauches bei Pythium jerax

de Bar}', so miisste man auch die letztere Species von den Pythiumarten trennen.

be considered

forms

A. raceniosa stdligera^ and A. hypogyna. These three forms, which \^

might call the Racemosa group, are distinctly segregated as Maurizio
Hypogyna group among the species of Saprolegnia,^

In the cultivation of Achlya hypogyna it was found best to use sma
gnats culture could then be made in han

and the growth studied without mis

A marked peculiarity was the scarcity of zoosporangia. These were

found only in young cultures, appearing about 24 hours after infection;

two are shown in fig. i. The oogonia, however, were very abundant;

their usual arrangement is shown in fig.^
2. A mature oogonium and

antheridium of typical appearance are represented in fig. j. The fertiliz-

ing tube in this case is branched near its base. In a verj' few cases the

oogonia are oblong (fig^ 4), and some intercalary ones are occasionally

^^^ O^^- 5)- ^When^the stalk is very short, the antheridium may extv..d

some distance into the main hypha (fig. 6). It v. Ill be noted that one of

the oogonia here shown has no projections on its wails; this peculiarity

^ of ver}^ rare occurrence. In one case a hanging drop containing a gnat

was infected with a sporangium in which the spores were formed but not

yet discharged, Tne spores remained in the sporangium, but sent out

^ Beitrage zur Biologic der Saprolegnieea. Mitteilxmgen des Deutschen Thch&tm-

erem

Jahrb. Wiss. Bot. 29:75-131. ^- x'lura 79:109-155. pis. J~J. 1594.

896. Beitrage zur Bioiogie der Saprolegnieen. Mitteii. Deutsck Fiscberei-Vemns

^^
: i-^. figs. 19, 1809.
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tubes, which penetrated the sporangium wall and ran over to the gnat.

In twenty-four hours after the gnat was reached, sporangia were beginning

to discharge in the new culture. In another case when infection was made

Fig. I xwo empuea zoosporan
main hj-pha, X75.-

FiG. 2. Immature oogonia on a

Fig. 3. Typical oogonium wth three oospores; antheridium
below and branched fertilizing tube arising from the partition. X335 —FiG. 4- ob-
long oogOTium with antheridium. X335.—Fig. 5. Intercalar}' oogonium, wtbout
an antheridium. X 335.—Fig. 6. Two short-stalked oogonia, with antheridia extend-

mg into main h^^ba. X335.

with a hypha bearing some young oogonia, the gnat was penetrated by

a hypha which arose from the stalk of one of the oogonia; not until forty-

two hours later was the new grow
J. D. Pemberxon, Cha Pel HilL A" i

W. C. CoKER and

ON THE ORIGIN OF ANGIOSPERMS^
In an extensive paper to be published during 1908, I have reached the

following conclusions concerning the origin of angiosperms:

T^t
^/^^^.^^^ Pap» l^d gone to press, it appeared in German) in Ber. Deutsch.

I

• y^^7' ^5:496, 4Q7. igo7. The editors were not a^^-are that it had been sent

elsewhere for publication, and regret the unnecessary duph-cation.—Ei>s.
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Jadin ;

cupula.

Julian

Rhoideae

be

2. The Juglandaceae and also the Anacardiaceae are descendants of

such Rhoideae as Juliania and Pistacia, but are still more reduced In the
structure of flower and fruit.

3* The BrunelUaceae, Burseraceae, Irvingiaceae, Sabiaceae, Anacardi-
aceae, Exgler's Julianiales, Juglandales, and some genera of his Simaru-
baceae (Picrodendrum, Picramnia, Alvaradoa) must constitute together
the old order Terebinthaceae.

4- Also, the Leitneraceae, Aceraceae, Amentaceae (i. Quercineae, 2.

Myriceae, 3. Coryleae, 4. Casuarlneae, 5. Betuleae), and Unicales, thus
comprising most of the chalazogams, are reduced descendants of Pistacia-
like Terebinthaceae, and not descendants of Hamamelidaceae or Columnif-
erae (including Euphorbiaceae), the latter of which must
reduced descendants of Buettnerinae,

5- From the preceding orders the Balanopsidaceae (Balanops and
I niocularia) differ much in anatomical structure; they are Hamamelidaceae
and are related to Trochodendrum, Tetracentrum, Daphniphyllum, and
Rhodoleia.

6. The Salicaceae must be regarded as reduced descendants of Fla-

courtiaceae, and related to Homalieae and Idesieae; the Lacistemaceae
as a tribe of Flacourtiaceae next to Homalieae; and the Pipefales (including

Lactoris and Myrothamnus) as reduced descendants of ^lagnoliaceae.

7' The derivation of the Hamamelidales (Platanaceae and Hamame-
lidaceae), as congeners of the Saxifragaceae, from ^Slagnoliaceae must also

be maintained.

8. The chalazogamy of Ulmus, Juglans, and many of the Amentaceae
suggests the presence of chalazogamy, and other embryological resemblances
to Casuarina, in Myrica, Leitnera, Acer, Juliania, Pistacia, Rhus, and other

Terebinthaceae.

9' As descendants of Terebinthaceae, and in accord with Wielaxd's
discoveries among Bennettitaceae, in,spite of Wettstein's opinion to the

contrary, the Amentaceae (including Casuarina) and the Unicales are

becoming completely out of the question as connecting links between g} m-
nosperms and angiosperms, and cannot interfere longer with ray opinion

that the Magnoliaceae are descendants of Cycas-like or Bennettites-like

g}'mnosperm3.

10. Also the Gnetaceae, which in some respects resemble dicotyledons,

and the Conifers, extremely adapted to xerophilous conditions, on account
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of their much advanced reduction are out of the question as connecting
hnks between gjTOnosperms and angiosperms.

II. The resemblances of Loranthaceae to Gnetaceae are not founded
on natural affinity, aU the Santalales being reduced descendants of Saxi-
fragaceae or of Celastrales.

great

I recommend that the following forms be examined during this next season

embryology

Juliania, etc.), Tokyo (Myr
(Terebinth aceae)

(Myr

Hamburg

THE GENERIC NAME GOLDMANIA
J. N. Rose of the United States National Museum

called my attention to the duplication of a generic name by the publication
of GoUmanm in my recent paper entitled "New or other^vise noteworthy
Spermatophytes from Mexico, Central America, and the West Indies"
(field Col. Mus. Bot. Ser. 2:247-287. 1907). This name having been

Hi
Leguminosae, namely Goldmania Rose (^I"i

^- ^at. Geneve 34:274. 1903), I propose the name
eoldmaneUa, gen. nov. of Compositae (Coreopsideae), for the olant which
1 described as Goldmanli. The binomlnnl mnv K. formed
Goldnmnella sarmentosa Greenman, n. comb. (Goldmania sarmentosa
Greenm. Field Col. Mus. Bot. Ser. 2:270. 1907).-;. M. GREENitAX,
I'^eid Museum of Natural Historv.



CURRENT LITERATURE
BOOK REVIEWS

Injury by smoke

Dr. A. WiELER^ has written a volume upon the eflfects on vegetation of sulfur

(?ioxid, the most mjurious constituent of smoke.* The subject of smoke injury to

agncultural and forest crops has long been of importance in Europe, and is now
beginning to attract attention in this country, where, with the extension of agri-

culture into semiarid mining regions and the increased interest in forestry, some
means of restraining injur}' to crops or some basis for adjusting damages becomes
more and more necessary\

The first chapter of the book is devoted to the demonstration of the presence
of SO2 in the leaves of plants injured by smoke. For this the author relies on
the method of Wixdisch, which revealed the presence of SO3 in leaves of ivy even

14 days after fumigation. Numerous analyses from smoky districts showed SO2
m the leaves in varying amounts. The analy^s do not show any definite relation

between the amount of SOa present in the leaves and distance from the source of

smoke.

In the second chapter it is shown that, contrary to the view of vox Schroeder
and Reusz, SG^, like other gases, enters only through the storaata. Leaves whose
stomatal surfaces were coated showed no injury when exposed for several hours
to comparatively strong concentrations of the gas. In ver)* young leaves and in

leaves whose stomata are permanently closed, the gas penetrates the cuticle.

grater part of the book, discusses

be
gas

all cannot

iv both its

tissues

prod

come into play. Two kinds of injury are distinguished, the acute and
the chronic. The acute form is rare and occurs only in the immediate vicinity of

the source of smoke, where the concentrations of SO^ are sufficiently high to kill

the tissues directly. Yet experiments on the resistance of various organs show

that the concentration of gas necessary to produce the acute form of injury is much
greater than that found in smoke-injured regions, and the great individual dilFer-

^nces shovm tend to obscure the results. To find an explanation of the chrome

injun^^ which is the more common and more difficult to recogoi^ and account

for, the effect of dilute mixtures of the eras were studied. Even under uniform

^ WnxER, A., Untersuchungea uber die Knwirkung schweffiger Saure airf c

Pflan^n. 8vo. pp. vii+ 427. ^^1. ig. BerHn: Gebruder Bomtraeger, 1905- i/z2.

=* The importance of this work justifies the publication erf a review long after

was due,—



200 BOTANICAL GAZETTE [march

conditions respiration was found to be irregular. Photosynthesis was depressed,

probably by the direct action of the gas on the chlorophyll, and not by a closing

of the stomata (Betula alba and Salix); while transpiration is not depressed by

the gas in any concentration. The rate of absorption of water is not reduced, the

removal of the products of photosynthesis is delayed, and growth is retarded.

In spite of all these effects of the gas, the author regards them as insufficient to

account for the chronic injury. In a later chapter he reasons that the cause of

the chronic injury must be sought in the effect of the gas on the soil, in which a

condition similar to that present in cedar bogs is brought about. All the effects on

trees point to a death by drouth.

Other chapters deal with the relation of soil conditions to the growth of trees,

and with the resistance of various plants to smoke injury. Finally, the methods

smo
As a whole, the work is a record of careful experiments and observations on

this ver>' obscure subject. The great difficulty of properly diagnosing injurious

effects due to smoke is repeatedly emphasized. Even in the carefully guarded

ex-periments, the individual differences of different plants, as well as unfavorable

factors due to the conditions of the experiments, often tend to obscure the effects

of the dilute mixtures of the gases used. All this, however, has served to draw

the author's attention to an important phase of the subject which has hitherto

probably not been sufficiently considered, that is, the effect of the acids of smoke

m the soil. Through chansres induced bv the continuous accumulation of SO2

bottom
about

.VSSELBRING

MINOR NOTICES
ual of micrography.—Dr. J. W. Moll, professor of botany in the RoyaJ

University of Groningen, has prepared a manual^ for the use of beginners in

laboratory practice in botany, which he believes is adapted not only to enable

them to gain useful information by their own efforts, but also to train them in

proper methods of scientitic work. The book is the outgrowth of the author's

experience, which has led him strongly to deprecate the use in the laboratory of

books which teU the student what is to be seen. In the preface he sets forth his

views vigorously on the pedagogics of botany, with special reference to the place

of practical exercises.

The book is divided into three parts. The first gives a brief account of

instruments, reagents, and materials; and the second gives directions for the

analysis of microscopic structure and outlines for micrographic descriptions.

The thhti part contains 489 exercises, which are scarcely more than lists of the

n^erial and preparations needed. Of course such exercises presuppose verbal

3 MoLt, J. W., Handboek der botanische micrographie, ten gebruike bij de prac-

tiscbe oefeningen voor aanstaande medici, pharmaceuten en biologen. Small Svo-

pp. VI .u 356. fig,_^ Groningen : J. B. Welters. 1907. #.4.25.
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1

explanation as to what is to be done, and written reports

The great number and variety of the exercises would permi
course in botany, or special courses intended for med
students. One section, of some hundred exercises, is devoted to important
tomical and morphological papers, each represented by a single exercise. Another
takes up the ''simples" of the Dutch pharmacopoeia for the benefit of pharma-
ceutical students. The language of the handbook will probably preclude its use

even by teachers in this countr>'.—C. R. B.

Jest's plant physiology.—The active demand which exhausted the first edition

of this valuable work, and the advances in plant physiology since 1903, not to

mention the appearance of an English translation, have required the preparation
of a second German edition.* As we have formerly and recently expressed a
highly favorable opinion of the quality of this work,^ nothing is now needed but to

point out changes in the new edition. The title-page indicates the transfer of

Dr. Josx from Strassburg to Bonn. In the arrangement of material we note the

change m the title of the third section from Energiewechsel to Ortwechsel, and the

transfer of the lecture on the forms of energ}' in the plant from the third section

to the first (Stoffweeksel), bringing it into close association with the discussion of

dissimilation, where it more properly belongs. The term Orhvechsel h a happy
designation of the section which deals with movements. The additions, thou^
shght, are numerous and in some cases important. The number of figures is

increased n

phy, which

The biblioffira-

of the volume, where it is much more compactly presented; but the alphabetic

arrangement bold-faced type the po.

obscurity of the soUd lists is obdated. By this change some twenty pages

gained, and devoted to the new matter,

practically the same.—C. R. B.

remains

Molecular physiology.—In 1903 Professor Lfo Errer.4 prepared a course

of lectures in what he calls molecular physiology.^ The manuscript has been

arranged and edited by Dr. Schoutedex and has been published by the Botanical

Institute in its RecueU. In a preface Professor H. T. HAMBURGEKof Groningen,

u) wnom the manuscript was submitted
que ce serait im crime de lese-science d

The lessons consist of a presentation of those portions of molecular physics

lich are particularly applicable to physiology. The properties and behawr
gases, liquids, and solids, such as diffusion, sxu-face tension, cohesion, viscosity,

Vorlesugen uber Pflanzenphysiologie. 2 ed. Imp. 8vo.

M^- iSj, Jena; Gustav Fischer. looS

1907

^ Ers£ra, Leo, Cours de physiolc^e molecuiaire, Mt au doctoral en sciences

botaniques en igoj. Lemons recueillies et redigees par H. ScHOtrrEE-EK. Rectjdl

Inst. Bot- PJi-iiv^Hiac t-r*^ ^-^ ^r^^
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imbibition, and solution, are discussed, first in the abstract, and then applied, so

far as possible, to the explanation of the formation of membranes, protoplasmic

movement, cell division, molecular structure, turgor, the movement of water, etc.

They form a useful summary, naturally not quite up to date, of facts and theories

which it is essential for the student of physiology to command. It is doubtful if

elsewhere they can be found more conveniently arranged and effectively presented.

All of them have for some years found a place in the writer's lectures on plant

physics.—C. R. B.

North American Flora.—The first part of volume IX has just appeared, being

the sixth part published. It contains a part of the Polyporaceae, by \V. A. MuR-
^^^y 33 genera being presented, the following being new: Hydnoporta, Fus-

coporia (9 spp., 2 new), Ftiscoporella (6 spp., 5 new), Fomitiporia (17 spp-, 16

new), Fomitiporella (9 spp., 7 new), Tinctoporia (i new), Melanoporella, and

Melanoparia, The large genera are Coriolus (40 spp., 13 new), Polyporus

(35 spp., 2 new), TjTomyces (25 spp., 6 new), and Hexagona (19 spp., 5 new).

In other genera 9 new species are described.—J. M '^

Plantarxtm

new
The species illustrated in the twenty-five plates of this

es by Hemsley, one of which represents a new Chinese

genus {Sinojranchetia) of Lardizabalaceae. Five additional new species are

described, but not illustrated. These 16 new^ species are all oriental, chiefly

Chinese, and belong to the following families: Sabiaceae, Hamamelidaceae (8),

Lardizabalaceae (6), and Triuridaceae.—J. M. C.

Part 229 contains the completion of Hookeriaceae,

M,v^^i.,.iu^^„„ TDu 'i"--ae, and most of Leskeaceae,

pletion of Ascolichenes and

Pfianzenfamil

BROTHERrs. Part

AHLBRUCKNER. The fourth part

index.—

J

004) and

Pflanzeiireich.9—Part 32 contains the tribe Coelog)'ninae of Orchida-
ceae by Pfitzer and Kr:vxzlix. Of the 15 genera recognized
described as new: Plychogyne, Hologyne, Sigmatogyne, Chela
lostalix. The snenVc r,„niber "•'= *^~ ' i.-:_~

Dendrochilum (74), and PhoUdota (31).

(103),

1

AID
Eucalyptus

the description, synonj-my, range, and affinities of eight species. This series,

begun in 1903, now includes thirty-one species.—J. M. C.

7 Hooker's Icones Plantarum. IV. 9^: pis. 2826-2850. 1907.
» ExGLER, a;, und Praxtl, K., Die naturlichen Pflanstenfamilien. Lief. 229

una 22s und Ergknzmigsheft II, Lief. 4. Leipzig: Wilhelm Engelmann. 1907-

_
9Engi.ee, a., Das Pflanzenreich. Heft. 32. Orchidaceae-Monandrae-Coelo-

gynm^ voa E. Pfixzer und Fr. Kranzlin. pp. 169. figs. 54 (294). Leipzig: WH-
helm Engelmann. 1907. lf8.4o.

y / fi J'/ ^ v^/

1° M-\IDEN, J. H., A critical revision of the genus Eucalyptus. Part IX, pp- 259"
294- pts. 41-44. Sydney: Published by the State of Ne^v South Wales. 1907. 25. 6i.
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NOTES FOR STUDENTS
Regeneration in mushrooms-—By a series of experimental studies on the

regeneration phenomena in mushrooms, Magnus "has attempted to analyze the

principles underl}'ing the organization of the complex fruit-bodies of tliese plants.

It was found that the cultivated mushroom, which was chiefly used in the

experiments, possessed a marked capacity for regeneration, which varied with
the age of the fruit-bodies and with the character of the tissues involved. In
extremely young fruit-bodies, w^ounds caused by removing sections are quickly

nlied up by the growth of new tissue, but with increasing age this power of regenera-

tion gradually disappears. The most extensive changes occur when a piece ot

the pileus in slightly older stages is removed by a perpendicular cut. The wound
soon becomes overgrown with a sort of wound tissue, which is covered with an
irregular hjTuenium consisting of sinuous lamellae or spines or irpex-Hke plates,

ail intermingled. The hymenium arises without reference to graWty, but it

always originates in contact with the old h}Tiienium and then gradually spreads
over the normal tissue. Although the reticulations of the new hymenium arise

Without order, there appears a certain definite regularity in their relation to each
other, so that whatever their form may be they always remain at definite dis-

tances from each other. It appears that the whole surface is capable of pro-

aucmg lamellae, but by some chance advantage certain portions start first, and
these then exert an inhibiting influence over a given area and prevent the forma-
tion of new growing points, which would cause the lamellae to be too much
crowded. In the normal expanding pileus the lamellae appear to be formed
according to the same principles; for when the first-formed lamellae become
separated by the growth of the margin of the pileus, new ones are interpolated

among them, keeping the number per unit of space constant.

Besides the typical regeneration of parts, various tissues of the mushroom
have the power of vegetative sprouting. In the youngest stages all hyphae return

readily to a condition of vegetative growth; mth increasing differentiation, how-
ever, this power is lost to a great extent. The paKsade cells of the h}'menium
and the cells of the cortex soon lose their capacity for vegetative budding, ahhough
some of the cortical cells in the lower part of the stem later re^n this power.
In general it appears that the most highly specialized cells are the fiist to lose

their capacity for returning to the vegetative condition. These facts argue m
favor of a progressive differentiation of the hj-phae which make up the fruit-body,

and is opposed to the dew that the character of the hyphae is largely determined
hy tropisms dependent upon their position in the fniit-body. If the character

of the h\*phae were merely a fimction of their position in the fruit-body, we should

fi-'^pect all hyphae to return readily to the vegetative stage. On aca>unt of this

character of progressive differentiation toward a determinate form, the author

^gards the fruit-body of higher mushrooms as a definite entity, resembling in

"iilAGNTis, Weelxer, Uebet die Formbildunsc der Hutpiize. Archiv,

tologie 1:85-161. ph. 8-13. 1906.
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this respect the animal body and differing thereby from vascular plants ot mae-

terminate growth.

The paper is an excellent contribution toward the solution of the problem

of the formation of the fruit-bodies of higher fungi by the correlated growth of

apparently independent elements. The problem has been attacked from^ a new

standpoint by a^ method which has shown

H. Hasselbring.parts than has hitherto been demonstrated.-

Coastal plain vegetation.—R, :M. Harper's studies of the vegetation of the

coastal plain (Box. G^azette 40:392, 393- i9<^5) continue to appear in vanous

journals. His most pretentious work, consisting of a phytogeographical sketc

of the Altamaha Grit region of the coastal plain of Georgia, has been recently

reviewed in this journal (43: 225. 1907). This admirable paper should be read

by aU ecologists. The fulness of citation in the bibliography accompanying

this work is most excellent, and may well be copied by authors generally; ^

addition to the exact citation of the original paper, citation is made of review^

of the paper cited, and a short appreciation of the article is given. In the Bui .

Torr. BoU Club (32:451-467. 1905) appear accounts of phytogeographical

explorations m the coastal plain of Georgia in 1904, in which are noted mterest-

ing patches of mesophytic forests rather apart from the region where such fores

dominate; also a peculiar case of a pine barren similarly isolated from the grea

pine barren region. In the same journal are accounts of new and notewort }

plants from the coastal plain of Georgia (33:229-245- 1906), notes on the dis-

tribution of some Alabama plants (33:523-536. 1906), and an account of a mi

summer journey through the CaroUnas and Virginia (54:35i'"377- i9^7)-

the latter paper mention is made of the remarkable flatness of the region, an^^

a type of plant society, locally known as **pocosins," is described; a "pocobin

is a sort of heathlike swampy thicket of evergreen shrubs and scattered pi^

especially characteristic of the Carolinas.
^

,

In Torreya are several short articles, one of which gives a statistical met^o

for comparing the ages of different floras (5:207-210. 1905), based on the 1

that monocot\ls develop dominantly in a region before dicotyls; the average a

number of local lists in glaciated and coastal regions ^ves about 30 per cent.

monocot}-ls; while simUar lists in older regions have about 24 per cent, of mono-

cot}Is. In tiie Altamaha Grit region of Georgia, the relatively young pine
'^^"-

rens have 44 per cent, of monocotyls; while there are but 13 per cent. 11

climax forests of the region. Other papers in the same journal give short stu les

in the North Carolina coastal plain (6:41-45. 1906), the Paleozoic ^S^^^^
Alabama, in which some new coastal plain plants are foimd (6:iii-ii7- ^9^^'

southeastern Mississippi and eastern Louisima (6: 197-205. 1906), the Altama^

Grit re^on of Georgia, gi\ing additional notes on this region (6:241-246- 19^ ^'

and a Long Island cedar (i.e.,Chamaecyparis) swamp (7:198-200. 1907).

In other journals are found papers on the coastal plain plants of New ^^8*^
(Rlu>d0ra 8:27-30. 1906), the vegetation of Bald Knob, Elmore County, M^"

bar

the
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bama, competition between oaks, and the forest lesources of Georgia. The
paper on Bald Knob (Plant World 9:265-269. 1906) recounts an interesting

occurrence of coastal plain plants on the xerophjtic sununit of a hill. Here there

IS strong evidence that this is a pioneer plant association, a fact which the author

doubtless correctly thinks is in favor of the theory that the coastal pines represent

formation

Q

Ihe paper dealing with competition in oaks (Plant WorL

recounts the crowding-out of specimens of Qtiercus laurijoli

former oak is a pioneer, and the latter a denizen of the climax

forests of the region. The paper on the forest resources of Georgi

dis

accompanied by a map.—H. C. Cowles

Georgi

ecology.—^WKiTroRD j^\

vegetation is a record of the first attempt to test the principles of physiographic

ecology in the tropics, and hence Is of more than usual interest to ecologists

who have worked only in the temperate zone. The area studied embraces
the slopes of Mt Mariveles, from the sea-Ievel to an altitude of 1400 meters.

The introduction includes remarks on the importance of determining the avail-

able water-content of the soil at all seasons, and some mention is made of the

andpractical application of ecological study. The climate has well-mailed wet

diy periods, and yet evergreens are as characteristic of the vegetation as are de-

ciduous trees. The prevailing forest type is thus midway bet^^^een Schimper^s

rain-forest and the monsoon forest. Possibly the retention of much water in the

during the relatively short dry period is a factor in the ma
forest

Whitpord's belief that this is the general type to which other formations of the

region are tending. An interesting feature here are the parangs, which are arti-

ficial formations, corresponding somewhat to our clearings. There are various

^3T>^s, but all seem to show evidence of gradual displacement by the culminating

Bambusa-Parkia forest. A further similar evidence of this is the appearance of

natural xerophytic patches resembline the parang within the Bambusa-Parkia

forest Next up the slope comes the Anisoptera-Strombosia formation

dominance enormous

number of tree species in these forests. Here, as in ail of the formations, many
details are given of the hfe-habits of the plants. The buttressed bases are a^o-

ciated with the overtowering trees of the hi^est forest stratum. Next come ilie

Diptenxarpus-Shorea formation, in which 10 per cent of the species are dip-

and From the first to the last

formations named above there has been a progressive increase in me^phytism

a^d in the dommance of the evergreen habit, correlated wiA a similar w-UC^

'HrrroRD, H. N., The vegetation of the Lamao forest reserve. PhiHpp

^=373-43^» 637-6S2. 1906.
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in rain and humidity. At the mountain top, however, there is a dwarf or "elfin"

forest of Eugenia and Vaccinium; yet the humidity is greater here than any-

where below. In this "elfin" forest is found the greatest development of epi-

phjtes, not alone mosses and lichens, but also liverworts, orchids, and even

filmy ferns.

The final sections deal with the strand formations, w^hich have but a meager

development in the region studied. The strand vegetation closely resembles that

of the Javanese strand, described by Schtmper, and need not be reviewed fully-

The chief formations are the Pes-Caprae and Barringtonia-Pandanus fomiations

of sandy shores and the ]Mangrove-Nipa-Acanthus formation of muddy shores.

The Bambusa-Parkia formation encroaches rapidly on these shore formations-

It is suggested that in other portions of the Philippines the climax forest differs

from the dominant Bambusa-Parkia forest of the region described. It is unneces-

sary to point out the great importance of this study. It might have been anti-

cipated that the broad principles of succession are as applicable to tropical as

to temperate regions, but it remained for Whitford to show this to be the case.

H. C. COWLES.

Ascocarp of lachnea.—Miss Fraseu^^ has recently discovered another case

of supposed reduced fertilization similar to that described for Himaria granulata

by Blac£al\x and Fil\ser. In Lachnea stercorea^ a form in which a functioniess

antheridium and trichogjTie are said to be present, she finds the archicarp arising,

as described by Woron-in for Lachnea scuteUata, from a lateral branch of the multi-

nucleate cells of the mycelium. Five or more cells are formed, the terminal one

of which becomes the ascogonium. This ascogonium, which is multinucleate,

gives rise to a branch, into which pass several nuclei. WTien mature this branch,

which is regarded as a trichogyne, contains five or six multinucleate cells, tne

terminal one becoming gready enlarged and containing many nuclei, a"^

position and degree of development of this trichog}'ne seems to var>^ greatl),

developing as a terminal or lateral structure, which may or may not be entirely

Inclosed by the mvesting hyphae. Miss Fraser regards this trichog}'ne as

intermediate m structure between that of Pyronema on the one hand, where a

unicellular functioning organ is well developed, and Physcia or CoUema on the

other hand, where the trichog^-ne is multicellular and functioning. Although

the position and origin of the antheridium does not appear to have been definitely

worked out, the author believes it to arise from the cell next below the ascogonium,

that it is a unicellular multinucleate structure, similar to that of P\'ronema,

and that it fuses with the terminal cell of the trichogyne. In some cases no

trace of the trichogyne could be found, and it is believed that it fails to develop,

as in Humana. The nuclei of the antheridium often remain in the cell and

<fegenerate in situ or pass into the terminal cell of the trichog)me. Fertilization

by the fusion of male and female nuclei in die ascogonium does not occur, there-

^3 Fr.\ser, H. C. I., On the sexuaKtv and dewlonment of the ascocarp in Uchnm
P^s. Aimals of Botany 21:34^360
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lore, but the nuclei of the ascogonium were obser\-ed fusing in pairs, a condition
also found in Humana. This fusion occurs at various stages in the development
of the ascogonium, either when it is very young or \try old, and not at a certain

stage in its development, as described for Pyronema. Since Pyronema possesses
a functioning trichogv'ne and fertilization occurs by the fusion of sexual nuclei,

Miss FfiASER would regard Lachnea st^corea as intermediate between Pyronema
and Himiaria, in which no trichogyne is present. A much-branched ascogenous
h}-phal system is formed from the ascogonium in the usual fashion, the asci

arising from the binucleate subterminal cells. The tw^o nuclei fuse to form the
ascus nucleus, which divides by successive divisions to form the nuclei of the
eight ascospores.—J. B. Oi-ERXON.

Polymorphism of Hymenomycetes.—Some interesting results bearing on the

polymorphism of the Basidiomycetes were obtained by Lyman ^* in a series of

cultures. It is stated that about 75 species belonging to the PoI}^raceae, Hyd-
naceae, and Thelephoraceae were grown in pure cultures and that about 40 per
cent, of these possess some secondary method of reproduction. In the present

species The

been foxmd

ting results were obtained in connection with two Fungi imperjecH:

rtocreas B. & C. and Aegerita Candida Pers. Michenem was shown
lidial form of Corticiiim suhgiganteum Berk., with which it had often

associated. The spores of Aegerita Candida yielded a form of Penio-
phora which had not been described, and conseq^uently becomes P. Candida

(Pers.) Lyman. Several other forms of Cortidum were foimd to have secondary
spore fonns, either conidia, chlamydospores, or bulbils. A peculiar tendency
toward a differentiation of the myceKa of these fungi into juvenile and adult forms
was noted in most of the species. The most pronounced example illustrating

this tendency is Corticlum alutaceum. The basidiospores of this form produce a
Diycelium with slender hyphae without clamp connections which bears conidio-

pnores; and later the adult mycelium with large hyphae having clamp connections

but without condiophores. Continuous cultures of conidia produce more and
more persistent juvenile mycelium. The adult mycelium is not entirely sup-

pressed, however, if the culture has sufficient nutriment to permit continued growth.

The cultures with Lentodium squamulosum are of special interest, for they

seem to show that this peculiar and much-discussed fungus is an autonomous

plant and not, as many writers have believed, an abnormal form of LetUifms

^grintis. In pure cultures the spores of the fungus give rise to a mycelium which

fcially produces fruit-bodies having all tte characters, including the peculiar

chambered h}'menophore, of the parent This form produces conidia from tiie

veil and from the margin of the young pilem. Careful studies of thfe kind throw

i^iuch-needed light on the biology of the higher fungi, whi^e life-histories present

^^^lany obscure points.—H. HLasselbrixg.

Lyman poiirmorphism d Hynieuomvcetes*

Hi^. 33 : 125-209- pis. 18-26
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African fresh-water algae.—The fresh-water algae collected by the third

Tanganyika Expedition (1904-5), under Dr. W. A. Citnningtox, have been

reported by G. S. West.^5 The collections were extensive and consisted lai^ely

of plankton obtained from the three great lakes (Nyasa, Victoria Nyanza, and

Tanganpka). Some material was collected in swamps and swampy pools, and

some of the most interesting algae were obtained from among the finely divided

leaves of certain utricularias. The ph}toplankton is first presented, and is peculiar

in the absence of many genera which are a dominant feature of the European lake

plankton. A table shows all the species observed in these African plankton col-

lections, and this is followed by a discussion of the peculiarities of the plankton

of each lake. The bulk of the report consists of the systematic account of the

algae. The absence of Stigonemaceae is referred to as remarkable, Nostochopsis

being the only representative of the family. Species of Hapalosiphon are of gen-

eral occurrence in swamps and marshes, as well as certain bog-loving and rupestral

species of Stigonema. The list of new forms includes 18 varieties, 36 species, and

a new genus (Sphinctosiphon) of PalmeUaceae. The total number of species is

372 (105 genera), and 122 of the 187 Chlorophyceae are Conjugales.

Certain conclusions are as follows: The algal flora of Tanganyika differs

very much from that of the other lakes, but its peculiarities could be accounted

for by prolonged isolation. The algae of Tanganyika showing marine affinities

may have been produced by a gradual increase m the salinity of the water over an

extended period. The relatively small proportion of Chlorophyceae in the plank-

ton, as well as the large proportion of Bacillarieae and Myxophyceae (Cyanophy-

ceae), is also an indication that the water of the lake was at one time more saline.

In large bodies of fresh water, a single example of plankton from a given locality

must not be regarded as representative of the plankton of the entire lake.—J. M. C-

Califomia p»ch blight.

—

^Ralph E. Smith describes this disease as occurring

m practically ever}' part of California where peaches growJ^ It was first recorded

in 1900 by Pierce and has since increased largely. All varieties are affected. The

buds and fruiting twigs die, the green twigs become spotted, and the leaves and

fruit drop off. Gum exudes copiously, especially in wet weather, over the one-

year-old fruiting tmgs. Twigs which were sound and tealthy in December were

found to be spotted by the first of Februar>% Spraying with Bordeaux mLxtuie

at the usual time was not effective, but spraying in December proved efficient,

and the ordinary Bordeaux of the 5-5-50 strength of the lime-sulfur-salt mixture

is recommended.

The fungus is referred to Coryneim beyerinkii. The mycelium produces spots

on the leaves and shoots in winter and spore pusttdes near the center of these

spots. Affected leaf tissue soon drops out, ^ving rise to '^shot-holes." Conidia

15 West, G. S., Report on the fresh-water algae, including phytoplankton, of the

third Tanganyika Expedition conducted by Dr. W. A. Cunmngton, 1Q04-5. Jo^-

1907
16 Agr. Exper. Sta. Calif., BulL 191. Sept
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are abundant upon leaf scars and h\'igs. . The life-history issiimmed up as

follows

:

The spores, scattered profusely over the limbs, germinate as soon as enough rain
has fallen to wet them up thoroughly, usually in December or January. Spores lying on
the green bark of new shoots penetrate the tissue and cause the characteristic spotting.

Spores lying about the bud scales produce a mycelium which penetrates and kills

outright both the bud and quite an area of surrounding bark, the spot extending from
one-fourth to one inch in length. On the spots spore pustules are developed.

The fungus w^as cultivated in beef agar, in ordinal}' agar, and on sterilized

peach twigs. The colonies are black with distinct zonal arrangement of conidia.

No indication of an ascigerous stage was found.—F. L. Stevens.

Fungus diseases of sugar cane.

—

Butler ^' has given an account of the fungi

attacking sugar cane in Bengal. The most serious disease seems to be caused by
Collefotnchum jalcatum Went., which causes a rot of the stalks that spreads from
the base upward. In the early stages of the disease the fungus greatly reduces

the sugar-content of the cane. With the disappearance of the cane sugar there is a

simultaneous increase of glucose. This is attributed to the inverting action of

the fungus, and by proper flask experiments it was sho%\Ti that the fungus has

the power of inverting cane sugar. All parts of the cane are attacked by the

fungus. On the stem it is often accompanied by a form of Melanconium {Tri-

chospJiaeria Sacchart)^ which was once regarded as the cause of the most destructive

cane disease of the West Indi^, namely the "rind disease." BrriER believes,

however, that the Melanconium is only an accompanying fimgus and that Colleto-

trichum jalcatum is possibly the cause of the famous "rind disease.

A number of other fungi are more briefly described. UstUago Sacchari

Rabenh. tmnsforms the growing axis into a long spore sac. Diplodia cataoicola

(P. Henn.), which was originally found on Thec^onui cacao^ is said also to attack

the stems of cane. Cytospara Sacchari Butl. is d^cribed as a new species also

found on the stems of cane. Thielaviopsis ethaceticus Went, is the cause of the

pine-apple^' disease of the young sets, while SpJiaeronema adiposum Bud. some-

what resemble the latter in its effects. The most serious leaf diseases are the

brown leaf spot caused by Cercospora longipes Butl., described as a new species,

and the well-known ring-spot, found everywhere on cane leaves in the tropics and

caused by Leptosphaeria Sacchari Br. & H.—H. Hasselbrixg.

Cyanogenesis in plants.

—

Trecb returns to a dfecussion of the origin and

distribution of hydrocyanic acid.^' Incidentally he adds in one of his tables to the

Kst of plants in which HCX has been found (as given by Greshoff at the York

meeting of the B. A. A. S.) six ^nera and sixteen species. HCN as a rule, in

hot countries at least, disappears from the leaves before their fall, the contrary

^7 BtriLER, E. J., Fungus diseases of sugarcane in Bengal. Mem, Dept. Agric.

India Hot i: no. 3. pp. 53. pis. 11. rgo6.

>8 TsEUB, M., Nouvelles recherches sur ia r6Ie de Facide cyanhydrique dans ks

j>

u

plantes vertes, IL Ann. Jard. Bot. Buitenzorg 21: 79-ro6- pb. /, 2. 1907.
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case of Sambucus (Gxtignard) and Indigofera (TreTjb) being exceptions. The

amount diminishes regularly with age in most cases, though there are not wanting

examples where the amount remains nearly constant until late in the life of the

leaf, when it suddenly disappears. Since distillation after maceration yields more

HCN than direct distillation, it is evident that a part at least, and as experiments

indicate most or all, of the HCN exists in the form of a glucoside which is split

up by an enzjine. No matter how quickly the killing and distillation is carried

on, the glucoside is hydrolyzed, so that the enzyme acts with "astonishing rapid-

ity." Some study was made of the enzymes concerned, but these must be worked

out later. That HCN is a reser\^e is shown by the fact that in plants put into

obscurity sufficient to preclude photosynthesis, HCN diminishes after the third

day; and when the same plants are brought out into the light again it increases.

Further, the maximum content of HCN occurs at midday. Light is influential

only because it provides for the making of glucose, which is necessar>^ to the for-

mation of the glucoside.

In a second short paper Treub^^ disposes of the contention that the role of

HCN is that of protection against animals.—C. R. B.

Taxonomic notes.—C. Warnstorf (Hedwigia 47:76-112. 1907), in a series

asnum from the United States:

o.missouricum (.Missoun), S. Bushh and S. alabamae (Alabama);
(New Jersey).—LERoYABRAMs(Torreya 7:217-219. fig. i. 1907)
new maple {A. hernardinum) from the San Bernardino Mountains

:he 236-241
les of hypogaeous fungi (Secotiaceae) under
MuRBECK (Lunds Univ. Arsskrift H. 2: no. 14. pp. 30. ph. 2. i^j)

-^i^vaitvi UK veyicarms group ot Kumex, recognizing 3 forms under R. veskanus
L-; separating R. planivalvis, R. simpliciflortts (3 forms), R. vesceriknsis, and
R. cyprius as new species; and characterizing R. roseus L.—W. Trelease (Ana.

Rep. Mo. Bot. Garden 18:225-230. ph. 12-17. 1907) has described 2 new
species and 2 new varieties of Yucca; also {idem 231-256. ph. 18-34) has published

an account of Agave macroacantha and aUied Euagaves, disentangling an exten-

sive sjTionomy.—J. R. Drummoxd {idem 2S--tS- ph. 1-4) has published an
account of the hterature of Furcraea with a synopsis of the known species, recog-

nmng 10 as vaUd and 6 more as possibly vaHd but imperfectly known.— A.
Maubi^xc (BuU. Trim. Soc. Mycol. France 23 : 146-149. figs. 7. t<pi) ^
desOTbed a new genus {Ceralopycnidium) of Spheropsidaceae from the Congo.—
A, A. Hellek (M'dhlenbergia 3:133-134- 190?) has reestablished Chlorofr<^
Bebr with 4 species, heretofore referred to Cordvlanthus or Adenostegia. AB

.
"peaes belong to salt marshes near the Pacific coast or to saHne soil in the

mtenor.—J. M. C.

'* Tretib, M.. Notice sur " I'effet protecteur " assigne a I'acide cyanhj-drique des
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Parasitic seed-plants.—Fraysse" has presented an interesting account of
the ecological relations of a number of parasites. Especial attention was given to

Osyris alba, a green parasite of the Mediterranean region, which grows on many
hosts, but particularly on legumes and mycorhizal plants. The seeds germinate
with difficulty, and the seedlings can live for nearly a year independently. The
compUcated structures of the perennial haustoria are quite fuUy described. The
host reacts by forming tyloses and other apparently defensive modifications.
Smiilar studies were made of Odantiks rubra serotina, Euphrasia offtcinalis,

Lathraea, and Mmoiropa hypopitys. Most botanists regard the last species
as a mycorhizal plant, but Filwsse seems to find it parasitic on Pinus. In all

01 the species studied, attention h paid to the starch and its distribution in and
around the naU'^fririil • fKlC +0**/-V. .V Alcr^C'4-r^A U*- AX,^~4-^r^^r. ^i-i^wv+«^ U,r +U.r* V> n . - r-4-^» »

and
portion of the treatise

characteristics of Cytinus Hypocisiis

tune, forming The penetra-
tion of this thallus is accomplished by mechanical means in part and in part by
the action of diastases.—H. C. Cowles.

A new hymenomycete.

—

McAlpinie^^ finds that the fungus described as

Isaria jiiciformis in 1872 by Berkeley, from material collected in Australia in

1854, is a basidiomycete. The fungus grows principally on grasses, but it also

attacks other plants. It consists of an effused somewhat gelatinous layer from
which rise Isaria-like tufts of hyphae, bearing conidia. On account of these co-

nidia-bearing tufts the fungus was placed in the genus Isaria. McAlpixe finds,

however, that the eflFused part of the fungus bears a basidiosporic hymenium, in

consequence of which he places it in the genus Hypochnus as H. fmiformis (Berk.)

McAlp.

In a note following the foregoing article, vox Hohkel and Sydow^ point

out that the name Hypochnus is no longer tenable, since the species included under
It belong partly to Corticium and partly to Tomentella. To include species

having tufts of hyphae rising above the h}Tiienium, v. Hohnel and Litschaiter
have elevated Patouillasd's section Epithele to a genus. In this \'0X Hohnel
and Syix>w place McAlpine's fungus as £. jucijormis (Berk.) v. Hohn. et Syd.

H. Hasselbring.

Embryo sac of Impatiens.^LoNGO^* has described an interesting haustorial

apparatus in connection with Jjnpaliens ampharata. In the growth of the sac

the small nucellus is resorbed, the sac coming into contact with the inner integu-

ment, whose inner cells function as a tapetum. From the enlarged micropylar

20 Fraysse, a., Contribution a la biolcme des plantes phane'rc^ames

Montpellier. 1906.

*^ McAlpls-e,
Aim. iVrvrnl J - r-

.

1906.

the so-called Isaria fucifarmfs Beik

I.#:•-»

^ LoNGO, B., Nuove ricerche suila nutrizione deU' embrione v«^^ale. Reale

Accad. Lincei 16: 59 1-594. figs. 2. 1907.
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tube

penetrate

sperm
integument. The tube is occupied by an endo-

correspondingly enlarged and amoeboid in outline. There is also a short chalazal

haustorixmi. The tapetal layer of the inner integument eventually becomes cuti-

funiculus are imperfect

especi,

among the^^mpetalai
mibedded m the heavy integument

through the micropyle.—J. M, C.

tea.—^HrxcHisoN^3
leuros virescens, the so-caUed **red rust*' of tea. This remarkable alga is the

greatest

am
blight. This *^bUght'' alga is one of the Chroolepidae, and attacks the leaves of

the tea plant, completely piercing them; but the serious form of attack is upon
the cortex of young stems. The alga occurs as orange-yellow, roughly circular

patches on the upper surface of the host. It is propagated from these patches
either by the discharge of zoospores under conditions that favor swimming, or
by the breating-off of the sporangium and its transportation bodUy by the wind.
The attack on young stems is intimately connected with their rough surface, all

the young algal patches bemg found m the cre\ices of this surface. K the young
shoot grows rapidly, it may outstrip the alga and "no permanent mfection takes
place;" but if the young shoot grows slowly, the alga is able to penetrate and
destroy it-J. M. C

has undertaken a detailed study of die histology

species of Puccinia formerly included imde

The

rusts.
jt

r-, gramnts, P. rubigo-vera, and P. cormata, and more recently broken up into
a greater number of species on tbe basis of botb morphological and phj-siological
characters. The investigation was begun at Cambridge in 1903, at the suggestion
of the late Professor ^Iaesh.^^ Ward, and has been continued at Pretoria, at
toe Transvaal Department of Agriculture, where the author is mycologist. This
tust paper deals with the development of the uredo-mycelia, and the principal
rj^ts are as foUows: In the eariy stages of the mycelia, these species exhibit
<»stmctave morphological characters; the sub-stomatal vesicle is of a definite

or each species; the haustoria of some species are very distinctive; and
i species a well-developed appressorium is present, while in others it is

not so evident—J. M. C.
f ^

M^J^^^^^^^' ^" ^' C«P^^<^»ros virescens Kunze: the "red rust" of tea.
Menx^^art. .^^c India BoL x :no. 6. pp. 35. pis. 8. rgoj.

Ann.T= Z'^'
^' ^°^^" ^^ '^^'^^ ™^^- ^- The development of their uredo-mycelia-Anmls of Botany 21:441-466. i^. ^^j. 1907.
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Coffein and theobromin.—In a detailed account

time

questions :*5 Dq coffein and 1

metabolism of the plant or not ?

of proteids, and can thev be us

arise

arise

both

dissimilation

time

storing N, as they contain about

cent. N as compared with 19 per cent, or less in proteids, and this is doubtless the

reason why they occur so abundantly in seeds, though they may have also a pro-

tective function.—C. R. B.

Desert vegetation in South Africa-—The country^ of Wehvitschia has always

seemed fascinating to botanical travelers. Its accessibility is not fully realized;

not only is it near the coast, but the heart of the desert is traversed by a railroad

which has a station named Welwitsch from the abundance of the remarkable

rm in the resion thereabo an

Journey through a part of German Southwest Africa, in which there is a descrip-

Xamib plains

less

bling the Acacia vegetation farther east. Near Windhuk, the seat of govemmeni
there are Acacia park forests, in which Acacia giraffae is the predominatin

species,—H. C. CowT^s.

Root-parasitism,

—

Barber ^7 has continued his studies of the haustorium

Santalti stages up to penetration

tissues are first described

described; while the present paper deals with the mature haustorium. The

penetration of the haiistorium, its general structure, and its relation to the host

Then follow detailed descriptions of the cortex and

^'nucleus," the vascular s}'stem and its connections with the host, the character

and development of the "sucker" with its double function of secretion and

absorption, cases of irregular penetration, the general activity of the haustorium,

and the mterrelations of host and parasite. The numerous plates serve to make
the descriptions remarkably clear.—J. M. C.

Taiwania*

—

Hayata described this new genus of Coniferales from the Island

Formosa in 1906 time

»5Weevers, Th., Die physiologische Bedeutung des KofFeins und des Theo-

bromins. Ann, Jard. Bot. Buitenzorg 2 1 ; 1-7S. 1907.

»* PtARSON, H. H. W., Some notes on a journey from Walfish Bay to Windhuk.

Kew BuiL 1907:339-360.

*7 Barber, C. A., Studies in root-parasitism. The haustorium of SaJ^alum

(Mum, 11. Mem. Depart. Agric. India Bot. i:no. i^. pp. 58. pis. ij. igoj.

*^ Box* G.\ZEXTE 40:159. 1905 and 42:317. 1906.

^Jour. Linn, Soc. Bot. ^2:'izO'XZ2. pi j6.
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has been able to secure more favorable material for study and has just published^^

his results. The genus belongs to the Taxodineae, and resembles Cunninghamia
in the form pf its cones, Arthrotaxis in its foliage, and Ciyptomeria in its habit.

A study of the anatomy of the leaf shows that in this feature it is intermediate

between Cunninghamia and Cryptomeria, and perhaps nearest to Arthrotaxis.

On the whole, the author concludes that it should be placed among Taxodmeae

tamia and Arthrotaxis.—^J.
M. C.

Synopsis of Godetia.—\V. L. Jepson-^^ has published a synopsis of the North

American species of Godetia, which are restricted to the Pacific coast and are

represented chiefly in California. After some account of the history of the genus,

specimens

gnized species

group, comprising the loosely flowered, freely branching forms; and the Purpurea
group, comprising the spicately flowered, shnple stemmed forms. The critical

character of the study may be suggested by the statement that there are published

S new species, 15 new varieties, 6 new forms, and 3 new combinations. The 'kittle-

known species, old and recent," number 11.—J. M. C.

Nitrogen fixation by algae.—After a valuable review of the literature of the

nitrogen by algae.

fixation

fungi;

possess this pow^r. In this paper it is shown that some algae, Nostoc for example,
possess this power
not very important s}Tnbiot
with such nitrifying organisms as Azotobacter; the work of the latter is doubtless
facilitated largely by the carbohydrate contributions of the algal s}mibionts
H. C. COWLES.

Anatomy of Equisetnm.—Qi:£va's33 studies on the histology of Equisetum

ndarj' growth does not exist even in the n<

cambial activity. Since serondarv wood
common m the Calamites, and Jefpbey has observ^ed a cambium
£. hiemale and E. llmosum, it is probable that we have here to do v
structure. The cortex arises by tangential divisions of a superficial

[em

dually disappears owin

1 the

M. A.

30 Hayata, B., On Taiwania and its affinity to other genera. Bot. :Mag. Tokyo
2X: 21^-27. pLT. 1907.

' ^

Jepso
;alif^

®^' 2:319-354. pi 29. 1907.

HecsZE, B., Einige Beitrage zur mikrobiologischen Bodenkunde. Cent. Bakt
640-^

906

QuEVA, C, Histogen^se et structure de stipe et de la fronde des Equisetum.
Soc. Hist. ?i.it H^i.,^„„ -,«. - _

^



^9o8] CURRENT LITERATURE 215

Embryo sac of Cassia.—W. T. Saxtox34 has investigated the South American
Cassia tamentosa, as growing in private gardens in Cape Town, South Africa.

The usual linear row of four megaspores appears, but curiously enough the function-

spore

a tubular prolongation at the antipodal end, which is filled by a row of antipodal

cells, as in certain Compositae. The number of chromosomes in the divisions

of sporophytic nuclei is reported to be twelve.—J. M. C.

Functionless chlorophyll.

—

Boxxier long ago discovered that chlorophyll in

some parasites appears to have lost its synthetic power. Friedel^s finds that

in the ovaries of Ornithogalum arabicum the abundant chlorophyll has no synthetic

power, or at least that the gas exchange is so slight as to be entirely masked by
the respiratory^ gas exchanges. Ovaries of O. umbelldtum, however, have vigorous

synthetic powers.—H. C. Cowles.

Gametophytes of gymnosperms.

—

Porsch,^^ in a general review of investiga-

tions upon the gametophytes of gjTnnosperms, has considered more than thirty

papers, most of them published since 1903. The material is arranged systemati-

cally under Cycadales, Ginkgoales, etc., and is illustrated by a few well-chosen text

figures. Some of the comments are very suggestive.

—

Charles J. Chamberlain-.

Codonotheca.—In 1903 Sell^ards described this form-genus from material

obtained from the iron-clay concretions of ]Mazon Creek, Illinois, He has just

xpresses the belief

microsporangiate

:eris t}^.—J. M.
Apo^amy in Rumex-—MtTstBECK^^ has reported the discovery of apogamy

form of R, Acetosella which he calls angiocarptis. This announcement comes
ay of BoL Noiiser 1907: 238.—!. M. C.

Saxton- W. T.. On the- fTpvf-lnnmpnf nf thf- oviil*^ anH embrvo sac in Cassia

tomefUosa. Trans. S, Africa Phil. Soc. 18:1-5. pis. I, 2. 1907

Friedel, T., Sur un cas d'ortmne vert denourvu de nourv-oir assimilatetir,

'^ompt. Rend. Acad. Sci. Paris 142:1092, 1093. 1906

PORSCH phylogenetlach
t-rgebnisse der Gametophytenerforschung der Gymnospermen. Kritisches San* el-

referat. Festschrift des Xaturwiss. \ ereines an der Universitat WIen. pp. 39. jigs-

16, 1907.

37 Sellards, E. H., Notes on the spore-bearing organ Codonotheca and its rela

tionship vdth the CycadofiHces. New Ph>tologi5t 6: 175-178. 1907-

38MURBECK, S., Verh. Naturh. Vcrein. Preussisch. Rheinl. Bonn. 63^:—, 190?



NEWS
J. B. Farmer

Chronicle.

oble, at the age of fift>-six years.

nnounced of Dr. P. Lackmann, professor of botany

Del.\croix (<
Insti-

national agronomique," died at Paris, November 2, 1907

HE COUNCIL of the Geolorical Societv of T.nnrinn has awarded the Murchison

Mr. A. C. Seward, professor of botany in t

LxTDwiG JosT, professor in the Agricultural

Graf zv Solms-Laubach
upon his retirement as professor of botany and directo

The M\cmill.\x Company announce a book by Dr. B. :M. Duggar, Cornell

University, entitled The physiology of plant production. As the title implies, it

IS primarily an application of plant physiology to the requirements of agriculture

and horticulture.

Dr. Forrest Shreve, associate professor of botany in the Woman's CoUege
of Baltimore, has accepted an appointment in the Department of Botanical

Research of the Carnegie Institudon, and will enter upon his duties at the Desert

Botanical Laboratory, Tucson, Arizona, at the close of the academic year.

At the Chicago meeting of the American Association, the foUowing officers

of Section G were elected: H. M. Richards (Columbia), vice-president; H. C
Cowles (Chicago), secretary for a term of five vears. The Botanical Society

otf America elected the foUowing officers: W. F. G.^xong (Smith), president;

D. S. Johnson (Johns Hopkins), secretary (continued). The American Society

oi Naturalists elected as its president D. P. Penhailow (McGiU).
Tim report of the director of the ^lissouri Botanical Garden for 1907 con-

tains the following items: The number of visitors during the year was I35r497»
bemg the largest number in any year excepting the year of the Worid's Fair. The
incorporated additions to the herbarium were 35,876 sheets. Among the uq-
wcorporated material are 20,000 specimens of Texan plants collected by
l^mDHEiMER between 1849 and 1851. The herbarium, so far as now mounted,
contarns 595,143 specimens. The Hbrary now contains 58,156 books and pamph-
lets, besides 77 manuscript volumes.

216



1 Ids

EXT
^K

1-^

^
n^

«-t

^ .1-

^»

-^

^

Used as a spray or gargle, it is most
effective in allaying irritation and
clearing the air passages. It checks the

offensive discharge, retards inflamma-

tion, and has a tonic and stimulating

effect on the diseased tissues.

Pond's Extract is sold only in

sealed bottles ; nerer in bulk.

Lttvant, Cariiw k Co., S*Ili«» Agint*, 7« nndMa »t^ S. I.

iHAT

LET
TALCUM

«^»>.

iT-
"TT-^

.P*^.

*-;^

n tJ*+

*

-^"

'^%^"iitT'^.^

W^

-U m

m-)k

^'^.
Hit

L^.
'\r.. ,^->,

^^

f
N M> .^

:*
*-^^

i^

V
^

•'Strenuous Life"
of outdoor folks need not carry
the penalty of painand annoy
ance which winter weather
brings. The daily use of

Mennw
Borated T

^- +

W

Toilet 1^5^'der
after bathing and after

A&aTlngr keeps the akin
smooth and healthy. It not
ouly heals bat soothes all
CUappinip, Chafiiis, aud skin
troubles of winter and sam-
mer. It is indispensable In the
nursery.
For yotir protection the y^n-

nineisputup in uon-r^-^fiilabie
boxes—the ••Box that Lorn/'
with Meunen's face on top.
Guaranteed under the Food

and Dniff« Act, June30,ia06.
6eriai No. 15*2. Sold every-

where^ or by znail, 25 cents-
Sample Fr?^.
OSRHARD Mi:>'>"EX CO.

Kewarit, ?f, ^.
M^mes'-s Violet (

alcura T<^let Powdet it
tiie sceat of

Vioicte.

^^Cl.i ^4lW. .-»,.- ,^^t^'
'

'

Intending purchasers

<rf a strictly firsf-

dass Piano

should

not fail

to exam-

ine the

merits

_ ._^ -,-F^"- ^^

THE RENO'/. « ^ ^»

It is the special htvorite of the mfined a

cultured musica* —blic on ^ccm^ of its on^

passed tone-quality, unequaled darabnity, ele-

gance of design aid Soish. Catak.gue mailed

on application. ^^^
THE SOH^?EB-CCCfLiAlf liglOE PLOVER

Farorabie lensa to Respoas-^e Farttes

SOHI^ER 3^ COMPANY
WaierK}oms Cor. •*'^ ^ ^-. ^^ad at. ^- ^^^ j. ;^it.

^=^



e Tragedies of Seneca
Translated by FRANK JLSTUS MILLER

This is a new translation of the ten trag-

edies which have come down under the name
Seneca, rendered into English blank

verse, with appropriate lyric meters for the
choruses. The work is enriched and its

value greatly enhanced for both classical

and English students, as well as for the
general reader, by an introduciion on the in-

fluence of the tragedies of Seneca upon early-

English drama, contributed to the volume by-

Professor John M. Manly; also by a review
of the Roman historical drama in connection
with the Octavia.by comparative analyses of
Seneca's tragedies and the corresponding
Greek dramas, and
mythological index

comprehensive

600glossary.
pages, 8vo, cloth; net I3.00, postpaid S3.20.

Address DepL P

The University of Chicaao Press
CHieiea NEW YORK

Ancient Italy, Historical and

Geographical Investigations in

Central Italy, Magna Graecia,

Sicily, and Sardinia

By Ettore Pais, translated from the

Italian by C. Densmore Curtis

Dr. Pais is well known to classical scholars.

The articles in the present volume are the results

of his studies in the ancient history of the Italian

tribes. Every available source of information

is drawn upon, and their breadth of view is

masterly. They embrace the relations of these

peoples with the surrounding nations, and inci-

dentally thro%v light on the history of Greece-

Their publication at this time will be welcomed

by scholars, to whom they have never been gen-

erally accessible. Many of them were printed

as detached papers with a limited circulation,

and all were of course in Italian.

480 pages, 8vo. cloth; net l5-00, postpaid $5-^

ADDRESS DEPARTMENT P

The University of Chicago Press

CHICAGO AND NEW YOR*^ ,

chapter;
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I PROG
By KENYON L. BUTTERFiELD

President of the MassKhusetts Agriculnira! College
The increasing interest in rural matters
wMch began with the generally growine
loTe of ontdoor life and which has already
included the technical aspects of modern
agncTdtnre, is gradually being broadened
to embrace the field of economic and social
iimsstigations. At present the literature
regarding the sociological phases of ruralme la particularly meager.
IJeaideat Butterfield emphasizes in his booktU ^VoTtimce of the social aspinrts of the ru-ral .-. -~-auty an« describes some of the aewer

life Th.«'^'''^*?^
'"^ ^' expansion rf roral

L_- ^^'^^^ "« chapters on the work of the--.OBS ageaci«i for rural developm.nt, sach

SSTch,^
"^"''' *^ ««^' the country
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BY HERBERT J.
DAVENPORT

The author thus defines his position

in his preface: "Since the time of Aa^iu

Smith, economic theory has been i

possession of doctrines enough tor

reasonably complete, consistent, aa
•^ ^ '-

_if only those

doctrines had been, with a wise eclectt-

cism, properly combined and articulate^

The emphasis in the present voW^

upon the entrepreneur point or vi^

^^^
the computation of costs

logical system of thought

and in

analysis of the process by which disu

utive shares are assigned, has not 6

,' only that tm

point of View be clearly distinguishe
•

consistently held, and fully developea-

ntw in it: it was necessary

a pages, 8vo, ^otb

net $3.50, postpaid f3 7^

3S D€ »AHTM£^^ ^AD
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Old Testament and Semitic Studies in

Memory of William Rainey Harper
Edited by

Robert Francis. Harper. Francis Brown,
and George Foot Moore

These sumptuous volumes contain contributions
jTOm the chief Semitic scholars of the country on topics
ot ttmely interest in this field. They are intended as a

5?f!"2r*^^ of a man whose influence on the study of the
r*" Testament has been as noteworthy as his successm the organization of a great university. A full des-
yption of the coUection will be furnished on request.
Awo volumes, 878 pages, royal 8vo, cloth; net $10.00,
postpaid $10.64. Sold by subscription only.
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THE PROCESS GOVERNMENI
By Arthur F. Bentley

'

This book is a technical study of the ^^^^,
which must be used in the scientific ^"J^^P^j^g

tion of the phenomena of government,

author holds that the manner in which ^^^f ^

beliefs are made to do service in most pre-

interpretations Is artificial and «nsatistacTu»._

He has endeavorrd to resolve the customf^

dualism, not in the manner commonl> c*

philosophical, but by a dirtct analysis ot soc

processes. His position is that the c^"^^^!;.^^^

of leelings and ideas as causes should ne a

doned, and replaced with something mo^^
^^

cient for scientific purposes. He seeKs |^, ^^
values or practical meanings for all ^^f^,-^
ties and discussions in terms of

.^/^.f^^^^^lWhile --^^

located, many.

, Kv nrolractefl

group interests of the population

he believes, can be detected only by prp
.

investigation. This is but one side of ^^^^^^ '

On the other side he strives to make a simu

analysis of the various institutions or oi^amz^i

forms of government, reducing them "f^ ^
to terms of underlj-ing group '^*«^^? '

:„ed
showing how th^ are created and mamiaiu

by the pressures exerted by such ^^iterese.

The book may perhaps best be ^^^scjibe^^^
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forms with the institutions of S^^^.^t^' nt
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to grapple with the intricacies of public oP
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from Russia* where he has made a ^cxal study of

legislative events.
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Adam Smith and
r.

riodern Sociology

A STUDY IN TflH HETHODOLOGY
OF THE SOCIAL SCIENCES

ALBION W. SMALL
THE volume is the first of a series which the
A author will edit on the preparations for soci-
ology in the fragmentary work of the nineteenth-
century social sciences. The main argument of
the book is that modern sociology is virtually an
attempt to take up the larger program of social
analysis and interpretation which was im-
plicit m Adam Smith's moral philosophy, but
which was suppressed for a century by prevailing
interest m the technique of the production of
wealth It IS both a plea for revision of the
methods of the social sciences, and a symptom of
the reconstruction that is already in progress.
260 pages, i2mo, cloth; net 51.25, postpaid $1.36

Address Dept

The University of Chicago Press
Chicago and

manua
STYLE

Being a Compilation of the Tvpographical
Rules m Force at the UniVer^ty of

Chicago Press; to Which Are
Appended Specimens of

Types in Use
»33+ 80 pages, laiao, paper, net go cents, post-

P«^^ 53 cents

NE of the most comprehensive
works on typographical style
ever published. Though pri-
mten dpfl fnr ^^ 1 .._r ,: .local-J -—„vxtw lor local use,

believed to possess elements of -^e-
tainess for wider circles. It is recommended to publishers, writers"^ ^y puuiisaers, writer*?

F™*'/^*". P™««. and 'othei to.'
•crested m typography.

AoDK&ss Dmwt

The Unwersity of Chicago Press
CHICAGO AHD NEW YORK

I

i oLoey
An Exposition of the Main Development

in Sociological Theory, from Spencer

to Ratzenhofer

By ALBION W. SMALL
Professor and Head of the Department of Sociol-

ogy in the University of Chicago

I
N this important book Professor Small brings hi*

wide reading and keen analytical powers to bea:

on the history of sociology and its present claims to

be regarded as a science. These claims have ofte'.

been disputed, on the ground that the materiaU

sociology has already been pre-empted by theteci^-

nized social sciences^ethnology, history, economics.

etc. Professor Small's answer is that the work of

co-ordinating these various groups, of surveying tne

process of human association as a whole, is a tasK

disdnct from that of a worker in one of the spe^

fields, and that the body of knowledge so gaine<i

legitimately ranks as a science. In other words,

sociology is to social science m general what neu-

rology is to medicine. It is addressed to historians,

economists, political scientists, psychologists, aaa

moralists, quite as much as to sociologists.

xiv+yjgpp,, 8vo, cloth, net, $4.00; postpaid. $4-^J-

ADDRESS DEPT. P

e University of Chicago Press

CHICAGO AND NEW YORK

OUTDOOR LA J

I
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CONVICTS
By CHARIES RICHMOITD HEITOERSOS

SMALL volume which presents an
^^f\-- translation of all the reports i»^^*^.

the last International Prison Congress at l^aa

pest, together with accounts of various ta

colonies in Belgium and Switzerland, aii^^^^
door work of prisoners in the United StaE^

The book contains the largest body of exp^

opinion and of fact to be found ^^.^"^^^^j^
--g

this subject, and the conclusions offered ai^

based on the results of experiments ^^^^
nearly all civilized countries. The ed—^- '

.^^^

up the argument and recommendations, ^^
special reference to American conditions-

topic is of burning interest to all business me^^

trade-unions, and legislators who wish to stu

the problem of prison labor in the light ot a

the facts. .^

170 pages, 8vo, paper; net 75 cents, postpaid

S3 cents.
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Hie University of Chicago Press
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Will You Try a FoxTVpewriten
At My Expense I invented the Fox Type-

writer and manufacture it

to-day. I know just how

good it is. I know that it is a better typewriter than any other

typewriter ever built.

I know other typewriters of all kinds and I know that the

Fox has every improvement and every feature that any of them

has—and more. I want to place a Fox in your office at mv f-xn^nse

and have you compare it part for part, feature for feature, with

any other typewriter.

I will let the typewriter speak for itself. All I say about it

and claim for it will be demonstrated by the machine itself more

w.R. Fox, President Fox Typewriter Co. convincingly than I could tell it.

Then I want to leave the decision to you. If you
want it then I will either sell you one direct on favor-
ablc terms, or my nearest representative or dealer will

do it for me. If you already have a machine we will

lake that in part payment.
All you have to do is to fill out the coupon below and

tnail it to me to-day.

The Test or Trial Will Not Cost
You a Penny

This is the way I sell typewriters; it is a good, lair,
honest way. It has not a weak link in the chain of
taimess.

I do not belong to any trust and nobody dictates the

PJ^Sl I shall sell at or how I shall sell.

That's my business.

_
I sell my machine strictly on its merits, not for what

"ijsedjobe, but for what itjs to-day.

It is no joke to successfully sell typewTi'ters in com-
pcnUon with a big trust. My machine has to be better
than others (not simply as good) to stand a chance in
competition. It is better.

If the machine is not as good as I say it is it would
l^^e been impossible for me to build up the enormous
«isiness I have, because to-day I am selling thousands
O' Fox Typewriters-
world.
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THE RELATION OF PLANT SOCIETIES TO
EVAPORATION

I

Edgar N. Traxseau

(with xine figures)

During the summers of 1906 and 1907 the writer made a study of

the plant societies about Cold Spring Harbor, Long Island, N. Y.
In this connection an effort was made to obtain quantitative measure-
ii"^nts of the various environmental factors upon which depend habitat

differentiation and the succession of plant societies. The publication
of LmxGSTox's paper on "The relation of desert plants to soil mois-
ture and to evaporation'' in the autumn of 1906 suggested to me that

a series of vaporimeters, standardized and exposed in the various

ant

humidity

Through the kindness of Dr. Livingston I was supplied with

several porous cups which were standardized with the vaporimeter at

A ucson. They were similar to those afterward sent out from the

Desert Laborator}- to various parts of the United States. For this

reason the readings given in this paper may be compared directly with

any obtained by other observers using these instruments.

In the nature of the case, with the small number of instruments at

ray disposal, it became necessarv to establish one instrument as a

standard for the region. Because of the desirability of ha\ing a

^cord of the rate of evaporation in the garden of the Station for

Experimental Evolution, the standard vaporimeter for my work was

placed in this sarden about ^^ east of the weather bureau instrument

shelter. With mpared. WTien-

as

217
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spending reading \\3.s made of the standard vaporimeter, as nearly

simultaneously as possible
(fig. i)

.

The vaporimeter consists of a porous cup supported about
above a pint jar by a glass tube which extends from the upper end of

Fig. I.

porous

positions Contour

tube is fitted air tight

porous cup by a rubber stopper. The top of the jar is covered
by a cork wUch is nearly air tight
jar is a conical shield of paraffined do
jar was sunk in the ground to within

abov

In

In
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the instrument, the porous cup and tube were completely filled with

water and the jar was filled to a mark near the top. At convenient

mtervals the loss of water by evaporation was determined by running

in water from a burette and restoring the original water level. Because
ofthe large water area in the jar the error in these readings is estimated

to be ±1'"'.

Following are the vaporimeter readings for the several habitats,

with their accompanying vegetation. The corresponding record for

the standard instrument is given in

each case, together with the com-
parative evaporation expressed in

percentages of the standard.

Station i (standard) .—Located
in the east plot of the garden of

the Station for Experimental Evo-
lution; altitude above sea-level

about

the area adjacent to the vapor-

During the summer

Oenothera nanella, set

plant

I
m from

the itrument and from each

size of thisother. The small

variety of evening

the instrument freely exposed to

primro left

the sun and air. The soil is a

dark-colored sandy loam {figs.

^.J).
Fig. 2.—Standard instrument m position

AmOUXT of evaporation by -Vi^EKS

Week ending May 27, 197^^

June 3, 106

June 10, 122

June 17, 153

June 24, 166

Week ending July 8, 152
a

a

a

a

i<

a

u

li

a

u
July I, 129

u

ii

a

h fr

ii

ii,

4£

ii

ii

July i5t 152

July 22, 1x4

July 29, 160

August 4, 102

August II, 104

Station 2.

Total for 12 weeks, 1657^^

.\ garden plot between Hillside and Highland avenues,

Huntington, about 3^^ east of the standard. Conditions similar to

those at the Carnegie garden, except the elevation, which is about
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40"^ above sea-level Both this station and the standard were bare of

vegetation at the time these comparative readings were made.

Amt. evaporation, Station 2 . . . .

Amt. evaporation, standard. . . .

June 5-10 June 10-19 June jg-24

90-3^" 145-5^'= 100.3'^^

102.2 207.3 112.

6

Total (19 days)

cc
336-1

422.1

poration 3% % Wc 6%

This result indicates that for this nineteen-day period the increased

elevation is correlated with decreased evaporation. This was quite

unexpected, but on account of the small number of instruments at

^^^- 3- View from Station i across the Carnegie garden and salt marsh.

instrumentmy disposal could not be tested further. The ....... ^.

subsequently tested and found to be perfectly standardized, so that

there is no question about the correctness of this series of readings.

Station j.

o.25'"« from the standard.

Slopes eastwj

northern two

;ar St. John's Episco

The soil is a coarse

altitude of station 25

half

grav

gravel

;

The

sturbed

)r some

the slope. There were none of these near the instrument. The south-

ern third of the slide had been invaded by plaits and had become
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more or less stable. The yaporimeter was placed on the border

between these two areas.

Growing near the instrument were the following plants in very

open association: Polytrichum sp. ? Androgopon scopartus, Deschamp-
sia flexuosa, Comptonia peregrina,. lonactis lincarijoUa, Baptisia

tinctoria, Epigaea repens, and Vaccinium pennsylvanicum.

.'

im
•<*,

Fig. 4-—Station 4; partially invaded gravel sKde.

Amt. evaporation, Station 3 .

.

Amt. evaporation, standard .

.

aporation

June 28-July I

34.3

. 99.1%

Jiily 1-8

140-3'''

92.6%

Julv 8-14

145-6^"

131-5

110.7%

Total (16 days)

319 9«

317 3

The bare gravel slide therefore shows an evaporation approxi-

niating that of the standard* As shown by s}Tichronous temperature

records, the surface on sunshiny days rises 20^ above that of the

garden, but the corresponding increase in evaporation seems to be

largely compensated by the somewhat lower night rate. This gravel

slide station represents the pioneer stage in the reforestation of a
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denuded area, and these percentages have a larger interest when

compared with the stations representing later stages in this process.

4

Fig. 5. Station 5; open forest on top of moraine.

Station a.
gravel slide (Jig. 4) along the abandoned

railroad grade midway between Wolfert and Tramp
2*™ distant from Station

It IS

about 30
O

i; altitude 55
zn- south gi-

Scrub forest vegetation has invaded this slooe and
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an open association. The principal trees (mostly under 7^ in height)

are Pinus rigida, Quercus coccineay Q. fftarylandica, Q. prinus, and

Castanea deftlata. The scattered low growth consists of Pteridium

aquUimim^ Gaylussacia resinosa, Vaccinium pennsylvanicum, Myrica

carolinensis, and Baptisia fmctoria. The vaporimeter was placed in

the partial shade of a pine tree, surrounded by a low clump of huckle-

berry. Readings were made during the same periods as at Station 3.

Fig. 6.

Station 6.

simiiar

aporation,

aporation

June 28-July I

• 34-3

aporation 41 6%

July 1-8

103.4"

X5I-5

68.2^

Jnly S-14

72.3"

131-5

Total ft6 days)

190.0^*^

317 3

54-9% 59-5%

slope is more toward the soutli than at Station

a greater evaporation rate, other conditions being

one

result indicate that in spite of direction of slope, the partial

asion of the gravel sKde by vegetation has produced a 40 per cent,

auction in the evaporation.

Station 5.—Forest on top of moraine directly west of Station i;

altitude 43^. {fig, 5) is composed of Quercus

Q. velut'ma, Q. alba, Fagus amerkatia, Casianea dentate, BetulajeTiia

Hicoria glabra, and Acer rubrum. The trees
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Nearly all of the undergrowth has been removed and the forest cover

is not dense.

July 15-23
(8 days)

Amt. evaporation, Station 5 -ji .6"^

Amt. evaporation, standard 136 -9

Comparative evaporation 52 . 2%
When this record is compared with that of Station 4, we see that

the further development of the trees to true forest proportions reduces

the evaporation near the soil by an additional 10 per cent.

Station (5.—Forest on the Joshua Jones farm along the "short road"

to Huntington, o .
5'^'" east of the Car

gently to the northwest ; altitude 50™.

The land slopes

(fig

The principal trees are Quercus priniis, Q. velutina, Castanea deniata,

Acer rubrum, Betiila lenta, and Fagus americana. The shrub layer

is dominated by Kalmia latijolia, tree seedlings, Sassafras sassafras,

Azalea nudiflora^ Viburnum acerifolium, Cornus alternifolius, and

C. floridd. The herbaceous plants are Chimaphila maculata, Dryop-

teris acrostichoides, Galium circaezans, Aster cordifoliiis , Leptorchis

hhifolia, Peramium pubescens, and Phegopteris.

Jtme June June June 24- Total

. . S-io 10-19 19-24 Julys (27 "*>*'
Amt. evaporation, Station 6 . . 49.3" 92.1" 37.6<^= 50.0" 229.0"
Amt. evaporation, standard.. 102.2 207.3 112.6 '148.8 570.9

Comparative evaporation 48.2% 44.4% 33.4% ^2.6% 401%
The important difference betw^een this station and the last is the

undergrowth. When the record was started the trees were

ng to leaf out. Thp e-fTe^rf r>f fh^ ^r,nr-(^c^A <ihac\e. andjust beginn

shown
reduction m evaporation

When this record is com
the last two weeks. It as reiori

stratum

t>Te

100 per cent, to about ^3 per cent, when the climax

n

Station 7.—Ravine forest just south of the "North lot" of the
t^amegie Institution, about 0.=*- west of Station i: altitude lo";
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gradually This area is densely

wooded and the herbaceous vegetation is very characteristic for the

habitat. The trees are Castanea dentata^ Fraxinus americafia, Priiniis

serotina^ Betula le?ita, Acer rubnim, Qiiercus prinuSj and Tilia amcri-

cana. The shrub layer is made up of Benzoin benzoin, Cornus

florida Ijolinm

and 5. herhacea. The dominant herbs are Washingtonia longistylis^

Arisaenia IriphyUum^ Trillium cernimm, Smilacina racemosa, Actaea

__ _ ' --'J

I J

F

V

'

. -^ ... '
, ^t^'^'^"

' ''^^"

X -. ^ r _

'^"-"^^"^ '^ ^ jiianfitii)irr'Tiiir-^-^---Tinr '

'

y - ^^"

;«*.
"'^'. ^'^1. 1;^ ,1 - - ^

. ..
' "_^

" _ " ^
' .- _ ".

'»''-' ^ -', : . '

. . .-

Fig, 7.—^Northern edge of swamp forest in which Station 8 was located.

(^Iba, Impatiens biflora, Dryopteris acroslichoides, and Serkocarpus

dsteroides.

Jaly 14-23

(9 days)

Amt. evaporation^ Station 7 18.5*^*^

Amt. evaporation, standard 141 9

Comparative evaporation 13-^
Here we see a further marked reduction in the evaporation rate,

when compared \\ith the wooded hilltop and slopes. The presence

of Benzoin, Trillium, and Arisaema, however, is in keeping with it.

Station 5.—Swamp forest at the head of St. Jotin's pond

from the Carnegie garden {fig. 7); altitude 5°^. The soil is gravel

and the water table is ver\' near the surface. The forest cover is com-

^M
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Quercus alba, Nyssa sylvatica, Liriodendron tulipif^

nus americana,

virginianaj Vil

Hamamelis

alnijolia

indifolia

lisma ligiistrinn. The herbaceous layer contains Osmunda cinnamo-

mea,Spalhyaema joetida^ Viola cuciillata, Trillium cernuum,Dryopteris

noveboracensisj Arisaema iriphyllum, Carex crinita^ C. Asa-Grayt,

Veratiim viride, etc.

June 10-19 June 19-24 June 24-28 Total (18 daj-s)

Amt. evaporation, Station 8 20.2^^ 11.3^^ 9.5"^'' 41 -o"

Amt. evaporation 112.

6

94.7 4^4-6

or_
Comparative evaporation . , 9

. 7% 10

.

0% 10 .0% 9-9/0

This record seemed very surprising at first, but as the records from

the other habitats increased, it proved to be entirely in harmony with

them. During the preceding summer I took some comparative tem-

perature and relative humidit}

gie garden. Though the temperatures ran somewhat lower and the

relative humidity higher, one would scarcely have predicted an evapo-

ration difference of 90 per cent, for the lower stratum of the two

stations. The failure to take into accoimt the relative air movements

in the two situations is the probable cause of the apparent discrepancy;

but the comparison helps to emphasize the importance and efficiency

of the porous-cup vaporimeter as a means of differentiating habitats.

Station p.—Upper beach area, on " East Beach," 3^ north of

Northport; altitude 4^. This area is generally considered, on the

basis of the vegetation, the most xerophytic along the Sound in the

Aicinit}^ of Cold Spring Harbor. The direct distance from the

Carnegie garden is i2^°». The vegetation is dominated by Am-

mophila arundinacea, Rosa humilis, Paniciim amnrumj Lechea man-

iima, Artemisia caudata, Chrysopsis jakata, Polygonella articidata,

Solidago sempervirem, Hudsonia tomentosa, and Opuntia optintia.

The vaporimeter was placed among some shoots of Rosa kumihs,

Just sufficiently screened so as not to attract attention. The coarse

sandy substratum slopes gradually to the south at this point.

June 27-July 19

(22 days)

Amt. evaporation. Station 9. 332 .
i^^

Amt^ evaporation, standard 424-3

Comparative evaporation 78 . 2%
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Station lo.—Upper beach on "Sand Spit" in Cold Spring Harbor,
1^°^ north of the Carnegie garden; altitude x^. The instrument was

middle

ph
•P^

Cakile edentiila^ Asparagus officinalis, Euphorbia polygonijolia, Xan-
thium canadense, Cyperus Grayi, Polygonella articulata, and Ver-

i thapsut

aporation
July 2-8 July 8-15 Total (13 days)

cc138.2*=^ 251.

1

Amt. evaporation, standard 131 -5 ^Si -9 283.4

Comparative evaporation 85 .8% 90 - 9% 88 . 6%
It will be noted that at both Stations 9 and 10 the evaporation is

less than at the garden, in spite of the very xerophytic nature of the

vegetation. I was unable to analyze this result further with the

mstruments and time at my disposal It seems likely that the explana-

tion lies in the low rate of evaporation during the night, due to low

temperatures and increased humidity. They are more exposed to the

temperature effects produced by the cooler water brought in at the

now of the tides and are more subject to fogs. The correctness of

this suggestion can be tested only by an instrument which will record

at hourly interv^als. It is probable that the evaporation is higher on
the beaches during periods of bright sunshine.

Station II,—-Salt marsh adjoining the garden of the Carnegie

Institution. The vaporimeter was set up near the outer end of the

middle line of the salt marsh (fig. 5). As this area is covered by water

at extreme spring tides, the instrument was necessarily raised about
5^"°^ above the ground. The jar was protected from the sun by a heavy

wrapping of felt paper. From the standpoint of the marsh vegetation

the instrument stood on the tension line between the Spartina poly-

stachya association and the zone dominated by S. patens. Other

plants occurring near this point are Atriplex hastata, A. aren^ria,

Tissa marina, Salicornia Bigelovii, Plantago maritima, and Limonium

carolinianiim.

Amt.
June 14-23 Aa«. 5-12 Total (14 days)

evaporation, Station 11 1 75 .
2^= 171 .

2« 346-4

Amt evaporation, standard 141 -9 ^29.

7

2-;x.6

Comparatiye evaporation . 123
.4% X31 .9^ X2 7

.
5^^

It is here then that the greatest evaporation rate for this \'icimt
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was recorded. This relation was not wholly unexpected, as high
temperatures and low relative humidities had been found to occur here
during the preceding summer;
large. Preceding the second at

but the amount of the excess seemed

measurm
mstruments were brought to the garden and exposed side by side for

four days. Their individual factors were recalculated and found to be
practicaUy the same as those calculated by Livingston. Further,

Station 12 at tirilft"'
^""""^ ^"^^ """"^^ ^^^ "^^^ '^''^^' ^^^^^""^ " i° ^^^ distance;

instrument

cle
^^^.^''^P^'"^*^^^ °^'er the salt marsh may be accounted for is not

vPaJt .• '''JS^'^^^°^
is offered that the deposition of salt on the

e etat^on is effective in reducing the vapor tension of the overlying
stratum of air suffirfpntT,. f^ .„:,. .i_. .__ ,.

Station
poration

i^.—Inner end of salt marsh, on \he tension IJne between
^Pamna patem-Juncu, Gerardi association and the Scirpcana association

(fig ^thou^ the tide occasionallv invades this



i9o8] TRANSEAU—PLANT SOCIETIES AND EVAPORATION 229

area, the water proved by chemical test to be without a trace of chlorid
at the next low tide. The vaporimetcr was set up precisely as at

Station 11.

Aug. S-13
(a days)

Amt. evaporation, Station 12 112 .8<^*=

Amt. evaporation, standard 129
.

7

Comparative evaporation 86
.9%

It might be urged, in connection with the high percentage reading
at Station 11, that the result was due to the elevation of the instrument.
This cannot be otTered, however, as an explanation of the great
difference between Stations 11 and 12.

The other species of plants found near the station are Eleocharis
rostellata, Asdepias pulchra, Carex gracilis, Lysimachia kirestris,

Eupatorium perjoliaturn, Hibiscus moschcutos, and Dryopkris tlie-

iypicris.

Station ij,—Fresh-water marsh—a continuation of the same
marsh in which the two preceding stations were located. A road,
elevated about 3"^ above the marsh, separates this station from the
last. I have no doubt but that this road interferes somewhat with the

normal air drainage in its vicinity and may account in part for the low
reading at Station 13. This station is sufhciently elevated to be beyond
the reach of the highest tides. The vegetation about the instrument

consisted of Onodea sensihilis, Lysimachia terrestris, Juncus effusus,

JJryopteris thelypteris, Lycopus amerkana, Iris versicolor, Epilobium

adenocaulon, Asdepias pulchra, Carex hystrkina. Near by grew
Acorus calamus, Eupatorium perfoliatum, Impatiens hijlora, Ilysanthes

attenuata, Rumex altissimus, Polygonum sagitiatum, Scirpus ameri-

cana, Myrica carolinensis, etc.
Aug. 5-1J
(8 daj-s)

cc

per cent, as

Amt. evaporation. Station 13 57.0
Amt. evaporation, standard 129 7

Comparative evaporation 43 Q%

compare this record with those obtained simultaneously

o stations, we see that there is a further decrease of 40

taking allowances for the interference with air currents at this ..i^llon,

be a well-marked
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three

see that as we go west from the middle outer portion of the salt marsh

into the garden, the rate decreases by a fourth. As we go south to the

edge of the salt marsh the rate is decreased nearly a half, and when

the middle of the fresh-water marsh is reached the rate has decreased

to one-third

GENERAL CONCLUSIONS

From the foregoing data, meager as they are, it is evident that we

have in the porous-cup vaporimeter an instrument that will be of the

greatest importance in the study of habitat conditions. Unlike so many
of the recently exploited forms of instruments, it furnishes data that

may be directly related to the plant. It has the great advantage over

readings made from open water surfaces, in that the surface is constant

and is continually exposed in the same way. Comparative readings

may be obtained from different habitats by first standardizing the in-

struments.

The principal objection to the porous cup is its inability to with-

stand frost; this makes it useless in winter and early spring; it also

limits its use at high elevations. Its usefulness might be greatly

increased by making it self-recording, so that the diurnal variations

coidd be accurately obtained.

The data which my observations furnish are of course character-

istic only of the stratum within a meter of the soil surface. In the

forest as we go from soil to tree-top this relative evaporation must

mcrease; but it is in the lowest stratum that the seedlings, which are

to determine the future of the area, have their struggle with the environ-

ment. With these data in hand it is not difficult to see why seedlings

ire siirrps;sfnl in the swaniD foresteratnim
with Its lo per cent, relative evaporation ; why they fail in the opec

hiUside forest with its 50 per cent, rate ; and why they are never seen

on the near-by gravel sUde with its relative rate of 100 per cent, in

unstable

The foUowing diagram
(fig. p) shows in a more graphic way the

nparative rates of evaporation in the lowest stratum of the common
aitats about Cold Spring Harbor.
In the reforestation of the gravel slides in this locality it wU be seen
It the greatest decrease in th*. ri^r^^r^A. f^,- t^or,c.rl,-rati'f^n nn the
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part of seedlings takes place during the first stages. This greatly aids

in accounting for the well-known fact that the development toward a
closed association proceeds w^ith such increasing rapidity when once a
few plants gain a foothold. Attention has been frequently called to

the importance of pioneers as shade-producers, while their effective-

ness in reducing transpiration has been underestimated.

The fact that the weekly evaporation rate for a beach covered with

xerophytes should be less than that for a garden may seem anomalous.
But when the diminished ground-water supply, the sterility of the soil,

and the probable high rate of evaporation during short periods are

Per cent, of standard

Sta. II. Salt marsh, outer margin.

.

Sta. 3. Gravel slide, open

Sta. I. Carnegie garden, standard.

Sta. 9 and 10. Upper beach

Sta. 12. Salt marsh, inner margin

Sta. 2. Garden, high level

Sta, 4. Gravel slide, partly invaded

Sta. 5, Forest, open

Sta. 13, Fresh-water marsh

Sta. 6. Forest, typical mesophytic

Sta. 7. Forest, ra^-ine tj-pe

Sta.
8. Forest, swamp type

Fig. 9.—Diagram sho-vv-ing comparative evaporation rate in the lowest stratum
of the several plant societies.

surprising.

elimination of more mesoph}tic species

o further

figureso

standing of the structure of these plant

marsh helps in the under

ipon the rate of evaporation at different levels withii

greatly in estimating the factors involved in compe

trees For a complete imderstanding of 1

seems essential that an instrument

^^ecord

X. III.



FURTHER STUDIES OF SOLUTION TENSION AND
TOXICITY IN LIPOLYSIS^

Raymond H. Pond
This paper is really a continuation of an earlier one' which supplied

data showing that the toxicity of certain salts in lipolysis does not vary

decomposi

disagrees with that of :Mathews 3 McGu
As my conclu-

and as Berg and Gies^ found that the nature of the zymolyte is an
important factor in peptolysis and tryptolysis, it seemed desirable to

determine whether the same general relation found by me for the tox-

icity of several nitrates in the lipolysis of ethyl butyrate would also hold
m the case of some other ester. Ethyl acetate was selected as the

2ymoI}te because its saponification is a monomolccular reaction,

because acetic acid is a close homologue of butyric acid, and because
LoEVENHART and Peirce^ found that the hydrolysis of ethyl acetate
IS inhibited to a greater extent by sodium fluorid than that of ethyl

butyrate. They also expressed the \^ew that the inhibiting effect of

sodium fluorid is dependent upon the acid radical from which the

ester is derived, while the alcohol arising in the saponification is a

comparatively indifferent factor.

Since the same general procedure has been foUowed here as in the

preceding investigation, many of the details given before will be omitted

^

From the laboratories of the New York Botanical Garden.

Ph
'

T"^^^'
R-'^^'iiOND H., Solution tension and toxicity in lipolysis. Amer. Jour.

ysiologj' 19:258-283. 1907. Contributions from the Xew York Botanical Gar-
den 94.

eh V ^™^.^^' •^- ^•' The relation between solution tension, atomic volume, and
tne physiological action of the elements. Amer. Tour. Physiolog^- io:290-3-'3- ^904-

salts

1904-

il r
elements. Amer. Jour. Physiolog>- 10:290-323. 1904-

d
y^^'^^' ^^^^ ^I-' The relation between the decomposition tension of

an their antifermentative properties. Amer. Jour. Physiologv io:444-4Si-

The Box.

409-419

6 BzaG, W. X., and Gies, Wm. J., Studies of the effects of ions on catalysis, «-ith
ar reference to peptolysis and trv-r>tr,IW« T^,,. -r;,.! r-^^r^ -,- ,Sr^ci6. ioP7-Jour. Biol. Chem. 2:489-546- i^7

on the »^' ''T';^^'
"" ^' ^""'^ Peirce, Geo., The iahibiting effect of sodium fluorid

on tue action of lipase Tour m^.] r-u
R«f-.:..t ^ _ .J ' ^^' ^^^^- 2:379-413- 1907-Botanical Gazette
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here. Most of the solutions used were made up from the same stock

solutions and all were upon the same basis of molecular weight. The

lipase used was taken from the same sample. Professor Gies has

acknow

New
ally favorable facihties afforded.

METHOD
When ethyl acetate is decomposed by the action of lipase, the prod-

ucts are supposed to be the same as in any case of its saponification,

namely, acetic acid and ethyl alcohol. The amount of acid liberated

from initially neutral acetate under given conditions is an index of the

amount of enzyme acti\ity under those conditions, and can be expressed

in cubic centimeters of KOH solution required for neutralization.

Since boiling destroys the activity of the enzyme, and since the acetate

does not become appreciably acid in such a boiled solution of the

enzyme during an incubation of 5 hours at 40"^ C, a boiled solution of

as ac

unboiled

amount of ester has been added,

expresses the amount of enzyme acthdty under the conditions imposed.

Six vials were used for each concentration of the toxic salt. To each

\ial were added 2^^ of the toxic salt solution of a certain concentration.

''/3 added

solution , say

o- 10 per cent. To each of the other three \ials were then added 2"^

of a portion of the same enzyme solution which had been boiled. Then

to each of the six \'ials was added o. 10" of neutral ethyl acetate free

from alcohol. The stoppered vials were placed in an incubator for

5 hours at 4o°C. After incubation each vial was titrated wth m/40

KOH, using phenolphthalein as an indicator. The difference between

the boUed and unboiled solutions showed the amount of enzyme

activity for m/64 of the salt used with a concentration of the enzyme

of about o . 05 per cent. Filtering the enzyme solution makes the exact

concentration uncertain. AU of the salts used were nitrates except

that of mercury, which was the bichlorid.

Since the acetate has the lower boiHng-point and decomposes

more raoidlv in the nresence of water, one would expect that it would



234 BOTANICAL GAZETTE [APRIL

be more readily saponified by the lipase, A 0.0125 per cent, solution

of the enzyme yielded from o. 10^^ of butyrate enough acid to require

0.20 cc
/ The same concentration of

actmg for one hour longer at the same temperature

/ A

me
740 KOH mi

butyrate is the less stable in the presence of the enzymcj but it maj

more
case than in the other. The concentration of the enzyme in most of

ME

Potassium and sodium in contemporaneous test

POTASSIUM

m

Water^
32
16

8

4
2

I

Control^ Enzyme8 Increase8

o
o
o
o
o
o

07
06
06
06
06
06
06

0.25
0.20
o. 19
0.16
0.13
0-13
O.IO

0.18
0.14
0-13
o. 10

0.07
0.07
0.04

SODIUM

32

8

4
2

0.07
0.07
0.07
0.07
0.07
O.OT

0.20
0.17

0.13
O.IO
0. 10

0.13
O.IO
0.08
0.06
0.03
0.03

cnz\

Enzyme 0.05 per cent. Incubation 5 hours at 40 C.

^ the column headed "w" are given the various concentrations of the toxic

fractions of molecular strength. In this column the word *' Water" means

of water were used instead of the toxic solution in order to ascertain the un-

.^
, ne in 0.05 per cent, strength. In the column beaded

Control" are given the figures for the final acidity (cc. m/40 KOH) of the boil^

preparations containing the toxic salt in the concentration indicated by the correspond-

ing figure in the column headed "w." The column headed "Enzvme" shows the

final acidity of the unboiled preparations corresponding to the controls. The column

headed ''Increase- shows the difference in acidity between the controls and the un-

boiled preparations and expresses the amount of saponification allowed by the con-

c^axioa of the toxic solution indicated by the corresponding figures in the column
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the tests was o . 05 per cent,, that is, the filtrate obtained from the solu-

200

then diluted one-half by the addition of an equal volume of the toxic

hours' incubation at 40° C, o.i^^ of neutralDuring 5
solution,

acetate in 4^*^ of water remains neutral.

In this test, as in several that follow^, it was obscrv^ed that while

there was sediment in each of the vials containing boiled enzyme, the

vials containing the unboiled solutions were at the close of the incuba-

tion entirely clear and free from sediment. There is no doubt there-

fore that partial inhibition of the enzyme is possible and actually

occurs in the absence of any precipitation whatever. In this table

we note that the uninliibitcd activity of the enzyme is expressed by

The most concentrated solutions of the salts reduce this to

0.04 for potassium and to o . 03 for sodium. The amount of inhibition

IS therefore very considerable, and yet there was no precipitation even

after an incubation period of 5 hours at 40'^ C. In this test the

nitrates of sodium and of potassium are certainly to be regarded as

equitoxic.

TABLE II: Potassium, sodium, and lithium in contemporaneous test

POTASSTTTM

0.18 cc

SODIUM

8

4
2

X

O.IO
0.08
0.07
0.07

o
o
o
o

20

16

12

O.IO
0.08
0.08

0.05

LiTHixra*

8

4
0.08
0.09
0.09

0.17

0x3

I

0.09
0.06
0.04

Enzy

the salts are equitoxic.

Incubation 4 hours at 45 ' C

concerned, it can hardl

cannot be positi
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concluded which of the three is the most toxic. Comparison of the

individuals of the series leads to nothing decisive. The next tabic

shows that fluctuating differences occur.

TABLE III

POTASSIUM

m Control

Water
8.....

4
2

I

0.09
o.io
0.09
0.09
0.09

Enzvme Increase

0.23
o. 20

0.18
0.16
0.12

o. 14
O.IO
0.09
0.07
0.03

LITHIUM

Enzyme 0.05 per cent. Incubation 5 hours at 45 C.

There seems to be some indication that lithium is more toxic than

sodium or potassium, but the difference is too insignificant for a conclu-

sion. In all the \dals the unboiled solutions were free from sediment.

Since the salt solutions themselves are neutral in all the concen-

tried

^/4o KOH instead of the m/

with
CTeaterD The rith each

about

solution This confirms the obsen'ation
*

sign of

,' chemical action between the substance of the enzyme solul

.t of the toxic solution.

In this test the t^-o salts are neutral in all concentrations tried.

t
4^^^ of the salt

The unboiled

all free from sediment after incubation. Total inhi-

Une drop of the m/40 KOH gives a deep purple wit
solution m any of the concentrations used in the test.
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Tx\BLE IV: Barium and magnesium in contemporaneous test

BARIUM

m Control

Water
128...

64...

32...

16...

8...

Enzyme Increase

O
o

o
o
o
o

10
10

10

10

10

10

0.22
O. 22

0.20
0.18
0.17
o. 16

0.12
0.12
o. 10

0.08
0.07
0.06

MAGNESIUM

Enzyme 0.05 per cent. Incubation 4.5 hours at 40 C.

bition seems to be impossible for this concentration of the enzyme

as m/4"of the salts is almost saturation at room temperature. In this

test the two salts are certainly equitoxic.

TABLE V: Barium and strontium in contemporaneous test

BARIUM

m Control Enzyme Increase

Water
128...

64...

32...
16...

8...

o
o
o

o
o
o

13

13

13

13

13

^3

0.27
0.27
0.24
0.22
0.20
0.16

0.14
o. 14
O.II

0.09
0.07
0.03

STRONTIUM

128

64
32
16

8

0.13
0-13
0-13
013
0.13

Enzyme o . 05 per cent. Incubation 5 hours at 40 C.

am
IV however shows inconstancy

Table IV allows o . 06 as compared with o . 03 in Table V

Comparison with

/8 of barium in

On the

uninhibited

:ty, ure indicatincr full activity in

in Table V, and yet m/8 barium inhibits more In the latter than
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m the former. It is of course simply a matter of judgment how such

results are to be interpreted. Since barium and strontium are equi-

toxic in contemporaneous tests and since the same is true of barium
— „ ,

J

• • - • - -

and masmesiumo
equitoxic. found
In this table (V) the control figure is higher than that in Table IV.

enzyme column. Just

mcrease in the figures in the

uniformit)
test as a whole. For the sake of assurance another test was made,
and this gave practicaUy identical figures wath those in Table IV.

m
TABLE \I: Barium and magnesium in coniemporaneous test

BARIUM

Increase

0.13
0.12
o.io
0.07
0.06
0.03

magn:esitjm

128

64

32
16

S

o

o

o

o

10

10

10

10

10

1

0.22 0.,I2

0.20 0. 10
0.18 0.08
0.16 0.06
0.16 0.06

Enzyme 0.05 per cent. Incubation 5 hours at 40 C.

In the work with ethyl but>Tate I found barium, st
mamesium

with ea

that be

sodium

hich, ^„^.», ..i»j,l,ii itin.l,i ,,K,^.^ ^^-^

In the foregoing tables there are some indications

itmm, and magnesium are more toxic than the

t, lithium group. On the other hand, the differ-

"""" and magnesium are not so great. Thus, w/S
Hthium in Table II aHows 0.09, while mf16 of magnesium

rV allows 0.07.

From the foregoin

Igam, w/8 of lithium in Table III allows o.oj-

tables it would be impossible to say that the barium
group is more toxic than the sodium group on the equinormal basis.
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It may be that the zymolyte ethyl acetate tends to minimize the differ-

ence in relative toxicity as compared with the zymolyte ethyl butyrate.

\MiiIe this is a plausible explanation, it has Uttle value in the absence
of con\incing evidence, and we cannot select the determining factor.

WTiy the variations in the different tests should be relatively so wide is

not understood, especially in view of the precautions to avoid error.'

The following test shows that barium is more toxic than lithium under
the same conditions as imposed in a contemporaneous test. This
emphasizes the apparent tendency of the barium group to exceed the

sodium group in toxicity, and such a conclusion is perhaps permissible
in view of all the results of this work and that on ethyl but}Tate, but
it would certainly be difficult to say how much more toxic.

TABLE VII: Barium and lithium in contemporaneous test

BARrCM

m Control Enzvrre Increase

Water
256-..

128...

64...

32-.
16...

8...

o. 10

o
o
o
o
o
o

09
09
09
10

10

10

o.

o.

o.

o.

o.

o.

o.

16

12

10

O.IO
0.07
0.06
0.06
0.03
0.02
0.00

LiTHir^r

64
32
16

8

4
2.

O.IO
O.IO
O.IO
O. TO

O.IO
O.IO

a

o.

o.

o.

o.

o.

O.

20

18

12

II

10

E

f

O.IO
0.08
0.07
0.02
O.OI
0.00

Enzy ne 0.05 per cent. Incubation 5 hours at 40^ C.

In the preceding tests it will be remembered that the salts themseh^es

are neutral in all the concentrations used, and that the acidity of the

reagent is quite uniformly the same for all the concentrations of a
given salt, and that the acidity of the control is the acidity of the

enzyme solution itself, as is indicated bv the figure
(( Water" in the

umn It is apparent that the highest satiu-ation is required

9 Possibly the cnzyva^^ solutions differed sufficiently to account for the discrepan-

Then too, the insolubility of the zymolyte may have been responsible to some
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for marked inhibition, and there is no evidence of chemical action

between the enzyme substance and the toxic salt. The cause of the

inhibition may be simply osmotic. In all of the remaining tests it

will be noted that the toxic salt solution has more or less acidity of its

own (due to hydrolytic dissociation) according to the dilution, and in

several cases the control acidity is greater than the sum of the enzyme

acidity and of the reagent acidity. It seems, in some cases at least,

that there is chemical action between the substance of the enzyme

solution and the toxic salt which results in the liberation of acid. In

the higher dilutions of the toxic salt the acidity of the salt itself

approaches zero, and the acidity of the control tends to be identical

with that of the enzyme solution itself. Then again, at the point of

t6tal inhibition the reagent acidity and the control acidity are

equal.

TABLE VIII; Cadmiu7n and cobalt in contemporaneous lest

CADMIUM

often

m

Water
1024.

,

512-

256.

128.

64-

32-

Reagent 10

o
o
o
o
o
o

02

04
06
10

20

30

Control Enzyme

0. 10

O. 20

0.30
0.40
0-55
0.60
0.90

0.22

0,40
0.50
0.60
0.63
0.90

Increase

0.12

0.13
o.io
o.io
0.05

0.03
0.00

COBALT

1024

512
256
128

64
32

0.03
0.06
0.08
O.IO

0.30

0.13
O.IO
0.09
0.07
0.02
0.00

Enzyme 0.05 per cent. Incubation 5 hours at 40 C.

All of the vials contained sediment at the close of incubation. In

/1024 there was very little precipitate. Before incu

bation the unboiled solutions remained water clear after the mixture o

enzyme and toxic salt until placed in the oven, so that the precipita

tion was slow.

nan
W

4=c of the toxic salt solution of the concentra-

tion indicated by the corresponding figure in the column headed "m."
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In comparison with the preceding tables there are some points of

difference here. The reagent itself is acid and the unboiled prepara-

tions show a deposit of substance which tends to be zero in quantity

as the dilution of the reagent increases and the acidity consequently

decreases. The point of uninhibited activity lies close to that of the

lowest concentration of the toxic solution having zero acidity. The
acidity of the control is greater than the sum of the reagent acidity and
the acidity of the enzyme solution. In this table in)

/3
corresponding control figure is 0.90. A similar relation holds for

cobalt. The same relation was observed for these salts in the work
on ethyl butyrate. That cadmium and cobalt are more toxic than

sodium, potassium^ lithium, barium, strontium, and magnesium is

certam. Thus it appears that the first inhibitory effect in our series,

which seems more likely to be due to chemical action than to osmotic

surface tension or other physical influences, is associated with sub-

stances having a natural acidity.

TABLE IX: Copper and zinc in contentpora7i€ous test

COPPER

m Reagent

Water
16384.

8192,

4096.
2048.
1024.

Control Enzvme Increase

0.00
0.05
o. 10
o, 20

0.40

0.07
o. 10

0.17
0.23
0.40

0.19
0.19
0.T9
6.22
0.27
0.40

0.12
0.09
0.06
0.05
0.04
0.00

ZIXC

O.IO
0.13
0.17
0.25
0.40

Enzyme o . 05 per cent. Incubation 5 hours at 40^ C

In this test copper and zinc are certainly equitoxic. Copper is

much more active in the precipitation of substance from the solution.

All the unboiled solutions with zinc were free from sediment after

incubation, showing that inhibition is not necessarily associated with

precipitation. In the copper solutions sediment was present in all
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'/

directly with the concentration of the reagent.

The amount of the precipitate varies

TABLE X: Copper and lead in contemporaneous test

COPPER

m

Water
16384.
8ig2,

4096,

2048
1024

Reagent Control

0.00
0.05
o. 10
o. 20
c 40

o. 10

o. 10

o

o

o

IS

18

23

0.40

Enzvn' e Increase

0.20
0.20
0.20
O- 22

0.26
0.40

o. 10

O. 10

0.05
0.04
0.03
0.00

LEAD

o. 10

o. 10

0-15
o. 20

0-35

0.20
0.20
0.25
0.25
0.40

o. 10

o.io
o.io

0.05
0.05

Enzyme 0.05 per cent. Incubation 5 hours at 40 C.

All the vials except the w/16384 contained sediment at the close

of incubation. The figures for copper are practically a duplicate of

those in Table IX. Lead seems to be not quite so toxic as copper in

TABLE XI: Copper, lead^ and zinc in contemporaneous test

COPPER

nt

4096
2048
1024

Reagent

O

o
o
o

10

20

40
70

Control

o. 17

0.23
0.40
0.70

Enzyme

0.22
0.26
0.40
0.70

Increase

0.05
0.03
0.00
0.00

LEAD

4096
2048
1024

ZINC

4096
2048
1024

O.IO
0.20
0.40
0.85

Enzyme 0.05 per cent. Incubation 5 hours at 40"" C.
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this test. The reagent acidity of lead is correspondingly less than that

of copper, although the control figures agree fairly well with those of

copper. The point of total inhibition for lead is not determined in

this test, so it is not apparent whether the acidity of the reagent and

control is identical at that point as was found to be the case with

copper and zinc.

In this test lead proves to be equitoxic with copper and zinc. The

figures for copper agree closely wath those preceding. The figures for

zinc agree fairly well, the important difference being that at the point

of total inhibition the reagent acidity and control acidity are not

identical for the w/1024 concentration, although at w/512 the coinci-

dence may be noted. The following test is sufficient confirmation of

the relation here found.

TABLE XII

COPPER

m Control Fnzyme Increase

4096
2048
1024

512

0.13
0.20
0.40
0.70

0.20
0.23
0.40
0.70

0.07
0.03
O.CX)

0.00

LEAD

0.04
0.03
0.00
o.co

ZIN'C

Enzyme 0.05 per cent. Incubation 5 hours at 40- C.

All the unboiled zinc solutions were free from sediment. The

copper and the lead solutions all contained sediment, though the

w/4096 of each contained only the smaUest traces. While* total

inhibition may apparently occur in the absence of any precipitation,

cadmium

VIII) some inhibition accompanying precipitation.
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TABLE XIII: Mercury and silver in contemporaneous test

MERCURY

m

Water
65536
32768
16384
8192
4096

Reagent Control Enzyme Increase

O

O
o
o

o

.00

.00

.00

05
.10

o
o

10

10

o. 10

O.IO
o. 10

0-13

0.18

0.15
0.15
0.12
o. 10

0.13

0.08

0.05
0.05
0.02
0.00
0.00

SILVER

Enzyme 0.05 per cent. Incubation 5 hours at 40 C.

In this test mercury is more toxic than silver, even on the equi-

normal basis, though the diflferencc here is not nearly so great as was

found with ethyl butyrate. Of course the greater concentration of the

enzyme used here introduces a factor in addition to that of the diflfcrent

zymolyte. Mercury in comparison with silver is Hke copper in com-

parison with zinc in regard to precipitating power. The pomt o

total inhibition is close to that of the first appearance of a precipitate;

m

131072

65536
32768
16384
8192
4096

131072

65536
32768
16384
8192
4096

TABLE XIV

MERCURY

Control Enzyme

o.

o.

o.

o.

o.

o.

10

10

10

10

10

13

015
0.15
0-13
O.IO
O.IO
0.13

SILVER

Increase

0.05
0.05
0.03
0.00
0.00
0.00

0.03
0.03
0.03
0.02
0.02
0.00

Enzyme 0.05 per cent. Incubation 5 hours at 40° C
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but with silver total inhibition may occur in the absence of any precipi-

tation. The following test reinforces the result of this one.

In Table XIV the reagent acidity is omittedj as it may easily be seen

in Table XIII and most of the values are zero anyhow. The relative

toxicity is the same, athough the exact point of total inhibition is dif-

ferent. In the case of silver there was no deposit in any of the unboiled

solutions, while with mercury there was deposit in 7W/16384 and in

higher concentrations, while greater dilutions were free from deposit.

To determine at what point precipitation first appears in the case of

silver the following test w^as made.

TABLE XV: Silver in solitary test

SILVER

m

Water

.

262144
131072

65536
32768
16384
8192
4096
2048
1024

Control Enzyme Increase

0. 10

0. 10

O.IO
0. 10

O.IO
O.IO
o. 10

O.IO
O.IO
0-I5

0.15
015
0-15
0.13
0.13
O. 12

O. 12

o. 10

o. 10

O. Is

0.05
0.05
0.05
0.03
0.03
0.02
0.02
0.00
0.00
0.00

Enzyme o . 05 per cent. Incubation 5 hours at 40 C.

The lowest concentration of the reagent to show any natural acidity

was the m/1024, and greater dilutions were neutral to the indicator

used. The only vials of the unboiled series to show a deposit after in-

cubation were the w/1024.
A comparison of the results of this work on the acetate with those

obtained in the work on ethyl butyrate shows that the same general

relation holds for both. The metals fall into groups according to

toxicity. The groups are not so clearly separated in the case of the

acetate, but still sufficiently distinct to confirm the conclusion drawn

in regard to the lipolysis of ethyl butyrate.

In the work on the ethyl butyrate it was found that the relative tox-

icity changes according to the concentration of the enzyme—

a

not in accord with the conclusion of Caldwell (/. c). The following

tests show that concentration of the enzyme is a factor in relative tox-

icity, and adds emphasis to my result wath ethyl butyrate.

result
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TABLE XVI
Relative toxicity with varying concextrations of the enzyme

Copper and zinc in contemporaneous test

COPPER

m Control Enzyme In crease

2048 0. 27
0.42
0.77

2.90

0.32
0.46
0.80

2.90

0.05
0.04
0.03

00

1024
'^12

2=:6.

128 00^^ * ^^ ^^

ZINC

2048
1024

256
128

Enzyme o. 10 per cent. Incubation 5 hours at 40 C.

In Tables IX, XI, and XII, copper and zinc have the same point of

total inhibition, namely m/1024. In those tests the concentration of

the enzyme was 0.05 per cent. Here when the concentration of the

enzyme is doubled the relative toxicity is changed. The point of total

TABLE XVII

COPPER

m Control

2048
1024

256
128

0.50
0.80

1950
2.90

Enzyme

0.47
0-55
0-85

2.90.

Increase

0.14
0.05
0.05
0.00
0.00

ZINC

2048

1024

512
256
128

o
o
o
I

3

32
50
87
70
40

0.47
0.65
1.02
1.80

3-5<^

0.15
0.15
o. 10

O.IO

Enzyme 0.15 per cent. Incubation 5 hours at 40 C.

7256 and for zinc mf In Table XVII
where the concentration of the enzyme is still higher, the difiference in

toxicity is more pronounced.
In the work on ethyl butyrate, cadmium, cobalt, and zinc were
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found to become equitoxic with increasing concentration of the enzyme.

Here the relative toxicity of zinc as compared Avith that of copper

decreases with increasing concentration of the enzyme. In both ca^s
the tendency of zinc to lose in relative toxicity with increasing concen-

tration of the enzyme is apparent.

TABLE XVIII: Mercury and silver in coiiternporaneous test

MERCURY

m Control

8192
4096
2048
1024
512

Enzyme Increase

. 20 0.25 0.05
1

0.25 0.25 0.00

^-i2> ^'i:^ 0.00

0-35 0-35 0.00

0-53 0-53 0.00

SILVER

Enzyme o. 10 per cent. Incubation 5 hours at 40 C-

Here the point of total inhibition for copper is the same as with the

lower concentration of the enzyme in the preceding table, but the zinc

TABLE XIX
MERCURY

m Control

8192
4096
2048
1024

o
o
o
o
o

25

25

35
50
85

Enzyme

0.40
0-35
0.40
0-55
0.88

Increase

0.15
O.IO
0.05
0.05
0.03

SILVER

Enzyme 0.15 per cent. Incubation 5 hours at 40° C.

fails to inhibit totally and shows plainly that it loses toxicity faster

than copper as the concentration of the enzyme increases.

In Tables XIII and XI\' mercun' is four times more toxic than
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silver on the equimolecular basis. The same relative toxicity is

maintained here as in those tables, although greater concentration of

both salts is required for total inhibition.

Here the two salts are practically equitoxic, so that in some cases,

with increasing concentration of the enzyme^ salts, which are eqmtoxic

become unequal in toxicity, while others that are not equitoxic under

certain conditions become so under other conditions. Perhaps the

only conclusion that can be safely drawn from this group of tests is that

the concentration of the enzyme influences relative toxicity, and that

a relation which holds for one concentration of the enzyme may not

hold for another four or five times greater.

RELATIVE TOXICITY OF EQUICATIONIC SOLUTIONS

By calculation" it may be determined that copper and lead of

w/2048

results it is seen that those solutions are about equitoxic

other hand, w/1971 of barium is equicationic with coppe

TABLE XX: Ethyl butyrate

Barium y lead, copper, and potassium in contemporaneous test

BARIUM

On the

w/2048?

m

Water
2048..

1024.

.

Control

0.00
0.00
0.00

Enzyme Increase

0.20
0.20
0.20

0.20
0.20
0.20

POTASSIUM

2048
1024

0.20
O. 20

0.20
0.20

LEAD

2048
1024

O. TO

O. 20
0.30
0.30

0.20
o.io

COPPER

2048
1024

Enzyme .0125 per cent. Incubation 4 hours at 35° C

" All of the equicationic calculations were made for me by Dr. Wm. N. Berg
of the Laboratory of Biological Chemistry of Columbia University.
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but reference to the tables shows that such a concentration of barium

is entirely without inhibitory effect upon the concentration of the

enzyme tried. So by calculation it is seen that mj20^0 of potassium

is equicationic with copper w/2048, but reference to the table shows

that potassium of such concentration is not toxic. In order to leave

no doubt that cation concentration is not a determining factor in

toxicity to the extent that equicationic solutions are equitoxic, the

following tests were made.

According to calculation, the following solutions arc equicationic

:

copper and lead m/2048, potassium m120^0, barium m/ig']i.

Instead of making the exact concentrations for barium and potassium,

it was assumed that if w/1024 and w/2048 do not inhibit, intermediate

concentrations would not. Examination of the results shows that

there is no basis for regarding equicationic solutions as even probably

cquitoxic. Neither of the concentrations of barium tried nor of potas-

sium are inhibiting, while both of copper and one of lead are. By

calculation it is easy to see that there is no fixed relation apparent

between equitoxicity and equicationic concentration. The exceptions

may be multiplied. Thus in the butyrate tests in my other paper,

copper w/512 and lead m/512 are equicationic, equidissociated, and

equitoxic. On the other hand, barium w/8 and copper w/512 are

equitoxic, but the relative number of cations per unit volume of those

elements in those concentrations is 38 to i . That is, in unit volume of

barium w/8 there are 38 cations as compared with i cation in unit

volume of copper w/512. The test shown in Table XXI with ethyl

acetate shows that equicationic solutions may totally inhibit or may

not inhibit at all according to the salts compared.

According to the calculation from the conductivity tables, the fol-

lowing nitrates have a cation concentration of ?w/8o. 7: barium w/64,

copper w/70, lead ;;z/64, and potassium w/76. Reference to the

above test shows that all of those concentrations are included within

the limits of the test, and yet copper and lead totally inhibit, while

barium and potassium do not inhibit at all.

DISCUSSION

The attempt to correlate physiological action with certain physical

or chemical properties either of the ions or of the atoms has thus far
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been unsuccessful/^ In view of the really large attention that has

been devoted to this subject^ it seems surprising that no generalization

has been satisfactorily estabhshed (Berg and Gies, I.e.). The

affinity of ions for their charges is such a fundamental property that we

can hardly conceive of a chemical reaction involving solution in which

this affinity or solution-tension^ as some have called it^ does not play a

part. On the other hand, there is abundant evidence offered by my

TABLE XXI: Ethyl acetate

Barium^ leady copper, and potassium in contemporaneous test

COPPER

m Control Lnzvme Increase

Water 0.12
2.90
5-70

0.27
2.90
5-70

o.iS
0.00128

64 0.00

LEAD

128 2. ID

4. 20
2. 10

4.20

00
64 00^^ ^^ ^»-'

BARIUM

128 0.12
0.12

0.27
0. 27

0.15
T C64 \^ . ± ^

POTASSIUil

128 ,0.12
0. 12

0. 27
0. 27

01=^
64 0.15

Enzyme o. 10 per cent. Incubation 5 hours at 40 C.

experiments to show that there is no fixed relation between toxicity

and solution-tension to the extent that the toxicity of substances can

be exactly estimated from their solution-tension (Pond, /. c. 274)-

TheThere is difficulty even in agreeing upon a standard of toxicity.

minimum lethal dose measures the fatal toxicity, but is it a standard

of toxicity ? Does total inhibition measure the toxicity in my o^vn

experiments ?

both mercury
/16384 and m/s

lortant" The following paper offers a recent and thorough digest of the more imp
literature of this subject: Berg, Wm. N, The relation between the physiological actio"

of ions and their physico-chemical properties. New York Medical Journal for July

20 and July 27, 1907. pp. 42.
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total inhibition four times greater equimolccular concentration of

silver is required than of mercury. (See also Pond, /. c. 268.)

examination

to reveal any general relation -without exceptions, or any property

or factor that can be regarded as exclusively fundamental and as

solely determining the relative toxicity of a ^vide series of salts.

Each of the salts I have tested is a nitrate except one, the chlorid

of mercury. The members of the series fall into two groups, the

neutral salts which do not hydrolytically dissociate in aqueous solu-

tion, and the hydrolytcs which do so dissociate and whose somtion is

therefore acid or alkaline according to whether the H or OH ion is

predominant. All of the hydrolytes of my scries are acid, but as the

dilution increases the acidity decreases to zero as here tested.

This difference between the neutral salts and the hydrolytcs shows

ver>' clearly in the acidity of the controls. The controls of the neutral

salts have practically the same acidity as the enzyme solution itself,

that is, there is no evidence of any alteration of the acidity of the boiled

enzyme solution as a consequence of the mixture with the neutral salt

solution. Thus in Tables I-VII inclusive the acidity of the control

is about the same for each concentration of the salt. This acidity is

close to if not identical with the acidity of the plain boiled enzyme

solution as indicated by the figures corresponding to " Water."

In the other tables, however, where the salts have an acid reaction

in consequence of their hydrolytic dissociation, the acidity of the con-

trol and of the reagent varies considerably (Poxd, /. c. 283) .
Thus

in Table VIII the acidity of the plain control without salt present is

o. 10. The acidity of w/1024 cadmium is o. 02, but when the control

for >»/io24 is observed, the figure is o. 20 or considerably more than the

sum of reagent and enzyme. In regard to this behanor there is much

variation among the hydrolytes. Thus at the point of total inhibition

copper

and zinc in Table IX, or considerably different, as in Table VTII

with cadmium. It is difficult to interpret this with assurance.

It is notable that the neutral salts are not of equal toxicity either

in the saponification of the acetate or of the but>Tate (Pond,^ /. c.

265, 266). Thus in Table VII barium is more toxic than lithium,

so that we cannot correlate the degree of toxicity ^rith the degree of
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hydrolytic dissociation in any close way, though it is true that all of

the hydrolytes in the tests I have made are more toxic than any of the

neutral saUs.

The fact that the hydrolytes themselves are potent in saponification

has long been known, in fact the degree of hydrolysis has been meas-

ured by the rate of the saponification of esters. '^ Such salts have also

been found to be potent in the inversion of sugars.'-* It was supposed

that the inverting or saponifying power is associated with hydrolytic

dissociation, the H or the OH ions being the active agents. Ley'^

(p. 214), however, found that KCl can invert sugar, so' that other ions

than those resulting from hydrolytic dissociation are potent. Thus

it seems that exceptions arise to intercept the formulation of any

generalization.

Significant also is the fact that dilutions of silver and mercury so

great that the reaction is neutral as tested are capable of causing total

inhibition. On the other hand, solutions of the neutral salts which are

comparatively very concentrated are not inhibiting. Thus in Table

XIII, w/2048 of silver is totally inhibiting but not measurably acid.

In some cases we find that solutions of equal acidity are also equitoac

(Tables VIII and IX especially). This relation, however, fails in

some cases (Tables X and XI). Moreover, partial or total inhibition

may occur with the hydrolytes at dilutions too great to show acidity as

here tested. Thus copper and zinc in Table IX show partial inhibi-

tion at m/16384, which is neutral, and mercury at w/16384 in Table

XIII shows almost total inhibition without acidity, while silver in

Table XIII shows total inhibition in a neutral concentration of the salt.

The relative toxicity changes as the concentration of the enzyme

changes, provided the difference is enough. Thus in Tables IX, XI,

and XII copper and zinc are equitoxic, but in Table XVI they are less

equal, and in Table XVTI still less so with the increasing concentra-

tion of the enzyme. Similar variations were found in the tests w
ethyl butyrate (Pond, I. c. 276).

'3 Shields, John, Ueher Hydrolysis in wasserigen Salzlosungen. Zeitsch.

physikalische Chem. 12:167-187. 1893.

•4 Long, J. H., On the inversion of sugar by salts. Jour. Amer. Chem. Soc.

18:120-130. 1896.

'sLey, H., Studien uber die hydrolytlsche Dissociation der Salzlosungen-

Zeitsch. physikalische Chem. 30:193-257. 1899.

ith
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Just to what extent precipitation during incubation is a factor in

inhibition is difficult to say. The results show that precipitation
occurs in concentrations which cause total and often only partial

inhibition. However, with zinc (Tables IX and XII) and sihcr
(Tables XIV and XV) we find total inhibition without precipitation.

The enzyme itself, that is, the substance exhibiting zymolytic power,
IS probably a reversible colloid, and since it was not precipitated by the
neutral salts used, it may be assumed to have gone into colloidal solu-
tion rather than into suspension. Perhaps it also is a hydrolyte liber-

ating both H and OH ions. If this is the case, its saponifying power
may be associated with its hydrolytic dissociation, just as has been
that of the salt hydrolytes. The toxicity of the salt might even be
referred to the possibility that the excess of H or of OH ions resulting
from the hydrolysis of the salt prevented the hydrolytic dissociation of
the enzyme substance and therefore caused the inhibition'^ (p. 214).
If so, to what is the toxicity of the neutral salts to be referred ? Also,
why are the very highly diluted and therefore neutral solutions of silver

and mercury capable of causing total inhibition ? May not the chemi-
cal nature of the atom be a factor ? Since convincing evidence is not

available for a negative answer, and since theoretical argument based
upon the negative assumption leads to embarrassing conclusions,'^ it

li obnous that in any effort to discover final causes this possibility

should not be ignored.

The tests with equicationic solutions show the futility of any attempt
at generalization in that direction and at every hand exceptions seem
to arise.

CONCLUSION
In the zymolytic saponification of ethyl acetate as in that of ethyl

butyrate, the toxicity of the salts tested does not under the conditions

specified vary inversely with the decomposition tension of those salts.

The concentration of the enzyme is a factor in relative toxicity in

some cases.

'*Bredig, G., Beitrage zur Stoichiometric der lonenbewegHchkeit. Zeitsch.

physikalische Chem t -1 • mr-ofiK tO^ .

1 7 Berg, /. c. pp. 15-20.

N0TE.~In referring to PoXD (/. c), note the folloT\4ng errata: p. 274, bottom line,

^Zinc and cadmium" should read Zinc and barium; p. 283, line 13 from top, "Table

XIII" should read Table XIV.



A QUANTITATIVE STUDY OF TRANSPIRATION

Grace Lucretia Clapp

GRAPHS

In the Laboratory of Plant Physiology of Smith College a system-

atic series of studies is being made to determine which of the plants

available to American teachers are best for the demonstration^ or

investigation, of each of the principal physiological processes, and how

much may be expected of them. Some of theec studies in physiologi-

cal constants have already been completed and others are well under

way, I have undertaken to determine these facts for the process of

transpiration. This work has been done under the direction of Pro-

fessor W. F. Gaxoxg, whose advice and supervision I gratefully

acknowledge*

Transpiration has been extensively investigated from several points

of view, and the results up to 1904 are all summarized in Burger-

stein's admirable monograph.' It shows that investigations have

been directed mainly to explain the amounts of transpiration as depend-

ing either upon structural features or upon physiological processes,

or as controlled by physical changes. Special work now being done

by Livingston, Lloyd, and others at the Carnegie Desert Labora-

tory in Arizona is hkely greatly to extend our knowledge of transpira-

tion as an ecological factor in the plant hfe of the desert. But nothing

has as yet been done in the direction of the present study. I have

not been concerned with the explanation of transpiration upon either

a physical or a physiological basis, nor yet with the relations between

absolute and relative transpiration, but simply with the fact that

plants lose appreciable amounts of water. I have sought to deter-

mine with precision the actual amounts of water lost by plants, grow-

ing under the ordinary conditions arising in any greenhouse, and

simultaneously have determined the transpiration under conditions

which admit of control and repetition.

,

My procedure was as follows. In each species studied, two well-

grown plants, of as nearly the same size as could be found, were

chosen at maturity, when increase of leaf surface is at a minimum.

' EURGERSTELV, ALFRED, Die Transpiration der Pflanzen. Jena. 1904-

Botanical Gazette, vol. 45]
[25-t

«^
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Two or three clays before use^ these were brought into the experi-

mental greenhouse, where conditions of heat, moisture, and light

Were practically the same as in the greenhouse proper. Any plant

likely to be pot-bound was repotted in the soil mixture for common
plants two or three weeks before the test, in order that

become properly adjusted.

The actual transpiration w^as determined throughout by the most

accurate known method, that of weighing. To prevent evaporation

it might

p^

V u

J V

'

'^

'J^JtLr 1 V iz^jj *-•-

Fig. I

from the pot and soil, each pot was- covered by an aluminum or zinc

shell of proper size, roofed over by rubber sheeting. This was tightly

clasped to the plant, cemented along the seam, and fastened to the

shell by a metal band, removable to permit the plant to be watered.

The plant to be kept under greenhouse conditions was then placed

on a specially constructed balance which was brought into electncal

connection with the autographic transpirometer invented by Pro-

fessor Gaxoxg and described by him in this journal." The entire

arrangement, slightly modified from the original form, is well shown

» G.\xoxG, W. F., New precision appliances for use in plant physiology. Box.

G.\ZETTE 39:145. 1905.
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in the accompanying fig. i. By this apparatus the time and amount

of transpiration are recorded continuously.

Each plant was under observation for six consecutive days (Mon-

day morning to Saturday afternoon) : climatic changes were recorded

in the near vicinity by the thermograph, hygrograph, and barograph,

but as changes of pressure have no appreciable effect on the transpira-

tion the records are not given. There is no satisfactory instrument

recording the varying intensities of Hght and darkness in a form per-

mitting the construction of a graph. Therefore the changes of light

were recorded from observation and were afterward reduced to a

graph form by the following method.^ Clements' table* of light

intensities for the different sun altitudes (the angle -of the sun's rays

with a horizontal surface) for Lincoln, Neb. (41° N. lat.), was taken

as a basis and changed to suit the latitude of Northampton (42° 19" N.)

.

Then, since the intensities for any hour of the day obtained from

measurements on the celestial globe and graphically represented for a

briUiant cloudless day form a parabola with greatest value at sun

noon, it was possible to construct graphs showing full sunlight for

each day of the year. For cloudy days the percentage of intensities
1 J • « JB —

determined

being those of full sunlight for the given time.

Slight fleecy clouds and haze 90 per cent

Heavy clouds alternating with blue sky 85 per cent

Light open clouds, shadows cast 80 per cent

Overcast, dark clouds, not rainy 60 per cent

Overcast, with dark clouds and heavy rain 50 per cent

Overcast, with dark clouds and snow 40 per cent.

The second plant was intended partly as a check upon results

obtained from the first, but especially as a standard exposed to condi-

tions which admit of comparison of one kind with another, and which
can be repeated by other students. This plant was placed in a large

glass case
{fig. 2) of some 652 liters capacity where conditions were

partly controlled, and were registered by the thermograph and hygro-

^aph.
^

The temperature was kept within the range of 19-21° C. and
the moisture between 45 and 55 per cent, of saturation. The tempera-

tow
'

Tl ^A
'"^ *^^ ^^l^^lation of the light values I wish to thank Dr. Harriet Bige-

^Clements, F. E., Research methods in ecology 57. 1905
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ture was raised by an electric heater in the bottom of the case, and

street

top of the case. To promote prompt and even warming or cooling,

Fig. 2

electric fans of small size were made to blow air over the heating or

cooling arrangements. Moisture was decreased by uncovering dishes

of calcium chlorid and increased by exposing w^et sponges and cloths.

The case was always brought to the standard conditions, the plant was

weighed and left in still air for as long a time as the conditions remained
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within the prescribed limits; then it was weighed again, the results

being reduced to an hour basis. The Hght was kept bright and

diffuse by manipulation of a white curtain. The value of the light

was considered about 90 per cent, of that received by the plant under

ordinary conditions. At times when the sun did not cast a shadow

both plants were exposed to the same intensity. To keep the plant

under conditions of aeration as nearly normal as possible, the case

was opened every morning (when the plant was watered) and the

air blown out by a large electric fan.

To allow the transpiration of these plants to be compared ^^

one another, and especially to permit the transpiration of different

sizes and kinds to be compared, it was necessary to reduce their trans-

piration values to a common standard. For this I adopted the unit

system of grams per hour per square meter of leaf surface, which for

convenience may be designated the M^HG standard. Leaf area

was taken for one side only and petioles were ignored unless the blade

extended along the edge, when an approximate value of half the petiole

was added. This system has great advantages in convenience over one

in which both leaf surfaces are estimated, or in which the stems and

petioles are taken into account, and since in general in any given km

of plant the amount of petiole and stem surface must be approximately

proportional to the leaf surface, no error is involved in a comparative

study. In certain studies, involving structural relations, etc., e

stem and petiole areas would have to, be considered. The suriac

area was computed by tracing the leaves on homogeneous paper, an

weighing them after they were cut out ; this value was then reduce

to a square meter of surface, by the familiar method, viz., from tne

determination of the weight of a known unit area of the paper. Photo-

graphs of the plants kept under ordinary greenhouse conditions were

made, all upon the same scale and against the same backgroun^

(ruled in square centimeters). These are reproduced with their

respective curves below, with the exception of three, of which the

plates were accidentally destroyed.

The results of the study I have endeavored to express in the wa} s

which will render them most useful. First in importance are the

exact figures, which are contained in the following table and are

reduced to average per hour. In the nlant under sreenhouse condi-



Name of plant
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Abutilon striatum
.

Begonia argentea guttata. ".

l-estrum elegans

Chrysanthemum frulescens
Cineraria stellata
Coleus Rlumei (var

)

Cucurbita Pepo. ...
Euphorbia pulclicrri
i'lcuselaslica...

.

Fuchsia speciosa

.

Hedera Helix
Helianthusaanuus..".".".".".

Hehjtropium peru\-ianum
jiiipatiens Holstii
Ip^moea purpurea
J-upmusalbus
L>xopersicum esculentu..
£;e argomum domesticum
^t-' argonium peltatum
Pelargonium zonale..
^haseolus^-ulgaris....
primula sinensis...
i^icinus communis.,
^alnamvolucrata.
^encao mikanioides

'

ben^io Petasitis
. .

.

i radescantia zebrina

.

Aropaeolummajus..
^icia Faba.
Zea Mays.. .:::

m
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123
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3
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29
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21

57
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T29

195

Actual loss per hour
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Day
is)

1-731
1. 861

1-524

9 903
4 . 084
2.470
6-437
3-442
2. 882

5-526
1.656
6.670

4-355
.946

4-783
2.855
8.0S5
5-156
3.600
6.940
2.348
1 .242

1.694

3 . 126

9. 70S

.819

9.668
2.296
5-560

Night

. 2T0

•35^

•565

2.069
^233
.S19

•774
I -155
.502

1 .128

.213

974
1. 441
.280

-434

344
.803

•497
.446

I 135
.623

•375
.563

1 . 123

-737
2.492
.166

1. 813
.25S

•703

Max.

3-5
3-5

18.5

8-5
=5.09

13-

6.

4-33
II

.

3 09
13-

9-

5-

8.5

5-

15-5
12.5

7-

17-

6.5

2.77
5-

12.5
8.

19.

1-45

IS-

4.67
12.

Vrca of

plant
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.0238

.06665

.10673

.08657

.07065

.14794

.06878

.07452

.06115
T33S2
.06309
.145S1

.02610

. 12S01

.04117

.12655
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.12164
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Min
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7.0S2

3 •IS
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4.61
2.16

4-5^
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7 634
6.38

4.74
1 .26

3-29
1.686
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436
2.799
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2-35
3-3^S
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4.023
7.81

3-^3
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305
^2
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131.920
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.
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10.670
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43-931
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23 - 864
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8
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Night

3-839
4-776
8.846
16 .099

7.770
6.732
6.229
15-674
7.100
11-305
3.007

19. 264
II .070

9.212
6.508

9.515
7-52

6.312
7.672

9 059
5.029
9. 212

8.390
1 1 . 680

17-093
6.341
14-159
6.26

5 -553

Max

64.06

47.05
4S.3S7
143.98

53-57
41. 84
104.66
81.38
61 .24
no. 26

43-58
257.12
69.18

81-75
12 53
^3^3^
145 • 23
144. ->o

99.08
114. 91

94.58

37
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93
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130

55
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113
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•17

-75
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.78

-306

-17

•43
.S24

'
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(8)

3^
1.08
I.

6.6

2.4

^-33
^33
2. 58

7
2.8

•3

2.6

1.6

1.78

9
.81

1.8

1.05
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1.58
•5r

1.4

1.78

2-9
1-05

4.35
.19

4-45
^3
•7
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Day

1-334
1-375
1.187
8.830

3 045
2-335
3. 112

4.207
2. 121

4.517
1.077

3 136

3-758
2-168
1 .76

2-399
3.284
3-380
2.640

4.17
.816

2 . 408
2.r68

4
2
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3.

I

350
.297

-363
-5S1

.880

.440

.990

I
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2.4

1.58
i-i5

12.05

3-35
3-05
4-48
5-1

3-5
6-7
2.25

508
9.2
2. 12

1 . 22

3-58
4.07

5-4
3.65
7.95
1-05

3^
2. 12

6.15

3-64
6.65

•93
II .07

4-95
3.08

I

i

.09415

. 14669

.06956

.C9S95

.06618

.12802

.06689

.18227

.02840

.15056

-05030
. I0464

.05002

.07216

.07043

•12955
.11274
.11068

. 13860

•07385
.08070

•12323
.06308

.06275

.14274

.06618

•07295

•04033
.11415

!

I

Min.

7.19
14.979
14.198

50.945
21.287

12.197

9-595
34-935
8.67
22.72

4 755
41-43
11.209

26.89

12.337
20 . 084
15.768

15.315
20. iS

10.77

7 33
14- 148

26.89

22.49

15.69

23.865
6.69

9.423
25-785
6.6S9

M^MO

A\Tragc
Day

3T

000

26.669
19. 070
16.860

68.159
27 . 005
21 .096

22.455
56.960
26 . 280

36.650

17-073

49-976
26.327

'530

24.127

59.484
28.769

49 299
28. 104

28.427
i-i . 74
24.33

32.754
33-750
34 340

i

29.420
20.471

52
6S

. 389
19.017

Max.

47-98
21 .914
16.328

93-014
29.714
27.586
32-32
69 058
43-37
54-36
35-669
So. 956
64-45
32-03
16.72

88.83

35.65
78.76
38.76

54.145
15.094
38 . 40
32.03

47-7-9

54-40
36.484
32.746
73-5^5
98.409
29-434
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tions I have given this average loss for the day and night separately,

and have added the extremes observed in order to show how widely

the transpiration may vary in the same plant. In the plant under

standard conditions similar results are given, though for day only.

A comparison of the M^HG figures for the ordinary and standard

conditions of the same plant will reveal some remarkable discrepancies.

Thus, Helianthus under the ordinary conditions stands far ahead of

any other plants studied, but under the standard conditions it is sur-

passed by several. The explanation of such differences is evident.

The week in which the experiment was tried may have been one of

exceptional dryness and brightness, or one in which air currents from

ventilation, or perhaps greater heat, increased the transpiration of

the plant under ordinary conditions but could not materially affect

that under standard conditions. It is evident therefore that for com-

parison of the transpiration of one plant with another the columns

under ordinary conditions have little value, and for this the column
E

under standard conditions should be used. It is in order to exhibit

clearly the effects of such external conditions upon transpiration that

I have plotted for the same plants the transpiration in graphs, along

with the graphs of external conditions, in the series of diagrams which

follow below. Another peculiarity of the tables is found in the great

range in the same plant under standard conditions. This comes in

part from the difficulty of keeping the conditions constant, in part from

the great sensitiveness of the process to even slight alterations of

external conditions, but chiefly from the variations in light. Abso-

lute proof of this could only be obtained from a series of careful experi-

ments where all factors would be under control and only one varied

at a time. It can reasonably be inferred, however, on this ground:

on bright sunny days there was a gradual increase and decrease pro-

portional to the light intensity. On cloudy days or when the roof

was covered with snow, with the curtain aside, the loss per hour varied

within much narrower limits. Comparison of the losses at the same

hours on different days also justifies this conclusion.

It will occur to the reader at this point that not enough plants of

each species were used to give results which are fair tests of the trans-

piration of a given species. This criticism is only in part just. It is

obviously impracticable to provide either the excessive time or the
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numerous instruments requisite for obtaining averages from several

plants. Aside from this, however, the results are more representative

than may appear at first sight. On the one hand the plants were care-

fully chosen from a considerable number as typical specimens of their

kinds, and on the other, according to Quetelet's law-, any single

plant taken at random is more likely to fall close to the mean than far

from it. Hence, taking our thirty plants collectively, while some of

them may de\iate considerably from the mean of their kind, the great

majority must lie more or less close to it.

Although the table of figures expressing the total quantities of

transpiration has its value, it cannot be made to throw light upon the

effect of external conditions upon transpiration. In consequence

graphs made of each plant under greenhouse conditions were plotted

from the records of the autographic instruments. In all cases they are

for six days, the day and night being indicated on the base line. Each

abscissa space represents 2J hours of time; each ordinate space m
the transpiration curve equals either i, ^, or 2 grams of water lost,

as indicated in each case, the difference being necessary to bring the

curves of the plants wdthin practical ranges; one vertical space in the

temperature curve represents 5°; in the curv^e of moisture, i per cent, of

saturation; and in that of light, 5, 2.5, or 10 per cent, of intensity. The

curv'e of moisture has been inverted into one of dryness so that all

physical conditions tending to increase transpiration have upward

turns, and vice versa. The curve of light shows the intensities avail-

able to the plant, not what the plant actually used; this varies with

the structure and the internal physiological processes.

As indicated above, these graphs have two values. The first is to

show under what external conditions the figures for ordinary condi-

tions given in the table were obtained. It is obvious that these values

are profoundly affected by the conditions prevailing when the experi-

ment was in progress. The second value is to present as clearly and

graphically as possible the relations of the rate of transpiration to

external conditions. It is not supposed that these graphs can bring

out any knowledge of transpiration new in the abstract, but they do

show this relation with gratifying clearness for our most familiar

plants, and in a form which, it is hoped, will make them valuable in

educational work.
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EXPLANATION OF GRAPHS
D= drynessT= temperature

.p, ,
L=light Tr= transpiration—

fifih- V- \t"^s given for T should be read in the seventh x-ertical space from the base ?me; D in theWlh, L in the third; and Tr in the first.

1. Zea Mays, May 7-12. T ic^is; D 30-35; L 20-30; Tr o-r.
2. Lyco^ersicum escideuttim. May T3-18. T 15-20; D 30-35; L 20-30; Tro-i.

Salvia hxvolucrata. May 20-25. T 10-15; ^ 35-4^; L 20-30; Tr 0^1.
Seneclo Petasitis. May 28—June 2. T 10-15; D 35-40; L 20-30; Tr 0-2.

S- Cestrum elegans, June 3-8. T 20-25; D 35-40; L 20-30; Tr o-J.
o. Ipomoea purpurea. June 1(^15. T ro-15; D 30-35; L 20-30; Tr o-J.

Euphorbia pulcherrima. Oct. 22-27. T 20-25; D 30-35; L 20-30; Tro-i.

3-

4-

7

Nov. 3. T 15-20; D 40-45; L 20-30; Tr o-i.

T 20-25; ^ 40-45; L 10-15; Tr o~i.

Nov. 12-17. T 20-25; 1^40-45; L 10-15; Tro-i^^t'nus commums. JNov. 12-17. ^ 20-25; -L) 40-45; 1. 10-15; Aro-i.
6w/27^;; Striatum, Nov. 19-24, T 15-20; D 30-35; L 10-15; Tr o-J.
fliotropium peruviariiun. Nov. 26-31. T 20-25; D 40-45; L 10-15; Tr
tUP.m.r-in Kriffllr,*^ T\— A. , -- t* --. t~^ -_ -_.. T --« »-. T"^ «_t

8. Phaseolus vulgaris, Oct. 29
9- Impatiens Holstii. Nov. 5-10.

10. Ricinus communis.
11. .4

12. Heliotroptumperuz.^ ._.. _ ^.. . _ .^, ^ ^. ,^, ^,
13- Ctnerarta stellaia. Dec. 6-12. T 20-25; D 50-55; L 10-15; Tr o-i.
14- Primula sinensis, Dec. 13-19. T 20-25; 040^45; L 10-15; Tr o-J.
^5- ^^^rysanthemum Jrutescens. Jan. 14-19. T 10-15; I^ So-55; L 10-15; Tro-2.
16. Pelargonium zo7iale. Jan. 21-26. T 30-35; D 40-45; L 10-15; Tro-2.
17- Fuchsia speciosa. Jan. 28—Feb. 2. T c^5; D 40-45; L 10-15; Tr o-x.
15. Tropaeolum ntajus. Feb. 4-9. T 10-15; D 45-50; L 10-15; Trc^i.
19- Pelargonium domesticum. Feb. 11-16. T0-5; 030-35; L 10-15; Tr 0-1.
20. Cokus Bluffiei var. Feb. 18-23. T 50-55; D 20-25; L 20-30; Tr o-i.
21. Ftcus elastica, Feb. 25—Mar, 2. T 15-20; D 55-60; L 20-30; Tr o-J.

Pelargonium peltaium. Mar. 4-9. T 20-25; I^5o-SS; L 20-30; Tr o-r.
23- Vtcia Faba. Mar. 11-20. T 15-20; D 40-45; L 20-30; Tr o-J.
24. Senecio mikanioides. Mar. 18-23. T 20-25; ^ 30-3S; L ro-15; Tr o-i.

25 I^elianthus annuus. Mar. 25-30. T 25-30; D 35-40; L 20-30; Tr 0-2.

20. Lupinus albus, Apr. 1-6. T 10-15; ^ 4o-45; ^ 20-30; Tr c^i-
. T. . .-. T

^; Tro-i
L 20-30;

DL20-J,
T i5-2o;''D 3(^35; L 20-30; tr o-

27. Hedera Helix. Apr. 8-13. T 15-20; D 40-45; L 20-30; Tro-J.
28. Tradescantia zebrina, Apr. 15-20. T 30-35; D 40-45; L 20-30; Tr o-J.
29. Begonia argentea giUtata. Apr. 22-27. "T 30-35; 15-20; DL 20-30; Tr o-}.

19—May

Briefly they bring out these facts: there are two daily extremes, a

maximum loss around noon when the sunh'ght is most intense,, heat

usually the greatest, moisture least in the atmosphere, but a good sup-

around occurs

some time during the night when the temperature is low, the atmos-

pheric moisture approaches saturation, the darkness is complete, and

m most plants the stomata are closed. The
morning sometimes suddenly drops or rises. This is due either to the

cur\'
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time lost when the plant is watered and rebalanced or to the falling

of sunshine directly upon the plant. The drop in the curves between

February and March i8 just after noon is due to the shading of the

plant from the direct afternoon sun by an intervening house.

The effects of cool, cloudy, moist days are well brought out in the

curve of Phaseolus vulgaris, where such conditions prevailed the first

half of the week, tending to check transpiration; w^hile the brighter,

warmer, drier, latter half of the week increased the loss of water.

The same differences are seen equally well in the curves of Pelargo-

nium domesticum and P. peltatum, Fuchsia, and Tropaeolum; and are

more strikingly shown in those of Senecio mikanioides, Lupinus amis,

Zea Mays, Senecio Petasitis, Cucurhita Pepo, Lycopersicum escukntim,

and Abufilon striatum; but the last-named plant and Chrysanthemum

were at no time in brilliant sunhght.

In general the transpiration curve supplements the tabulated

results, showing in addition the effects of physical conditions. The

important fact brought out by the curves as a whole is the extreme

sensitiveness of transpiration to even sHght changes in external condi-

tions, a fact already mentioned above in connection with the varia-

tions shown under "standard" conditions. So great, indeed, is this

sensitiveness that it seems out of all proportion to the direct physical

changes and suggests the possibiHty that the relation between condi-

tions and transpiration is not purely physical, as it is apparently now

considered by some students, but is indeed one which involves the

action of the conditions as stimuh. But this is a separate matter and

I have been concerned merely with transpiration as a fact, quite

regardless of its explanation. Furthermore, I have not tried to sepa-

rate the influence of the conditions nor to show, when several cooperate^

which produces the greatest effect. I have taken them as they came;

their separation is a separate investigation.

We consider now the results of this study from the practical point of

view of the teacher, as to which plants are best for the demonstration

of transpiration. While the columns designated "M^HG average'

give some plants a greater average transpiration, the columns o|

"M^HG minimum and maximum" really offer a better choice of

material, because they show the great range possible for each plant.

Helianlkus annuus stands first in amount of transpiration, but it is open

)
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to objection in that it is not kept in greenhouses and must be grown

expressly several weeks before needed for use in the classroom'

Vicia Faba, Lupinus albus, Lycopersicum esculentiimj Ipomoea pur-

purea^ and Cucurbita Pepo, although they show a high rate of transpira-

tion, are open to the same objection. The first choice falls, then, in

order of respective excellence to Chrysanthemum frutescenSy Tropaco-

lum majus, Pelargonium domesticum, Fuchsia speciosa, Senecio

PelasUiSy Senecio mikanioides, Pelargonium zonale, Hcliotropiu

m

peruvianum, and Pelargonium peltatunu They are best for two

reasons: their first value lies in the fact that they lose large amounts

of water; the second, and no less important, is that in addition to

their being easily obtained at any time of year from the greenhouse,

they are grown in many homes. An objection to Euphorbia pukJier-

rima and Impatiens Holstii^ moderate transpirers, is that they lose

many leaves just at maturity; this is true also of the heliotrope. Of
least value are Primula sinensis, Coleus Blumei, Hedera Helix, Ces-

Irum elegans, Begonia argentea, and Tradescantia zebrhia, which,

though common, have a very low rate of transpiration.

In addition to the value given by the tables for the different kinds

of plants, it will be of some interest to note the average transpiration

for these plants taken collectively. The result may be considered a

general expression of the amount of transpiration of ordinary plants

growing in any greenhouse. This quantity is 48.732 or in round

numbers about 50 grams per hour per square meter of surface for the

day time, and 8.898, or in round numbers 10 grams for the night

about five times as much on the average per hour per square meter

by day as by night.

NoRTHA^IPTO^^, Mass.



BRIEFER ARTICLES

LUCIEN MARCUS UNDERWOOD
(with portrait)

The editors of the Botanical Gazette wish to make this brief record

of the life and work of a distinguished American botanist and an intimate

personal friend. The papers prepared for the memorial meeting of the

Torrey Botanical Club, held January 29, 1908, have been published in the

Bidletin of that club (35:i-43-

1908), so that a full account is not

necessary here.
'

Professor Underwood was born

October 26, 1853, at New Wood-

stock, N. Y., and died at Redding,

Conn., November 16, 1907. He

graduated at Syracuse University in

1877, and held the following college

and university positions: Hedding

College (1880), Illinois Wcsleyan

University (1880-1883), Syracuse

University (1883-1890), De Pauw

University (1890-1895), Alabama

Pol>-technic Institute (1895-1896),

Columbia University (1896-1907)-

ork was with theHis chief w^

ated

the

Pteridophytes, and the repe

editions of Our native Jems bore

testimony to his early activity and to the popularity of the book. This

work laid the foundation for the larger and more serious interest in

' ~ group which bore abundant fruit in his maturer years. The
Hepaticae were also included in the range of his professional interest;

andjhe Fungi also shared in his contributions. His bibliography, as pub-

lished m the memorial proceedings referred to, includes 212 titles, 188 of

are botanical; and among these 78 deal with Pteridophytes, 31 with

Hep^ticae, and 29 with Fungi.

is the loss to American botany, the personal loss will be felt

which

Great

still more keenly by his colleagu
Botanical Gazette, vol . 45 ]

es. He was eminently a companionable

[268
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h

man, and at every botanical gathering which included him he was a center
of sprightly conversation and good feeling. These qualities, and \i\< untir-
ing and unselfish devotion to his work and to his students, developed for
him an amount of personal affection and loyalty that was his chief possession.
His place in American botany was sufficiently unique to remain vacant;
and his personality will be still more impossible to duplicate.

A CONVENIENT TRAVELING BALANCE
(with two figures)

In carrying out certain lines of investigation involving more or less

travel, or the establishment of temporary stations remote from well-equipped
laboratories, the lack of a compact and readily transportal)le balance, of a
fair degree of sensitiveness, often seriously hampers the progress of the

Fig. I.— Balance set up within the closed case.

work. The ordinary balance inclosed in its glass case is too cumbrous
and fragile to be readily transported, yet no dependable weighing can be

niade except upon a suitable balance properly protected.
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In preparing an outfit of apparatus for field use I have devised a con-

down
great measure solves the question of a practicable field balance.

The balance proper and the case are entirely independent. From a

reliable instrument maker I ordered a good type of laboratory balance

fitted with the usual accessories but without the glass case. The pillar is

fastened to the box with screws having milled heads and is readily remov-

able. All the metal parts of the balance can be detached and packed

safely in the drawer of the box.

The case for this balance is made in six sections, of which those forming

^^<^- 2.— Case collapsed and balance packed.

the ends are secured in place on the base by dowel pins. The joints of the

case are made dust proof by means of a tongue-and-groove fitting. The

door IS hinged at the upper corners by means of pivot hinges and swings

outward. After all the sections are in place, complete stability is secured

by means of small hooks and screw-eyes which lock the various parts

together. Instead of glass, clear celluloid is used, which renders the case

practically non-breakable.
"If « A

fis
1

-^ '^^»- «-i|j vtiiiiiii m^ vast wiii^Li x^ ^* / •
-

snows the case collapsed and balance packed. The total weight of balance

aJid case is approximately ten pounds, and in the collapsed form may

'/

earned in a trunk W
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THE TOXIC ACTION OF CERTAIN ORGANIC PLANT
CONSTITUENTS.—A CORRECTION

The Editors regret that in the article by Schreiner and Reed in tlie

February number of this journal, vol. 45, pages 80 and 90, figures 2 and d,

illustrating the action of cholin and of cumarin, were interchanged. All

of the figures appear without legends. These have now been supplied by

the authors and are as follows:

Fig. I,—Wheat grown in: (i) Freshly prepared solution of lyrosin, t6 parts

per million; (2) discolored solution of tyrosin, originally containing 16 parts per

million.

Fig. 2.—(Applies to block printed as f^g. 6, p. 90.) Wheat grown in: (i) Control

in pure distilled water; (2) solution of cholin, 1000 parts per million; (3) 500 parts;

(4) 100 parts; (5) 25 parts; (6) 5 parts; (7) i part.

Fig. 3.—Wheat grown in: (i) Solution of pyrocatcchin, 1000 parts per million;

(2) 500 parts; (3) 100 parts; (4) 25 parts; (5) i part; (6) control in pure distilled

w^ater.

Fig. 4.—Wheat grown in: (i) Solution of phenol, 250 parts per million; (2)

resorcin, 250 parts; (3) phloroglucin, 250 parts; (4) phenol, 100 parts; (5) resorcin,

100 parts; (6) phloroglucin, 100 parts.

Fig. 5.—Wheat grown in: (i) Solution of vaniUin. 1000 parts per million; (2)

500 parts; (3) 100 parts; (4) 25 parts; (5) i part; (6) control in pure distilled water.

Fig 6.— (Applies to block printed as fig. 2, p. 80.) Wheat grovs-n in: (i) Control

in pure distilled water; (2) solution of cumarin, i part per million; (3) 25 parts; (4)

So parts.

Fig. 7.—Wheat grown in: (i) Solution of esculin, 1000 parts per milhon; (2)

500 parts; (3) 100 parts; (4) 25 parts; (5) i part; (6) control in pure distilled water.



CURRENT LITERATURE
BOOK REVIEWS

Chemistry of the higher fungi

Investigations on the chemistry of fungi began about a century ago, and have

been prosecuted with various aims. Sometimes the endeavor has been to isolate

unknown substances, and especially poisonous or medicinal ones; sometimes to

ascertain the nutritive value of edible species; and sometimes to contribute to the

general knowledge of this group. Though the separate studies have been numer-

ous, hardly more than a beginning has yet been made, as shown by the fact that

out of the immense number of species, the chemistrj^ of only four is known with

even approximate completeness.

Zellner, who himself has contributed much to the subject, has collated the

present data In a monograph of some 250 pages.^ He excludes from his considera-

tion, by the adjective "higher," the bacteria, molds, and yeasts, recognizing that

this is nothing more than a convenient discrimination. The matter is not arranged

by species or groups of fungi, but by groups of substances, such as mineral con-

stituents, fats, alcohols, amino-acids, tannins, coloring matters, toxins, etc. The

largest sections are those which treat of fats, bases, carbohydrates, and en-

zymes. To compensate for the disadvantages of this mode of presentation, the

author furnishes a complete index of the names of species mentioned, which unfor-

tunately he has separated from the index of substances mentioned. While an

index is a good thing, two are never better than one.
In the way of generglizations the author gathers together, at the close of his

volume, the information in regard to the four species, whose composition has

been fairly determined. It may be interesting to know that these are Amanita

muscana L., Polyporus officinalis Fr., Claviceps purpurea Tul., and AelhaUunt

septuzm L. He also attempts to distinguish by their chemical characteristics

the following groups, whose composition is dependent upon the substratum-

(I) saprophytes (Uving in humus), (2) coprophytes, (3) wood dwellers, partly

saprophytic, partly parasitic, (4) plant parasites, (5) animal parasites.

_

regarding the higher fungi as a whole, Zellner notes these chemical pecuU-

anties: the cell membrane consists chiefly of chitin, or an allied substance, fungw,

rue cellulose and true wood material never having been found in fun^; they

likewise contain no starch, but dextrin-like carbohydrates or glycogen are widely

distributed, though in variable amounts; the fats are mostly rich b free fatt>' acids,

^^^^f^^^^ith bodies of the ergosterin group and mostly also lecithins;
basic

' Zellnes, J., Chemie der hoheren Pike. 8vo. pp.vi + 2S7.
Leipzig:

Wilbeto

272
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are widely distributed, but no true alkaloidbodies, allied to trimethylamin,

has yet been found. The composition of fungi and animals shows some striking

resemblances.

In gathering together the data regarding the chemistry of the higher fungi,

in citing the literature, and in describing methods of isolation and identification,

Zellner supplements acceptably the related sections of Czapek's Biochemie der

Pflanzcn and facilitates further studies in this field.—C. R. B.

a
Sleep " movements

reccn

these

he has planned ingenious methods of securing the self-registration of the move-

ments of simple leaves, or the folding of a number of leaflets. In addition to the

clever arrangements of levers, he has devised several forms of registering apparatus,

and methods for continuous and intermittent illumination, in which the disturbing

effects of varying temperature are eliminated, and at will a sudden or gradual

illumination is secured, by electric tungsten or mercurj' lamps, without sparking

at the contacts. These methods and apparatus will doubtless prove of very great

ser\'ice, not only in the study of "sleep" movements, but also wherever, as in this

case

The records published in this monograph, giving for the first time the autographs

of leaves subjected to var>'ing conditions of light and temperature, are likely to

become classic illustrations. They show not only the so-called ''sleep" movements,

but also the independent autonomous movements which often accompany them,

and the interesting rhythmic movements that persist for some time when the leaves

are kept in uniform conditions. The work is one which will take its place with

other monographs of this author as a permanent contribution to plant physiolog)'.

The contribution, however, lies rather in the useful apparatus and in the direct

results recorded than in any theoretical considerations which are deducible.

The '* sleep" movements, whether they are executed by growth or turgor, are

herein definitely shown to be photonastic or thermonastic reactions, called forth

by the daily change of illumination or temperature, or by the co-operation of both

factors. case

term under

constant conditions the "sleep" movements gradually disappear in 3-5 days

through after-movements of diminishing amplitude, there often remain autono-

mous movements of much>horter/hythm, which are quite independent of the others.

Many specific peculiarities in the responses are described, which cannot be here

enumerated. Thermonastic responses show similar peculiarities and the photo-

actions seem bound

ermonastic responses

Schlafbe

Blattorgane. Abhl. :vlath.-phys. Kl. Konig. Sachs. Gesells. Wiss. 30: 259-472- fii^' 3^'

i9c>7. Separately of B. G. Teubner, Leipzig. M 8.
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been excluded, and vice versa. The natural rhythm of response may he increased

or diminished, provided the latent period of the organ is less than the daily period

of hght and darkness.

This work is one that will be needed in every active laborator)', so that any

more detailed statements of its conclusions would be superfluous.—C. R. B.

NOTES FOR STUDENTS
Plant breeding.—Bulletins of the various Agricultural Experiment Stations

usually deal with the practical side of agricultural problems, and there has not

been at all times a recognition of the practical value of theoretical matters emanat-

ing from pure scientific sources.

purpose
in which a well-written review of the development of the evolution idea is given,

along with the more recent developments in our knowledge of variations and of

heredity. In the main the treatment is well balanced, but in some respects there

is too obvious a leaning on Morgan's recent publications. Particularly does it

seem out of place, in so brief a paper, to present Morgan's theory of the impurity

of the gametes—a theory which has lost practically all the slight support it seemed

to have when first propounded.

It is noted on p. 68 in the discussion of the Belgian-hare cross, as an illustra-

tion of "masked" characters, that the older explanation is retained, based upon

the supposed presence of a black factor in the albino. Castle^ has ^given a

more satisfactory explanation of such cases by assuming an "agouti factor" which

distributes the pigment in distinct regions in each hair, giving a grey effect. The

Belgian hare of the experiment cited had both dominant characters, namely pig-

ment and agouti, and the albino lacks them both. The advantage of Castle s

explanation lies in the fact that it brings such cases into harmony with the "pres-

ence and absence" hypothesis which has found such wide support in other cases

and to which the author of the bulletin himself subscribes.

The section on "Methods of plant improvement" is doubtless the most valu-

able part of the paper. Its scope may be indicated by the subheads: "The selec-

tion of fluctuations," "Isolation of elementary species," "Judging plants by their

progeny," "Correlated characters," "Improvement by hybridization."
Unde^

the first of these subheads a valuable summary is given of the results gained by

w^..-...„ „_. V. . . .

the breeding
associates at the Illinois Experiment

of maize for high and low protein and high and low oil content. The crop averages

for ten years are given, showing that in this time the maximum separation of the

extremes with respect to these characters seems to have been attained.

3 East, E. M., The relation of certain biological principles to plant breeding-

^onn. Agric. Exp. Sta., Bull. 158. pp. 93. figs. 6. 1907.
^ Castle, W. E., On a case of reversion induced by cross breeding and its bxa-

Science N. 5.25:151-153. 1907.
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On p. 62 the "Knight-Danvin law" that "nature abhors perpetual self-fertili-

zation" is amended to read, '^nature resists any sudden change in long-estabh'shed

conditions." A suggestion having the same import was made some years ago by
Hays,s but this seems to have been overlooked by Dr. East. Hays says, *'p)s-

sibly Darwix's law would more broadly cover the truth if expressed thus: nature
abhors a radical change which would require species to cross in much closer or in

much more radical relationship than is their long-established hal)it."

The last ten pages preceding the summary discuss the technique of maixe
breedmg, giving an insight into the great complexity of the prol)lcms to be solved
in breeding this crop, owing to the occurrence of fluctuations and numerous
elementary species, and the injurious effects of too close inbreeding. The author's
experience in maize breeding, as an associate of Hopkins at the lUinois Station,

and his continued efforts along similar lines at the Connecticut Station, have
thoroughly qualified him to write on this subject, and his discussion will doubtless
prove of great value to maize breeders; but the reviewer questions the correctness
of the assumption that the isolation of pure strains of maize is the proper aim of
those who would secure the greatest possible improvement in this crop.

It is believed that this excellent bulletin will have such a reception that other
stations will follow Dr. East's example in disseminating advanced scientific

information.—G. H. Shull.

The latent life of seeds.—Two rival doctrines have been used heretofore, with
equal success, to account for the latent life of seeds. The one holds that life is

completely suspended, all the exchanges, both of matter and of energ>', being
arrested. The other holds that the phenomena of metabolism are greatly dim-
mished, but that they are never entirely suppressed. Both of these theories have
been supported by experimental evidence, and the question has called forth a ver>'

large number of investigations. These antagonistic views have led Becquerel
to a further study,^ with the idea that the previous conflicting results depended
ujx)n neglected properties of the integuments. He has demonstrated the impcr-

nieability for gases of the integuments of seeds of a considerable number of

species; and it seems Gola^ simultaneously had discovered impermeability for

water to be a common character.

These facts make it necessary to go over previous experiments, perforating

the integuments or removing them. Seeds which resist the action of alcohol,

ether, and chloroform, when their integuments are intact, succumb when these

agents are brought into actual contact with the embrj'o. But low temperatures,

even to — 210°, do not have any appreciable effect on germination if the protoplasm

has already undergone thorough desiccation. The existence of gaseous exchanges,

5 Hays, W. M., Plant breeding. U. S. Division of Physiology- and Pathologv-,

Bull. No. 29. pp. 72. figs, 21. 1901. (See pp. 38, 39.)

^Becquerel, Paul, Recherches sur la vie latente de graines. Ann. Sci. Xat.
Bot. IX. 5:193-320. 1907.

^As cited bj^ Becquerel: Gola, J., Memoire sur la physiologie [in another

place, Recherches sur] des teguments des graines. Acad. [Sci.] Turin. 1905.
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heretofore attributed to respiration, was confirmed. But it is clearly shown that

the fixation of oxygen and the evolution of CO3 have no relation to the life of the

seed, and that a direct oxidation probably takes place with equal activity in live

and dead seeds. Thus the gaseous exchanges of the integuments, compared with

those of the decorticated seeds from which theycame, were frequently, weight for

weight, very much larger. Further, these exchanges in the isolated integimients,

compared with those of the entire seeds of the same species whose integuments

are impermeable, are absolutely the same. Where the integument is permeable,

however, the gaseous exchanges of the embryo are added to those of the integu-

ments. None of these changes take place unless the air is moist and the proto-

plasm contains still a certain proportion of water.

Becquerel has also shown that no perceptible gaseous exchanges take place

in the embr}^o when completely dehydrated, and that it can bear for a long time

an atmosphere of carbonic acid, nitrogen, or a complete vacuum without losing

its power to germinate. In fact, he is convinced that the loss of germinative power

is dependent upon the changes permitted by the hygroscopicity of the seeds, and

the only ones in which longevity is to be looked for are those with an impermeable

integument.

Incidentally he discusses the longevity of seeds in exlenso, and himself made

experiments upon almost 500 species, belonging to 30 of the most important fami-

lies of monocots and dicots, whose age was accurately known from the records

Museum d'Histoire Naiurelle of Paris, Only four families had any \^able

seeds. Legu
Nelumbium (56 to 18 years), one Lavatera (64 years), and a Stachys (77 7^^^^^

germinated.

Becquerel seems to have reduced the question to this dilemma: since there

is no appreciable metabolism for as much as two years' time, in perfectly dry^ yet

\'iable seeds, either their life-processes are wholly anaerobic, intracellular, and very

slow, or life is completely suspended. He has begun an experiment of ten years

duration to determine whether the dried protoplasm is stable in a vacuum as

perfect as can be obtained. He has inclosed in exhausted \ials dry seeds of

buckwheat and of wheat, with perforated integuments. These ^^als will be kept

in darkness and will be examined with a spectroscope for gases everj- year, and

at the end of ten years the seeds will be planted. This experiment promises
*-

be a crucial one, if (as is to be expected) no gases are set free, and the seeds hvc

If it turns out other\vise, the choice between retarded life or suspended life for

seeds will remain a speculative one.—C. R. B.

Apogamy and apospory in ferns.—Helene Woronin,^ working in Goebel's

laboratory, has published the results of an experimental study on apogamy and

apospory in ferns. The study included six species; Trkhomanes Kraussih

Pellaea flavens, P. nivea, P. tenera, Nolochlaena Eckloniana, and N. siniiata.

to

8 WoRONiN, Helexe, Apogamie und Aposporie bei einigen Farnen. Flora 98:

IOI-162.
figs. J2. 1907.
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jragra
of Notochlaena (Maraniae, squamosa, trichomanoides, vellaea, and lanuginosa)

a lo induce apospory

N. Maraniae. which
The

apogamy, and apospory

(/
apospory

£
apo

fi'

Last there is an

two apogamous

7
From the detailed account a few points of interest may be summarized as

luuuwb. me prothaliia of Truhomanes Kraiissii consist of both filamentous apd
flattened parts; archegonia fail to develop; antheridia never attain maturity,
apogamous embryos develop from the filamentous part, or from the margin or
surface of the flattened part; at the outset the apogamous embiyo consists of
several cell layers which the author thinks to be homologous with the archegonio-
phore; from this structure a leaf process first appears, and then the stem apex
develops independently of the former; the appearance of the root is delayed.
Apospory is also induced in the same species by cultivating cuttings of leaves on
loam; often the aposporous tendency prevails so far that antheridia are formed
directly from the margin of the leaf.

Ine three forms of Pellaea (flavens, nivea, and tenera) and two species of
-Notochlaena {Eckloniana and sinuata) are all apogamous. No archegonia ever
c evelop, and in N. sinuata no antheridia are ever formed. Generally speaking,
m these five forms the apogamous structure is formed first as a leaf on the under
surface of the sinus of the prothallium from the apical meristem. The stem apex
then appears quite independent of the leaf; either between the leaf and prothal-
lium or under the leaf; the root aooears later.

n in darkness, there is induced an apogamous structure,

at first appearing as a leaf. After continued cultivation in (

induced; from the arrested leaf grown under the sinus of the prothallium a new
^F^ - J 1 1 1 A

apospor}

structures.

and develops also apogamous

apogamous
possible to distinguish the boundaries

flavcns there were found
leaf buds on the arrested leaf grown under the sinus of the prothaliia. Apoga
mous structures also developed from the same prothallium.

As a result of regeneration there appeared several interesting cases. When
cut fragments of the sinus region of prothaliia are put on the soil, further con-

tinuous development is checked, but new structures arise. From these structures

often prothaliia are formed again. The prothaliia aposporously produced

develop antheridia.—S. YAMAxorcm.
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Summation of light stimuli.—It is well known that stimvdij too brief to produce

a visible reaction, if repeated at intervals not too long, lead to a response, just as

continuous stimulation for a sufficient time does. Wiesner found that when

intermittent light stimuli followed each other within double the period of their

duration, reaction began as soon as though the plants had been continuously

stimulated. Generalizing from this he concluded that summation of the stimuli

occurred without loss during the intervals. Talbot's law, however, which

holds with extreme exactness for the human eye, indicates that the effect of an

intermittent light can only equal that of a constant one of lower intensity. Thus,

if a light of intensity i acts for x seconds, at intervals of 3.V seconds, its stimulating

effect will be equal to that of a light of i/4 intensity. Obviously if this law be

valid for heliotropic reactions of plants, reaction time, which alone Wiesner

determined, cannot be a correct index of the eflfects of light as a stimulus-

Nathansohn and Pringsheim showed that this is so, and further undertook to

make an extended comparison of the effects of constant and intermittent light

stimuli.8 Using such lights on opposite sides of seedlings of Brassica and

Avena, they find that Talbot's law is valid for heliotropic phenomena within

reasonable limits. Only when the frequency and duration of the illumination

was greatly reduced, as to i| minutes duration with darkness 3? minutes, did

the point of physiological indifference depart from the optical one (determined

by the photometer) in favor of the intermittent light. Thus they established

that there was, for plants as for the eye, a so-called critical periodicity. ^^Tien

mtermittent stimuli are too slow, the eye sees a flickering; the plant responds by

pendulum-like swings instead of a steady curvature. They also found the law

valid within wider limits with weaker illumination than with strong.

In an elaborate theoretical discussion they propose to account for the obser\-ed

phenomena of summation thus : They assume, with Helmholtz, that the primar)'

excitation is photochemical, and that its effect is proportional to the product of the

intensity by the time of illumination. This produces a certain excitation, which

IS steadily maintained in constant illumination, but falls in the dark interval of

mtermittent illumination. In both cases a counter-reaction is assumed to be

released, which antagonizes the primary reaction, and must be overcome if the

atter is realized vasibly. With constant illumination the algebraic sum of the

light excitation and the counter-reaction determines the maximum effect. In

intermittent light the counter-reaction is effective in the dark intervals in reducing

the effect of each excitation, the remainder being added to by the next impulse,

which serves at the same time to heighten the counter-excitation, and so on. As

^v-^ understand it, the case for constant illumination might be represented thus:

a b-c, a being the total direct excitation, b the total counter excitation, and

c the response, with intensity i. At the intensity 2/, and alternate equal periods

°^_|^g^t^d arkness, the case is this : {x-y) + [x-iy+ k)]+n=c; where x is

9 Nathaxsohx, a. und Pringsheim, E., Ueber die Summation intermittierende
Lichtreise. Jahrb. Wiss. Bot. 45:137-190. 1907.
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the direct excitation of each stimulus, y the counter-excitation set up thereby,

k the increment of y, n any number of additional terms, and c the response.

No good reason appears for assuming a counter-reaction. Partial ox complete

recovery from the primary excitation in the intervals of stimulation is a simpler

assumption and would seem equally to account for the facts. Further details

must be sought in the paper itself.—C. R. B.

Edaphic steppes in Sweden.—The ^'alfvar'' is a name given in Sweden to

some remarkable formations that occur chiefly on the island of Oland, and to a

lesser degree on the island of Gotland, and in the mainland province of Vestcr-

gotland. The name ''alfvar" is applied to extensive treeless plains, whose

underlying rock is a Silurian limestone. While there are several plant formations,

the alfvar presents general ecological unity, and it has an extremely xerophytic

stamp. It is somewhat similar to the ''garigue" of southern Europe, and to

certain rock formations of Sen'ia. The physiognomy is that of a steppe, and

yet there is anything but a steppe cb'mate in Sweden. There is no question

that the alfvar is determined by edaphic causes in the main (such as the dryness

and temperature changes of the rocks, which are everywhere at or near the surface,

and the poverty of the scanty soil), reinforced by strong insolation and constant

winds. The alfvar is very distinct in every way from the heath. Such a region is

relatively rich in species, of which more than half are glacial or subglacial, and

about a third are representatives of the oak flora. Six per cent, belong to the cli-

matic steppe, and only 2 per cent, to the beech forest flora. This flora is doubt-

less a relict of a much more widespread flora in the. period succeeding glaciation

There are two general aspects, the dominant aspect of the steppe, and the lesser

aspect of the meadow. The herbaceous plants commonly dominate, although

shrubs are frequently conspicuous. The leading character plants of the steppe

are Mollia tortuosay Helianthemitm oelandiciim, and Cynanchum vinceioxicum.

The chief shrubs are Jimiperus communis and PotentiUa jruficosa. In less xero-

phytic places, Fesiiica ovina assumes a prominent place. There are often vast

areas of Cynanchum almost alone, giving almost an exact picture of certain

climatic steppes. Perhaps the most interesting part of the paper is the discussion

of nanism. The author distinguishes facultative dwarfs, due to environmental

causes, and constitutional dwarfs. Constitutional dwarfs (the group to which

the term nanism more properly applies) differ from facultative dwarfs not only in

breeding true, regardless of conditions, but also in a much greater qualitative

reduction. Constitutional dwarfs show reduction in all organs, not chiefly m
aerial vegetative organs; roots and rhizomes are reduced, while they are rarely

reduced and often actuaUy increased in facultative dwarfs. Constitutional dwarfs

also show reduced floral organs, their intemodes are fewer as well as shorter, and

thek leaves are reduced in number as well as in size. ^lost of the dwarfs are

annuals, although some show a certain lability as to their duration. Species

commonly perennial or biennial, for example, may become annual in^ verj- dry

situations. The usual "protective" structures of xerophytic vegetation occur
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here in high degree, and are regarded by Witte^^ as of advantage in checking

transpiration. The alfvar was very fully treated from this standpoint some years

ago by Grevillius. Some plants commonly herbs here become half-shrubs,

e. g., Gypsophila jastigiata. There is an excellent study made of the underground

organs, which are frequently neglected.—H. C. Cowles,

Lateral roots.—Noedhausen has studied the direction and growth of lateral

roots under the influence of external factors, particularly those which arise from

the removal of portions of the main root or its wounding. '" It is well known that

when a millimeter or less of the primar}' root is cut off, regeneration of the tip

occurs; but when larger portions are removed, one or more of the lateral roots

change their angle with the main axis, as it were to substitute themselves for it.

NoRDHArsEN Can only say, as one result of his studies, that this reaction on the

part of the lateral roots is ''dependent upon the intensity and quahty of internal

conditions which bear more or less relation to the needs of the plant," which of

course is an empty form of words. It was already known that decapitation within

the growth zone results in a very active substitution response. If the cutting

exceeds this, however, whether much or little, says Nordhausen, this response is

minimal or wanting, provided a rather long piece of the primary root remains;

but shortening the stump beyond a certain amount again increases the response.

The alteration of the angle of the substitute roots with the main axis rests, con-

trary to the conclusions of Bruck and Czapek, upon both geotropic and autotropic

factors, of which the former is determinative. This substitution of lateral roots

is mdependent of actual wounding, since it can be brought about by merely

checking the growth, especially of the main axis. A partial response follows

even without disturbance or operation on the growing point, if certain tracts

within the central cylinder (not only in the phloem but especially in the xylem)

are interrupted by lateral wounding. The disturbance of nutrition here plays

only a subordinate role. Nordhausen a^ees with McCalltjm in assuming

)

gulating
in

intact plants. Certain roots (Lupinus, Phaseolus) respond to a temporar>' past

reduction in the water supply by altering the angle of lateral roots, which at the

time of the difTiculty had not even appeared, though when they develop they are

under normal conditions. Lateral wounding of the main root leading to direct

or indirect affection of the pericambium, even before the lateral roots become ns-

xble, produces a traumatropic deviation of these from the wounded side. The
transmission of the excitation, easier in the acropetal than the basipetal direction,

may produce sympathetic response of more distant lateral roots.
i he influence of curvature of the main root upon the form and lateral deviadon

ot the side roots, determined by Noll and explained ( ?) as morphaesthesia, is

^^^^^^fOT^g to Nordhausen, to changes in the tension of the central qlindcT,

'J

WiTTE, H., Till de Svenska alfvarvaxternas ekologi. pp.119. Upsala. i9'^-

A.J'J^T^^'^'^^^'''
•^•' ^^^"^ Richtung und Wachstum der Seitenwurzelen unter

em L.nfluss ausserer und innerer Faktoren. Jahrb. Wiss. Bot. 44:557-634- ipo?-
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particularly of the pericambium. He finds these effects producible by injuries,

depression of turgor, etc., which need only act in the past, while the growth of
the lateral roots takes place under regular conditions.—C. R. B.

Soil fertility.-^Two recent bulletins from the Bureau of Soils deal with the
question of the factors affecting soil fertility. One, by Livixgston and others,'^

demonstrates the presence in unproductive soils of substances deleterious to plant
growth. He adds the evidence gathered up to the close of his work that the toxic

substances are apparently produced by the plants themselves growing in soil

and water cultures. He finds that such toxic substances can be dissolved partly
in a watery extract of soil and may be removed from such an extract by shaking
with finely divided insoluble solids. This leads to the further suggestion, partly
supported by experiment, that stable manure and green fertilizers are beneficial

rather by their action on the soil constituents, than by either the salts or the
organic matter put at the disposal of the plants. Incidentally it was found neces-
sary to devise methods for securing non-toxic distilled water. The most satisfac-

tor}^ water was prepared by shaking ordinar}- distilled water with fine, clean carbon
black or precipitated ferric hydrate and filtering.

Developing the idea suggested by Livingston's work, Schreixer and Reed^^
show that the toxic substances originate from the plants themselves, diffusing from
tneir roots. This they demonstrate by direct experiment with seedling wheat
and other plants, and support by adducing experiments and observations which
nave been accumulating for years, and can be best explained by their experimental
results. It appears, for example, that the excreta from no other roots were so

harmful to wheat as its own, and that the excreta from oats were more harmful to

wheat than those from the less closely related com and cowpea. The natural

succession of plants, the deleterious effects of grass sod on apple trees, oak -open-
ings, fairy rings, crop rotation, the effects of good tillage, can all be rationally

explained in the light of the facts adduced.
Schreixer and Reed have also published the substance of this bulletin in

another paper which requires only citation. ^-^—C. R. B.

Items of taxonomic interest.—A. A. Heller (Muhlenbergia 2 : 269 338. 1907),
in an enumeration of plants collected in the coast region of California during 1907,

describes new species in Limnia (Claytonia), Lathyrus, Lupinus, Trifolium,

Amsinckia, Stachys (3), and Plectritis (2); and also proposes Heleniaceae, Anthe-

niidaceae, and Senecionaceae as nev\' families.—E. O. WoOTON and P. St.\ndley

12 Livingston, B. E. Further studies on the properties of unproductive soils.

1907

'3 Schreixer, O., and Reed, H. S-, Some factors influencing soil fertility. U. S-

I^ept. Agric, Bureau of Soils, Bull. 40. pp. 40. pis. 3. T907.

'4SCHRELS'ER, O., and Reed. H, S., The production of deleterious excretions by

roots. Bull Torr. Bot. Club 34:279-303. 1907.
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(Bull. Torr. Bot. Club 34:517-520. 1907) have described 2 new species of An-

drosace from New Mexico.—M. L. Ferxald (Rhodora 9:221-226. 1907) has

described 3 new species and 2 new varieties of Salix from Eastern America.

K. Yendo (Jour. Coll. Sci. Univ. Tokyo 21: art. 12. pp. 174. ph, 18. 1907) has

published (in English) a full account, with excellent plates, of "The Fucaceae of

Japan" (61 species), including new species in Cystophyllum (2), Coccophora, and

Sargassum (2), and also a new genus (Ishige).—J. Briquet (Botanisk Tidskr.

28:233-248. 1907), in describing the Labiatae from the Central Asian and

Persian collections of OvE Paulsen, describes a new genus {Paidseniella) in

Stachyoideae.—S. Kawamura (Jour. Coll. Sci. Univ. Tokyo 23: art. 2. pp. 12.

pis, 5. 1907) has described a new genus (Miyoshia) of Ascomycetes parasitic on

the stems of a species of bamboo.—C. Warnstorf (Hedwigia 47:113-127. igoS)^

has described the following new species of Sphagnum from the U. S.: 5. Mehnen

(Alaska), S, Faxonii (Mass.), and 5. riparioides (Alabama).—A. W. Evans

(Torreya 7:225-229. 1907) has described a new genus {Leucolejeunea) of Hepati-

cae, segregated from Archilejeunea and containing 5 species.—H. D. House

{idem 233-235) has discovered that the generic name Shortia cannot be maintained

for the interesting S. galacijolia of the southern Appalachians, on account of an

earlier Shortia of Rafixesque; accordingly the name Sherwoodia is proposed

and the names of the one American and the three Asiatic species are transferred.

W. W. Eggleston {idem 235, 236) has described a new Crataegus from New

:Mexico.—A. Nelson and P. B. Kennedy (Muhlenbergia 3-i37-i43- ^9^^^

have described new species from the Great Basin in Lepidium, Boisduvalia, Chyl-

isma, Oreocar>'a, Phlox, Plantago, and Symphoricarpos.—F. Ramaley (Univ.

Col. Studies 5: 47-63. 1907), in a list of the woody plants of Boulder County, Col,

including the ranges, enumerates 112 species in 50 genera.—Th. Valeton (Bull.

Depart. Agric. Ind. N^eriand. 10. pp. 70. 1907), in a list of Papuan plants,

describes 21 new species. Jamaica

J
species, 37 of which belong to Cyperus.—G, Massee (Trans. N. Z. Inst. 39^1 49

pis fungu
poreae

gen., 36 spp.), Clavarieae (2 gen., 11 spp.), and Tremellineae (9 gen., i5 spp)-

.\iri:s (Philipp. J
oforchids of Mount Halcon and vicinity, Mindoro, 93 species being named, 39

which are new.—C. S. Sargext (Rep. Mich. Geol. Survey igo6:ST-S'Sl°- ^f''

recognizing 55, of which 24 are described as new.—J. M. Greenman (l^iei

Columb. ^lus. Publ. Bot. Ser. 2:247-287. 1907) has published the results of his

study of recent collections from ^^Icxico, Central America, and the West Indie=^

The species number 92, of which 35 are described as new, one of them constituting

a new genus {Goldmania) of Coreopsideae. Of Senecio 28 species are presentea,

tune

J. M. C.
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Anatomy of Tmesipteris.—Miss Sykes^^ has investigated this interesting

genus from material sent by Mr. A. P. W. Thomas of New Zealand, comprising
the two species T. tanncnsis and T. lanccolata. The genus consists of ei)iphytic

species on tree ferns in Xew Zealand, Australia, and Polynesia. Only adult
plants have ever been obtained, and the gametophyte is entirely unknown. Natu-
rally the investigation by Miss Sykes has to do chiefly with the anatomy, and an
outhne of her results is as follows, in part confirmatory of previous work.

In the rhizome there occurs a protostele, which has usually two exarch pro-
toxylem groups, but in passing to the aerial branch, pith arises in the center of the
stek and quickly expands to form a large tissue. This is a case of a protostele

passmg directly into an ectophloic siphonostele, without the intermediate stage
of an amphiphloic siphonostele; and all this occurs at a level at which no leaves

have yet arisen. It was discovered that the course of the vascular bundles as

described by Bertrand for a sterile branch is exactly similar to that found in a
fertile branch; that is, the single bundle entering the axis branches into three, the
two lateral traces supplying the leaves, and the central one representing the vascu-
lar supply of the apex. In the fertile branches the central bundle supplies the

s>Tiangium, and indicates to the author that the so-called **sporophyte" is cauline
in nature, consisting of an axis bearing two leaves, and at its apex a synangium

sporogenous Attention

sporo

is called also to the essential similarity in the formation of leaf and branch traces,

It bemg claimed that the presence of a gap depends simply on the greater length

of time elapsing between the division of a xylem group to form a trace and the

departure of that trace from the stele. In fact, if the so-called
'

really a sporophyll, the exit of its trace results in a leaf-gap; but according to Miss
Sy-kes this is a branch-gap. The conclusion as to relationship, apparently inevi-

table in all such pieces of work, is that the Psilotaceae had better be retained as a
separate division of Pteridophytes, the Psilotales.—J. M. C.

Role of certain elements-—The precise physiological role which the essential

chemical elements play in plant life has long been an attractive subject for investi-

gation. With advancing chemical knowledge the methods of experimentation

have been greatly improved. It must be said that the older experiments have

little value, and it is doubtful whether even the newest have verj' much, because

the chemistr}^ of the proteids is still such an enigma. Reed has undertaken the

study of the effects of four elements, potassium, phosphorus, calcium, and magne-
sium, upon certain filamentous algae, protonemata of mosses, prothallia of ferns,

Basidiobolus.'^ His techniqu

used

^5 Sykes, M G., The anatomy and morphology of Tmesipteris. Annals of

Botany 22:63-89. pis. 7, 8. figs, /j/1908.

'^ Reed, H. S., The value of certain nutritive elements to the plant cell. Annals

of Botany 21 :5oi-543. figs. 2, 1907.
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open to some objections, which, however, may be more theoretical than practical.

From his obser\^ations on plants grown in the absence of certain salts, he draws

conclusions as to the role of a particular element—a time-honored but nevertheless

unsafe process. Some of these observations coincide with those of earlier observ-

ers, and others are to be added to the long list of specific effects previously recorded

after like experiments. We cannot enumerate the results in detail. Assuming

Reed's and all others as valid^ no one is yet in a position to interpret this im-

mense mass of data, many of them conflicting, and to frame any generalizations.

In his discussion Reed clearly recognizes that the elements may either enter

into the composition of some organ or substance in the cell, or without doing this

permanently may act as catalysers, or in some other way may condition certam

reactions. It is the varied possibilities within these categories that render useless

at present all conclusions regarding the role of an element. The causal nexus

is too intricate to be analyzed until far more knowledge of cell chemistry is avail-

able.—C. R. B.
L

Respiration and potassium cyanid.^Incited by the studies of animal physiolo-

gists on the effect of hydrocyanic acid and cyanids upon animal respiration,

ScHROEDER set out to determine the effect of potassium cyanid upon the respira-

tion of Aspergillus niger.^y Of course "respiration" here means the intake of 0,

and the output of CO^, processes which are quite independent of one another,

and Schroeder's results furnish further evidence, if any were needed, of this

independence. Such investigations can hardly yield, as the author hopes,^ satis-

factory "conclusions as to the chemism of vital functions," until it is possible to

make a much more exact analysis of the fixation of O^ and the evolution of COj

than is yet possible. Enough is known regarding the diverse sources of CO.,

however, to minify the value of superficial researches upon such obscure phenom-

ena. The investigations themselves are extensive and thorough enough, but they

necessarily deal with superficial phenomena.
ScHROEDER finds both the fixation of O^ and the evolution of CO^ strikingly

reduced by potassium cyanid. The production of CO. is practically stopped,

but the consumption of oxj-gen is not. The author is uncertain "whether this

small intake of O, is to be considered as a vital process, or a purely chemical

phenomenon," a phrase which indicates an unfortunate state of mind regarding

"vital" processes. He does not think that the cessation of the evolution of CO2

is a valid mark of death. (Obviously not, since it is well known that neither its

evolution nor cessation has any definite relation to death.) The further distinc-

tions which he makes between the action of HCN on the respiratory process

•' as a primary- action .... and not as a phenomenon of death," seem quite

Ignorance C. R. B.

^' SCHROEDER, H., Uebcr den Einfluss des Cyankaliums auf die Atmung von

Aspergillus niger, nebst Bemerkungen iiber die Mechanik der Blausaure-Wirkung.
Jahrb. Wiss. Bot. 44:409-481. figs. 2. 1907.
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Compositae ofSouthern California.—H. M. Hall^^ has brou.c^ht together our

present knowledge of the Compositae of Southern California, an area about the

size of Pennsylvania. The 445 species and varieties are distributed as following

among the tribes: Eupatorieae (9), Astereae (113), Inuleae (25), Ambrosicac (18),

Hcliantheae (34), Madieae (29), Helenieae (86), Anthemideae (19), Senecioncae

(25), Cynareae (17), Mutisieae (2), Cichorieae (68). These numbers would be

largely increased if the author were not very conservative in his conception of

species. As it is, the contribution becomes^a manual of readily recognized forms,

which are further brought within easy reach by the numerous well-constructed

keys. It is unusual to find in so extensive a contribution that only three new spe-

cies have been described, two in Aster and one in Lessingia. However, there is

large recognition of varieties, many new ones being proposed; and new combina-

tions are frequent. The reduction of numerous names to synonymy may be a

service or may add to the confusion, dependent upon the care with which the types

were studied. In any event, this type of monograph for so interesting a region is

to be commended.—J. M. C.

Nuclear division in Zygnema.—Escoyez^^ has published the results of cyto-

logical studies on Zygnema. The conclusions are as follows: (i) A chromatm

network forms chromosomes by gradual concentration. (2) The nucleolus

contains no chromatin substance and does not furnish any morphological elements

to the chromosomes. (3) The chromosomes are not formed by the fusion of four

^ anules, as was claimed by :Miss Merkimax. (4) The

chromosomes split longitudinally m the metaphase as in typical mitosis. (5) In

the telophase the chromosomes first become massed at the poles and then vacuo-

lated. The anastomosed structure of the nucleus consists entirely of chromosomes.

(6) The nucleolus is not formed by the confluence of chromosomes, but appears

quite independent of the chromatin net%\^ork. (7) There is formed no continuous

spirem, and the chromosomes evidently keep their individuality. (8) Pyrenoids

and chromatophores divide simply by constriction, and the division is independent

of that of nucleus. The division of the two pyrenoids does not necessarily occur

simultaneously.—S. Yamaxouchi.
The double leaf trace-—:Miss THOiiAS*° has brought together the facts m

reference to the double leaf-trace, so characteristic of the ancient fern and older

r „-^n ^0.1-0.1 ;« tli^ Hvina rvcads. This condition isrm
.ngiosperms

is of ver}- frequent occurrence in modem ferns. A phenomenon of such wide

ggests

and this

^8 Hall, H. M., Compositae of Southern CaUfornia. Univ. CaHf. Publ. Bet.

3:1-302. pis. i-j, 1907.

^oEscoYEZ, EuD., Le noyau et la car>^ocinese chez le Zygnema. La CeUuIe

24:35*^366. pL I. 1907.
'o Thomas, Ethel X., A theory of the double leaf-trace founded on seedUng

structure. New Phvtologist 6:77-<>i. figs. 4. 1907-
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that the double leaf-trace ^Ms neither more nor less than an early dichotomy of

the vascular system of the leaf/' This persistent dichotomy of the leaf-trace,

long after dichotomy has disappeared from the leaf, is used to explain the irregular

dichotomy of the leaves of Cycadofilices, the dichotomy of the early leaves of

modem ferns, the splitting of cotyledons in polycotyledony; and "it finds its

latest expression in the 'double bundle' of the cotyledons of angiosperms.'*

This view certainly helps to connect the angiosperms with the same old fern stock,

that gave rise to the g}'mnosperms.—J. M. C.

Effect of electricity.—A very concise summary of the work previously pub-

lished upon the effect of electricity on the growth and development of plants

IS furnished by Priestley^^^ as the preface to a brief account of some recent

MAN
The current used was of high tension, distributed by overhead wires from which

depended metallic points. In general the results show a very decided increase in

the quantity, or quality, or earliness of the crop. Thus year-old strawberries

showed 80 per cent, increase, Canadian Red Fife wheat 39 per cent. The elec-

trified wheat produced a better baking flour and consequently sold at 7 . 5 per cent,

higher prices. Electrified beets not only showed S3 per cent, increase in the crop,

but contained over 14 per cent, more sugar. Currents traversing the earth pro-

duced occasionally increase in rate of growth, but often had no definite effect.

The physiological action of the current is not clear. Priestley rejects Pollacci's

view that it enables the green plant to elaborate starch in the dark.^C. R. "B.

A theory of photosynthesis.—Gibson outlines" thus a photoelectric theor)' of

photosynthesis, which he is to elaborate later in cooperation with two coUeagues:

The light rays absorbed by chlorophyll are transformed by it into electric energ)'

which effects the decomposition of HXO3, with the concomitant formation of

an aldehyde and the evolution of oxygen. He finds a small quantity of formalde-

hyde present, as shown by the test of :Mulliken, Brown, and French, in ail

actively photosynthetic tissues, the amount being definitely related to the illumina-

tion. The maximum decomposition of CO, occurs in light equal to one-quarter

direct sunhght. H.COH may be synthesized from CO, in the presence of water

by a silent electric discharge, as Loeb has shown; and this Gibson confirms

Electric discharges of sufficient intensity have already been found in adequatelj

' " ated green tissues, and the light rays absorbed by chlorophyll are the ones

which produce these currents. He promises in the forthcoming paper to connect

formaldehyde with carbonic acid by a photolytic method which is above suspicion.

C R. B.

illumm

"Priestley,
J. H., The effect of electricity upon plants. Proc. Bristol Nats.

Soc.IV. 1:192-203. 1907.
^ ^ ^

" Gibson, R. J. Harvey, A photoelectric theory of photosynthesis. Annals of

Botany 22:117-120. 1908.
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About 20,000 sheets were added to the Kcw Herbarium during 1907, 7000 of

which were purchased.

R. II. Lock, Cambridge University, has been appointed assistant director at

the Royal Botanic Gardens of Peradeniya, Ceylon.

Dr. Charles J. Chamberlain, University of Chicago, spent tlic month of

March in Mexico in further study of Dioon and Ceratozamia.

viEETiNG of the British Association in Dublin next September, Francis

Darv^^^ will be general president, and F. F. Blackmax president of the section

of botany (K).

The Swedish Academy of Sciences has granted to Professor C. F. O.

NoRDSTEDT IGOO kronor ($270) for the purpose of printing a supplement to his

Index Desmidiaccarum.

Dr. Max Kornicke, privat-docent in the University of Bonn, has been

appointed to succeed Professor L. JoST as the professor of botany in the Agricul-

tural College at Bonn-Poppelsdorf.

Professor Sergius Xawaschin, of the University of Kieff, completed on

March 3 last twenty-five years of service as a teacher. The Society of Naturalists

of Kieff on that day elected him an honorarj' member and arranged for further

celebration of the occasion.

Dr. J. N. Rose, of the U. S. National Herbarium, left Washington :March 17

for an extended trip through Texas, New :Mexico, Arizona, southern California,

and northern Mexico, for the purpose of studying Cactaceae in the field. His

headquarters are at the Desert Laboratorj' at Tucson, Arizona.

" L'Association Internationale des botanistes" will hold its next meeting

at the University of Montpellier, beginning June 7, 1908, the meetings of standmg

^eing announced for the preceding day. IMost attractive excursions

are being planned. Members who intend to be present are urged to notify Pro-

fessor Fl-Ahavlt as soon as possible.

committees

HERBARIt
Botanical Garden, through the generosity of Mr. Axdrkvv Carnegie. It is

000

botanists the greatest interest of this conecuon i^

. ^f t,.^^ cr^^r^l•rT^^nc nf tmnical Amerfcan and South

can species.

BiOGR^APHiCAL SKETCH, with portrait
Rhodora

(10:1-9. 1908), prepared by F. S. Collins. A list of his botanical writings

includes log titles. Mr. Da\i;xport's contributions to the Botanical G.azette

287
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began with the second volume, and in the early volumes 28 contributions are

credited to him.

B0RNTR.A.EGER

schrijt / ir induktive Abslammungs- und Vererbungslehre, under the editorship of

Dr. E. Bauu (Berlin) and the general direction of Correns, Haecker, Steixmann,
and VON Wettstein. It will appear in octavo parts of variable size (how many
are to form a volume is not stated, nor is the price announced), and is to contain

contributions to the theory of evolution, whether from the field of paleontology,

biology of living forms, taxonomy, physiological chemistry, or experimental

evolution.

The botanical programme (February 14) of the Wisconsin Academy
includes the following titles: Nuclear division in the vegetative cells of Gentiana

detonsa, by R. H. Denniston; The blepharoplast in the development of the

antherozoid in ferns, by Ruth F. Allen; Variations in macrospore formation in

Smilacina slellaia, by Fred McAllister; Nuclear division and spore formation

m Geoglossum, by Hallie D. M. Jolivette; Nuclear structure and nuclear

division in Chrysomyxa Mi, by R. A. Harper; The development of the male cells

- of a moss, by C. E. Allen.

Dr. Friederich Kornicke, Geheimer-Regierungsrat arfd professor in the

Landwirthschaftliche Akademie at Bonn from 1867 to 1898, when he retired as

emeritus, died on January 16, at the age of 80. He was a native of Pratau, near

Wittenberg, studied under Kunth, Link, and Alexander Braun in Berlin,

where he served as assistant for seven years. After three years in St. Petersburg

he went in 1859 to the agricultural school at Waldau, and in 1867 to Bonn. He
was the author of monographs on Eriocaulaceae, Rapataceae, and Marantaceae.

His important work, Die Artcn und Varietaten des Getreides, was published at

Bonn in 1885.

• ""• '''-c-i'i-j^Kiu.AiM , m cnarge 01 tne ueparimeni ui u'j'^--^j

Ohio State University, Columbus, died on March 8 in Guatemala from an attack

of malarial fever, at the age of 57 years. Last December he went to Central

America with a party of students to collect parasitic fungi and to study tropical

vegetation, and this sudden death is a sacrifice to scientific zeal. His pubhca-

tions mclude such books as The flora oj Kansas, a text book entitled Ele-

mentary botany, and numerous papers; but he was chiefly interested in the

Journal of Mycology, of which he was editor and proprietor, and in the more
recently established Mycological Bulletin, to which he held the same relation.

He was a native of Ohio, graduated at Cornell University in 1871, received his

Zurich in 1881, and held positions in a state

, ^ v^wivviaiLj ui /.uncn in laai, ana neia posiuuna i^^ - --

normal school of Wisconsin, the State Agricultural College of Kansas, and the

fel^
^'''^''''^' ^^ 0^^«' ^here he was in charge of the botany since 1891.

^'^^-

bi,t h
™''-^^^ ^^'^s not only an enthusiastic student of his chosen subject,

ne was also a man of fine and genial presence, who attached to himself all

those who came into personal relations with him.
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Edited by

Robert Francis Harper, Francis Brown,

and George Foot Moore
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CHAPTERS

RURAL PROGRESS
BY KENYON L. BUTTERFIELD

President of the Massachusetts Agricultural College
The increasing interest in rural matters,
which began with the generally growing
love of outdoor life and which has already
included the technical aspects of modern
agriculture, is gradually being broadened
to embrace the field of economic and social
investigations. At present the literature
regarding the sociological phases of rural
life is particularly meager.
President Butterfield emphasizes in his book
the importance of the social aspects of the ru-
ral community and describes some of the newer
movements resulting in the expansion of ruralme. There are chapters on the work of thevanous agencies for rural development, such
as the agricultural coUeges, the farmers' insti-

chwcii
™ ^'^^°°^^' *^® ®''*''^^' *^^ *=**"°*^

276 pp., 8vo, cloth; net$i .00, postpaid $1.10
ADDRESS DEPARTMENT P

THE UNIVERSITY OF CHICAGO PRESS
CHICAGO AND NEW YORK

The Tragedies of Seneca
Translated by FRANK JUSTIS MIIIER

This IS a new translation of the ten trag-
edies which have come down under the name
of Seneca, rendered into English blank
verse, with appropriate lyric meters for the
choruses. The work is enriched and its

and English students, as well as for thegeneral reader, by an introduction on tL n

En TV^ '"' '"^^''^^ °^ Seneca upon ea ly

wit^thfoT n-^-'
^"-^

--^^^^^

Gre*.W H.
S^'^'^^ana the corresponding

p»g-, 8v„, cloth, „« S3,„.
«

°r;.?d 53 .0

AAfress DepL

The University of Chicago Press
CHICAGO

NEW YORK

been

possession

Value and Distribution
BY HERBERT

J. DAVENPORT

The author thus defines his position

in his preface: "Since the time of Adam
Smith, economic theory

doctrines enough for a

reasonably complete, consistent, and

logical system of thought— if only those

doctrines had been, with a wise eclecti-

cism, properly combined and articulated.

The emphasis in the present volume

upon the entrepreneur point of view in

the computation of costs and in the

analysis of the process by which distrib-

utive shares are assigned, has nothing

new in it; it was necessary only that the

point of view be clearly distinguished.

consistently held, and fully developed."

500 pages, 8vo, cloth

net $3.50, postpaid $3.72

ADDRESS DEPARTMENT
The University Chicago Press

CHICAGO AND NEW YORK

THE PfiOCESS GOVERNMENT
By Arthur F. Bentley

This book is a technical study of the methods

which must be used in the scientific interpreta-

tion of the phenomena of government. Ine

author holds that the manner in which ideas ana

beliefs are made to do service in most present

interpretations is artificial and unsatisfactorv'.

He has endeavored to resolve the customary

dualism, not in the manner commonly caliea

philosophical, but by a dirtct analysis oi social

processes. His position is that the concrete use

of leelings and ideas as causes should be aban-

doned, and replaced with something more em-

cient for scientific purposes. He seeks to nna

values or practical meanings for all social ne^

ries and discussions in terms of underlying

group interests of the population. While sonie

of these interests may be easily located, ^^^y*

he believes, can be detected only by protractea

investigation. This is but one side of this ^^orK.

On the other side he strives to make a similar

analysis of the various institutions ororgamzation

forms of government, reducing them likewise

to terms of underlying group interests, ana

showing how they are created and maintainea

by the pressures exerted by such interests.

The book mav perhaps best be (^^scnbea^

an attempt to attain a non-dualistic e-^'Pl^"^"""

of the interactions of public opinion in its many

forms with the institutions of go^^^"T^[l mnt
may safely be said that no such detailed attempi

to grapple with the intricacies of pubhc opinio"

on a strictly social basis has hitherto been niaae.

SS^ pages, 8vo, cloth; net $j,oo, postpaid $J-^-

ADDRESS DEPT. P. ^^
THE LNIVFRSITY OF CHITAhO PRESS. CWcaoO and New loffc
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AN ANGELU5

HEfloodgates offorgotten memories opened wid deep chords that have

Idd
thrill, ench

been silent wakening to life again—old dreams revived, old I

VJ oid''dp^ir/^—the Joy's and f^^^^
loves and hopes of youth returned
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APOGA^IY IN NEPHRODIUM
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 109

Shigeo Yamanouchi

(with plates IX AND X, AND THREE TEXT FIGURES)

Introduction

The term apogamy was proposed by De Bary in 1878, following

Farlow's discovery (21, 22) that in Pteris crctica, under artificial

culture, the sporophyte is developed from the gametophyte with the

suppression of the sexual act. Since this discovery, the apogamous

development of a sporophyte as a vegetative outgrowth from the

gametophyte in pteridophytes, together with the phenomena of par-

thenogenesis, where the sporophyte is developed from ah unfertiUzcd

egg, has been described in many forms.

Farlow (22), in contrasting the apogamous embr}-o with the

normal one, notes the following four points: (i) the apogamous

embryo is intimately connected with the prothallium in such a way

that one cannot decide where the one begins and the other ends;

(2) there is formed no foot or equivalent organ; (3) the vascular

bundle of the sporophvte is in direct connection with vessels^ which Ue

wholly in the prothallium; (4) the order of evolution is different a

leaf arising first and becoming tolerably well developed before the

root and afterward the stem make their appearance.

Farlow's investigation was followed by an extensive study of

De Bary (i) on a number of forms in Polypodiaceae, in which he

described a similar sporophytic growth in Aspidi

falcatum He records various conditions of the

sexual organs in apogamous prothalUa: inAsp

289



290 BOTANICAL GAZETTE [may

Filix-mas cristatum archegonia are apparently absent, in Pteris cretica

they never fully developed; although all prothallia bear more or

less numerous antheridia.

Sadebeck in the following year reported apogamy in Todea

africana (in Schenk's Handbuch der Botanik 1:233. 1879). And

later apogamy was found in Osmunda regalis and Ceratopteris

(Leitgeb 38) ; Todea rivularis, T. pellucida (Stance 63) ; Doodya

caudata (Stance 63, Heim 29); Trichomanes alatum (Bower 6);

Selaginella rupestris (Lyon 43) ; Trichomanes Krausii, Pellaea

fla

N
Notochlaena Eckloniana, N

Marantae, Gymnogramme farinif,

some others.

Lanc's study (36) of the apogamous development of the sporo-

phytes on prothallia of several forms of Polypodiaceae is the most

detailed contribution on apogamy in pteridophytes. The paper

presents a discussion of the phenomenon in relation to alternation of

generations, and adds detailed descriptions of the results of cultivating

prothallia grown from spores, for a period of two years and a half in

the following fourteen forms: Aspidium aculeatum Sw. var, miilti-

fidum WoU, A. angulare Willd. var. joliosum muUifidum, var. aaili-

joUum muUifidum (no apogamy seen), A. jrondosum Lowe; Athyrium

nipponicum Mett., var. cristatum, A. Filix-joemina Bcrnh. var.

percnstatum Cousins, var. cruciato-cristatum, var. coronatum Lowe;

Nephrodium dilatatum Desv. var. cristatum gracile, N. Oreopteris var.

coronans Barnes; Polypodium vulgare L. var. grandiceps Fox;

Scolopendrium vulgare Sm. ^'ar. ramniosissimiim Woll, var. marginale.

According to his account, the apogamous growth resulted from

artificial cuhures, watered entirely from below and exposed to direct

sunUght, important departures from the normal conditions surround-

ing fern prothallia. The asexual sporophytic outgrowth from the

prothallia present some minor differences in different individuals,

but, taken as a whole, they arose in the following ways : as leaves,

roots, and ramenta directly on the prothallia or on a cyUndrical

process from the prothallium; as a continuation of the process as a

leaf; as sporangia on the process from the prothalhum; as tracheids

m the prothallia or in the middle lobe and cylindrical process.

It seems hard to draw from these experiments any more precise
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conclusion than that the normal life-history is checked at a critical

period (fertilization) and that the plant is forced into an expression

of vegetative activity. Apogamy brings forward also the theory of

the homologous origin of alternation as contrasted with the antithetic.

The theory of the homologous origin of the alternation of generations,

as held by Pringsheim (55, 56) and Scott (61), is discussed by

Laxg in his studies on apogamy. He is inclined to the opinion that

apogamy and apospory in ferns support the homologous view, since

the prothallium can so readily take on sporophytic characters and

the sporophyte can develop the gamctophyte aposporously. He

recognized, however, that all speculations on these points must be

tentative until the actual nuclear conditions in apogamy and apospory

have been ascertained.

The investigations mentioned above have greatly extended our

knowledge concerning the phenomena of apogamy and apospory, and

some of them have contributed much to elucidate the structural

features involved, but cytological details of apogamy in pteridophytes

remained unknown until last year, when there appeared two papers,

one by Farmer and Digby (24) and the other by Strasburger (68).

Farmer and Digby's paper is one of the most important of recent

contributions to apogamy in ferns. Their preliminary note (23),

pubHshed four years ago, announced the discover}- of nuclear fusions

in the vegetative cells previous to the apogamous sporophytic out-

growths from prothaUia. The final paper deals with the results of

their studies on apogamy and apospory in the following seven forms

:

Lastrea pseudo-mas vars. polydactyla Wills., polydactyla Dadds,

cristata apjspora Druery; Athyrium Filix-jocmina vars. clarissima

Jones, clarissima Bolton, and unco-glomeratum Stansfield; and

Scolopendriiim vulgare var. crispum Drummondae.

All the prothaUia of the five forms used for their investigations,

excepting the two polydactyla varieties, were aposporus outgrowths,

either on peripheral cells of unmatured sporangia, from sori of stenle

sporangia, or on apices, surface, or margins of pinnae. In two forms

var. unco-glomeratum and var. cristata apospora—the aposporous

prothaUia were induced artificially by pegging detached pinnae down

on damp soil. The two varieties polydactyla of Lastrea, producing

ordinary spores and prothaUia, were obtained by sowing the spores.
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In these apogamous prothallia antheridia are always produced in

profusion and sperms are matured in every case, but the development

of archegonia is different in different forms: sometimes no archegonia

are produced (var. polydactyla Wills, and cristata apospora), or some

are formed but do not attain maturity (var. clarissima Jones), and

in these two cases sporophytes appeared apogamously as vegetative

outgrowths; in other cases an egg is produced in the normal way,

but there is no fertilization, the embryo being developed either from

the unfertihzed egg (var. clarissima Bolton and Scolopendrium) or

endogenously in connection with an archegonium {unco-glomeratum

Stansfield)

.

So far as the number of chromosomes is concerned, these seven

cases of apospory and apogamy may be placed in three categories:

(i) in the two vars. polydactyla, in which sporogenesis shows the ordi-

nary reduction, a doubling of chromosomes is attained by the fusion of

vegetative nuclei instead of by fertilization
; (2) in four forms—three

/
—sporogene

sis is omitted from the life-cycle, prothallia arise directly from abortive

sporangia or pinnae, and sporophytes develop apogamously from the

prothalUa, the approximate sporophytic number of chromosomes bemg

retained throughout the cycle
; (3) in var. cristata apospora, in which

apospory and apogamy regularly follow each other, the approximate

number of chromosomes through the life-cycle is 60, and the authors

beheve that in this case the sporophyte may retain the original game-

tophytic number of chromosomes, the suggestion being based upon

the fact that the number 60 approximates 72, the gametophyte

number of the type species Lastrea pseudo-mas.
Throughout the investigation the authors met a variable number

of chromosomes in different parts of an individual, and they express

the belief that such variations are not due entirely to errors of counting,

but that they correspond to fluctuations in the number actually present

m the different regions. Their general conclusions are as follows:

theiK IS nr, necessary the

number of chromosomes and the alternation of generations.
Fertiliza-

tion and reduction, however, are recognized as holding a very definite

relation to one another, but without any a priori grounds for assuming

any necessary connection between either of them and any other
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feature in the life-history; and therefore the problem of alternation

must be settled by an appeal to evidence other than that derived from

the facts of mitosis.

Strasburger (68) studied apogamy in ]\IarsiHa from the cytologi-

cal standpoint. Previous to his work, parthenogenesis in Marsilia

had been described by two observers. Almost ten years ago Shaw

(62) found normal parthenogenesiSj as it was called by the author, to

"be of frequent occurrence. He also isolated megasporcs of 'Marsilia

Drummondii from microspores before the sperms matured, and over

50 per cent, of the isolated female prothallia produced embryos, while

not more than 69 per cent, of those which were mixed with male

prothaUia produced embryos. Four years later Nathansohn (48)

induced parthenogenesis in Marsilia vestita and M. mucra. He

found that it was possible to stimulate the egg cell to a parthenogenctic

development by exposing the germinating megaspores to a temperature

of 35° C. for 24 hours, and allowing them to continue their development

at a temperature of 27° C. As a result, about 7-12 per cent, of the

spores gave rise to parthenogenctic embryos. Under lower tempera-

tures the egg developed an embryo only after fertilization. No nuclear

conditions were noted by Shaw or Nathansohn.

In parthenogenesis in seed plants, a reduction of chromosomes

<ioes not occur in the formation of the embryo sac, so that the egg

nucleus contains the diploid number, which naturally obviates any

"necessity for the act of fertilization. Considering parthenogenesis in

^eed plants, there arises naturally a question as to how the egg nucleus

in ^Marsilia, which usually establishes a new sporophyte after a normal

act of fertilization, could have developed parthenogenetically into the

sporophyte. A clear explanation of this question from the cytological

standpoint was made by Strasburger in his recent paper (68)

.

Strasburger states that the classification into species in Marsilia

cannot always be relied upon. He finds that megaspores of Braux's

i habitually

and that in three species—M. vestita, M. aegyptica, and. M. quadn-

joUa—embryos are formed only after fertihzation.

In Marsilia Drummondii he finds that the nuclei of the prothaUia

In the megaspores contain 32 chromosomes, the diploid number, as

found In tfiP rr^nt Ht^c nnrl otTifr vpwfative structurcs of the sporophyte.
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One or two ventral canal cells always persist without disorganizing,

which may also prevent the entrance of sperms and check the act of

fertilization.

Ma Stras-

N
growth, but did not obtain a single parthenogenetic embryo. In this

species the sporophytic number 32 is reduced to 16 in sporogenesis,

and hence under natural conditions an embryo should develop only

after fertilization. He found similar normal conditions in M. qmd-
rijolia, M. data, and M. hirsuta, whose chromosome number is the

same as that of M, vestita.
r

According to his. detailed account of sporogenesis ift Marsilia

Drummondii, the number of mcgaspore mother cells is less than 16,

the usual number in normal forms, and sometimes only four. In

diakmesis 32 chromosomes appear, and in the metaphase there

were observed two kinds of mitotic figure?, one of heterotypic

type with 16 bivalent chromosomes, and the other of vegetative type

with 32 univalent chromosomes. In both cases a second division

follows, so that two kinds of megaspore tetrads are formed, one with

the 2x or diploid number of chromosomes, and the other with the -v

or haploid number. The proportion of these two kinds of spores

differs in each individual form; for instance, in Goebel's material

he found the megaspores with the diploid number only. In micro-

sporogenesis there was observed a tendency toward forming a hetero-

typic figure, but no maturb sperms developed ; two species, M. macra

Nardu, behaved similarly

— - "-^a^opwic forms a prothallium whose nuclei have the

diploid number of chromosomes, which pass to the egg nuclei, so

that the sporophytic number of chromosomes is maintained through-

out the life-history, as in cases of parthenogenesis known among seed

plants; however, the case found in Marsilia Drummondii by SiR^^s-

BURGER, where a tetrad division occurs not accompanied by chromo-
some reduction, seems to be a condition never described before,

because most of the cases of parthenogenesis known in seed plants

are characterized by the omission of the tetrad division as well as the

accompanying reduction.

Strasburger caUs the phenomenon in Marsilia apogamy, main-
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taining the principle stated in his paper on parthenogenesis in Eual-

CHEMiLLA (66), that the asexual development of an embryo from the

gametophyte with the diploid number of chromosomes, whether the

embryo comes from an egg or a vegetative cell, should be regarded

as apogamy; while the term parthenogenesis should be reserved for

the asexual development of an egg with the haploid number of chromo-

somes and consequently capable of being fertilized. Winki.kr (76)

opposed Strasburger's view concerning the application of the terms

apogamy and parthenogenesis. The difference of opinion concerns

not only the question of terminology, but also involves theoretical

views regarding the significance of the number of chromosomes,

which will be considered later.

The present investigation on apogamy in Ncphrodium molle

Desv. was undertaken in the hope of adding something to our knowl-

edge concerning the cytological interpretation of the phenomenon of

apogamy. As was stated in the preliminar}' note, the writer was

convinced of the necessity of understanding beforehand the nuclear

conditions throughout the whole normal life-history of this species.

Consequently, first sporogenesis, and second spermatogenesis, oogene-

sis, and fertilization were studied. These results were published in

two preceding papers (81, 82).

Material and methods

All of the apogamous prothallia used in this investigation were

raised from ordinary spores, secured from the same material used for

the study of sporogenesis, which was collected from the greenhouses of

the Hull Botanical Laboratory, of Lincoln Park, and of Washington

Park, Chicago.

Spores were sown upon steriUzed soil consisting of a mixture of

vegetable mold and sand, placed in the greenhouse, and kept grow-

ing with special care since October 1906. Some of the prothallia

presented certain peculiarities, one being different from the rest m

the same pots, but in general the differences held no relation to

apogamous development. Antheridia and archegoma were pro-

duced in profusion. Nuclear conditions in the vegetative cells as

weU as in spermatogenesis, oogenesis, and fertilization, were studied
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in this material and the results were published in the preceding

papers (81, 82).

In a number of pots placed in saucers filled with water like the

rest, watering from above was avoided and the cultures were exposed

to direct sunhght after the prothalha had developed two or three

cells. The excessive evaporation from the soil was regulated care-

fully, so as not to permit condensation on the prothallia, and allow fer-

tilization. Thus the prothalha were kept growing for a long period

m dryness and in exposure to direct sunlight, the temperature of the

room being kept at 28°-32° C. No fungi or lower algae developed

in the pots.

The rate of growth of these prothalha when compared with that

of those placed in normal conditions was quite slow. Antheridia

appeared earlier than under normal conditions and were very numer-

ous. About five or six weeks after the prothalha of two or three

cells were examined, there was observed a peculiar thickening in the

cushion region of some of the prothallia which reached the cushion

condition earKer than the rest. This thickening was determined

afterward to be the initiation of an apogamous sporophytic outgrowth.

Durmg the next three or four weeks the growth of the sporophyte

was rather rapid, and at the end of that time it had become leafy.

Fixation of the prothalha was made during all stages of development.

The kilhng and fixing of the material, with washing, imbedding,

cutting, and staining, were done by the method used in the study of

spermatogenesis, oogenesis, and fertihzation.

This investigation was begun in October 1906, at the suggestion

of Professor John INI. Coulter and Dr. Charles J.
Chamberlain,

and I wish to express my sincere gratitude to these gentlemen for

their kind advice and criticism. I am also under obhgation to the

other members of the botanical staff for many courtesies.

Description of the apogamous prothallia

VEGETATIVE
The prothalha which produce sporophytic outgrowths apoga

ulture. The mitoses

simila-x- "^ --^^ o^~i*^-cciica siage are exactly simiiai iw »-"--

in normal prothallia, but beyond that stage the morphological struc
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ture seems to become influenced by the artificial conditions. The
growth becomes very slow, and the cells show a tendency to increase

greatly in size, while under normal conditions mitosis would occur

before such a size had been reached. Probably for this reason mitotic

figures are less frequently met during the growth of such prothallia.

As the cell increases in size, its nucleus grows large and the mitotic

figure is generally larger than in normal prothallia of this species.

It was not difficult to find stages of mitosis in the vegetative cells,

and their comparatively large size facihtated the accurate counting

of chromosomes. The resting nucleus contains a dehcate reticular

structure consisting of a mixture of ragged clumps and slender threads

of chromatin. Nuclcoh with conspicuous peculiarities of form are

always present; sometimes there are two to several isolated round

nucleoli scattered irregularly within the nucleus, and sometimes part

of them are arranged into a group or groups. They are likely to be

mistaken for chromatin nucleoli, but after a close examination of

serial stages in the development of the chromosome it is clear that

they He entirely free from the chromatin network and do not seem

to contribute any material to the chromosomes by direct transforma-

tion. Cell contents beside the nucleus and cytoplasm are not so

abundant as in normal cases, the cell cavity consisting largely of

vacuoles.

In prophase, the spirem is developed from the chromatin reticulum

ih

cal mitosis.

ifig
^

{figs. 6, 7) show no peculiar delation from the typi-

he number of chromosomes is 64 (fig. S) or 66, W'lien

two daughter nuclei are reconstructed, a cell plate is laid down

between them which finally divides the mother cell into two ceUs.

In thi*; mofi^T-i'Ql fl-10 KiT^iioloofi^ i-r^nrlitinn \vn<s seldom obscrVcd, SO

the
mi

tion of the nucleus of one cell to an adjacent one.

As stated before, mitosis in the ve^jetative cells

agree

to the axis of the spindle, which does not hold any regular relation

iwn

various directions. This is quite contran^ to the condition in normal
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prothallia^ in which, at least up to the appearance of the archegonium

initial, the walls are formed somew^hat regularly, being more or less

perpendicular or parallel to the surface of the prothallium.

SPERMATOGENESIS

Every apogamous prothallium bears antheridia in profusion, the

antheridium initial being formed earlier than in normal prothallia

of similar size. The formation of the primary spcrmatogenous cell,

which takes place as in normal prothallia, is studied more readily

on account of the comparatively large size. The mitoses from the

primary spcrmatogenous cell to the formation of spermatids and

sperms showed no deviation from spermatogenesis in normal pro-

thallia. During these mitoses 64 or 66 chromosomes could always

be counted. The peculiar structures which were observed within

the cytoplasm in the primary spcrmatogenous cell of the normal

prothalha were also present here, but they seemed to be undoubtedly

plastids.

The sperms are actively motile and are attracted by o.oi per

cent, solution of sodium malate. From the similarity of the genetic

development, morphological structure, and characteristic response to

the chemotactic stimulus, it is clear that sperms formed in such pro-

thalha can function when conditions permit.
An irregularity in the axis of mitoses was observed during the

cell divisions within the antheridium: in most cases the first wall

which divides the primar}^ spcrmatogenous cell vertically is followed

by two or three vertical walls parallel to the first, before any '
"'

verse division takes place.

trans

OOGENESIS

While

archegonia are rare in these prothallia. The power of forming

archegonia seems to be almost suppressed; and the cushion region

where archegonia generally arise is very often covered with antheridia

mstead of archegonia. In extremely rare cases, however, there

appears an archegonium initial, from which a central cell is cut off

as m normal prothallia. The central cell either remains without any

further
or' develops

into canal cells and an egg cell, the projecting neck cells being poorlv
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developed. The central cell, when it remains undivided, grows to a

considerable size, with a corresponding increase in the size of its

nucleus, which finally assumes a form similar to that of an egg, but

it always appears collapsed. When canal ctll^ and egg arc formed,

they also appear collapsed. The collapsed appearance of the cen-

tral, canal, and egg cells is hkely induced by the artificial treatment

of the prothaUia rather than by fixing reagents.

Whether the egg in

such a collapsed con-

dition is still capable

of fertilization, is ques-

tionable, but the writer

is inchned to believe

that it is incapable of

functioning. No case

of a sperm having

pacT wasentered an

found.

Not only is the

formation of arche-

gonia extremely rare, showing two different stages in the development of

but when formed they

are very much belated.

In all cases in which

Fig. I. pogamous

shad

outgrowths ; a •onium with central cell; ft,

archegonium with canal cells and egg.

their formation was observed, apogamous sporophytic outgrowths were

ifig^
Hence

it is reasonable to suppose that in the apogamous prothaUia a tend-

ency to develop sporophytic outgrowths becomes predominant when

the power of forming archegonia becomes weak.

SPOROPHYTIC OUTGROWTHS

As described before, during the early development of prothaUia,

mitoses occur in the vegetative cells Just as in normal prothaUia,

except that the mitotic figures are comparatively large. The mitoses

continue in the vegetative ceUs and there are organized prothaUia of

a single ceU layer in thickness. The general outline of the prothaUia

does not show any pecuHarities which might be regarded as charac-

teristic of apogamous prothaUia as distinct from normal ones.
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Sporophytic outgrowths begin very early from cells in the region

where later the cushion arises, so that the development of the sporo-

phytic outgrowth and the gradual completion of the cushion proceed

side by side for a while. When the prothallium has assumed the

characteristic heart shape, with a cushion near the sinus and an

extensive lateral growth of prothallial tissue on either side, the sporo-

phytic outgrowth is usually in a well-advanced stage. The main

features of the formation of this outgrowth and of the gradual com-

pletion of the cushion are as follows

:

Previous to the formation of the cushion, mitoses take place in

rapid succession in the vicinity of the sinus, partition walls always

being laid down perpendicular to the surface of the prothallium and

parallel to one another, so that the cells formed are very narrow-

Some of these mitoses in different stages are represented in figs,
g-ii-

^litosis continues and cell plates are laid down parallel or oblique

to the surface of the prothallium, the ultimate result being the initia-

tion of a thick cushion region (figs. 12, ij).

One of the superficial cells in the cushion region begins at once to

increase considerably in size, the increase being accompanied by an

excessive growth of its nucleus. The nucleus in the resting condi-

tion contains a reticulum of ragged clumps and slender threads of

chromatin, from which the spirem of the prophase is established

yfig^' 14) 14^)- Two or more nucleoli are always present. Succes-

sive stages of the mitosis following the early prophase were examined

(figs- 15-17), which were exactly similar to those of typical mitosis

in the vegetative cells of normal prothalKa. In the telophase of this

mitosis, when the two groups of daughter chromosomes have reached

the poles, a little irregularity in the form of the chromosomes is

observed, but the number of chromosomes, before they had become

aggregated into a mass, was always 64 or 66 (figs. i8a, b) .

Consequently, it is perfectly clear that, so far as the chromatin

is concerned, no change has occurred in the nucleus of these pro-

thaUia up to the formation of the superficial cell. In the late telo-

phase a ceU plate is laid down perpendicular to the surface of the

prothallium, so that there are formed two superficial daughter ceUs

arranged side by side
(fig. ig)

.

A number of mitoses follow in the same way, and thus there is
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established in a certain region of the superficial layer a group of

parallel cells. The increase of the superficial cell is remarkable in

apogamous prothallia.

In ordinary prothalHa,

if such a growth in size

ever occurs in a super-

ficial cell of the cushion

region^ it is an arche-

gonium initial; how-

ever, the archegonium

initial never attains

such conspicuous de-

velopment, surpassing

all the other superficial cells in that region. Moreover, the development

of the archegonium generally occurs after the cushion region has ex-

tended over a comparatively large area and attained some thickness.

On the other hand, the increase in size of the superficial cell in an

Fig. 2.t-T\vo sections of normal prothallia, sho^-ing

different stages in the development of archegonia.

a
e

b

c

Fig.

CTadual

ipogamous prothallium shoi^ing

roung cushion.

arly stage and is associated

The accompanying figures

will
fig

archegonium

prothallia. Fig. 3 represents eight successive sections of the same
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prothallium, which indicate that a single superficial cell has grown
to a considerable size in a young developing cushion region. The
remarkable increase in size and the characteristic contents made
these cells very conspicuous. Sooner or later, from one of these

superficial cells an apical cell is cut off by an oblique wall, and becomes

the growing point of a leaf. Sometimes an apical cell appears very

early, as shown in figs. 20 and 21. During these mitoses, the number
of chromosomes is ahvays 64 or 66.

While this process is in progress in the superficial region, cells

beneath divide in various directions. Mitoses, of course, occur in

various parts during the growth of the prothallia, but they occur

more rapidly in the interior region which borders the group of

superficial cells whose formation was described above.

Some of the characteristic features that distinguish these interior

cells from the other prothallial cells are as follows: they are con-

siderably smaller, probably due to their rapid successive divisions;

the nucleus, in spite of the smallness of the cell, is large ; the cyto-

plasmic contents are abundant and the plastids are small and few

at this stage.

The mitoses in connection wdth the formation of this group of

interior cells were studied. The general aspect of the mitotic figures

m^ successive stages and the behavior of the chromosomes in these

mitoses were similar to those of typical mitosis in the vegetative

cells of normal prothallia. It was interesting to notice, however,

that the narrowness of the cell cavity and the largeness of the nucleus

showed a remarkable resemblance to the condition observed during

the development of normal embryos later than the 32-celled stage

ihs

(fig

The mitoses in the groups of superficial and interior cells con-

tmue as described above, and there is formed a structure which is

m direct connection with the prothalHal cells, the structure that later

becomes an independent sporophyte. Figs. 28 and 28a represent

the structure of the sporophytic outgrowth at a certain stage in the

course of its development. One apical cell which is already differ-

entiated in the structure is not shown in this section.
Thus the structure of the sporophvtic outgrowth is brought about
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apparently by the cooperation of the mitoses of two different regions,

one of which is a single superficial cell that has attained a conspicuous

size, and the other the vegetative cells immediately beneath. If we

trace further back the origin of the cells of these regions, they are

found to be descendants from the vegetative cell or cells whose sister

cells have organized the cushion region. It was impossible to detect

a distinct period in which any change had occurred in the chromatin

condition up to this development of the sporophytic outgrowth;

practically the nucleus of the gametophyte has become directly the

nucleus of the sporophytic outgrowth, without any nuclear fusion.

The sporophytic structure develops with repeated mitoses of the

same sort as was described before: a leaf and a stem apex are devel-

oped from two apical cells which have appeared one after the other;

a root initial is organized endogenously {pg, 2g) ;
scalariform vessels

appear in the tissue connecting the leaf and stem origins with the

root initial; and finally there is developed an independent leafy

sporophyte.

From the foreo;oing it is clear that there is established a sporo-

phrodi

molle. This is the first instance yet known in plants, in which a

sporophyte with the haploid number of chromosomes has been

described.

spores

not yet been determined.

Discussion of cytological phenomena

APOGAMY

Since the first discovery of apogamy in P!eris cretica, instances of

apogamy in pteridophytes have steadily increased until the phenome-
' - - - - ^^^ c^tological studies wereknow»^ ixyjit rk^iWVVli 111 a.L*(JUL llll.\ IWl mo. xiv —J v^— j-j

recorded until the appearance of the papers of Strasbl-rger and of

Farmer and Digby, already cited, but there had appeared several

cytological studies of the apogamous development of the embryo m

permatophytes.

Apogamy (parthenogenesis and vegetative apogamy) is now

known in spermatophytes for Allium odorum (Tretjakow 69, Hegel-

^
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(J

ASBURGER 66), TJialictrum puYpurascens

lum Ula (LoTSY 40), several forms of Taraxacum (Raunkiaer 57;

MuRBECK 47; JuEL 32,33), a number of species of Hieracium

(OSTENFELD 50, 51; MuRBECK 47; ROSENBERG 59), and Wik-

stroemia indica (Winkler 75, 76). Among these contributions

those of Juel, Murbeck, Overton, Strasburger, Winkler, and

Rosenberg present some very interesting cytological data.

Juel (30, 31) made a comparative study of the parthenogenetic

Antennaria and the normally fertiUzed A. dioica. In the latter a

tetrad is formed from a megaspore mother cell, with the usual reduction

of chromosomes, and the embryo sac is developed from one of the

megaspores. There is a typical synapsis preceding a heterotypic

mitosis, and the embryo sac is normal. The reduced number of

chromosomes is 12-14 in the pollen mother cell and 20-24 in the

In the parthenogenetic Antennaria alpina, not only is

the tetrad suppressed, but there is no trace of heterotypic and homo-

typic mitosis in the embryo sac. The number of chromosomes is

40-50 in the embryo sac and 45-50 in the integument. There is thus

no reduction of the chromosomes during the formation of the embryo

integument.

sacj and the egg retains the sporophytic number.
Mu chief

attention being paid to the parthenogenetic A. alpina. In the

parthenogenetic species of Eualchemilla, he found that the embryo

sac always developed from one megaspore of the tetrad produced

from the megaspore mother cell through two successive mitoses, in

which there seemed to be no evidence of a reduction of chromosomes.

The number of chromosomes in these divisions is approximately 32-48,

and this number is retained in the egg nucleus and the other nuclei of

the embryo sac. He reports that the embryo of A . sericala is produced

from a syncrgid. In the normal species A. arvensis, belonging to the

section Aphanes, he finds in the pollen mother cell 16 chromosomes

the reduced number. Two years later, Murbeck (47) in a short paper

announced that embryos in Taraxacum viilgare Raunk. and speciosunt

Raunk. and Hieracium grandidens, serratijrons, and subsp. crispa-

turn develop from flowers whose stamens have been removed, but

he did not make any cytological studies. Juel (32 , 33)
discovered a
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peculiar development of the embryo sac in the parthcnogcnctic

Taraxacum officinale. The species produced pollen with a normal

reduction of chromosomes, and 13 bivalent chromosomes were present

in the heterotypic mitosis; but the megaspore mother cell undergoes

a single mitosis and there are formed two daughter cells, the lower one

of which develops into the embryo sac. This mitosis passes through

the synapsis and leptonema stages as usual, but the heterotypic figure

is not organized; it is a typical vegetative one with the univalent 24-26

chromosomes. The nuclear divisions in the cmbr3-o sac were not fol-

lowed by JuEL, but, accepting the results of Murbeck, he believed that

the egg nucleus retained 26 chromosomes—the sporoi)hytc number.

OvERTOX (53, 54) found a normal reduction in the pollen mother

cells of Thalktrum purpurascens and showed tliat the number of

chromosomes is 24 for the sporophyte and 12 for the gametophyte.

The development of the embryo sac is of two types. In some cases a

tetrad is formed from a megaspore mother cell, with all the phenomena

of a reduction division; the lowest cell develops into the embryo sac.

But many embryo sacs are formed in a different way. The first mitotic

figure in the megaspore mother cell is not heterotypic, and shows 24

univalent chromosomes; and the same number is counted m the

second division in the parthenogenetic embryo. He concludes that the

sporophytic number (24) remains unchanged in the embr}'0 sac in this

case, and that the egg nucleus with the sporophytic number develo})^

into the embryo parthenogenetically.

Strasburger (66) made an extensive study of numerous species

of AlchemiUa § Eualchemilla, the group which furnished the

material for Murbeck's important discoveries. IMost of the forms in

Eualchemilla develop normal pollen and a reduction division was

found both here and in AlchemiUa arvensis of § Aphaxes. In the

heterotypic mitosis in the pollen mother cell, Strasbugrer found 32

bivalent chromosomes, which :Murbeck counted as 16. In the embryo

sac development in apogamous species the two characteristic divi-

sions of sporogenesis are cut out and no tetrad is formed.
^

The nucleus

of the megaspore mother cell emerges from synapsis with the sporo-

phytic number of univalent chromosomes, and the ensuing division is

typically vegetative and not heterotypic. The nuclei of the embrjo

sac thus contain the sporophytic number and parthenogenetic develop-
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merit of the egg takes place. Strasburger regards the parthenoge-

netic tendency of Eualche]u;illa as associated with excessive muta-

bihty, which has weakened sexuaHty so that the process of fertilization

is being displaced by apogamy.

Winkler (75, 76) reports an interesting case of apogamy in

Wikstroemia indka. He observed that seeds are produced apoga-

mously, in spite of the fact that some pollen matures. The apogamous

development of the embryo was proved by castration experiments.

He describes a peculiar phenomenon in the cells of the tapetal layer,

which usually contain two to six nuclei. These nuclei fuse into a

huge nucleus, whose mitotic figure often shows over loo chromosomes;

but usually he counted 52 chromosomes. Although most of the

pollen does not reach maturity, a tetrad division with reduction is

present in sporogencsis, and in the heterotypic figure there are 26

bivalent chromosomes. The micropyle of the ovule is closed by the

elongation of the inner wall of the ovary during the formation of

embryo sac, which undoubtedly may have some relation to the apoga-

mous development of the embryo. A megaspore mother cell in this

form becomes directly an embryo sac, with the entire suppression of

tetrad division. His material was not sufficient for a cytological

study of the mitoses, and consequently he was unable to determine

the entire absence of a reduction di\dsion in the embryo sac, but it

likely that the egg which develops parthenogenetically

may retain the sporophytic number of chromosomes.

Rosenberg (59) presents the result of cytological studies on six

species of Hieracium. He took up the species of Hieracium in which

apogamy was proved by the experimental studies of Ostenfeld (52)

>

and traced out their nuclear details. In Hieracium exceUem the

nucleus of the pollen mother cell, after it has come out from synapsis,

presents a heterotypic figure with 17 bivalent chromosomes, but

often with an irregularity in the number of the bivalent and univalent

very

ones. Whe
and become grouped to form the daughter nuclei, the univalent ones

are left behind in the cytoplasm, as he had already observed in Dro-

sera (58) . In H. flagellare a normal heterotypic mitosis takes place

in the poUcn mother cell, the reduced number of chromosomes being

21. In these two species, the embryo sac develops after a tetrad dm-
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sion, as in normal cases; in rare cases the tetrad division with reduc-

tion is entirely cut out. The egg retaining the sporophytic number

of chromosomes then develops the embryo parthcnogcnetically. But

in the majority of cases he reports that while the normal development

of the embryo sac is proceeding, an embryo sac from a cell quite near

the tetrad (in H. atira ntiacum), or in the integument; or in the chalazal

region commences to develop. The normal embryo sac is then

destroyed sooner or later by the encroaching embryo sac of vegetative

origin. This development of an embryo sac from the nucellus is a

new case, entirely different from those known in Funkia, Coelebogync,

Citrus, Opuntia, and Alchcmilla pasioralis, for in the latter cases the

embryo is produced directly from the nucellus, instead of through an

intercalation of embryo sac formation, and hence the embryo is a

vegetative bud from the sporophyte and entirely independent of

gametophytic activities.

The papers of Strasburger and of Farmer and Dibgy, which

are the latest contributions to the cytology of apogamy among pterido-

phytes, were briefly reviewed in the first part of this paper.

Summarizing the cytological facts in connection with apogamy

among spermatophytes, as interpreted by different investigators, it

seems evident that apogamy is closely associated with the suppression

of sporogcnesis in the megaspore mother cell. This necessarily results

^ I in the chromosome number in the nucleus of the sporo-

phytic generation, yet a structure is developed with the morphology

of the gametophytic generation. Thus the embryo sac will contain

the usual number of nuclei grouped in the typical manner, but these

nuclei have the sporophytic number of chromosomes. From the facts

of apospory, it seems probable then that the development of a game-

tophyte may result from an interference with the normal life-history

and under conditions favorable to the gametophyte, even though

the nuclei retain the sporophytic number of chromosomes.

If the doubling of chromosomes is that result of fertilization

necessary to start the sporophyte generation, it is no surprise that either

an egg with the sporophytic number or a vegetative nucleus with the

same number may develop a sporophyte. In all the foregoing cases

of apogamy this seems to be the situation.

The case of vars. bolydadyla studied by Farmer and Digbv is
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an instance in which the apogamous development of the sporophytc is

not preceded by apospory. The prothalha in these forms are pro-

duced after normal sporogcnesis and consequently they contain the

gametophytic number of chromosomes. The authors claim to have

found in certain vegetative cells the fusion of two nuclei, one of which

has entered the cell from an adjacent one, and that the sporophytc

develops from the region of the prothallium where this fusion occurs.

They regard this fusion of two vegetative nuclei as a substitute for

normal fertilization. A similar instance of the fusion of two vegetative

nuclei is given by Blackman (4) for Phragmidium, who regards (4,

S) the process as a reduced form of fertilization. The conjugated

nuclei divide simultaneously through a long series of nuclear divisions,

from the formation of aecidiospores to that of teleutospores, where

the last pairs unite to form the single fusion nuclei within the teleuto-

spores. There is much evidence that the period in the lifc-histor>'

characterized by the presence of the paired nuclei represents a sporo-

phytic phase. Thus the fusion of the two nuclei in vars. polydadyhi

and the pairing condition of the two nuclei in Phragmidium may

support as a working hypothesis the assumption that a nucleus \m ^

the sporophytc number of chromosomes is necessary for starting e

sporophytc generation.

The condition shown in the apogamous Nephrodium is entire >

different from anything yet recorded for plants. The prothalha are

developed after normal sporogcnesis and their nuclei retain t e

gametophytic number of chromosomes. The sporophytc then appears

as a vegetative outgrowth from the prothallium, without any visi^ c

change in the nuclei, so that there is estabHshed a sporophytc wit

the gametophytic number of chromosomes. Farmer and Digby (24

have suggested that the number of chromosomes, approximate}

60, which is found throughout the life-cycle in Lastrea pseudo-mas

var. cristata apospoya may be the gametophytic number in the t\pe

species, that is 72, and that this variety might have arisen from norma^

prothalha of the type species through apogamy. Williams (74

gives an instance of true apogamous development of the egg

Dictyota, which is as yet the only type among algae where the nuc ear

conditions of apogamy are known. In Williams' cultures the ger-

mination of the unfertilized egg with 16 chromosomes, the gameto-
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phyte number, presented many irregularities in the segmentation

divisions and most of the young embryos died after four divisions.

Dictyota, then, cannot be regarded as furnishing an instance similar

to Nephrodium, since the apogamous developments are abortive and

it was not determined whether the structures were sporophytic or

gametophytic in nature.

As regards the appUcation of the terms apogamy and parthenogen-

esis in the various cases observed, Strasburger's principle (66) is

based upon the number of chromosomes contained in the embryo

asexually produced; that is, the asexual development of an embr}0

from the gametophyte with the diploid number of chromosomes, no

matter whether it originates from an egg or a vegetative cell, he calls

apogamy; and he regards an unfertilized egg with the diploid number

as a vegetative cell. He would restrict the term parthenogenesis to

the asexual development of an egg, with the haploid number of chro-

mosomes, and with the capabiUty of being fertihzed. Winkler's (76)

view is different. He applies the term parthenogenesis to the case of

an asexual development of an egg cell, no matter whether it be haploid

or diploid, and he proposes to restrict the use of the term apogamy

to cases in which the sporophyte is formed as a vegetative outgrowth

from the gametophyte. Farmer and Digby's (24) terminology,

though not similar, resembles Winkler's. The

and parthenogenesis are applied respectively to

development of the sporophyte from vegetative cells and from an egg

cell of a prothallium produced aposporously ; and to the case where

a sporophytic outgrowth is preceded by the fusion of two vegetatiy-

-nuclei they apply the term pseudo-apogamy. The apogamy

Nephrodium, therefore, would be caUed apogamy by A\ inkler,

€uapogamy by Farmer and Digby, and represents no category given

by Strasburger.

ALTERNATION OF GENERATIONS

Since HoFMEiSTER's investigations we have known that the Ufe-

llisto^^' of most plants involves a regular alternation of sexual and

asexu'al generations. The subject has been discussed by «iany

authors, such as Celakowsky (13, i4, ^S),
Sachs (60), Brain

<io), Pringsheim (55, 56), Vines (72), De Bary (2),
Bo^.ER

terms

asex

e
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(7, 8, 9),Vaizey (71), Strasburger (65, 67), Beard (3), Campbell

(11, 12), Scott (61), Lang (36, 37), Klebs (34, 35), Hartog (27),

Coulter (18), Davis (19,20), Williams (73), Blackman (4, 5),

Wolfe (77), Lotsy (41,42), Gregoire (25), Chamberlain (16),

Christman (17), Oltmanns (49), Harper (26), Yamanouchi (80),

and many others.

Among thallophytes no generalization for the whole group is pos-

sible at present, partly because of extreme diversity, and partly on

account of the meagerness of our knowledge regarding the life-cycle

of the majority of the forms. Different opinions are held con-

cerning the nature of the phenomena in various forms, and some

even question the existence of an alternation of generations. How-

ever, it is now being gradually established by actual investigation, and

quite recently cytological proof has been obtained from several forms,

as Dictyota, Phragmidium, Ncmalion, Polysiphonia, and some others,

Pteridophytes and bryophytes have been regarded as the best

illustrations. Discussion in connection with the pteridophytes has

not been in reference to the existence of alternation, but has centered

about the question whether it is to be interpreted as of antithetic or

homologous orisfin.

These two views represent different conceptions as to the origm

of the sporophyte. Those who advocate the theory of antithetic

origin regard the sporophyte of pteridophytes as a gradual elaboration

from the zygote of some aquatic algal ancestor, a new phase having

thus been intercalated in the hfe-history. This view was first clearly

stated by Celakowsky (13, 14). Bower (7, 8, 9) supported it

and endeavored to explain it as an adaptation to external conditions.

Strasburger (65), restating the position in terms about identical

with Bower's, based the theory upon nuclear details. Those who

maintain the theory of homologous origin consider that the sporophyte

arose as a modification of the gametophyte, and not as a new structure.

Pringsheim (55, 56), and more recently Scott (61), Lang (36, 37)

»

Coulter (18), and others advocate the homologous theory. This

theory is largely based upon the phenomena of apogamy and apospory

and also to a certain extent upon experiments in regeneration.

When these two theories were proposed, cytological investigations

had not yet developed, and even Lang's admirable work did not
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touch any cytologic al particulars. Since the announcement of Stras-

burger's view of the antithetic origin of alternation, the first to be

based on cytological details, chief attention has been directed by many

workers to the behavior of chromosomes during the reduction division

in the normal life-cycle. As to the results of such accumulated studies,

the various \'iews are not readily grouped. However, the majority of

cases confirms the view that the periodic reduction of chromosomes

is necessary; in other words, the gametophytc with the x number

of chromosomes is entirely distinct from the sporophyte with the 2.r

number, and the transition from one generation to the other is marked

by the reduction of chromosomes in sporogenesis and the doubling

of chromosomes in fertilization, in connection with which the pre-

dominant characteristics of one generation arc entirely lost and the

potentialities of forming the other generation are regained.

As stated above, the cytological work on apogamy and apospory has

been chiefly among flowering plants; and quite recently our knowledge

concerning these phenomena in ferns was extended by the contribution

of Farmer and Digby (24) on Lastrea, Athyrium, and Scolopcndrium,

and of Strasburger (68) on Marsilia. According to these investi-

gations, apogamy, whatever its cause may be, is always preceded

either by apospory or the fusion of two vegetative nuclei, which seems

to favor the view that the 2x number of chromosomes is necessary to

establish the sporophyte. Apogamy and apospory, which have been

Qt for the theory of homologous origin, now seem to

support the theory of antithetic origin.

As a matter of fact, the nuclear condition in Nephrodium in the

normal life-cycle confirms the antithetic theory; but apogamy in

Nephrodium ' introduces a new situation. In this case apogamy

is preceded neither by apospory nor fusion of vegetative nuclei, but

the sporophytes are developed with the haploid number of chromo-

„ght be questioned whether the situation m Nc-phro-

dium-in which the nucleus of the gametophyte with the x number
somes. If it mi

te—ma\

origin, it must be remembered that we have such abnormal cases 01

apogamy and apospory in flowering plants, where the embr) o sac

(probably gametophytic) does not contain the charactenstic .r numoer

of chromosomes, but always the 2X number.
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Conclusion
F

According to the present interpretation of the value of chromo-

somes, in Nepiirodium molle Desv, there is present an antithetic

alternation of generations marked by the number of chromosomes.

Apogamy in Nephrodium presents a new situation, where the

sporophyte is developed with the haploid number of chromosomes.

This seems to be an abnormal case, but it must be admitted that it

shows that the number of chromosomes is not the only factor which

determines the characters of the sporophyte and gametophyte.

The University of Chicago

Note.—After this paper was in type, Strasburger's *'Chromosomenzahlen,

Plasmastrukturen, Vererbungstrager und Reduktionsteilung" (Jahrb. Wiss. Bot

45:479-568. ph. j-j. 1908) appeared. It not only presents results of investiga-

tions on Lilium Martagon dealing with the chromosome situation during embryo

sac formation and pollen tube development, but it also contains voluminous data

concerning plasma structure, chromosomes as bearers of hereditary characters,

and the phenomena of the reduction division, the discussion being based upon

works of various invesitgators of both plant and animal cells.
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/-S-. ^o, ^u, ana text cuts drawn under combination of dry obj. 4"""

ocular 4, The plates and text cuts are reduced to one-half the original size.

Figs, i— ^ arf* in fK*^ f^^fFigs. 1-3 are in the text.

PLATE IX
Fig. 4.~Nucleus of vegetative cell of an apogamous prothallium; spirem

ned; two nuclmli nrAc^^nf

Fig. S-—Late prophase; long slender chromosomes present, previous
their arrangement in an equatorial plate.

to

Fig. 6.

Fig. 7.—Late a

Metaphase; t^vo daughter halves of each chromosome just separated

T .n fP rir\n r-Jl^ .r,,, -._Jl. m _ 1_
pole:

no. a.—i^olar view of late anaphase; 64 chromosomes present in a group.
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Fig. 9.—Section through region where later a cushion arises; narrow cells

parallel.

Fig. 9a.—Xucleus in metaphase from previous figure, under higher magnifi-

cation.

Fig. to.—Section through region forming cushion; next stage after that

shovrn in f.g. p.

Fig, loa.—Nucleus in late prophase from previous figure, under higher

magnification.

Fig. ii.—Section through region forming cushion; later stage than that

shov/n in Jig. to.

Fig. iia.^Telophase of nucleus shown in previous figure, under higher

magnification.

Fig. 12.—Section including cushion region; next stage after that given in

fig

-Mitotic figure in telophase, shown in fig

fication; cell plate laid down parallel to surface of prothallium.

Fig. 13.—Section of cushion region; a nucleus v/ithin superficial cell m

metaphase.
figur

magnification.

Mitosis

Fig. 14. fig

one superficial cell has increased considerably in size; nucleus in prophase.

fig

tion; several ends of the spirem seen are cut sections; two nucleoli present.

Fig. 15.—Late prophase, showing long slender chromosomes before arrange-

ment in an equatorial plate.

PLA TE X
Fig. 16.—Polar view of the late prophase shown in preceding figure.

Fig. i7.-.Metaphase; two daughter halves of each chromosome just sepa

rated.

Figs. 18a, i86.-Two groups of daughter chromosomes in late metaphase of

a nucleus cut obliquely into two sections; 66 chromosomes present.

Fig. ig.-Telophase; cell plate, vertical to surface of prothallium, laid down

to cut superficial cell into two daughter cells.

Fig. 2o:-Portion of section cut through cushion region; three superticia

cells drawn showing contents, middle one of which is cut obliquely as an apicai

cell.

Fig. 2i.-Surface view of a stage similar to that shown in precedmg figure;

the three superficial cells in question represented by drawmg all the contents.

Mitosis in interior cells directly beneath superficial cells

Fig. 22.-Nucleus containing a spirem; ' visible ends of spirem are cut sec-

tions.
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Fig. 23.—Prophase; chromosomes irregularly crowded in a mass.

Fig. 24.—Late prophase, showing chromosomes before their arrangement in

an equatorial plate.

Fig. 25.—Polar view^ of metaphase, where L-shaped chromosomes are ar-

ranged in an equatorial plate; vertical arms of L's are visible as dots and lateral

arms as radiating lines.

Fig. 26.—Late metaphase; two daughter halves of each chromosome have

just separated.

Fig. 27.—Early telophase, shov/ing polar view of a group of daughter chro-

mosomes; 66 chromosomes present.

Fig. 28.—Section of cushion region where a sporophytic structure has been

worked out.

Fig. 28a.—Approximate portion that belongs to the sporophytic structure

shown in the preceding figure, under higher magnification; difference of size of

cells in prothallial region and sporophytic structure shown.
Fig. 29.—Section through sporophyte apogamously produced, in a consider-

ably later stage; one of the tw^o apical cells seen is a leaf initial, the other a root

initial; apical cell of stem not drawn in this section; no structure standing for

a foot is present.



ALPINE VEGETATION IN THE VICINITY OF LONG'S

PEAK, COLORADO
William S. Cooper

(with eight figures)

This paper is the result of observations made during the summers

of 1904 and 1906. It makes no pretensions to completeness, but is

intended to serve as a general survey of an intensely interestmg

region. It is the intention of the author immediately to begin

a more extensive and detailed study.

My thanks are due, first of all, to Dr. E. N. Transeau of the

Charleston (111.) Normal School, and to Dr. D. S. Johnson and

Dr. Charles K. Swartz, of Johns Hopkins University, for- many

valuable suggestions ; also to Dr. Aven Nelson, of the University of

Wyoming, for determination of plants.

graphy

The Front Range of the Rocky Mountains, which in the vicinity

of Long's Peak constitutes the continental di\-ide, is a rugged mass

car\'ed from the Archean granite and gneiss. South of Long's Peak,

which is an eastern projecting spur therefrom, its direction is nearly

north and south, and it stands about 24^^ west of the eastern border

of the mountain region. North of Long's Peak it turns to the north-

west, and continues in this direction for a distance of 24^"^, until it

meets the Medicine Bow and Rabbit Ear Ranges; the continental

divide is continued in the latter range. At the eastern base of the

Front Range, Just north of Long's Peak, lies Estes Park, a mountain

'alley which here separates the main range from the lower forest-clad

mountains toward the east. Estes Park lies at an altitude of 2285"^;

the average ahitude of the divide is 3810"; most of the peaks exceed

3900", and Long's Peak attains an altitude of 435o'"-

The locaHties studied are on the summit and eastern flank of the

Front Range, from Mt. Tyndall, 6.4^- south of Long's Peak, to

Stone's Peak, 16^"^ northwest. Particular attention was given to two

glacial canons: the Chasm Lake canon, immediately below the cast

face of Long's Peak; and Glacier Gorge, west of the same mountam.

319] [Botanical Gazette, vol. 45
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II. Physiography

A. Present.—For convenience we may divide the physiographic

features of the region into two groups: (i) the flat summit of the

divide and slopes similar to it; (2) the glacial canons.

The summit of the divide is an elevated plateau, in some portions

il^gs In places it is r . 6km or

more wide, in others it narrows to less than o .
4^™. A few low peaks

rise from it, often near its edge, so that they have a precipitous face

on that side. The surface is covered with a rather thin laver of rock

i
^

?-

*

- rrfT^

i^--

:«

^i-

Fig I.—Summit of the continental divide from Stone's Peak; Long's Peak at the

dry HieadoW mv^fn'rifT tVit. fl.i+ ^,,wf r xT.. j-_-- r 1

-—'"*- ^1 i^iit- Luiiuneniai aivide trom btone s reak; J

left; the dry meadow covering the flat surface of the divide is shown.

fragments split off by frost and temperature changes, of small size

m most places, but much larger on the higher summits. Similar in

every way to the summit of the divide are the slopes that descend to

the region of timbcrhne where glacial erosion has not formed cHffs.

The glacial canons head in a series of fine cirques, immediately
under the steep cliffs that form the face of the continental di^'ide {fig- 3)
They are separated from each other by projecting spurs of varying
width, sometimes flat-topped, but oftener mere ridges, so close together

When
lally similar to the summit of the divide, and are in fact continuous
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with it, being covered with a thin layer of frost-broken fragments.

Some of the ridges bear high rugged peaks, but in most cases they

decrease gradually in altitude away from the divide, and frequently end

in long interlobate or medial moraines, where the adjacent glacier

tongues met or coalesced. The floors of the canons descend toward

the lower altitudes in an alternating series of very gentle slopes and

abrupt steps, the latter often 30™ or more in height.

B. Historical.—A glance at the physiographic history of the

region will make clearer the present conditions and processes. For

^K|*^

^ ^/-P^

.tJ

. ^^

^
V^i^4S^-^'

Fig. 2. Summit of the divide near Mt. Tyndall; a more detailed \iew of the dry

meadoAv, showing also the top of chffs that surround a glacial cirque.

tlie purpose of this paper, it is unnecessary" to go back farther than

the time of Pleistocene glaciation, since during that period practically

every trace of vegetation must have been destroyed. The Front

Range in the region studied was glaciated during the Pleistocene

period over a width of about 25'^™^ The summit of the range was

deeply covered with snow, which, accumulating in larger quantities

in favorable locations along the flanks of the range, became consoHr

dated at these points into glacier ics and commenced the work of shap-

ing and modifying the canons.

' King, Clarence, Exploration of the Fortieth Parallel.
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m

In due time the climate began to change and the amount of snow to

became bare during the summers.

decrease accordingly. Finallyj the winter snowfall" decreased to

such an extent that the summit of the divide and the gentler slopes

These surfaces had heretofore

been protected by their

load of snow from the

process of weathering.

Now, however, began the

work of frost and of tem-

perature changes, which

is responsible for the

condition of the summit

today. The thinness of

the covering of rock frag-

ments on these surfaces

is due to the protection-

from sudden changes of

temperature afforded the

solid rock beneath by the

broken with

i3K^*f'

the layer of vegetation

that has become estab-

lished upon it.

In the meantime the

daciers themselves stead-

ily shrank, because of the

decreasing supply of snow

at their sources The

Fig. 3.—View in Glacier Gorge, showing glacial
large accumulation of

J- -*^.- i*. vjia^iui ^juigc, biiuwiiig giaciai ^
^

n ^

topography and wet meadow areas on ledges; a neve in the cirqUCS, llOW-

glacial lake in the foreground, and snow banks below
the cliff,s.

ever, enabled them to

hold out long after the

perennial snow mantle of the summit and exposed slopes had disap-

peared. In fact, there still remain at the heads of several of the

canons remnants of the former ice tongues, which, though small, are

true glaciers.

The canons thus formed exhibit the usual glacial characteristics
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(figs- 3-(^ At their lower ends are found series of terminal moraines

and for some distance up there are extensive lateral moraines. The

floors of the canons, except for an occasional small terminal moraine,

are nearly bare of morainic material, such as is present being an

exceedingly sparse scattering of single bowlders. The floors are very

smooth, frequently almost polished, and are marked. by the usual

scratches and striae. Roches moutonnees are numerous but not

prominent. At intervals are found the great "steps" mentioned

above, where were the ice falls of the glaciers. At their bases are

J

Fig. 4-—Smooth glaciated floor of Glacier Gorge, ^vitb scattered glacial detritus;

the \\-et meadow patches have formed among this material.

nearly always lakelets, occupying basins excavated by the ice, which

naturally possessed increased erosional power at these points. Lake

basins are not, however, exclusively confined to the bases of the

''steps."

The results of post-glacial weathering in the canons are seen in

the masses of talus piled along the bases of the cUfFs. W here the

canons are narrow, the weathered material covers the whole breadth

of the floor, and has begun to fill many of the lake basins with large

fragments. Usuallv, however, there is a wide central space whic

the talus from the side chffs does not reach. Another effect of weather-
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ing, more important ecologically than physiographically, is the enlarg-

ing of the cracks or joint planes in the smooth floor of the cafions, by

disintegration of their edges and the deposit, in or near the cracks,

of the fine disintegrated material. Stream erosion has so far pro-

duced practically no effect upon the topography of the upper portions

of the canons.

III. Vegetation

In considering the vegetation of the higher mountain region, we

naturally divide it into two great formations: the alpine grassland,

and the forest, and place the division between these at timberhne. In

general this arrangement is a right one for the region, but in studying

the vegetation dynamically w^e are compelled to recognize an exception

in the wet meadows of the caiions. Above timberhne wc find two

types of grassland: the dry meadow, occupying the exposed slopes

and ridges; and the wet meadow, in the upper portions of the glacial

canons. The former is a true climatic grassland. The latter, how-

ever, as will be shown, is probably not permanent grassland brought

about by climatic factors, but is a stage in the forest succession, and,

conditions remaining the same, will become forest after the lapse

of sufficient time. In this paper the term ''alpine grassland" will

be used to include both dry and wTt meadow. \\c will consider first

the development of these tw^o types of alpine meadow" and second,

the forest formation in its successional relation to them.

A. THE ALPINE GRASSLAND

I. The dry meadow

(fis-

cover a large part of the area above timberline—an area which is

practically coextensive with the flat summit of the range and the

slopes similar to it, which, as has been said, are covered with a layer

of broken fragments. While this layer of broken material protects

the bed rock from further weathering, the fragments themselves are

continually disintegrating under the influence of frost and of lichens.

Disintegration by Hchens is an important process here as is evidenced

by the thick crust of these plants upon every stone.

Every stage in the development of the dry meadow may be seen

on the summit of the range. On the more elevated portions, where
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have been split off blocks of very large size, no plants except lichens

have as yet been able to gain a foothold. Wiere the blocks are

smaller and more disintegrated, a layer of fine material has accumu-

lated around and among them—the first step in the formation of a

soil; and here a few herbaceous plants of extreme xerophytic nature,

such as Silene acaulis, Phlox caespitosa, Dryas odopetala, have

established themselves. A further stage is seen where the vegetation

has become more -luxuriant both in number of species and of individu-

als, frequently partially concealing the remnants of the disintegrating

rock fragments. In the mature dry meadow the rock fragments have

mostly broken down to form, with the humus deposit, an even layer

of soil which is well covered by a growth of low herbaceous vegetation.

The dry meadow of this region resembles quite closely the so-called

"alpine tundra" of the summit of Mt. Ktaadn, Maine, as described

by Harvey,' and observed by the author of this paper. It differs

from that in the practical absence of mosses and fruticose lichens so

<:haracteristic of the summit of Ktaadn. At the same time, it does

not perfectly correspond with the common idea of meadow land,

since the vegetation is low and of a decidedly xerophytic nature. As

is the case in the Pike's Peak region^ the mature dry meadow has two

seasonal stages, the earlier characterized by the prominence of

Rydhergia grandiflora in flower, the later by Campanula rotundijolia.

It must not be supposed that the soil on these exposed summits and

slopes, thin as it is, is everpvhere dry. Even along the summit of the

divide are frequent depressions receiving all the run-off from the

•surrounding slopes, which often are gentle and embrace large areas.

The soUd granite beneath prevents absorption; therefore the water

remains stagnant or flows very slowly over the surface. The supp y

seems to be fully equal to the loss by evaporation, for these areas

remain wet all summer long. The depressions are characterized b>

a more luxuriant vegetation, and therefore deeper deposits of humus

but the species are the same as those found on the drier portions ot

the meadow. A Ust of the dominant species of the dry meadow

follows

:

T
f Aff TTtaadn Elaine.

^ IL\RVEY, LeRov H., a study of tbe physiographic ecoIog>- ot mu r.

TJniver5ity of Maine studies, No. 5.

3 Clemekts, F. E., Research methods in ecolog}%



326 BOTANICAL GAZETTE [may
t

Pktncipal species.—Silene acaulis L., Sieversia turbinata (Rydb.) Greene,

Dryas octopetala L., Phlox caespitosa Nutt., Campanula rotundifolia L.,

Rydbergia grandifiora (T. & G.) Greene.

Secondary species.—Selaginella densa Rydb., Deschampsia caespitosa

alpina Vasey, Trisetum subspicatum (L.) Beauv., Carex atrata L., Juncoides

spicatum (L.) Kuntze, Zygadenus coloradensis Rydb., Lloydia serotina

Reichenb., Polygonum viviparum L., Oreobroma Grayi (Britton) Rydb,, O.

pygmaea (Wats.) Howell, Arenaria sajanensis Willd., Draba crassifolia Graham,

Sibbaldia procumbens L., Dasiphora fruticosa (L.) Rydb., Trifolium dasy-

phyllum T. & G., Oreoxis alpina (Gray) C. & R., Primula angustifolia Torr.,

Androsace subumbellata (A. Nels.) Small, Douglasia Johnstonii A, Nels.,

Polemonium confertum Gray, Mertensia viridis Nels., Castilleja puberula

Rydb., Pedicularis Parryi Gray, Solidago scopulorum (Gray) A. Nels., Tetra-

neuris acaulis (Nutt.) Greene, Tonestus pygmaeus (T. & G.) Nels., Engeron

pinnatisectus (Gray) Nels., Artemisia scopulorum Gray.

2. The wet meadow

It must be borne in mind that on account of a smaller deposit of

snow, due to exposure to the wind and sun, the summit of the range

and the unglaciated slopes were first exposed, while the canons still

contained glaciers fed from the neve accumulated in the cirques at

their upper ends. Thus it w^as long after- the dry meadows above

had begun their development when vegetation, following the retreat

of the ice, first gained access to the upper portions of the canons* At

the present day the spruce-fir forest extends up the canons to an

ahitude of about 3350^. Above this is an area supporting a meso-

phytic meadow vegetation, w^hich, however, only partially covers the

ground, being confined to the vicinity of the watercourses. Still

higher, where the last remnants of the ice Ungered, there is no vegeta-

tion save a sparse growth of Hchens. In the heads of the canons, there-

fore, we may study primary invasion in all its stages, and the next few

paragraphs will be devoted to a description of it as observed in these

places.

A. The glacial canon as a habitat.—Atmospheric conditions.

As to the atmospheric conditions in the canons I can give no exact data,

but it may be said with certainty that they are comparatively favor-

able to plant growth—much more so than in the region of the dry

meadows. The most noticeable difference between the two habitats,

in regard to atmospheric conditions, is the exposure to the full force

of the wind on the dry meadows, contrasted with the effective shelter
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from that agent afforded by the canon walls. The difference in alti-

tude between the two habitats, averaging about 610"^, also favors the

canons, since atmospheric rarity tends to increase evaporation.

Ground water.—The smooth polished floor of the canons has

already been described. In some parts the surface slopes gently and

evenly; in others there are low rounded prominences {rocJies moidon-

nees) with depressions between. The greater part of this region is

dry during all of the growing season, since the surface drainage from

the snow banks above is the only source of moisture that need be taken

into account. The small amount of rainfall during the growmg

season may be neglected altogether, since the smooth rock surfaces

cannot retain it, and it very soon evaporates or joins the dramage

channels from the snows. Snow accumulates at the bases of the

upper cliffs in large quantities, and many of the drifts remain through

the summer, affording by their melting a constant supply of water

to a restricted portion of the area below. The drainage channels from

the various permanent drifts form a network over the canon floor m

following the principal depressions among the roches moutofinees

Some cases were observed where the water flowed in a broad sheet

for long distances over a smooth gently sloping rock surface.

Sources of soil malerids.-The soil materials which render possible

the establishment of the pioneers of the higher plants are dem ed

principallv from two sources : rock decay and wind-blown dust. Kock

decay has made verv little progress in the canon heads since glacial

times. Since the process is conditioned by the presence of moisture,

the larger part of that which has been done and is now being clone

is within the sphere of influence of the drainage channels. As na

been said in describing the physiography of the region, decomposmo

is going on principally along joint planes, and the tine pr«duc s

^^
this process are either deposited in the cracks near to where int v

produced or are carried down by flowing water and deposited in

situations.
'

1 iv „ f^ tlip

I believe that wind-blown dust is an important addition
^

the

scanty supplv of soil material available to the pioneers. Its so

^_^^

doubtless is largelv the dr^• meadows above the canons, ^v

J^^.^^^^^^='
the summer large areas of sparsely covered

^^^^^^^^^^ ^^ ,^ried
Some of the dust from this and other sources is doubtless
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directly to its final destination on the canon floors. It is likely, how-

ever, that a greater amount is brought down by the streams from the

snow banks at the base of the upper cUffs, upon which it had fallen,

perhaps years before. The wet surface of the drifts would hold all

such fine material deposited upon it. This deposit is not so slight as

might be imagined, for during a single summer the drifts become so

coated with dust that the discoloration is conspicuous at a great dis-

tance. The fate of the dust thus deposited is as follows: Most of

the run-off from a large snow bank in an arid mountain region comes

from the melting of the compact basal portion. The water which

results from surface melting nearly all evaporates. Thus the layer

of dirty snow upon the surface of the drift is slowly but continually

sinking. Each winter a fresh layer of snow is deposited, which, during

the following summer, accumulates a layer of dust upon its surface.

Frequently a section through a snow bank will reveal a series of these

dirt bands, roughly marking off what remains of each winter's snow-

fall. It is evident that because of the basal melting, these dirt bands

will finally sink to the bottom of the drift, and that the matter Avhich

the dirty layers contain will be carried down with the stream of water

which issues from beneath the snow bank, often with great velocity.

This material, converging from numerous sources to a few restricted

drainage areas, is by no means to be "neglected, and being chiefly

organic in nature, it is a valuable contribution to the making of the

first soil. Being exceedingly fine material, it may be carried to a

considerable distance, and is deposited in basins, or wherever the

velocity of the' stream slackens. The disintegrated rock material, on

the other hand, being comparatively coarse, if carried away at all, is

deposited very near to its point of origin.

As soil producers, Hchens have accompHshed practically nothing

in the glacial canons. The fact that the rock is a hard granite, and

the smoothness of its surface, as well as the comparatively short

time that the rock has been exposed, are sufficient to explain this.

B. The invasion of the canons.—The'unimportance of lichens

in preparing for the establishment of the higher plants has just been

mentioned. The advance of the latter must therefore be conditioned

by the other sources of soil material, rather than by any furnished

by lichens. And so we find two groups of invaders, one making use
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principally of the decomposed rock material in the cracks, the other

developing later, but usually on new ground, in basins and very wet

places, and profiting from the organic material brought down from

the snowdrifts.

In cracks and joints of the floor we find a pioneer group consisting

of the following species, all but one or two of which are perennials.

Deschampsia alpicola Rydb., Agrostis tenuiculmis Nash, Trisetum

subspicatum (L.) Beauv., Carex atrata L., Juncoides spicatum (L.) Kuntze,

Sagina Linnaei Presl, Draba crassifolia Graham, Sibbaldia procumbens L.,

Androsace subumbellata (A. Nels.) Small, Artemisia scopulorum Gray.

2.—Salix petrophila Rydb., Ox>Tia digyna (L.) Camptd., Saxifraga debilis

Engelm., Senecio Fremontii T. & G.

The species in the first group, to which further exploration would

doubtless add many more, are commonly found in the dry meadows.

Since these meadows are all above the level of the canon floors, this

group of pioneers must have come from seeds blown or washed down

from them. There is one other possibiHty—that these plants have

followed the glaciers as they retreated. It seems Ukely, however,

that pioneers in the invasion of the lower portions of the canons were

plants belonging to lower altitudes and more favorable conditions;

since they were as well sheltered from the wind as are the pioneers of

today, and the water supply was far more abundant. The plants m

the second group are commonly found in clefts and among bare

talus in the higher altitudes. These species, with those of the first list,

constitute a group of invaders of xerophytic character from higher

altitudes. Thev do not occupy a '
''--''^- "'^"" "*^ ^^^ ^^

defmite
permit

them to exist. In some measure they prepare the way for the group

of invaders that comes from the opposite direction, but hke the hchens

they are relativelv unimportant, and, as will be shown, the plants ttia

come in from below to fill the depressions may be entirely independeni

of any aid from earlier arrivals. Sometimes, however, the cracks

containing these plants may become the starting-point for quite large

. °- ^ ^
, . , .„j„„f oT^^iicrh to make pos-pos

and
mats of turf,

sible the establishment lu a Lia^r. v^x ...v- ^
-, j +>,«/> mav

grasses, such as grow in the basins soon to be descnbed these
.

spread out over the surface of the rock by means of rootstocks,
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ing a thick and permanent carpet which may be lifted from the rock

at its edges, but which is firmly anchored at its point of origin.

We now come to the group of invaders that is advancing toward

the heads of the canons from below. The pioneers arc few in species,
+

but exceedingly numer-

ous in individuals, cov-

ering the areas over which

they advance with a thick

carpet of vegetation.

Their line of attack is

along the w^atercourses.

It has been said that dep-

osition of earthy matter

from the melting snows,

fine rock material, and

some organic matter from

the plants growmg m
cracks farther up, is con-

tinually going on where

the current of the water-

courses slackens. The

first plants to appear in

this sediment are usually

mosses, including Philo-

notis i
which

sometimes becomes es-

tablished even in shallow

water. The mosses are

followed by species of
Fig. 5.—View in Chasm Lake Canon; tlie wet

meadow vegetation in the foreground has com- - ,

pletely filled a basin; similar patches of vegetation of their creeping stemS
Carex, which by means

are visible in the vicinity of the cascades.
spread extensively and

form thick mats. Grasses now come in, with a scattering of other

herbs characteristic of marshy ground and stream banks, nearly all of

which are found in marshy situations at considerablv lower altitudes.

The deposits of humus from these plants hastens the filling-in of the

meadow
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o &

more streams meandering through it (fig. 5). These streams often

run over the rock itself, since the current has so far kept their beds

free from sediment. Prominent plants growing in these wet meadows

are as follows

:

Lycopodium selago L., L. annotinum L., Carex (several species) dominant,

Caltha rotundifolia (Huth) Greene, Sedum rhodanthum A. Gray, Sicversia

turbinata (Rydb.) Greene, Kalmia microphylla (Hook.) Heller, Primula Parryi

A. Gray, Gentiana frigida Haenke, G. plebeja Holmii Wettst., Swertia congesta

A. Xels,, Elephantella groenlandica (Retz.) Rydb., Crepis alpicola (Rydb.)

A. Nels.

Later a few shrubs make their appearance. Bclula glandidosa is

by far the commonest of these, and Dasiphora fruticosa and Salix

chlorophylla are frequent.

Where a stream flows amoi
gently sloping rock surface, plants themselves arc instrumental in

forming small basins. Fine material accumulates around the rock

fragments, and in this mosses obtain a foothold. From the rock

fragments as centers mats of moss spread out, and these coalescing

partially dam up the stream, so that more fine material is deposited

The development of the meadow then progresses as in the natural

rock basins. Frequently the damming-up of its course deflects a

portion or all of the stream, and in its new course it encounters other

debris where the process is repeated. These little meadow patches

often coalesce to form areas of quite respectable size. The turf mats

that start from the cracks also sometimes become Joined to these, and

thus in various ways considerable areas on the canon floors obtam a

solid covering of herbaceous vegetation {figs. 4, 6). Ledges on the

canon walls, where water trickles over them, are covered with a turf

n^at similar in composition to that upon the canon floor {fig. j)-

^^Tiere cascades occur, principally at the great "steps," there is

naturally an abundant vegetation, consisting of mosses, sedges, and

other herbs growing within the influence of the spray (fig- 5); ^^^

lake basins are so large and deep that comparatively little filling has

been accomplished. The shallower portions along the shore are

PartiaUy converted to meadow, and where a lake occurs at the base o

a "step" good-sized alluvial cones extend out into the water at the

upper ends. Of course this is not the case with the highest lake.,

where very little alluvial matter is available.
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The mature wet meadow is thus of a decidedly mesophytic char-

acter. Composed as it is of a thick bright-green turf of sedges, grasses,

and other flowering plants, it has a truly meadow-like appearance.

It must be borne in mind that only the depressions have been

thoroughly taken possession of by vegetation {fig. 6). The higher

and drier portions of the canon floor—the roches moutonnees

including much more than half of the total area, are still bare, save

for a sparse covering of lichens, and a few xerophytic herbs in the

crevices. These areas, of course gradually decreasing, but with

r

Fig. 6.—View looking do^^•n Glacier Gorge; the dark areas in the foreground

are wet meadow occup}-ing depressions in the canon floor; scattered over the meadow

areas are still darker patches, the Picea Krummholz; farther down the canon may

be seen the Picea-Abies forest surrounding two glacial lakes.

exceeding slowness, are destined to remain very much the same for

a long time. Far down the canons, in the midst of the forest, there

are many places where the bare floor is still exposed, more incrusted

wqth lichens and slightly more decomposed, but nevertheless surpris-

ingly similar to the bare areas at the canon heads.

B. THE FOREST

For the present purpose we need to consider only the upper forest

zone, which in this region is composed of two societies governed by
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the factor of soil water content. The white pine society consists of an

almost pure growth of Pinus flexilis. It covers the dry summits and

upper slopes of the ridges between the canons up to the limit of tree

growth. The spruce-fir society is confined to situations where there

is an abundant soil water content. It follows the canon bottoms

up to where they emerge above timberline, and extends up the sides

as far as there is a sufficient amount of ground water available.

The two trees that dominate the society arc the Engelmann spruce

{Picea Engelmanni) and the subalpine fir {Abies lasiocarpa). The

latter is more abundant close to the streams, and seldom or never m

this region ascends quite to timberline.
r

I. The Knimmlwh {figs. 7, 8)

The altitude of the present upper limit of tree growth averages

about 3350°^, with a range between extremes of perhaps 150 or iSo"'.

Since Abies lasiocarpa does not ascend to timberline, the Krummhoh

is composed of two trees only, Pinns flexilis and Picea Engelmanni,

the former on the ridges, the latter in the canons. Both reach their

upper limit at approximately the same altitude, but their appearance

and behavior there is so strikingly different that a description of each

will be of interest.

Pinus flexilis.—This tree, even when growing in its most con-

genial habitat, is very irregular and contorted. In its Krummhoh form

it assumes the most' fantastic shapes and yet in all of these ^ genera

uniformity of behavior may be seen. A very typical growth ot the

Krnmmholz form is found^ at timberline on the Long's Peak trai

(figs. 7, 8) . Here there is considerable exposure to the prevalent ^^ esi

wind which sweeps with great force over a saddle on the ridge bchinc

The trees form an open growth, with the individuals usually growing

singly. They are of great age, and often 30^"^ thick, but tcnv a

more than i . 5- in height. The hve branches all point to the eastj ara,

those on the windward sides are dry and dead, and the wmdward^po
^

tions of the trunks are in nearlv ever>' case devoid of bark. rcq

the greater part of the trunk is worn away by the ice P.^^^icles bo

by the winter gales. The degre6 of exposure to the ^vmjis f °m

west determines the height of the tree. If

--^f;~be^^
trunk may be nearly erect, but in the most expost^d places
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absolutely prostrate {jig. 8), creeping along the ground for 4.5 to 6^,

and sometimes partially or wholly buried in sand and needles. It

is a noticeable fact that on the ridges the Krummhoh ends abruptly

in other words there is a very definite timberhne. Beyond the main

mass of the forest outlying groups of trees are rare^ and are never at

any distance from it.

PiCEA Engelmanni.—In the canons, on the contrary, it is seldom

possible to determine the precise limit of the forest formation. In

ascending we find that the trees become more scattered and at the same

Fig. t,—Krummhoh iorm of Piytiis flexilis near the Long's Peak trail; the \iew
4 ^ ^ ^

is from the windward side.

time smaller, until linally they are mere bushes, growing singly or in

groups scattered over the wet meadow areas. They are seldom much

contorted, nor do they often show the effects of wind and ice crystals.

Unlike the white pine, the Engelmann spruce persists in its upright

habit. In its most common Krummhoh form, as found in most parts

of the canon floors, it has a thick erect trunk a meter or two in height,

and a broad flat matted crown composed of branches so tough and

intricately woven that where the trees grow close together it is often

possible to walk for considerable distances over their tops. Where

Picea Engelmanni occupies more exposed positions it almost always
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retains its erect habit, but the branches point to leeward of the prev-

alent wind. Occasionally the trunk is prostrate, but in these cases

erect branches are produced, the branchlets of which are turned to

leeward. There is frequently a tendency in this species, when

growing, as it occasionally does, in much exposed places, to form long

narrow groups of individuals, parallel to the direction of the prevailmg

wind, the height gradually rising from two or three decimeters at the

windward end to a meter or more at the leeward end of the group. The

explanation of this phenomenon evidently is that some small shelter

y^ ^*^»^-

trail.

Fig. S.—Piuus flexills grounng in a very exposed situation near the Long's Peak

r

allows a seedling to live and develop into a small tree; and this gives

protection in its lee to others, each of which in turn is able to nsc

slightly higher than the one in front. The same mode of growth i.

seen also in such small shrubs as Betula glandiilosa and the low alpine

form of Populus tremidoides, which are found in the same habitat

'fi'ith Picea Engelmanni. . mi

Having now a general view of the forest at its upper limit, we ^M

consider the question as to whether these two trees are at presen

invading the grassland. The evidence here, though it is not as com-

plete as might be wished, points toward the general conclusion
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the forest formation is advancing in the canons, but that on the ridges

it has reached its cHmatic limit. The aged, battered, and twisted

white pines, with no young trees among them, indicate a repulse in

the effort of the forest to ascend the ridges; while, on the other hand,

the gradual decrease in height, the scattering of individuals and

groups in advance of the main mass, suggest that in the canons the

forest is still advancing—that it has not yet reached the point where

tree growth is climatically excluded. Harvey^ has cited a similar

condition in evidence that the forest is not climaticallv excluded

from the summit of Mt. Ktaadn. It is an interesting fact in this

connection that the Picea Krummhoh in the canons of the Long's

Peak region bears a striking resemblance, in type of trees represented,

in the Krummhoh form which they take, and in the manner of their

seeming advance, to the mesophytic Picea-Abies Krummhoh of the

eastern mountain.

It will be wtII at this point to recall the fact that the agency most

important in preventing tree growth is dry w^ind during frosty weather,

since it accelerates transpiration to a high degree, while the frozen

condition of the ground prevents a renew^al of the water supply.^ The

-the permanent timberline on

the exposed ridges and the advancing forest in the sheltered canons

agree perfectly with this theory.

conditions in the Lono;'s Peak region

EXPOSED SLOPES
Dry Meadow
Succession

CANONS

Wet Meadow-Forest Succession

Lichens

Xerophytic Herbs

Basins and Watercourses

Mosses

Sedf^res and Grasses

Dry Meadow Plants

Joints

Crevice Plants

Mature Dry Meadow

Climatic Timberline

Pinus flexilis Forest

Mature Wet Meadow
I

Shrubs

Picea Krummholz

Picea-Abies Forest

^ Har\t:y, LeRoy H., Op. ciL

5 Kiklman; referred to by Schimper, Plant geography 78
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C. THE SUCCESSIONS

In this study we have endeavored to trace in a general way the

stages through which the vegetation of the alpine region has passed.

It remains only to bring into an orderly arrangement the successions

and their stages which have been described. This may best be done

by means of the foregoing diagram, which in the light of what has

gone before will need no further explanation.

IV. Summary

In the retreat of the Pleistocene snow masses the unglaciated slopes

and summit of the divide were first uncovered and occupied by

vegetation. On these areas the xerophytic "dry meadows" of today

have developed.

Owing to the slower shrinkage of the valley glaciers, invasion of
tj

^^ ^M^LS^ OXVy»Y^X OXi^ix.*^^^

new areas is still eoins on at the heads of the glacial canons.
Ct^^^^O

The glacial canon as a habitat is characterized by (i) compara-

tively favorable atmospheric conditions, (2) restriction of surface water

to limited areas, (3) dependence of the production and distribution

of soil materials upon surface water.

These conditions result in a vegetation consisting of a lichen

society inhabiting the dry rock surfaces for an indefinite length of time,

and a wet meadow society confined to the vicinity of the drainage

channels. The latter society is preceded by two groups of pioneers,

one, the less important, derived from the xerophytic dry meadows,

becoming established in cracks and joints of the floor; the sccon ,

mesophytic in character, invading from the lower altitudes, occupying

depressions and very wet places. , .

The evidence at hand indicates that the forest, representea

timberUne by Pinus flexilis on the ridges, and by Pkea Engdmanm

in the canons, has reached its climatic limit on the "jj^es, being^p

^^
vented from further advance by the dry winter wmds; bu

the canons the forest is still invading the wet meadow society.

Johns Hopkins Untv^ersity

Baltimore



BRIEFER ARTICLES

VARIATION IN HELIANTHUS

In a recent number of this journal, Dr. George H. Shull' calls

• attention to the dark disk found in the wild sunflower of the prairie region,
4

but shows that certain material received from that region was heterozygous

with a yellow disk recessive. It may be worth while to report that this

wild plant does actually produce a yellow-disked Variety, which I have

observed both in Colorado and New Mexico. The western sunflower,

according to Rydberg, is separable as a distinct specks, Helia it Ih us lentic-

nlaris Dougl. This seems to be going too far, and I think it should be

called H. annuus lenlicularis . The color of the disk is considered a specific

character in Helianthus; but it certainly varies within specific limits, not

only in H. anmins, but in H. peliolaris also, as I have shown in Nature,

June lo, 1902, p. 174.—T. D. A. Cockerell, Boulder, Colorado.

ENDOSPERM OF PONTEDERIACEAE

(with four figures)

In a recent paper^ on the seeds of Pontederiaceae, Coker makes some

references to my paper published in 1898,3 to which I wish to make a brier

reply. He says: ''Oddly enough he completely overlooked the interesting

pecuHarity in the endosperm of all three genera." The reason for m>

overlooking such a peculiarity is clear enough, as a very casual readmg o

the paper will show that I made no attempt to follow endosperm formation.

My m m

Washington Park, Chicago, the endosperm nucleus almost never divides,

and the contents of the embryo sac disorganize without development of

endosperm or embryo.

Some of my slides of Pontederia, however, extend beyond the fertiliza-

tion stage, and since Coker's article appeared I have reexamined these, an

am able in three cases to confirm his account of a division of the embryo

sac into upper and lower chambers. Fig. 3 shows the condition of the

I Some new cases of Mendelian inheritance. Box. Gazette 45-^^3'^^^' ^^^ '

= CoKER, W. C.» The development of the seed in the Pontederiaceae.

Gazette 44:293-301. pi. 23. 1907.

3 Smith, W. R., A contribution to the life history of the Pontederiaceae.

Gazette 25:324-337. pis, ig, 20. 1898.

Botanical Gazette, vol. 45]

Box.

Bot-
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h
lower end of the sac a short time later, with several nuclei in the lower

chamber. Of later conditions of the endosperm my slides do not furnish

examples.

Again COKER says: "The antipodals never divide, but they are not

ephemeral as described by Smith." There may be some difference of

opinion as to what degree of persistence my description implies, but after

a reexamination of my slides, and even from Coker's own figures, I am

still convinced of its correctness. Coker makes the error of regarding the

antipodals as a group of nuclei; he cites the persistence of such nuclei after

the initiation of endosperm formation as a disproof of my statement; but

the antipodals are cells, not nuclei. In those embryo sacs m which tne> a

recoomized

ganium, and others, they become a conspicuous mass of cells; t^ ey

persist as free nuclei. In the case of Eichhornia and Pontedena the> are

organized cell figs. I and 2 herewith, and in fig
"is^aiuzea ceus ai me stage saowu m /i^^- •«

-

. . c

Coker's plate. These cells disorganize immediately after the fu.ion ot

the polar nuclei, sometimes even earlier, a behavior which amply
juslihe^ y

describing them as ephemeral. In later stages of the embrj-o sac only

nuclei can be distingviished, and these In a partially d-organizedjo^n^^^^^^^

as in figs. J and 4. Compare also Coker's figs. 13, 15, ^7'/". ''
'^

^^
tegration of the antipodal cells and the absorption of their "^^;^^ f"

'

clearly traced.-R. Wilson Smith, McMaster Uni.ers^ty, Toronto, Canada.
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AN ABNORMAL PORELLA PLATYPHYLLA

(with three figures)

In examining some material of Porella platyphylla I found one arche-

gonium which differed structure

If the

This internal difference consisted in the presence

of two perfectly formed egg cells, each with a

row of canal cells {-jig. i). There were also

two ventral canal cells. One row of the canal

cells, as will be seen from fig. i, was somewhat

shorter than the other; the number of cells in

each, however, was the same. The egg cells

with the canal cells taken together occupied a

somewhat larger space than is usual in this

plant. The archegonium shown here was

larger than those usually found. The two egg

cells and canal cells were only clearly seen when

lying in the plane shown in figu

archegonium was viewed at right angles to this

position, they were difficult to see. This speci-

men was gradually brought into a strong solu-

tion of glycerin and allowed to become clear;

it was then drawn with a camera lucida.

Porella platyphylla also often shows branched elaters.^ Fig, 2 ^hows

one slightly branched at the end; fig, 3 shows a more pronounced instance

of such branching. In some elaters branching of the larger branches

was noticed, which formed a rather complicated figure. The spiral

thickenings were often very difficult to follow with certainty at the point

of branching. Fig. 2 shows their arrangement in one specimen.—i'
.

-^^a-

Andrews, Leipzig.

4 See also: Coker, W. C, On the occurrence of two egg cells in the archego-

nium of Mnium. Bot. Gazette 35:136. 1903.

Bliss, Mary C, On the occurrence of two venters in the archegonium of Poly-

trichum. Bot. Gazette 36:141. 1903.

Lyon, Harold L., Polembrj^ony in Sphagnum. _ .

Goebel, K., Homologien in der Entwicklung miinnlicher und weiblicher Ge-

schlechtsorgane. Flora 90:277. 1902.

Box. Gazette 39:365- ^9^5-

sSee also: Campbell, D. H., Mosses and ferns. 2d ed. 1905.



CURRENT LITERATURE

BOOK REVIEWS
Warming's textbook

In 1880 Dr. EuG. WARmxG published his Lehrbuch der allgemcinen Botanik,

which was followed by revised editions until the fourth appeared in 1901. In that

edition he associated with himself Dr. W. Johannsen, who elaborated the sec-

tions on the cell and on physiology.

This fourth edition has been translated into German by Dr. E. P. Meineckk,'

with the collaboration, in two chapters, of Professor Johannsex, who has taken

occasion to revise these in part. Other shght changes have been introduced by

.Meixecke. But the book cannot be up to date, because, first, it is based on an

_. _
^ __*-.-- 1 /* 1 ^ r^r^i.Ai-1 Info \t\ Trwn*7

began in 1904. This delay in publication the publishers apologize for, and

exonerate themselves, without saying to what it is due. The second part, about

one-third the dimensions of the first, was promised before the end of 1907, but a

this writing (March 2) has not been received.
. 1 f

The first five sections deal with what we should call the general morpholog)'

plants. Their titles are: i, The internal and external form of plants; 2,
External

morphology of higher plants, nutritive organs; 3, The plant cell and its constitu-

ents; 4, Histology; 5, Anatomy of the root, stem, and leaf. Sections on repro-

duction, including discussion of the flower, inflorescence, fruit, seed, relation o

habitat, and evolution, are to follow in the second part.
r, 1 j t», t >

The term morpholog)' is much restricted by these authors, who hold that 1

concerns itself merely with the origin, development, and form of the extern

features of the plant body. However, under whatever head they are embraced

these chapters are well written, and the illustrations, mostly not original, are ^^

cted. .
1

The physiology, to which two long sections (i8o pp.) are devoted is in general

X . . ^^\ - . , ,. J. ^ -1.,,^:^^ .^f Pmnhass fas was to be
peculiar

metabolism
expected), there being a strong tinge of ecology. The section on

begins with a discussion of respiration as an exchange of gases, and ...^.—

of the respiratory quotient; has little to say of the physical processes of excnan

between the plant and the external medium, but gives much attention to the re a

• T'u^ rlianter on movemenL
tions of plants to each other and to other organisms. 1 ne cnapt

lo 4-^_ i__.. r . * . , . ._•.-• c 4^1.^ f.irirlamPTital features.

^ Wakming-Johannsen, Lehrbuch der allgemeinen ^o^^^^ /r^^^^^^ Y^^^^

Ieinepttf Tmr. S^ro Pirf T. nn. vi + aSo. Iigs. 444' -t^eruii.
p. Meinecke.
traeger. 1907. M12,

341
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form

While the book is a good one, we doubt whether, considering its handicap,

there is room for it in the German market in competition with the other excellent

texts which are there available.—C. R. B. and C. J. C.

The lighting of plants

For almost the entire period of his half-century of fruitful activity as a physiolo-

gist, WiESNER has been occupied with the relations of light to the functions of

plants, and for the last fifteen years he has devoted his attention particularly to the

relation of light to the plant as a whole. This relation is expressed briefly in the

word LichtgentisSy a word impossible of translation. On that account he has

suggested the less happy photolepsy (in English "light-catching"); for ''lepsy"

lacks the idea of limits set by satisfactoriness that is involved in Genuss, Wiesner

an easily comprehensible synopsis of the

results of his long study, carried on in many and diverse regions.^ It would be a

mistake, however, to suppose that the book consists of extracts from earlier works,

on which confessedly it is based. In it a considerable number of researches are

now first pubUshed, especially those on the specific green of the leaves of woody

plants as related to their illumination. Also new is the attempt to present a

physiological analysis of Lichtgenuss.

The Lichtgenuss (L) of a plant may be expressed either relatively or abso-

lutely. Relatively it is that part of the total daylight which reaches it. Thus if i

be the intensity of light reaching the plant taken as unity, and / the intensity of

the total daylight expressed in that unit, then L-=i/I. Absolutely L may be

expressed m any convenient photometric units, and to photometric methods the

author devotes the first chapter of the book. These, convenient and adaptable as

they are, leave still to be desired a method which will reveal more accurately the

photosynthetic value of the light which falls on a plant.

The second chapter analyzes the daylight, consisting as it does of direct and

reflected sunlight in varying proportions, directions, and intensities, and shows

how total light may be reckoned and graphically represented through the course

of a day or a longer period. In the third chapter the illumination of plants is dis-

cussed, showing how it is affected by all sorts of conditions, and how plant form

is influenced by the lighting. The fourth chapter is devoted to specific observa-

tions upon the photolepsy of various types of plants in their habitats; the fifth

treats of the constancy or variability of photolepsy in different stages of develop-

ment, and the optima thereof; the sixth discusses the dependence of photolepsy

upon latitude and altitude, and includes particularly the author's observations in

this country in 1904; the seventh deals with various sorts of leaf-fall; and the

pomts

mit

)er Lichtgenuss der Pflanzen. Photometrische und physiologische

besonderer Rucksichtnahme auf Lebensweise, geographische Ver-

breitung und Kultur der Pflanzen. 8vo. pp. viii-^322. figs, 25. Leipzig: Wilhelm

Engelmann. 1907. Mg,



i5o8] CURRENT LITERATURE 343

In the ninth chapter Wiesner describes the differences in tone that have often

been observed in the green of leaves and connects it with the excess, deficiency, or

Stahl

what different grounds. The tenth chapter attempts a physiological analysis of

the Lichigenuss, which inevitably is "up in the air." The last chapter shows how

the study of light relations by the photometric methods proposed can be of service

in plant culture; and how the results of such study may serve as guides to proper

planting in all sorts of conditions and locations. A bibliography (4 PP-) and a

double index (topics and plant names) complete the book.

While for bim who wishes to carry on investigations along those lines the various

memoirs that have come from Wiesxee's hand are indispensable, this book w,!l

better serve one who desires merely a general statement of results and principles.

At the same time it must be said that the book contains much that is wholly

familiar and commonplace, so that it might have been much condensed to ad^an-

tage; but perhaps the picture would not have been so complete. Furthermore,

the book is by no means free from doubtful generalizations and generous assump-

tions; indeed, it seems that everyone who deals with adaptations must allow tus

imagination a rather loose rein. Withal there is in the work an important nucleus

of no little value, and even an occasional flight of fancy may be permitted, it ii

stimulate interest.—C. R. B.

MINOR NOTICES
Cryptogamic flora of Brandenburg.3-The second part of

^^^/f^."^^J';:

Algae, by Lemmermann, has now appeared. It concludes th^ 0^^^!^^^°'";^^;^

'

includes Nostocaceae, Microchaetaceae, Scytonemataceae, Stigonema acea ,

Rivulariaceae, and Camptotrichiaceae; and begins the Flagellatae. J. ^ • •

List of British plants.-DRUCE4 has published a list of 6"^^^ plan^,

including the
" Spermophytes, Pteridophytes. and Charads," found either as natn^

or growing in a wild state in Britain, Ireland, and the Channel isles,

duction contains a protest against the nomina consenmnda o the Vienna
g ,

and these are "deliberately ignored." The Ust is especially for
_

working bo

nists and members of the exchange clubs." The census of species ^^0^
^39°

native species, 144 alien species now well established, and 940 more or g

aliens, the total enumeration including 2964 numbers.—J. M. C.

i ^f cTAorFXT's Trees ana
Trees and shrubs.—A preliminary announcement ot saroi..

shruls appeared in this journal in X903, and there followed "O-^^^

parts which completed the first volume in i9o5- -^^^ ^^' ^

""TI^^,,,,, E.. Kryptogamenflora der Mark Brandenburg Bandj, Hef^J-

Algen. pp. 129-304. Leipzig: Gebruder Borntraeger. 1907- ^^S

I u. 2). Afg.so. , ^. Qj^j..

'^ Druce, George Claridge, List of British plants, pp. xv+ 104-

endon Press. 1908. 2S. 6d. ^p-

sBoT. Gazette 34:388. 1902; 35 = 62. 1903; 36:68- 1903;
37:i55-

372. 1905.
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volume has now appeared.^ The twenty-five species illustrated include six new

species of Crataegus from Missouri, and new species from China or Japan under

Ulmus, Berberis, and Viburnum (3), Four new species of Lonicera from China

are described without illustration by Rehder, who also describes and illustrates a

new hybrid under Mains. The tropical American (Florida and Mexico to Central

America) species illustrated are Alvaradoa amorpJioides Liebm., Pinus Grcggii

Engelm., and P. Lumlioltzii Robinson and Fernald. The ten remaining species
w

are from China or Japan, and belong to Berberis, Acer, Rhododendron, Viburnum

(5), and Lonicera (2),—J. M. C.

Plant phyla. upon a

natural (evolutionary) classification of plants, and the result has just appeared in

published form. He recognizes fifteen great *' phyla," and presents a diagram

to illustrate their relationship. It is impossible to give any adequate conception

of the scheme, for it is very compactly presented and includes an enormous mass

of details. A glimpse of the point of view may be obtained from the following

list of the "phyla," the number following each name indicating the number of

families included: Myxophyceae (9), Protophyceae (17), Zygophyceae (21),

Siphonophyceae (18), Phaeophyceae (23), Carpophyceae (26), Carpomyceteae

(145), Br}'ophyta (54), Pteridophyta (13), Calamophyta (4), Lepidophyta (7),

Cycadophyta (9), Gnetales (i), Strobilophyta (9), Anthophyta (280). The labor

involved in organizing and defining these (536 families must have been enormous.

J. M. C
American Breeders* Association.—The literature of breeding which is now

growing with great rapidity is necessarily much scattered. The third annual report

of the American Breeders' Association^ contains a large number of papers cover-

ing a wide range of subjects relating to both plant and animal breeding. The

papers which are of most interest to scientific breeders and students of heredity are

poultry the

AVENPORT
breeds," by W. E. Castle; "Some results in selecting red clover for disease resist-

ance," by S. M. Bain; "Heredity in carnation seedlings," by J.
B. Norton;

"Report of the committee on theoretic research in heredity," by Charles W.

Ward; "The chromosome in the transmission of hereditary characters," by W. J.

Spillman ports

be of the greatest value to breeders of the economic crops. One of the best of these
-- S

* Sargent, C. S., Trees and shrubs. Illustrations of new or little known ligneous

plants, prepared chiefly from material at the Arnold Arboretum of Harvard University-

Vol. II. Part I. pp. 1-55. pis. 101-125. Boston and New York: Houghton, Mifflin

& Company. 1907. $5.00.

' Bessey, Charles E., A synopsis of plant phyla. Univ. Nebraska Studies T.no.

4- pp. 100. 1907. Lincohi: University Publishing Company. 50 cents.

8 Annual report of the American Breeders' Association, Vol. 3. 8vo. pp. 3°S-

\\ ashington, D. C. 1907.
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is a scheme for corn breeding worked out in very clear detail by C. G. Williams,

by which it is hoped to secure the greatest possible improvement without encoun-

tering the injurious effects of inbreeding. In the rapid development of all breeding

problems, due to the universal interest which is being taken both in scientific and

economic aspects of the subject, the annual reports of the American Breeders' Asso-

ciation must continue to be a mostValuable source of information as to the present

state of knowledge, and no one who is interested in these problems from either

point of view can afford to be without the annual volumes—George H. Shull.

NOTES FOR STUDENTS

Ascent of water.—

E

wart becomes a stronger and stronger opponent of tlie

DixoN-JoLY theory of the ascent of sap, and in his last paper" adduces some

powerful arguments, backed by observations, against it and in favor of the thec^ry

of vital maintenance of suitable conditions for conduction and some sort of pump-

ing action. The latter may be by surface tension, but while theoretical ways

abound in which this might be applied, no practical proof of the existence of any

such action in wood is forthcoming. Ewari's experiments all tend to show he

thinks, that the continuous ascent of water is possible only in living wood, and that

the power of conduction is rapidly lost at death. Experiments on the suction and

exudation of trees at different levels showed no continuous water columns or

high internal tensions in the tracheae during active transpiration, and this fact,

coupled with the high total resistance to flow, indicates that this resistance i. o^er-

come locally from point to point, and not by enormous tension from above, « hic

leads to blocking by gas bubbles, nor by pressure from below, which leads o

great loss by lateral exudation from the vessels.

Ew.^T makes several corrections of his own and others' previous «bser\ ations^

He finds no vessels open the whole length of the tree, as StR-^sbl-RGER though lo

be the case in oak. Wistaria furnished him the longest-5 • 6^- In the oa >

are seldom over i™. Nor does Ewart sustain StR-^sburger's results on me

conduction of water through dead wood, for if these experiments ^re sound, u

action is out of the question. His own earlier observations on the «^"^« ^^
P^^^^J^J^

in leaves at different levels are also disowned, for he now finds as grea ' "

in leaves at the same level. Incidentally he looked up the endence as to tn

height of the tallest trees in Australia, and concludes that none W^^bl) ^^ce

300 feet, instead of being 472 as reported. He thinks that the height of some

our American big trees may likewise shrink on investigation.
^^^ ^^^^

In the course of the discussion of exudation he makes the very goo F'^
^^^^

fully turgid cells, for example, those of the root cortex, may act simp
>^^^ ^^^^^_^

brane between the water in the vessels and the outside water ^^^''""'^^^^
^.j ^^

pressure, however high, having no influence on the transfer ofjva er

vessel so long as they remain fully turgid. This also e.xplains how ceiis

« Ewart, A. J., The ascent of water in trees (second paper). Phil,

ooc. London B 199:341-392. igoS.
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osmotic pressure can exist side by side without those of higher pressure draining

those of lower, which, however, they would do as soon as their turgor was relaxed

ever so slightly, thus releasing some of the osmotic energy that had previously

been expended against the wall. This point has been often overlooked.

Ursprung'° makes .what he himself properly calls "a small contribution"

(which nevertheless fills sixty-odd pages!) to a more extended study of the relation

of live cells to the ascent of water in woody plants. His data will be more useful

than his interpretation. The experiments, carried on in the forests, embraced

five species of g}-mnosperms and fifteen of angiosperms. The axes were killed

for greater or less distances at various levels by steam^ and usually others were

girdled at the same time. Microscopic examination was made of both dead por-

tions and neighboring parts. Ursprung explains the dissimilar behavior of

different species on the assumption (and therefore begs the question) that the

experimental interference eliminates the vital component of the litting forces, but

does not affect the physical; so as the vital factor is greater or less the wilting of

the leaves occurs in a few days in some experiments or is delayed to loo m others.

His "results" he summarizes thus: '*In all the plants investigated a participa-

tion of the living cells in the production of the lifting force is to be assumed."

(Is this a result?) *' Water conduction occurs chiefly in the younger layers of the

wood." (This has been long known.) ''In all observed plants the cortex must

be present in order to make possible the continuance of a sufficient water move-

ment; its removal acts injuriously, though not everywhere equally. The signiti-

cance of the cortex for the ascent of sap lies probably in its protective function for

the periphery of the wood." (This has scarcely been doubted.) "For a sufficient

water-movement a small fraction of the conducting tissues suffices, if in the part

remaining the wood cells be living." (The if is not a condition proved but

assumed.) '*The force component arising from the living cells attains great

significance in comparison with the purely physical." {Quod est demonstrandum,)

C. R. B.

Items of taxonomic interest.—C. B. Clarke (Contrib. U. S. Nat. Herb.

10:443-471. 1908), before his death, had prepared a synopsis (in Latin) of the

Cyperaceae of Costa Rica. This has now been published, with such changes as

were necessary, such as translation into English (by E. L. Greexe), rearrange-

ment of synonymy, completion of citations, elimination of nomina nuda, etc. A

synoptical key to the 19 genera precedes the presentation of the 105 species,

large genera are Rynchospora (16), Cyperus (15), Eleocharis (13), and Selena (n),

and a single new species is described in each of the following genera: Cyperus,

Rj-nchospora, and Carex.—J. J. Smith (Bull. Dept. Agric. Ind. Ne'erland. no. 13-

pp. 78. ph. 2. 1907), in the first of a series of papers on the orchids of Java, has

described 15 new species and 2 new genera {Silvorchis and Lectmtdra).—^- ^^
(Notizblatt 5: no. 41a. pp. 52. ph. 4. 1908), in connection with an account of the

1° Ursprung, A., Abtotungs- und Ringelungsversuche an einigen HolzpSanze.

Jahrb. Wiss. Bot. 44:287-349. pi. 4. 1907.
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caoutchouc industry of Bahia, has described 3 new species of Manihot.—P. B.

KLennedy (Muhlenbergia 4:1-4. 1908) has described a new species of Dicoria

from Nevada.—S. Sommier (Giorn. Bot. Ital. N. S. 14:496-505. pi. 14. 1907)

has described a new genus (Melilclla) of Compositae (Cichoriaccac) from Malta.

R. Pampanini (idem 591-606), in describing a fascicle of new species, includes a

Codonanthe from Brazil and a Sesbania from Central America (^^e\•ico?).—A. B.

Rexdle, E. G. Baker, and S. LeM. Moore (Jour. Linn. Soc. Bot. 38:228-279.

pis. i6~ig. 1908), in an account of the WoUaston collection of plants from Mt.

Ruwcnzori (Africa), describe 34 new species, among which tliere is a new genus

{Choaiidnlhus) of Aniaryllidaceae.—A. D. E. Eliier (Leallcts Philipp. B

1:212-219. 19^7) has described 8 new species of Freycinetia from Lucban; also

{idem 220-232) 11 new species of Leguminosae, including the new genus Luzoiiia

(nearest Canavalia); and (idem 236-261) has presented 41 species and varieties

of Ficus collected within a radius of three miles of Lucban (Luzon), including 6

new species.—E. B. Copelaxd (idem 233-235) has described 3 new species of

ferns from the Philippines.—J. H. Barxhart (Bull. Torr. Bot. Club 34 = 579-582.

pi- 34. 1907) has described a new Utricularia from Long Isand.—J. C. Arthur

(idem 583-592), in his sixth fascicle of new Uredineae, describes 15 new species

K. K. Mackenzie (idem 603-607), has described 4 new species of Carex.—H.

Rehm (Annales Mycol. 5
:
5 16-546. 1907), in describing 95 new species of Ascomy-

cetes from various parts of the world, includes 18 from North America and 38

from South America.—In publishing the third fascicle of Weberbauer's new

plants from the Andes (Bot. Jahrb. 40:225-395. 1908), 264 new species are

described, including the following new genera: Urhanodoxa and Englerocharis

(Cruciferae), by R. Muscher; Urhanosciadimn (UmbeUiferae), by H. Wolff;

and Acrohotrys (Rubiaceae), by K. ScHUM.\>fN and K. Kr.\USE.—R. Pilger

(idem 396, 397) has described a new genus (Glischrothamnus) of Aizoaceae from

Brazil.—R. Schlechter (Bot. Jahrb. Beibl. 40^:1-19- ^9^^)^ '" describing 36

new Asclepiadaceae from the East Indies, includes the new genera Oistonema and

Anatropanthus; the same author (idem 20-45) describes 54 new species from

New Caledonia, and includes four new genera (Dolichanthcra, Rhopdobrachium,

Atradocarpus, Bonatia) of Rubiaceae.—C C Hosseus (Bot. Jahrb. 41:55-^1-

Pl^. I, 2. 1908) has described a new genus (Richthojenia) of Rafflesiaceae from

Siam; he has also published (idem 62-73) a list of 55 species of Acanthaceae from

Siam, including 12 new species.-E. Koehxe (idem 74-110) has supplemented

his account of Lythraceae in Exgler's Pfianzenreich (1903) by mtercalatmg

species published since that date, many of them American (chiefly Mexican), and

by adding 16 new species published here for the first time.—N. L. f^iTTO^ ^'^^

J. N. Rose (Smithson. Misc. Coll. 50:503-539- 1908) have published a pre-

liminary account of the Opuntioideae of North America, recognizmg 143 species

of Opuntia (15 of which are new), 6 of Nopalea, and 11 of Pereskiopsis, a genus

recently published in the same serial (33i-333)-^J- ^^- ^
The individuality of the chromosome.-By subjecting root tips of P^um

sativum to a 0.75 per cent, solution of chloral hydrate at 20° C for one hour,
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then washing away the chloral hydrate in water and growing the tips in sawdust,

Nemec found that after 20 hours many cells have become binucleate. After 27

hours few cells are binucleate, but many contain large nuclei which contain 28

chromosomes, twice the 2X number. After 40 hours the mitoses show regularly

14 chromosomes, the 2X number. Nemec believed the quadruple number to be

brought back automatically to the 2X number by a heterotypic mitosis.

Strasbukger^^ has traversed the same ground, treating material of P/^^oh

sativum in the same way and making an exhaustive study of all the cytological

phenomena. He found cells with two nuclei and observed that such nuclei fuse

to form large nuclei with 28 chromosomes, the quadruple number; but such

mitoses, aside from the large number of chromosomes, present no striking peculi-

arities. There are abnormalities, due to the chloralization, but there are no char-

acteristics of the heterotypic mitosis or anything else to indicate a reduction to the

2x numberj but rather there is evidence that the 4.T number, once established,

persists.

The investigation of chloralized nuclei was made particularly exhaustive, that

it might form a basis for comparison with nuclear phenomena in graft hybrids.

An investigation of typical and chloralized nuclei of Laburnum vidgare, Cytisus

pu

autoregulat

ihese plants gave no response to such chloralizing as that described lor risum

sativum, and after greater stimulation nuclear divisions were not resumed. The

study of nuclear phenomena threw no Hght upon the problem of graft hybrids.

There were no heterotypic mitoses and the author doubts whether heterotypic

mitoses are to be found in vegetative or somatic tissues. Such mitoses as those

described by English writers for malignant tumors Strasburger believes to be

incorrectly interpreted.

The noted Mespilus at Bronvaux, recently studied by Noll, is discussed, and

here again there is no evidence of fusion or reduction. A study of the Bizzana

orange compared with "Agrumi," which is not a hybrid, showed no cytological

differences; both have 16 chromosomes. The evidence showed that Bizzaria is

a hybrid of sexual origin and that there is nothing to support any theorj' of auto-

regulation.

The paper gives a full account of the cytological details of graft hybrids,

together with theoretical discussions which cannot be treated adequately in a

brief review.

—

Ch.4rles J. Chamberlain.

Phototropism and perception of light.—Fitting has undertaken^' to solve

the question whether a localized tropic or nastic sensitiveness must be considered

as a sign of localization of the perceptive faculty for the stimulus, and whether it

" Str.\sbtjrger, Eduard, Ueber die Individualitat der Chromosomen und die

Pfropfhybridcn-Frage. Jahrb. Wiss. Bot. 44:482-555. ph. 5-7. 1907-

Fitting, H., Lichtperception und phototropische Empfindlichkeit. Jahrb.

Wiss. Bot. 45:83-136. 1907.

12
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is justifiable to speak of a localized phototropic irritability as merely a localization

of sensitiveness to light. For this purpose he chose seedlings of Panicum milia-

ceum, in which the tip of the cotyledon alone is phototropically sensitive, and

determined how the growth in length of the part not thus sensitive was affected

by direct illumination and by illumination of the cotyledon tip, preliminary inves-

tigations having shown that the growth, which is restricted almost entirely to

In light of moder-

ate intensity the growth of the hypocotyl is checked almost equally, whether the

cotyledon alone or the hypocotyl alone is illuminated; but only half so much as

when the whole seedling is illuminated. At higher intensities, on the contrary,

the illumination of the cotyledon retards the growth more; from which it is

evident that the effect of the light is transmitted downward to the hypocotyl.

But if one illuminates all but the uppermost 2-4'"'" of the hypocotjd, the growth

of the parts above is not retarded, and the light effect is clearly not transmitted

upward. The retarding effect of illumination of the cotyledon does not proceed

from its tip, which is phototropically ver)' sensitive, for illumination of this tip

alone produces far less retardation of the growth of the hypocotyl than does the

illumination of a greater part of the hypocotyl. Clearly the Hght acts as a stimulus

and both cotyledon and hypocotyl are sensitive to it. Although, as Rothert

has shown, the hypocotyl is in general not phototropically sensitive, FiTilXG

found that 17-25 per cent, of the seedlings whose cotyledons were darkened curved

phototropically after one-sided illumination. These facts show that the distribu-

tion of phoiotropic sensitiveness does not indicate which part of the seedling ^t-

ceives light. Similar results were obtained with Sorghum Dora, S. vulgare, Lea

Mays, and Tinantia fugax (Commelinaceae).

Fitting found nothing to indicate that phototropic sensitiveness proceeds

from any other process of light perception than that which expresses itself m retar-

dation of growth. He su-ggests "that the localization of phototropic sensitiveness

may perhaps be referable to the fact that the polar condition characteristic ot

induction of phototropism can be produced only m the phototropically sensitne

zoriG "

He discusses also the problem of etiolation, but adds nothing new merely

emphasizing the existing ^dew that the normal form of leaves in dicotyls depenas

upon the direct action of light as a stimulus without the correlations which are

usually considered.—C. R. B.

Javanese Anthocerotales.-As one of the results of his recent ^-islt to the

oriental tropics, Campbell^3 has published an account of ^^-^^^j^
J ^'^'^

Anthocerotale. An..n. . number of soecies of Anthoceros collected at the Dase

found two forms

Megaceros

Campbell
Anthocerotaceae. Annals

Botany 21:467-486. ph. 44-46. 1907; 22:91-102. i'/i- P,JO. 19^-
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stomatiferous species with spiral elaters. The important differences between

Megaceios and Anthoceros are that the former has multiple chromatophores, no

stomata, a solitar}^ antheridium, spiral elaters, and green spores. In one species

{M. salakensis) the sporogonium dehisces along one side. The thallus closely

resembles that of Anthoceros. The reviewer has frequently observed single

antheridia in A. laevis and the same is reported for A, Pearsoni. The axial row

is cut out of the archegonium initial by three intersecting walls, as is true for all

Hepaticae. The neck -canal cells are four, rarely five. The early development

of the embrj'o and details of the sporogonium closely resemble Dendroceros, but

the sporogenous tissue is more extensive than in either Anthoceros or Dendroceros.

One figure suggests that perhaps a portion of the tip of the endothecium is spo-

rogenous, as has been found in Notothylas by Lang. The sterile cells form an

irregular network inclosing the spore mother cells, which are slightly" lobed.

The elaters are branched. No germ tube is produced.

Two Javanese species of Dendroceros, designated A and B, were studied.

Species A had a better-developed columella than B. In a Jamaican species the

reviewer finds that the tip of the sporogonium Is occasionally sterile. Spores of

A and B, as well as other Javanese species of Dendroceros, germinate before

being shed.

Notothylas javanicus closely resembles the cosmopolitan N, orbicularis.

The archegonia are broader than in Anthoceros, but the neck -canal cells are

reduced to three. The first division of the embryo is longitudinal, and not

transverse as Mottiee thinks is true in N. orbicularis. It is suggested that

possibly the endothecium contributes something toward sporogenous tissue, as

has been recently shown in another species of Notothylas by Lang, although

Campbell makes no mention of Lang's work. •

Campbell thinks that perhaps the affinities of the Anthocerotales are with

the Marchantiales rather than with the Jungermanniales; that perhaps the

sporogonium of Notothylas is best compared with that of Cyathodium. He
thinks that the relationships of the group are so remote from other Hepaticae

that It should form a special class, "Anthocerotes."—W. J. G. Land.

Ever-sporting varieties and variegation.—Ever-sporting varieties have received

illuminating treatment by BAxm,^4 ^yho places the sport condition among the

normal fluctuating reactions of the particular variety in question. When there

is a complete parallelism between the modification of a character and the variation

of external stimuli which cause the modification, a chance distribution of varieties

results; but when this parallelism is only partial, as is frequently the case, a

"half-Galton" or otherwise modified cur\'e will appear, and the occurrence of

such modified curves may sen.'e as a sign of ever-sporting varieties.

The sport condition appears only when a certain intensity of the combi-

Baitr

Bastardform lebensfahigen Sippe von Antirrhinum majus. Ben Deutsch. Bot.

Gcsells. 25:442-454. 1907.
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nations of external modifying stimuli and nutritive conditions, in the widest sense,

is exceeded. In each ever-sporting variety there is a critical period at which

the "normal" or the "sport" condition is determined. If this period occurs

late in the ontogeny, the sport appears as a partial variation, as in the five-leafed

clovers; and if it is very early in the ontogeny, the variation appears to be in-
L

dividual, as in the case of double stocks.

A sharp distinction is drawn between these modifications and mutations, and

Klebs is criticized for failing to keep them separate. This criticism would api)ly

equally well to many other writers.

With ever-sporting varieties, many variegate-leaved varieties have a great

but purely superficial resemblance. The author recognizes two types of golden

modification, one due to disease, the other hereditary. Pedigree cultures with

the latter type present striking results in the case of Antirrhinum tnajus pumilum

jol. aureis and Pelargonium zonale. In Antirrhinum the cross between any two

variegated specimens gives variegated and green in ratio 2:1, of which the green

breed true. The conclusion was reached that variegation is in this case a Mende-

lian character, in which the union of two "variegated" gametes does not give

rise to a successful zygote. In proof of this view, the cross bet^^-een vanegated

and green (DR X R) gave in every case the expected ratio 1:1. Ever)- variegated

individual is thus a heterozygote, and the problem of the "fixation" of the varie-

gated race is the same as that of the fixation of the blue Andalusian race of fowls.

In Pelargonium zonale a somewhat similar situation seems to exist, but here

the extracted dominants, instead of being entirely incapable of development,

appear as pure-white individuals which perish very early, leaving again the ratio

of variegated to green, 2DR:iR.

—

Geo. H. Shull.

Injury by smoke.-Continuing the studies embodied in the volume published

a few years ago on the injury of vegetation by smoke,'5 which treated chiefly

of gases, Haselhoff, with the assistance of several colleagues, has been mAesu-

gating the effect of the solid constituents of smoke and other factory emanations,

which fall as dust, and may injure plants either directly by contact with heir

leaves or indirectly through their roots by way of the soil.- Such mvestigat^ns

are particularly important in continental countries, where huge factories are otten

closely surrounded by cultivated fields. They are of less value m this counUy^

where the cultivation is less close and a strong tendency exists to ^^^ »™
in industrial centers. Yet at any time such data as are here set lortn m y

guide
.position even trom simi

^^^^arv in each case

; sort 01 lactones, su uiai xx, ^^^
ro/QO ^ ^

rhUr'^M <N^C\) sulfids NaSO, and Ca(SOJa;,
.position. Chlorids (INai^iJ, sum

^
v

^ ^ ^^^ ^^^^^^ ^^
and perhaps also sulfates (NaS04) are particularly injurious.

^5 See Box. Gazette 38:148. 1904
Flugstaub

und Pflanzen. Landw. Versuchs-Stat. 67:157-205. P^^^ ^> ^' ^^^^'
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injurious through their action upon the soil, especially if its unfavorable condition

facilitates the formation of H^S. Analysis of plants often shows them to contain

an increased quantity of the constituents of the dust. Microscopic investigation

of the leaves shows clearly the injurious action of various dusts, which is substan-

tiated by tests with the component salts; but there are no typical anatomical

marks by which the injury wrought by one kind of dust may be distinguished

from another.—C. R. B.

Polystelic roots • Van
disproved, but it seems clear that the phenomenon occurs in roots. Cormack and
later Drabble^? described a multistelic condition in the roots of palms, and a recent

research by White^^ pj-^ves its occurrence in both the lateral and the tuberous

roots of certain orchids belonging to Ophrydinae. In Habenaria orhiculata the

stele of the lateral root is at its base monostelic, farther out it flattens, becomes
horseshoe-shaped, then divides into two steles which at the tip merge into a common
plerome cyclinder. In H. hlephariglottis a protostele acquires a pith and internal

endodermis, then opens out to a horseshoe-shape from the free ends of which
steles are constricted; as in the former case these steles merge into a common
plerome at the root tip. In iT. hyherhorea the steles are separate from the start,

but increase in number as they proceed farther from their origin. In the tubers

AN
TiEGHEM founded his theor}- of ''concrescence'' to account for the conditions seen

in orchid roots. The present research strongly supports the \iew advanced by
Jeffrey as to the extrastelar nature of the pith, for in H. bkphariglottis the pith

of the proximal part of the central cylinder merges into the fundamental tissue of

the polystele. Moreover, the plerome initials are seen to give rise to both funda-

correspo
of plerome and periblem to stele and cortex respectively cannot be maintained.

Chrv

Salt marshes of New England.—The construction of an electric railroad

Maine

deposits A study of^„ -^^v^ujjii Liii. ucjjusitb ueneain me luri oi me marsn. rv siuu; <ji

such a section by Penhallow? shows that there was an abrupt conversion of a

fresh-water bog into a salt marsh by the sudden intrusion of sea water, and that

this phenomenon was connected with the gradual subsidence of the general area

in which the marsh is situated. It would appear that at some former time (Pho-
cene) shallow basins existed between islands along the Atlantic coast, and some
of these basins, being cut ofif by the formation of barrier reefs, were converted into

"Re^-iewed in this Journal 39:382. 1905.
I White, J. H., On polystely in roots of Orchidaceae. Univ. of Toronto Studies,

Biological Series no. 6. pp. 20. pis. 7, 2. 1907.
19 Penh.\i.low, D. p., a contribution to our knowledge of the origin and develop-

ment of certam marsh lands on the coast of New England. Trans. Roy. Soc. Canada
HI. 1^:13-56. 1907.

I
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fresh-water ponds by the drainage from the adjacent areas. The ponds subse-

quently became sphagnum bogs, with the usual succession of vegetation cuhninaling

in a white pine swampT The weight of this forest submerged it in the quaking

bog upon which it rested, killing the trees, and establishing more hydrophytic

conditions. The white pines then reestablished themselves and dominated the area

for a century, when the forest development was abruptly terminated by the influx

of salt water caused by the subsidence of the region and the consequent break-

ing-through of the barrier reef. The duration of the marsh from the establish-

ment of bog plants on the sphagnum to the present time is estimated at 420 years.

—Geo. D. Fuller.
I

Studies in the rusts.—Oli\^ has published abstracts'" of two recent studies

among the rusts. One deals with the conflicting statements of Blackm.\n and

Christman in reference to the sexual performance in the caeoma type of rusts.

Olfve

MAN
pore; but he also finds that the process may begin through a xtry small pore, so

that the nucleus of the migrating protoplast may become stretched out or con-

stricted, thus giving the appearance of Blackman's "nuclear migration." OuvT

also finds that the two cametes difTer somewhat in time of development, and

portant

The other study is concerned with the origin and relationships of the more

compact, "cluster-cup" type of structure. It seems that large, irregular, muUi-

nucleate cells arise after the sexual fusion, and that the basal cells of the aecidio-

spore rows arise as the ultimate branches of these cells. Hence the cup structure

is derived from a limited and deep-seated group of cells, and the peridium arises in

consequence. Olive
former

type is the last member of the evolutionary series in this group.—J. M. C.

Endosperm of caprifigs.—Leclerc du Sablox^^ has discovered that in those

pistillate flowers of the caprifig in which Blastophaga has deposited eggs the endo-

sperm develops, although fertilization has not occurred. Such endosperm he

speaks of as parthenogenetic, and observes that it is digested by the larva m the

both„_„^.... cases being complete. The parthenogenetic endo-

sperm differs strikingly from the ordinary kind, in the absence of cellulose walls,

dense cytoplasm, and ver>' large, often irregular nuclei, which are variable in

number. In the rare cases in which fertilization has occurred in a pisUUate flower

of the caprifig, endosperm identical with that of the "Sm)-ma fig" is formed, that

^^^O^. E. W., The relation of "conjugation" and "nuclear migration" in the

^sts. Science N.S. 27:213. 1908..

, The relationships of the aecidium-cup type oj

- " Sablon, Leclerc 0U, Structure et developpement de Falbumenducaprifiguie:

Rev. Gen. Botanique 20:14-24. pi 6. 1908.

rust. Idem 214-
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IS, with cellulose walls, relatively scanty cytoplasm, and small, solitary nuclei.

The pistillate flo"wers of the capriiig in which there has been neither egg-deposition

nor fertilization usually do not develop farther and become atrophied. The

author thinks the conclusion to be inevitable that the *' stimulus'' produced by the

presence of the egg and larva of Blastophaga does just what is usually accom-

plished by fertilization, In determining not only the development of endosperm

but also the further growth of the ovule and of the pericarp, and the general form

of the fig.^J. M. C.

Spore formation in Derbesia,—Davis^^ has published a paper treating of

spore formation in Derbesia, one of the Siphonales. He studied the development

of sporangia and the formation and germination of zoospores. The most inter-

esting ix)ints of the paper are the results concerning the behavior of nuclei in the

sporangium previous to the formation of zoospores. Many nuclei which do not

take part in the formation of zoospores undergo degeneration. Plastids become

arranged radially about the nucleus which survives the act of degeneration.

Including the nucleus as a center, segmentation of protoplasm takes place to form

the beginning of the zoospore; then the formation of the blepharoplast begins.

Previous to the formation of the blepharoplast, the nucleus moves from near the

center of the young zoospore toward the periphery. Granules around the nucleus

seem to move toward the periphery, where they fuse with one another to form a

ring which becomes the blepharoplast. Davis believes that the belepharoplast

of Derbesia is not a development from the plasma membrane, but from the

granules closely associated with the protoplasm investing the nucleus. The

paper closes with a discussion of the cytology of the blepharoplast and the value

of zoospores and gametes as taxonomic characters in Siphonales.—Snicfo

Yamanouchi.

Gummosis.—RuHLAND, who had been working with the late Dr. R. Ader-

HOLD in the Imperial Biological Station at Dahlem upon the problem of the

formation of gum, has pubUshed a preliminary paper upon the physiology of

gum formation, =^3 promising the full account later, w^ith developmental and

anatomical details, in the Arbeiten of the station, A part of the paper is devoted

to a criticism of the latest theorj^, that of Beijerinck and Rant,^-* who hold that

cytolytic substances issuing from the dead cells in the neighborhood of a wound

cause the liquefaction of embryonal wood tissues, anomalously developed through

the wound stimulus. Ruhl.^nd, however, holds that, whenever such tissues are

produced by wounding, it is the influence of the oxygen of the admitted air that

determines a cessation of further division in these cells, because of the transfor-

" Davis, B. M., Spore formation in Derbesia. Annals of Botany 22:1-20.

pis, I, 2. 1908.

^3 RuHLAXD, W., Zur Physiologic der Gummibildung bei den Amygdaleen. Ber.

Deutsch. Bot. Gessells. 25:302-315. figs. 3. 1907.

^^Wundreiz, Parasitismus, und Gummifluss bei den Amvgdaleen. CentralbL

Bakt. 11. 15:366 ff.
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mation of certain carbohydrates, suitable for forming the partition walls, into

gums rich in oxygen. Parasites and saprophytes affect the formation of gum only

by creating or enlarging rifts or wounds, hindering their recovering and recover)',

and so making possible the access of oxygen. Experimental proofs are adduced

for this view, whose probability is increased by many chemical considerations

C. R. B.

Fixation of free nitrogen.—Dr. Charlotte Ternetz, baffled in an attempt

to identify the pycnidial fungi which belong to the endotrophic mycorhiza of the

Ericaceae, turned to a study of the ability of these fungi to fix free nitrogen when

grown in N-free cultures, ^s The fungi doubtless belonged to the genus Thoma,

and five species are described, derived from the roots of as many genera. These

all fix atmospheric nitrogen, though in very different amounts. The three from

Vaccinium, Oxycoccus, and Andromeda, while they work far less energetically

in this respect than most N-fixing bacteria, nevertheless gain the largest amount

of nitrogen of any known organisms in comparison with the amount of carbo-

hydrate consumed. Aspergillus nlger and PenkUlium glaucum hkcwise are

capable of fixing free N in small amounts, comparable with those yielded by the

other two Phomas from the roots of Tetralix and Erica.

It may be that this action, relatively small when the fungi are grown m culture

media, is much more pronounced when the mycelium grows in the cortex, and

that we have here proof of the advantages which the Ericaceae derive from this

association. The author's cultures show that the infection may be
Jra^smitted

through the seeds and does not come necessarily from the soil.

Development of leaves.-LEWis'« has published a second study of leaf develop-

ment, in which he shows "that the basipetal and basifugal directions of growth

may both occur in a single leaf; and that, although one becomes Fedommant

evidences of the other are apparent." In a previous paper" he
^'" Ĵ^

question whether certain forms of adult leaves could be due to arrested develop-

ment, "so that by comparing the mature leaves of a given plant something o theur

embrj-ological history could be learned." The general conclusion is ^^t 'e^^^^

of very diverse species show a common method of leaf development, in which the

basipetal and basifugal directions of growth are combined; and by he preu

nance of the basipetal or the basifugal elements, palmate or P'^^^^e jeav^" e

produced respectively. The author thinks that there is shown a

^^^^^l
evolution of leaf forms, whereby diverse species tend to produce

^i-^^J^^^^^^^

Plants with simple le'aves constantly show tendencies
'^l'^J^X^'^<

"Thp r^..;.,^^, l..i„.t,-^. of the similar forms of compound leaves wmtu

determinate

J.M

^Pt^^.z, Charlotte, Ueber die Assimilation des atmospharischen Stickstoffes

durchPilze. Jahrb. Wiss. Bot. 44:353-4o8. 1907-
AmerXat. 41:

^^ Lewis, FREDERIC T., A further study of leaf development. Amer. -

701-709. 1907.

^7 Amer. Nat. 41:431-441- 1907-
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Inflorescence of Euphorbia.—Another student, Schmidt, has undertaken to

interpret the morpholog}' of the cyathium of Euphorbia,^^ regarding which there

are nearly as many views as investigators. He considers the cyathium as an inflo-

rescence, of unequal development in different species, in which the primar)- stami-

nate flowers arise first m a spiral of f divergence sometimes so low as to bring the

flowers almost into a whorl. Next arise the involucral leaves (except in E. melo-

formis). The shoot which forms the.primar}^ staminate flowers branches at first

dichasially; next to form Wickeln (perhaps also Schrauheln) so that the whole in

the axil of an involucral leaf is a Doppelwickel (Doppelschraubel). The scales

arise mostly at the base of the second and third staminate flowers of each group

and are to be looked upon as their bracts. They are unequally developed,

being generally larger the more open is the spiral of the involucral leaves,

whose insertion is sometimes enlarged on the inside, and concrescent with the

scales. The nectaries are to be considered as emergences. £. capitulata Rchb.

is separated from the genus to form a new one, Diplocyathhim, on account

of its aberrant inflorescence.—C. R. B.

Spectrum of chlorophyll.—It is well known that the absorption bands m the

spectrum of a live leaf do not correspond in position to those of a solution oi

chlorophyU. To account for this "displacement" two theories have been current:

that the chlorophyU exists as solid particles like a precipitate in the chloroplast

(Hagenbach, LoMiiELL, Reixke) ; or that the chlorophyll in the chloroplast is

dissolved and its solvent modifies the spectrum because it has a higher dispersive

power (KuNTH, Tschirch) . Iwanow^ski, after spectrophotometric studies,

agrees with neither of these views. ="9 He succeeded in producing a spectrum

almost exactly like that of a live leaf by precipitating chlorophyU in strong alco-

holic solution by dUuting with water and adding a few drops of MgS04. On

this and other grounds he concludes that the spectrum due to the light reflected

from the chloroplasts themselves superposed on the true absorption spectrum

produces the displacement, which increases with the size of the granules. This

resembles in fundamentals Timiriazeff's hypothesis of 1872.—C R. B.

Morphology of AspergiUus.—Fraser and Chambers,3o [^ ^ study of Asper-

gillus herbariorumj reach the following conclusions. The conidiophores are

multinucleate, and each conidium contains about four nuclei. The female organ

consists of a septate stalk, a one-ceUed ascogonium, and a one-celled trichog}'ne,

aU of which are multinucleate. The antheridium is a small, long-stalked, multi-

reaching this stage. Normal

trichogy
and

1 _ F

*8 Schmidt, H., Ueber die Entwicklung der Bluten und Blutenstande von Euphor-

bia L. und Diplocyathium n. g. Beih. Bot. Centralbl. 22^ : 21-69. ph. 2-5. ^9°V

»9 IwANOwsKi, D., Ueber die Ursache der Verschiebung der Absorptionsbander

in Blatt. Ber. Deutsch. Bot. Gesells. 25:416, 1907.

_

30 Fr.\se», H. C. I., and Chambers, H. S., The morphology of Aspergillus her-

bariorum. Annales Mvcnl. <-Arn-^-,T a/c rr^rr, .^^^
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in others it is replaced by a fusion of ascogonial nuclei in pairs. After either

process the ascogonium becomes septate, and each of its cells gives rise to ascoge-

nous hyphae. In the ascus two nuclei fuse, and three successive divisions result

in eight spores, which subsequently become multmucleate. The authors regard

Aspergillus as a primitive type of Ascomycetes, from which most of the others

can be derived; and suggest that the Ascomycetes are related to the Basidiomy-

cetes and the Florideae.—J. M. C.

Adventitious buds in leaves of Gnetum—In plants of Gnetum Gncmon L.,

grown in a hothouse of the Botanic Garden at Utrecht, the tips of the leaves

regularly produced adventitious buds. Van Beusekom3^ finds that these buds

are formed as a result of the attacks of a scale insect, Aspidirtus dktyospcnm

:^Iorg., a species with a world-wide distribution in the tropics and in hothouses.

The punctures of this insect result in yellow vesicles at various points on the leaf,

and one or more near the apex stimulate the development of endogenous callus

buds. The author "explains " the appearance of the buds in the apical part alone

of the leaf, by assuming that "the small wound causes an afflux of ""^nent

matter in an apical direction," and that this necessarily stops just beyond the

apical wound's. Of course this is a mere assumption, the like of which is often

made, but it would puzzle any of those who use it to show how "an afflux ot

nutrient matter" could occur before growth actually begins.—C R. B.

Conjugation and germination in Spirogyra.—An examination by Trondle^'

of several thousand zygospores, some sectioned and some observed entire, con-

firmed the current account that the two nuclei remain separate for some time ai e

the zygospore is formed. In Spirogyra communis the sexual nuclei fuse tv^o_

^
three weeks after the formation of the zygospore. Two successive "^'to^^^ S'^'"-

rise to four nuclei, and a subsequent fusion of two of these nuclei as descnbea oy

Chmielewski, do not occur. The male chromatophores in the zygote disorganize

in about fourteen days after conjugation, leaving only the chromaiophore. oi x

female gamete. The writer also talks about a reduction of the heredrtarj ma

referring,to the nuclear material, but nothing in the text or figures indicates
^^y

counting of chromosomes or any study of the mechanism of

'^^"^^J''
.

paper contains a detailed account of the chemical changes occurring g

development of the zygospore.—Charles J.
Chamberlain.

Plantae Lindheimerianae.-To students of the Texan flora E^'GE^^^;-^^
^^^"^^

Gray's Plantae Lindheimerianae, in two parts, is a classic i ""^ ^ ^^^
that all of the collections of this pioneer botanist were not published and cU. ,

and the rich remnant came into the possession of the Missouri Botanical

3^ VAN Beusekom, Jan, On the influence of wound ^^^'^^^\''" *^ ^^T N4erl.

adventitious buds on the leaves of Gnetum Gnemon L. Recuei

4: pp. 27. ph. J. 1907
3J Trondle, a., Ueber die Kopulation und Keimung von Spirog}Ta.

65:188-216. pis, 5. 1907.

Bot. Zeit.
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with the Engelman^t herbarium. This unpubhshed and undistributed material,

containing about 650 numbers, represents the collections of 1 849-1 851, and

proves to be very valuable. It has now been published by Blanicinship,33 who
has still further added to the value of the contribution by including also the num-
bers of the earlier fascicles not previously enumerated {Plantae Lindheimerianae

having been left unfinished at the end of the Compositae); a bibliography of

Texan botany; a complete index of all three parts, with modern equivalents

and corrections, the nomenclature comforming to the Vienna code; and a most

interesting sketch, with portrait, of ''LixDHEiMER, the botanist-editor," from

data largely supplied by his aon and daughter.—J. M. C.

Mutation and geographic distribution. guments

in favor of mutation by analyzing the geographic distribution of the Dilleniaceae,

stating that this family is chosen simply because it is the first family in Hooker's

Flora of British India "with other than world-wide distribution." The details

of the analysis cannot be given here, but the results are intended to show that

the theory of mutation greatly simpUfies the problems of geographic distribution.

In another short paper^s Willis suggests what seems to be an important

consideration in the origin of species of flowering plants, namely, that "while

the characters that distinguish species and genera are largely characters of the

floral organs, the struggle for existence "is almost entirely among the seedlings

and young plants, in which these organs are not yet present."—J. M.. C.

Fertilization in Polytrichum.—The van Leeuwxn-Reyxva.\ns36 have pub-

lished the first account of the details of fertilization in mosses and describe most

remarkable beha\ior by the chromatin. In the next to the last division of the

spermatogenous cells each daughter nucleus receives six chromosomes, but in

the final mitosis only three, so that the sperm contains only three chromosomes.

The mitosis which forms the egg and ventral canal cell shows only three chromo-

somes for each nucleus. The egg and ventral canal cell become pressed together

and their nuclei fuse, forming a nucleus with six chromosomes. Two sperms

then unite with this egg, thus restoring the sporophytic number of chromosomes,
which was found to be twelve. The full paper with the plates will be awaited

with interest.—Charles T. Chamberlain.

KINSHIP Ann. Rep. Mo.
liot. Garden 18:123-223. 1907.

3^ Willis, J. C, The geographical distribution of the Dilleniaceae, as illustrating

the treatment of this subject on the theory of mutation. Annals Bot. Gard. Peradeniya
4:69-76. 1907.

35 Further evidence against the origin of species by infinitesimal variations.
Idem 17-19.

36 VAN Leeuwex-Reynvaan, Mr. and Mrs. Doctors, On a double reduction of

the number of chromosomes during the formation of the sexual cells and on a sub-
se-iuent double fertilization in some species of Polytrichum. Koninklijke Akad.
Wetenschappen 1907:359-365.

^
-

^
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Nutrition of aquatics.—A new investigation of this subject has been pubhshed

by Snell.^^ So far as the author's experiments overlap those of the reviewer,

there is perfect agreement in the conclusion that aquatic plants rooted in the soil

take nourishment therefrom, and that the roots function as regular organs for the

entrance of food substances. In the case of Pistia Stratiotes the roots, though not

attached to the soil, still function as roots in allowing food substance in the water

to enter. The roots of Lemna, however^ serve only to balance the plant. Some

results were obtained which do not agree with those obtained by the reviewer,

the value of which he is not willing to concede; but since the author docs not

regard the differences of enough importance to state them formally in the final

conclusions, further discussion is not necessar>\

—

Raymond H. Pond.

- A new pteridosperm.

—

Arber^^ has described a new Pteridosperm {Carpo-

lithiis Nathorsti) from the coal fields of Germany, from a specimen preserved in

the collections of the Swedish Academy at Stockholm. The seeds are extra-

ordinarily small, the average length being about i^"\ and the greatest width

0.75"^^. They are borne upon an undoubted sphenopterid frond, and were

probably inclosed in cupules. It is not certain that this seed is a true Lageno-

stoma, but it confirms strongly the habit of the fertile fronds inferred for the

species of Lagenostoma.—J. ^I. C.

Wound tissues.—In a somewhat lengthy discussion of wound tissues resulting

from removing rings of cortex from twigs, Keieg-'^ finds that in plants growmg

in the sun greater masses of wound tissue are produced than in plants growmg

in the shade; and that in forms with larger leaves the callus above the ring is

much larger than that produced by small-leaved forms.—W. J. G. Land.

Economy of chlorophyU proper.—Stahl suggests*" that the earlier disappear-

ance of the blue-green component of chlorophyll, leading to the yellowmg of

leaves in autumn (which is checked by preventing migration of materials from

the leaf or any part of it), as well as its later appearance in seedlings of etiolated

plants, is a matter of economy.—C R. B.

37 Snell, Karl, Untersuchungen uber die Nahrungsaufnahme der Wasserpflan-

zen. Flora 98:213-249. 1907.

3« Arber, E. a. Newell, On a new Pteridosperm possessing the Sphenoptens

type of foliage. Annals of Botany 22:57-62. ^/. (5. 1908.

39 Krieg, August, Beitrage zur Kenntniss der Kallus- and Wundholzbildung

geringelter Zweige und deren histologischen Veriinderungen. pp. 68. pis. 23. Wurz-

burg: A. Stuber. 190S.

4° Stahl, E.. Ueber das Vergilben des Laubes. Ber. Deutsch. Bot. Gesells.

^5:530-534- 1907-



NEWS
The University of Washington will open its marine station at Friday

Harbor on June 22 for a session of six weeks. Dr. R. B. Wylie, University of

Iowa, will be in charge of the botany. The station is in the heart of an evergreen
forest in the winter rainbelt, and the marine plants are extraordinarily abundant.
The university has also announced a botanical field trip to Alaska, under the

direction of Dr. T. C. Frye, to Iea^e Seattle about July i, to go as far north as

Skagway, and to continue for six weeks.

A French Dictionary 0} botany is in preparation by Gaston Bonnier, pro-
fessor of botany at the Sorbonne, with the assistance of Edouard Griffon, pro-

botanical

Grign

COUPIN

Museum of Natural History. It is to include taxonomy, geographical distribution,

morphology, physiolog}-, ecology, pathology, paleobotany, agriculture, horticul-
ture, mdustrial and commercial applications of botany, mytholog)-, etymology of

names and terms, and historical, biographical, and bibliographical information,

2000
How so comprehensive a scheme can be realized within these limits remains to be
seen, but the French—publishers and authors aHkt^-are master-hands at encyclo-
pedic work. Pubhcation will not be beiai" ""^-i '^'- ^ o^..;r^t ;.. r^-^rvr^lptp.

insuring regular issue of the parts. .
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The University of Chicago Press
CHICAGO NEW YORK

By Arthur F. Bentley

This book is a technical study of the methods

which must be used in the scientific interpreta-

tion of the phenomena of government. Ine
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ers in the fields of medicine and hygiene.

is cl

well

and accurate, and the

selected."- rA^ Lancet
•• The instruction g-iven

practical exercises are

(London).

•'A book such as this must facilitate very greatly the

practical class work, for which it is most excellently

^Asipi^d,""—American Journal 0/ Medical Sdencis,

"The directions are clear and concise, and every sta^e

. ... is described so carefully that it is hard to see how

the student can go astray. Physicians who are rusty

in bacteriology cannot do better than buy this little

book The book is beautifully printed and

bound."—Wwi?r/Va« Journal 0/ Clinical Medicine^

ADDRESS DEPT. P

THE UNIVERSITY OF CHICAGO PRESS

CHICAGO AND NEW YORK

Neurological

Technique
By IRVING HARDESTY, Instruc

tor in Anatomy in the University of Cal-

ifornia ; formerly Assistant in Nmrology

in the University of Chicago

196 pages, Svo, cloth; net $1.75. postpaid Ji.S?

Intended to serve as an introduction and

laboratory guide to the stuHy of the

architecture of the nervous system, con-

taining a succinct account of methods

which have stood the test of practical

application.

"'The instructions are thoroughly practical.'

--British Medical Journal

" We know of no similar book which will be as

valuable to the student of neurological tecn-

niqne," American Journal of Insanity.

"The descriptions are clear. ,

'^—Philadelphia Medical Journal

*' The book bears the endorsement of Henry Don-

aldson, which is sufficient guarantee for its wioe-

spread acceptance." ^North-western Lancet,

c4ddress Dept P

THE UNIVERSITY
OF CHICAGO PRESS

Chic^o And Ne<w Yot^



ITALIAN BOOKS
of every description

FRANCESCO TOCCI, 520 Broadway,

NEW YORK.

Works of: Barrili. Butti, Caccianiga, Capra-
nica, Capuana, Carducci. Castelnuovo, Cor-
delia, D'Annunzio. De Amicis, De Marchi,
Farina, Fogazzaro, Giacosa, Neera, Negri,
Praga, Rovetta, Serao, and other leading writers,

always on hand.

Catalogue mailed on application.

A Laboratory Manual of Physiological

Chemistry
By Ralph w. Webster, of the Department of Phys.oioeicai
Chemistry, and Waldemar Koch. of the Department oi
fharmacolo^y. of the University of Chicago.

ntpages, intertea-utd, S-vo, doth: net $i^o, postpaid Si.0.^

This manual is intended primarily for the use of siu
oents m the laboratory, but contains also much valuable
intormation for those wishing to gain a sound general
knowledge of physiological proces>es.

"A valuable laboratory course."— r/i<f Outlook.

"The experiments are clear and trustworthy in detail.-—The Lancet (London).

ADDRESS DEPT, p

The Iniversity of Chicago Press
CHICAGO

NEW YORK

Medlco=Pliysical Works
By John Mayow, LL. JD., M. D.

ALEMBIC CLUB REPRINT No.
John Mayow, a graduate of Oxford and a

successful physician, died in 1679 at the age
01 thirty-six. He was the author of five
realises on chemical and physiological sub-
jects, written in Latin

:

On Sal Nitrum and Nitro-Aerial
Spirit.

On Respiration.
On the Respiration of the Foetus
in the Uterus and in the Egg.
On the Muscular Motion.
On Rickets.

attrt'l^^"^^
several times reprinted, these

ofo,
""'^ attention until the discovery

ment /'^^^" ^' ^^^ found.to the astonish-

whirl,
chemists, that the new chemistry

world
^^^ ""^P'^ly conquering the scientific

u was to be found in these old writings.

tfanslatlon^'^ ^"^ reprinted in English

3(>8 Pases, i2mo, dotk; net $1.25
Postpaid $1 .^t

Address Department P
University of Chicago I

CHICAQO and NEW YORK

¥or School
and

College Vse
Can be Imported free of
duty at a saving of
from 35 to 40% from the
American prices. We
import microscopes for
the largest institutions

in the country.

The New
Reflecting Lantern

for showing on the screen opaque objects,
book illustrations, engravings and lantern
slides, is the most perfect instrument of its

kind. It is in use at Harvard, Cornell,

U. of P., Leland Stanford, Girard College
and 500 other institutions.

Lantern Slides and Microscopic Slides

iUustrating- Botany, Geolog-y and other sciences.
I^ists on application.

WILLIAMS. BROWN & EARLE.
DepL 24» 918 Chestnut St^ Philadelphia, Pa.

COMPARATIVE

LECTR0=PHYSI0L06Y
By JAGADIS CHUNDER BOSE, M.A., D.Sc.

Professor, Presidency College, Calcutta

8vo. pp. xlvii-760. $5.75*

". . . . A handsome book of 760 pages and

many illustrations With great patience and

great ingenuity, the author has examined the

behavior of plants under the influence of various

stimulations, and has extended the investigation

to animal structures and also to metals. He

seeks to show not only that his earlier assertion

of the absence of any real distinction between

the 'sensitive' plants and others is correct, but

also, as a far-reaching generalization, that the

responses of all living substances are similar and

that responses are to be found even in inorganic

substances. The similarity depends on some

common fundamental reaction of matter. The re-

sponse is recorded largely by electrical methods.

." — T/ie Evening Post

«*j=*r/

LONGMANS, GREEN & CO., PUBLISHERS

91-93 FIFTH AVEHUE, N. Y.

t



An Indispensable Book for Students of Botany

Methods in Plant Histology
SECOND EDITION—ILLUSTRATED
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RELATION OF MEGASPORES TO EMBRYO SACS IN

ANGIOSPERMS
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 110

John M. Coulter

The recorded cases of unusual conditions in the angiosperm embryo

sac are multiplying. Especially is this true in reference to the occur-

rence of more than eight nuclei in the ante-fertilization development

of the gametophyte. There is a tendency to regard the latter cases

as representing a more primitive condition of the gametophyte, and to

exclude from consideration a general view of the genesis of the nuclei.

It seems to be a fitting time to call attention to certain facts that may

interpret this situation, may connect it with other "irregularities,"

may check the tendency to ill-considered generalization, and may

indicate certain things that must be included in any investigation of

the embryo sac.

In the genesis of the ordinary angiosperm embryo sac from the

megaspore mother cell five successive nuclear divisions are involved,

the first two being the reduction divisions (usually resulting in four

megaspores with walls), and the other three resulting in the produc-

tion of eight nuclei from the nucleus of one of the megasporcs. The

functions of these eight nuclei of the female gametophyte do not enter

into the present discussion. Attention is called to the following facts:

this genesis begins with the division of the mother cell; the essential

part of the process is found in the first two divisions, which cannot be

omitted, so far as we know, when fertilization is to occur ;
the result

of these first two divisions is the organization of megaspore nuclei,

definitely recognized by their cytological history and structure.

The most famiHar illustration of departure from this ordinary

sequence is the case of Lilium and its allies. In current description

361
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the mother cell of Lilium is said to ''function directly as a mega-

spore/' and the resulting eight-nucleate sac seems to be quite normal.

The inference is that the formation of megaspores has been omitted,

and that the nucleus of the mother cell holds the same relation to the
^

eight nuclei of the embryo sac that the megaspore nucleus does in

ordinary cases. Analysis of the situation, however, shows that this

is not true, for megaspores, at least their nuclei, cannot be omitted.

The first two divisions from the mother cell are reduction divisions,

and therefore the first four nuclei of the embryo sac of Lilium are meg-

aspore nuclei, to be recognized as such by their cytological history and

structure. This means that the nuclei of four megaspores have

entered into the structure of the female gamctophyte of Lilium; and

that to complete its ante-fertilization development each of these

nuclei divides once. Therefore, in the case of Lilium, there is only

one division after the reduction divisions, instead of the usual three;

and the total number of divisions is reduced from the customary five

to three. In this case the history of an embryo sac containing the

usual structures shows a very unusual reduction in the number of

successive divisions, and this reduction seems to have been attained

by many more monocotyledons than dicotyledons.

The case of Cypripedium' is an illustration of a similar reduction;

but with the old methods of interpretatiofi it would stand as remark-

ably different from LiHum and most angiosperms, for the completed

embryo sac, ready for fertihzation, contains only four nuclei. But

in this case the mother cell divides, and one of the daughter cells forms

the embr}'0 sac. The first division of the nucleus of this dai

is the second reduction division, resulting in two megaspore nuclei.

It is these two megaspore nuclei that are involved in the development

of the female gametophyte, each dividing once as in the case of LiHum.

Therefore, in Cypripedium also the usual five successive divisions

are reduced to three; the only difference being that in Lilium four

megaspore nuclei are involved, while in Cypripedium only two are

used. In her paper Miss Pace calls attention to this comparison, and

also to the fact that the eHmination of one more division would result

in an oogenesis similar to that of animals.

I Pace, Lltlu, Fertilization in Cypripedium. BoT. Gazette 44:353-374-
pis. 2^2-/. 1907.
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In the older papers many records of "three megaspores," "two
mcgaspores/' and "no megaspores"- appear, which cither must be due
to incomplete investigation or represent such an elimination of

divisions as is shown by Lilium and Cypripedium.

What has been regarded as the most striking exception to the usual

structure of the angiosperm embryo sac is the case of Peperomia
pellucida, described by Campbell^ and Johnson.^ In this sac

sixteen nuclei appear before fertilization ; that is, there appears to be
one more division than usual. Lately Johnson^ has described a

similar condition in the Jamaican Peperomia hispidula, in which there

are also eight-nucleate sacs.

Fortunately, in the case of Peperomia we know that the mother
cell does not divide to form walled megaspores, so that the probable

mterpretation of the situation is evident. Four mcgasporc nuclei

are formed, all of which are probably involved in forming the female

gametophyte. By two successive divisions each of these gives rise to

four nuclei, and the result is sixteen nuclei. It follows that the ordinary

number of successive divisions has been reduced from five to four;

and that if Peperomia had suffered no reduction, there would have

been thirty-tw^o nuclei in the embryo sac. In number of dinsions,

therefore, Peperomia lies between the ordinary angiosperms on the

one side, and Lilium and Cypripedium on the other. This condition

should be regarded as advanced in the direction of the elimination of

divisions, rather than primitive. If an embryo sac derived from a

single megasporc should contain sixteen nuclei, it could be regarded

as relatively primitive; but the sac of Peperomia could contain thirty-

two nuclei and only be normal. Peperomia hispidula is interesting

in developing eight-nucleate sacs in addition to the sixteen-nucleate

ones, which perhaps puts it upon a level of reduction with Lilium. It

may have some bearing on the situation to note also that Johnson in

Ills account of this species described the first four nuclei of the sac as

"arranged in a perfect tetrad," which would be quite natural for
n

= Campbell, Douglas H., Die Entwicklung des Embryosackes von Peperomia
pellucida Kunth. Ber. Deutsch. Bot. Gesells. 17:452-456. pl- 3^- 1899-

3 Johnson, D. S., On the endosperm and embryo of Peperomin pellucida. Box.

Gazette 30:1-11. ph. 28, 29, 1900.

OHNSON ilim

Johns Hopkins Univ. Circ. 1907:19-21. p!s. 5, 6.
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mcgaspores J

has expressed the opinion privately that these four nuclei are those of

megaspores

Panda

A rtocarp

At the four-nucleate stage there is the usual arrangement of two

micropylar and two antipodal nuclei; but the former do not divide,

and the latter give rise to twelve nuclei. If this record is confirmed

by tracing the history of the nuclei, there is introduced in this case

an irregularity in the succession of divisions. It may be assumed,

subject to subsequent observation, that four megaspore nuclei are

involved in the formation of these fourteen nuclei ; and the irregularity

would consist in the fact that two of them do not divide; that one of

the others added two successive divisions (the ehmination of one

division) ; and that the remaining one added three successive divisions

(the usual number). There is thus no greater number of divisions

than usual, and even a certain amount of elimination. It is interest-

ing to note that if the two micropylar nuclei do not divide and are

really megaspore nuclei, the egg is removed from the mother cell by

only two divisions, which is the condition of the animal egg. A

careful cytological investigation of these divisions would seem to be

most desirable.

The introduction of a certain amount of irregularity in the succes-

sion of divisions is suggested by the records of several species. For

example, in Gunnera,^ while eight nuclei are common, any number up

to sixteen may be found; and in Trillium grandifioruni^ ten sometimes

occur. In neither of these species, however, do we have any informa-

tion as to the behavior of the mother cell in forming megaspores.

In Ulmus americana^ we know that the ''mother cell functions

s Campbell, Douglas H., The einbr)'o sac of Pandanus. Preliminary note.

Annals of Botany 22:330. 1908.

6 ScHNEGG, H., Beitrage zur Kenntniss der Gattung Gunnera. Flora 90: 161-208.

figs. 28, 1902.

7 Ernst, A., Chromosomereduction, Ent^-icklung des Embryosackes, und

Befruchtung bei Paris quadrifolm L. und Trillium grandiflonm SaUsb. Flora 9^ =

1-46. pis, 1-6, 1902.

s Charles BOT.

Gazette 40:209-223. pis. y-g, 1905.
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directly as the megaspore, as m Peperomia, and in the majority 01

embryo sacs there are eight nuclei (the normal number of nuclei, but

an elimination of two divisions) ; but sometimes there are "twelve

meanin

usual number).

The situation among the Araceae deserves attention, for great

irregularities in the embryo sac have been observed.^ In Aglaoncma

the nuclei are four to twelve; while in Nephthytis they are reported

as ranging in number from two to twelve or thirteen. Unfortunately,
O^^'t)

in these cases we are not sure of the behavior of the mother cell; but

so far as the records for Araceae go, the mother cell divides once or

not at all. It is needless to draw any conclusions as to the amount

•of reduction involved in the four nuclei of Aglaonema or the two

nuclei of Nephthytis until we know something of their history. At all

events, there is a reduction of the ordinarynumber of divisions in these

forms; and this is probably true even in the cases where twelve or

thirteen nuclei appear.

The only case reported, in which there remains some evidence

that an additional free nuclear division may occur, is that of the

Penaeaceae, a small African group of shrubby xerophytes restricted

to southwestern Cape Colony. In a prehminary note, Stephens^ ^

lias announced his results with five species, representing three genera

(Sarcocolla, Penaea, and Brachysiphon) , and his account applies to

all of them. There are sixteen free nuclei formed in the sac before

fertilization, which are said to be derived from the innermost one of

me three "meeaspores" are

four

The testimony breaks down, however, at the critical stage, for the

investigator is not certain as to the "row of three." Of course if

it should turn out to be a "row of two," the megaspore condition

would be that of Cypripedium, followed by the usual number of

divisions. The behavior of the nuclei, however, suggests strongly

9 Campbell, Douglas H., Studies on the Araceae. The embrj-o sac and embn-o

of Aglaonema and SpatHcarpa. Annals of Botany 17:665-687. pis. 30-32. 1903-

Studies in the Araceae. III. Annals of Botany 19:329-349- pl^- ^^^7-

1905.

" Stephens, E. L., A preliminary note on the embr>'Osac of certain Penaeaceae.

-Annals of Botany 22:329, 330. 1908.
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that four megasporc nuclei arc concerned, and that there Is no "row"
developed by the mother cell at all. It is a very interesting per-

formance as described; for the original nucleus of the sac produces

four nuclei in tetrahedral arrangement; these four separate and

become parietally placed (one micropylar, one antipodal, two equa-

torial); each of the four produces a group of four nuclei; three

nuclei of each group organize after the fashion of an egg apparatus;

and the four free nuclei pass to the center of the sac and fuse to

form the primary endosperm nucleus. We have here at least the

assurance of simultaneous successive divisions, which we do not

have in the case of all i6-nucleate sacs. If four megasporc nuclei

are involved in this organization, the reduction in the number of

successive divisions is just that which probably occurs in Peperomia.

Some evident conclusions may be drawn from the above statement,

and they should be of use in investigations of the angiosperm embryo
sac. The nuclear divisions within the embryo sac vary in character;

they may include both reduction divisions, the second one, or neither

of them (the usual case). The appearance of more than eight

nuclei in an embryo sac is no evidence that there has been any more

than the usual number of successive divisions. As many as thirty-

two nuclei may appear in an embryo sac without increasing the

usual number of divisions. It is absolutely necessary to trace the

nuclear succession from mother cell to completed embryo sac before

any safe conclusions can be drawn as to the significance of the con-

ditions observed within the sac. The cases of an increased number
of nuclei, as in Peperomia, which have sometimes been cited as

showing a primitive condition of the sac, have actually turned out

to be cases of reduction from the ordinary condition. There is a

tendency among many groups to eliminate the divisions that follow

the two reduction divisions, but the tendency is not general among
angiosperms, since among the Sympetalae it does not seem to exist;,

hence the forms which exhibit it may be regarded as more or less

ure

If an angiosperm embrj-o sac should be found containing sixteen

from
regarded as relatively primitive; but such a sac has not yet been
demonstrated.

The University of Chicago



THE PHYSIOLOGY AND DEVELOPMENT OF SOME
ANTHRACNOSES'

L

Claude Wilbur Edgerton

(with seventeen tigures and plate xi)

The group of fungi commonly known as the anthracnoses, includ-

ing the genera Gloeosporium and Colletotrichum, has received much

attention from botanists during the past few years. It has been

worked from the economic and scientific standpoints, the former being

a very important aspect. Many of our most important diseases of

orchard, farm, and garden crops are due to some member of these

genera, the annual loss to the country reaching into miiUons of dollars.

The bitter rot fungus alone in 1900 cost the apple growers of this

country $10,000,000 or more (46). The bean anthracnose, due to

Colletotrichum lindemitthianum, sometimes causes almost a total

loss of the bean crop, and other members of the group cause losses in

proportion. In some sections certain crops have ceased to be raised on

account of the ravages of these fungi.

From the scientific standpoint the group is interesting on account of

the pecuhar polymorphic Hfe-histor}^ of the different members. Until

fifteen or twenty years ago, the anthracnoses were known only m the

conidial stage. Previous workers were mostly systematists who did

little more than describe in a few lines the conidial fructifications;

found group Since

The history of previous work is familiar to most mycologists

through recent papers, and references to this will only be made m

connection with the discussion of the different forms.

mit the use of the word anthracnoseouiue wouiu iimiL lue u^c ui lih- wv^^v^ ^—
having an ascigeral stage, as in the genus GlomereUa; but I prefer

to use it, as commonly used, for all fungi hadng a Gloeosponum-hkfe

conidial stage.

' Contribution from the Department of Botany, CorneU University, No. 125.

[Botanical Gaaette, vol. 45
367]
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I have had three points in view in studying this group: (i) To

many

a careful study of it. All the perfect stages of Glomerella that have

been found are very similar, and some writers have gone so far as to

say that there is only one species. There also seems to be a difference

of opinion as to the structure of the perfect stage, Glomerella was

described as aparaphysate, but recently Sheldon (39) has reported

the presence of paraphyses. Several forms have been studied to

obtain some evidence on this point. (2) To determine if the forms

of Gloeosporium found on apple represent a single species or more

than one. The true bitter rot fungus occurring on apples in the south

spreads rapidly and causes a great deal of damage, while the form

occasionally met with in the north spreads slowly and causes but

little damage. The form from the south produces pcrithecia in

abundance on various culture media; the northern form was studied

Stoneman Clinton

expressed surprise that she was unable to find them. (3) Can species

of Gloeosporium be distinguished by culture methods ? Miss Stone-

man has attempted to find characters in this way that would help to

differentiate them. It is impossible to distinguish all the species by the

characters found on the hosts. The spores in many of them are ahke,

the acervuli vary but Httle, and the cross-inoculation experiments

that have been tried by various authors have proved but little.

The following paper is based on work carried on with anthracnoses

from about thirty different hosts and from fifty or more sources. The

forms have been studied in the usual manner. They have been ob-

tained in pure cultures and studied in various artificial media as well

as upon the host. The structure of the acervuli, and of the perithecia

where found, has also been studied in thin. carefuUv stained microtome

sections. Most of the material was fixed in Gilson's fixing solution.'

As is well known, the spores of Gloeosporium are imbedded in a gelat-

inous substance which is very soluble in water. If pieces of the

material are put in an aqueous fixative, as Flemming's or chrom-

acetic, the spores are almost entirely washed away. The gelatinous

2 Gilson's fixing solution: 95 per cent, alcohol 42CC, water 6oc<:, glacial acetic

acid 18CC, nitric acid (cone.) 2<:c, corrosive sublimate (sat. sol.) ii<:c. The material

is left in the fixer 6-24 hours and washed directly in 70 per cent, alcohol.
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substance is not soluble in Gilson's fixer and hence the spores are held

in place (see fig. 7). While this fixer has not proved very good for

nuclear phenomena, it has been very satisfactory for the results

desired in this work.

The culture media that have been most used are bean agar, made

from an infusion of fresh bean pods; potato agar with 10 per cent,

of glucose added; Elfving's nutrient solution (a synthetic medium);

and bean pods in tubes. Various other media have been used to

some extent, as beef extract gelatin, potato agar plus various organic

and mineral substances, sterilized cornmeal, cassava plugs, etc,

but these seem to have Httle value. Some writers have been advising

the use of cornmeal for obtaining perithecial stages, but I have had

no better results with that than with various other media. Bean agar

has proved as satisfactory as any used, several of the forms producing

perithecia on it, although not all of them.

Characters of the group

The anthracnoses are recognized by the characters of the conid-

veryial stage. The genera

the spores are borne in the same way in the same sort of pustule.

Colletotrichum is supposed to be separated from Gloeosporium by the

presence of setae in the conidial pustule, but as this distinction is a

poor one, in the following discussion the name Gloeosporium will be

used for all species, except perhaps occasionally where another name

IS the one in common use.

The spores are borne in pustules underneath the cuticle, Jhe

epidermis

spore-bearing stroma appears first as a weft of thickly woven myceUum,

The

bearmg

spores in abundance on short conidiophores. The spores are two to

several times as long as broad, straight or fusoid, and hyaline. There

seems to be some confusion in the Uterature as to the color of the

spores. For some time it went without question that they were hya-

Hne, but in 1894 Alwood (i) described the spores of the bitter rot

fungus as slightly greenish. Later Spaulding and von Schrenk (33)

detected the same color, and since then other writers have almost

invariably seen the same tint. Spaulding and von Schrenk say:
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''When highly magnified they have a very delicate light green color.

This color is quite distinct, and it seems strange that of many observers

Alwood (1894) seems to be the only one to recognize this greenish

color." Looked at with the microscopes commonly used, corrected

for two colors alone, the spores do have a greenish tint- Spores were

examined with all the different types of microscopes in the Cornell

University laboratory, and with one exception, the Zeiss apochromatic

lenses, they showed a greenish tint; but with these lenses, which are

corrected for three colors, the spores are absolutely hyaUne; so we

must return to the original conception of the color.

The spores as a rule have one nucleus, though I have occasionally

seen two in very large spores. The nucleus appears as a rather large

clear area near the center of the spore and generally close to one wall.

It is generally clearly seenj though in old spores, or in those beginning

to germinate, or in poorly developed spores, it is sometimes not yisible.

This structure has been noticed by nearly every investigator, but so

far as I have found, it has not been recognized as a nucleus. It is

spoken of as a ''clear hyaline area," a ''round spot not granular as the

rest," a ''vacuole," etc. Studied in stained sections, however, its true

character appears. It takes the nuclear stains readily, though it is

difficult to distinguish the structure. In some of the related forms,

as Myxosporium corticoliim^^ large oil drops are sometimes present in

the spores, which may be confused with the nucleus, but the latter is

distinguished by its lighter color. Oil drops are highly refractive,

presenting a slightly greenish tint with the ordinary microscope, while

the nuclei do not show it. The nucleus in the conidium is consider-

ably larger than the one directly below in the conidiophore.

As yet the perfect stage of many of the anthracnoses is unknown,

but the ascospore form of several has been found recently. In some

it has been found several times; but in others it has been found one,

two, or at least only a few times. This may be due to the fact that the

ascospore forms are rarely developed, or that the investigators have

overlooked them, perhaps on account of their rarity or inconspicuous

nature.

WTiile the conidial stage of all the forms is very similar, yet even

m the few forms worked out they are connected with at least three

3 Myxosporium corticolum Edgerton. Ann. Mycol. 6: 4^-5 2. 1908.
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genera of ascomycetes. According to our present classification of

ascomycetes, no two of these genera are in the same family, while

some are in widely separated orders. The genera that are at present

known to be connected with the Gloeosporium-like conidial stage

are Gnomonia, Glomerella, and Pseudopeziza. In the following

pages, these different types will be taken up separately.

Gnomonia type

Klebahn (25) seems to have been the first to connect a Gloeo-

sporium with Gnomonia. As a result of his work on the sycamore

anthracnose, extending over several years, he gave a most interesting

discussion of the peculiar polymorphism of the fungus commonly

known as Gloeosporium nervisequtim. He studied the fungus both in

the field and in the laboratory on artificial media, finding the perfect

stage in the late winter and early spring on old diseased leaves that

had lain under the trees over winter. Later he was able to obtain

it in abundance by cutting out the anthracnosed spots on the leaves

and putting them out in wire netting to winter. According to him,

the perfect stage begins to develop in the fall and is mature about

Christmas or a little later. By careful examination of his material

and by comparison with other herbarium material, he w^as able to

identify it with Laestadia veneta Sacc. & Speg., which he showed

to be a species of Gnomonia, and named it Gnomonia veneta (Sacc.

& Speg.) Klebahn.

Klebahn was also able to show that the conidial stage is poly-

morphic. While all cases very similar,

the manner in which thev are borne is different. The types that he

found

I. The conidia may be borne in acervuh under the cuticle on

short basidia.

as Gloeosp

2. The
long basidia. Thi

know

Sacc-

mis

Gloeosporium platani

(Mont.) Oud. Before Klebahn, both Leclerc du Sablox (29) and

J. Beauverie (5) had shown that this was but a form of G. nercise-

qiium.

3- The conidia may be borne on twigs in pustules, being known
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as Myxosporiiim valsoideum (Sacc.) All. and Discula platani (Peck)

Sacc, Von Tavel (44) previously had connected D. platani with

G. nervisequunij and Beauverie (5) had shown that both of these

names are but synonyms of G. nerviseqmim.

4. The pycnospores may be borne in cleistocarpous pycnidia on

old leaves on the ground. This stage had been found before and, as

was shown by Klebahn, had been named Sparonema platani Baumler

and Fusicoccum veronense C. Massalongo.

I took up the study of this fungus in order to confirm Klebahn's

work and to find whether the perithecia normally develop in this

country. In nearly all cases I w^as able to confirm Klebahn' s

results completely. In a few cases, however, there seemed to be some

discrepancies. These will be brought out in the following discussion

of the life-history.

The disease due to this fungus, as it is commonly seen^ appears

on the veins of the sycamore leaf, killing a strip on each side of the

vein; later it often spreads to other parts of the leaf. The diseased

portions die and become brown, generally accompanied by a distortion

of the leaf. On the under side of the diseased spots, and occasionally

on the upper side the acervuli develop in abundance, being about

100-300 /x in diameter. The conidia develop in abundance on short

conidiophores. In moist weather, or when the leaves are placed in a

moist chamber, the spores ooze out in creamy white masses or in white

strings. They are usually about 10-14X4-6^^1., hyahne, slightly

granular, generally somewhat pointed at one end and more or less

rounded at the other.

An examination of the leaves in late summer and autumn shows

that the petioles have been attacked also. Klebahn does not men-

tion this effect of the disease. Diseased patches may be formed by

the fungus growing down the petiole from the leaf blade, or they may
be entirely distinct from the leaf blade. Quite often, especially in the

autumn, these diseased spots are present at the very base of the petiole,

where it is attached to the twig. Whether the fungus passes from the

petiole into the twig was not determined, though many leaves were

examined; but this seems at least possible. Conidial pustules form
in these diseased petioles Just as on the leaves. The presence of the

disease on the petioles often causes a oremature fall of the leaves.
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When the leaves fall to the ground, the fungus takes on a sapro-

phytic mode of life, continuing to develop on the dead leaves, spread-

ing much more rapidly on them than it did on the living leaves. It

often covers considerable areas, sometimes entirely covering the leaf,

and on these areas acervuli and conidia are produced in abundance.

Klebahn in developing the perfect stage cut out merely the affected

areas, in order to save time in looking over the leaves in the spring.

He does not speak of the saprophytic growth of the fungus on the

dead leaf, and perhaps, did not observe it; otherwise he would not

have taken the trouble to cut out the spots. The conidia develop

in these pustules throughout the winter; they were examined often

and each time spores were found that were viable, and they were par-

ticularly abundant after a fairly warm period of a day or two. The

pustules on the dead leaves do not seem to differ from those developed

normally on the leaves in the summer.

During February or March, a different sort of conidial fruit body

begins to form in favored positions. In places where the leaves were

kept moist, where they were piled up and sheltered from drying, or

where they were placed close together between pieces of wire netting,

a sort of pycnidium was formed. This is what Klebahn (/. c, p. 548)

described as the Sporonema or Fusicoccum stage on dead leaves. The

conidia are the same in shape and size as those in the acervuli, but the

stroma bearing them has been favored by the moisture and has con-

tinued to grow until it has completely surrounded the developing

spores. These pycnidia-like bodies {fig. 3) are grayish to black,

not imbedded in the host tissue, and generally covered by a rather

hairy growth of hyphae; they vary in size, some being over i™"* in

diameter. While this structure is a closed one and perhaps would

be classed as a pycnidium, it hardly seems to be a true one. It is

always more or less irregular and nearly always there are trabeculae

consisting of strips or masses of the stroma imbedded with the spores

{fig. 3). This shows that the spores and the pycnidial wall must

have been developing at the same time; while in a true pycnidium,

the wall is formed before the spores begin to develop.

An examination of the diseased petioles at this time shows the same

formation. The pycnidia are developed in the cankered spots so that

they appear to be imbedded in the host tissue. In the petioles the
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larger ones were obtained, the pycnidium shown in fig. j being from

a cankered petiole. Nearly all the diseased petioles contained the

covered pustules in abundance.

In favored situations the perithecia develop also on the dead
leaves. Klebahn was able to see the little perithecia on the leaves

in the fall and found them mature about Christmas. These dates

differ considerably from those I observed at Ithaca. Leaves on the

ground were examined once or twice a week from autumn until the

perithecia were mature; and the first appearance of young perithecia

January 6. They form on the inside of the leaf and are

until they rupture the epidermis. Generally a very small

three-cornered or irregular piece of the epidermis, perhaps i"''" in

diameter, is slightly raised; and this is the first visible evidence of

the perithecium. Perhaps the perithecia may have been developing

since early autumn, but they could not be seen. At this time they are

nearly globose, about 150-200 yu in diameter, and generally reach

nearly from epidermis to epidermis. Usually the leaf bulges out on
the lower side of the perithecium, so that it is really thicker than the

ordinary leaf. At this time the beak of the perithecium is just be-

ginning to form, and the wall consists of four or five layers of small,

black, somewhat elongated, thick-walled cells. The asci have not

formed yet, but the ascogenous tissue takes a different stain from the

surrounding contents of the perithecium. The perithecium seems to

lie free in the leaf, and does not appear to be connected with, it by
hyphae.

From this time the development is very slow. Although in January
the perithecia looked as if they were about ready to develop asci and
spores, mature spores were found first on April 21, and they were
on leaves that were covered and had been kept moist. This difference

m the time of maturing the asci as observed by Klebahn and myself
must be due to the different weather conditions.

While many peritliecia were found occurring normally on the

fallen undisturbed leaves, the best success was obtained by placing a
large number of the anthracnosed leaves in wire netting and putting
them in a moist shady place. A large number of leaves packed close

together prevented drying out, which seems to be the greatest hindrance
to perithecial development. Also keeping the leaves close together
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and undisturbed prevents the perithecia from falling out of the leaves.

Quite often they grow so large that they push themselves out of the

leaf.

The mature perithecium fits exactly Klebahn's description of it.

It is subglobose or slightly flattened on the upper and lower sides, and

is about 150-200 /ti in diameter. At the upper side it is elongated into

a beak, though this is short compared with other forms of Gnomonia.

In most cases it is not more than one-fourth to one-third as long as the

perithecium {jig. 4).

The asci {jigs. 18, 19) are long clavate, 48-60X 12-15 z^; generally

bent at right angles near the base. Near the apex of the ascus the

wall is much thickened and the pore is surrounded by a very refractive

ring, appearing under the microscope as two white glistening spots,

one on each side of the pore. The ascus is eight-spored, the spores

{fig- 20) being hyaUne, 14-19X4-5/^. straight or slightly arcuate,

imevenly two-celled, the upper cell as it is borne in the ascus bemg

several times as long as the lower one.

Still another stage of the fungus is found on the smaU twigs, ^^'hen

the leaves fall, all the twigs seem to be perfectly healthy, even to the

formation of buds. But toward the last of December and until

spring, they begin to show the presence of the disease. The diseased

portion, which sometimes extends back several inches from the tip,

is covered with the Myxosporium stage. The fungus may live in these

diseased twigs for more than a year, producing spores when weather

conditions are favorable. ^lost of the twigs remain alive untU

spring and start to put out leaves; but when the leaves arc about

one-third grown, they quite suddenly wither and die, presentmg the

appearance of blight. On badly affected trees a greater part of the

leaves die, some large trees being observed ^vhich had only a few green

tufts remaining.4 The Myxosporium pustules {jig. 2) are scattered

4 Since this paper was ^^-rittln, papers by VoN Schrenk (R<-T-^ ^I^- ^ot. Card

1907:81-83) and CLINTON (Rep. Conn. Exp. Sta. 1907:360. 1908)
^I'^^^l''

notice, in which it is claimed that the injury to the sycamore in 1907 was due to trost

and not to anthracnose. From an almost daily obser^-ation of the trees ^^ Ithaa ^

am convinced that frost had practically nothing to do with the

^^^^^y-J^'J^'^
came on May xx and ax, while the injury developed dunng the firs three we^^;^

June. Furthermore, the blighted twigs were covered with the P^rf-^^-J^^^
^^;^

sporium pustules, while twigs that were free from the pustules had no blighted Ka.es.
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thickly over the terminal portions of the twigs, forming under the cork

layer of the wood and raising it until it is ruptured {fig. 5). The

I

Tf^^™^^^**aH*ffBB*5aaaii

Figs, i, 2—Gnomonia veneta. i, Young trees badly affected with the Myxo-
sponum stage; 2, the same, natural size, shows Myxosporium pustules.

500-900

Gloeosp
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This stage is extremely fatal to young sycamore trees. A careful

search was made for young trees that could be transplanted for inocu-

lation purposes, but they were found to be very scarce. When some

were found, however, the reason for their scarcity was evident; they

were being killed by the anthracnose. The young trees had the same

appearance as the terminal twigs on the larger trees; the leaves were

nearly all killed when they were about one-quarter grown, and the

young shoots were covered with Myxosporium pustules (fig. i) . The

tree on the left in the figure was in the condition of most of the seed-

lings. Only after careful search was a young tree found that was

nearly healthy and could be photographed for comparison; and an

examination of the photograph shows that a few leaves are dead on

this one. If the time ever comes when this tree is planted for com-

mercial purposes, this disease may develop into a very serious pest in

the nursery.

How the fungus enters the twigs was not satisfactorily determined.

There are two possibilities; it may pass down the diseased petioles

into the twigs, or the twigs may become infected directly from spores.

The twigs are infected very close to the apical bud. The presence of

the disease on the petioles and the lack of any wounds of any kind on

the twigs make it seem possible at least that the former indicates

the real method of infection.

Also the question of the fresh infection of the leaves in the spring

is not entirely settled. Inoculation experiments tried on leaves in the

laboratory were without success. Perhaps the period of incubation

is too long to attempt inoculations on branches cut from the tree and

kept fresh by standing in water. However, it was useless to attempt

inoculations out of doors where nearly every tree was aheady infected.

Several investigators have attempted to infect the leaves artificially,

but mostly without success. Klebahn after making a large number

of inoculations obtained a few successful ones; but one of his checks

also took the disease.

The J^Iyxosporium stage undoubtedly plays the larger part m
causing the spring infection of the disease. WTiHe the spores, both

conidial and ascigeral, are borne in abundance when the leaves are on

the ground, they are held together by a mucilaginous substance aiid

are not carried by the wind. The Myxosporium spores on the t^'igs
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may be easily washed by rains to the neighboring leaves and cause

infection.

Pure cultures on artificial media were made from all of these

difTerent stages and the resulting colonies compared. In all cases the

same mycelium and the same colony were produced. The mycelial

threads are i-io/^ in diameter, the small ones being nearly con-

tinuous^ while the larger ones are closely septate. The colony

characters agree perfectly with those given by Klebahn. Both

conidia and ascospores germinate readily, the latter, however, only

from the large cell. The small cell was never seen to send out a germ

tube.
r

This fungus {Gnomonia veneta) also occurs on three other hosts at

least; Quercus alba, Q. veluluia, and Q. coccinea. In 1890 Halsted

(17) described the disease occurring upon white oak as due to Gloco-

sporium ncrvisequum, but there has always seemed to be some question

of it. The anthracnose of white oak generally is said to be due to G.

canademe E. & E. Dead white spots from a few millimeters to a

centimeter in diameter are formed, generally scattered over the leaf,

though sometimes the tip of the leaf is killed, and sometimes the spots

follow down the veins.

do not differ fmm tVinc.

ules and conidia {fig. 7)

The two were studied in

pure cultures, and the germination and the colony characters seemed

to be the same. To make sure, however, that the fungus was the

same as the one on sycamore, diseased leaves were put between wire

netting and placed out of doors to winter in order to obtain the as-

cigeral stage. As on the sycamore, the fungus spread over the dead

leaf and in late winter produced perithccia in abundance. The char-

acters of perithecia, asci, and spores are the same as in those produced

on the sycamore, w^ith the exception of the length of the necks of the

perithecia. OutHne drawings of the asci and spores are shown in

figs. 21 and 22, so that thev mav be comnared with those from the

svcamore

much
those on the sycamore, some being as long as the body or even longer.

some
were almost wanting. This single difference does not seem to me
to be sufficient to separate the forms as distinct species. The length
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Figs. 2>-?>.-Gnomonia venela. 3, Sporonema pustule on petiole of f^Uen sycamo^

kaf;
4, perithecium in sycamore leaf; 5. Myxosporium stage on sycamore t^

6, perithecium in Quercus alba leaf; 7, acervulus from Quercus alha leaf; 8,
Quercus

alba leaf, showing the perithecia, X2.5.
. ,^ ,, , , •.;,„„, aln^n^bo-

Figs. 9, 10.^Apple, inoculated ^4h the Gloeosporium iColIelotr:chum^^

rmid^^\^ . f.,._ .^.^L .v^^-^^ \.^W^ r.ti<;tules: 10. from raspberry ca
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of the neck in this genus seems to be quite variable. While Klebahn

found that the necks of Gnomonia veneta from sycamore leaves were

very short, on sterilized leaves in the laboratory, on which he also
w

produced the perithecia, the necks were very long. I have also found

in my study of Gnomonia rubi Rehm., a form found on blackberries,

that the same variation occurs. The necks in pure culture were twice

as long as those growing normally out of doors. Since this is the only

difference observed between the forms on sycamore and white oak,

it seems best at present to consider them the same.

The perithecia on the oak leaves also very often push themselves

entirely out of the leaf {fig. 6). There is often no leaf tissue below the

perithecium, but its beak passes entirely through the leaf and

projects on the opposite side. The large perithecia are easily seen

on the leaf with a hand lens, when they appear, as black globose

bodies apparently lying on the surface {jig. 8).

The spores are unevenly 2-septate, as in the form on sycamore.

In germination, the spore swells considerably and then sends out

tubes from any place on the wall of the larger cell {fig. 26)

.

The Sporonema stage was not observed on the white oak, though

leaves were examined repeatedly for it; but it developed on oak leaves

that had been put in tubes, sterilized, and inoculated with a pure

culture from the conidial stage on the leaves. The tubes were kept

in a cool place during winter to see if the perithecia would develop.

On examination in the spring, no perithecia w^ere found, but there

were many pycnidia-Hke pustules, perfectly homologous with those

that developed on the sycamore leaves normally.

The Myxosporium stage was found on the ends of twigs on a few

trees about July i, the twigs being killed back in the same manner

as the sycamore twigs.' However, on the white oak the young leaves

did not start to develop and then die, as on the sycamore; but the

twigs w^ere killed before the leaves started. Anthracnoscd spots on

the leaves were numerous in close proximity to the diseased twigs,

while they were fewer where no diseased twigs were found. It seems

very evident from this that the Myxosporium stage is ver>' instru-

mental in the early infection of the leaves. The spores in the pustules

were not different from those on the leaves, and furthermore, they

produced the same colony in agar.
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On leaves of Qiiercus velutina also there was found a fungus which

does not seem to differ materially from the true Glocosporhim ner-

visequum. The disease, which was very common around Ithaca in

the summer of 1906, appeared on the leaves in late summer, dead

spots being formed 1-2^™ in diameter. The spots were not white,

as on the leaves of Q. alba, but brown. Sometimes the disease

killed a large portion of the leaf, but generally it appeared merely in

spots.

The acervuli were scattered on the under-surface of the dead

spots. The spores are somewhat larger than those on the syca-

more, being about 1 5-20X 6-9 /*. This difference seemed at first

to separate it from the form on sycamore; but when the two were

grown side by side on plates, the difference was not observable. The

spores produced in pure cultures at first seemed to be slightly larger

than those from the sycamore, but very soon they became the same

size (about 9-14X4-6 /u). Only one difference was noticed between

the two forms on artificial media. Both forms on bean pods covered

the substratum with a grayish to blackish growth and then grew over

the Hquid in the bottom of the tubes. On this growth, from the

liquid especially, in the culture from Q. velutina there oozed out

large drops of golden yellow liquid, which were so abundant that they

almost covered the surface. As the culture became older, these drops

dried to yellow, waxy crusts. On the form from sycamore no such

golden drops were produced. In other ways the two forms were

indistinguishable on artificial media.

In the spring on a few twigs there was also found the Myxo-

sporium stage. The young twigs were kiUed before the leaves started

and were killed back 15-20^- from the end. They were covered

with pustules similar to those from Platanus and Q. alba. A

from

others.

to see if the perfect stage would develop. In the spring near the

anthracnosed spots were found smaU scattered perithecia, which ^ ere

identical with those found on the white oak leaves. The asci ana

figs

Tvith the same from
ascospores
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again gave the same mycelium and conidia as had been obtained

from the imperfect stage.

While there are some slight differences between this form and the.

one from sycamore in the size of the conidia and effect on culture

media, these do not seem to be sufficient to make a new species,

especially since the large conidia do not appear on artificial media.

Perhaps the slight difference found on culture media was due to the

previous growth for some time on different hosts. The one from

white oak, after being grown for several months on artificial media,

lost some of the characters it originally had. The zonate growth of

the colony became less marked, and the aerial tufts containing pustules

were more feebly developed. The difference between the forms on

Quercus velutina and Plalanus occidenlalis was, perhaps, no more
marked than the difference between cultures of the same fungus after

growing for different periods on artificial media.

Search on other oaks has also resulted in finding the Myxosporium
stage on twigs of Quercus coccinea. The disease was not different

in appearance from that on the other hosts, and a culture of the spores

also gave a colony similar to the colonies from other hosts. Anthrac
nosed leaves of Q. coccinea have not been found, but they undoubtedly
can be found at the right season.

While no satisfactory inoculation experiments were carried on,

it seems almost certain that these three forms are the same. They
are at least no more than biological species. Attempts were made
to inoculate young oaks in the greenhouse, but they were unsuccessful,
even when the conidia were placed on the same species of oak from
which they were developed.

WTiether Gnomonia veneta occurs on any other host is a question;
there appears no reason why it should not be found on other oaks.
Halsted (16) has described the disease as occurring on red maple
{Acer ruhrum). While this is very possible, proof of it will only
appear when the perfect stage is developed and the forms are com-
pared on culture media. No Gloeosnoriiirr. Tin^ K^ph fn,inr1 nn manle
near

chance to find the perfect stage. How
^_^

stran

on the other hosts.



1908] EDGERTON—ANTHRACNOSES 2^^2>

camore

specific name first given to the perfect stage (veneta). Adopting the

first name applied to the perfect stage seems to be the general rule

among European mycologists. In America, however, there are

many who believe that the first name given to any stage should be

the one used. If the latter rule is adopted, then the name veneta

cannot hold. The first name given to any stage was Fusarkim

platani Mont., and hence the fungus would have to be called Gno-

monia platani (Mont.). This will only be settled, however, when

botanists come to some conclusion as to the nomenclature of poly-

morphic fungi. Also if w^e wish to be consistent in our use of names

of the imperfect stage, we should use Gloeosporium platani instead of

G. nerviscquum. However, it is of little importance what the imperfect

stage is called, it is at best only a synonym.

The synonymy of this fungus as given by Klebahn includes six-

teen names. To this may be added the following : Gloeosporium cana-

dense E. &E. Jour. Myc. 5: 153; Myxosporium platanicolum E. & E.

Proc. Acad. Philad. 1894:572 (distributed in N. Am. Fungi as

described.

Q

Anyone wishing more of the details of the life-history of this fungus

Klebahn
fullest detail.

Pseudopeziza type

The genus Pseudopeziza was first connected with a Gloeosporium

by Klebahn (26) in 1 905 , who found the perfect stage of G. rihis, a

form common on currant leaves, to be P. rihis Klebahn. He developed

the perfect stage by putting the leaves out of doors in a protected

place to winter; and in the spring he found it in abundance.

My investigation of this form has been very limited. Only a

materi

form in pure culture. An attempt was made

to produce the perfect stage, but it was without success.

typ

Although a great deal of work has been done on this group of

satisfactory
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those obtained from the other types. The great majority of the

anthracnoses that have been described belong in this group.' Nearly
all those of fruits—and a glance at the Hterature will show that there

are scores—and a large percentage of the forms on herbaceous stems
seem to belong to this type. The problems concerned and the diffi-

culties that confront the investigator become more evident the longer
the group is studied. Little more can be done in this paper than to

add to our knowledge of the biology and physiology of the forms
studied. This type is sharply separated from the others, not only in

the characters of the perfect stage, but also in those of the mycelial
and conidial stages. Nearly always one can recognize this type at

a glance.

Some of the evident characters are as follows: (i) The spores
ooze out of the acervuli in pink masses or strings ; so far as has been
observed, the spore masses in the Gnomonia and Pseudopeziza types
are white, cream-colored, or yellow. This may not be a sure criterion,

but it seems to hold in nearly every case. (2) In artificial cultures,
especially where nutrition is lacking, and sometimes on the original
host, the dark-colored secondary spores or appressoria are developed;
in no instance have these been observed in the other types, although
they have been carefully searched for. (3) The mycelium in pure
culture varies but little in diameter; this separates these forms at
least from those of the Gnomonia type. Other minor points that
help to place the forms in this group are the rapidity of growth, the
presence of small black wefts or crusts of myceHum in the culture
medium, and the presence of a dark-greenish pigment in old myceHum,
especially on sugar media. The last two characters are not always
present, but their frequency makes it advisable to mention them here.

IMost of the work that has been done on species of Gloeosporium,
especially by American botanists, has been done on this group. The
papers of Miss Southworth, Miss Stoneman, Clinton, Spaulding
and VON ScHRENK, Sheldon, Atkinson, and Shear have dealt
principally with these forms.

development

historv
t K AA \

'jcveiupmeni 01 tnese lorms, nttie neea;
to be added here. Each goes through the same stages in develop



i9o8] EDGERTON—ANTHRACNOSES 385

ment, and these have been described during the past few years for a

number of forms^ by a number of investigators. Only a few things

which do not seem to have been made clear need to be mentioned.

The conidia germinate very readily in water or in nutrient solu-

tion, generally w^ithin three or four hours. The germ tube may be

sent out from any place on the spore, but in most cases the first tube

originates near one end. It rarely comes exactly from the end, but

very close to it, so that it appears to extend at an angle to the main

axis of the spore {iigs. 30^ j6y j/). If it came exactly from the end,
I

the germ tube and the spore would lie in a straight line. In some cases

the tube does appear to come from the end, but this seems to be un-

common as compared with the other method. After the first germ

may develop apparently from any place on the

spore.

Germination differs somewhat in different media. Rarely in

nutrient solutions does the spore become septate in germination. In

more

much the

spore becomes septate. . This variation in germination in different

seems to be characteristic of all members of this type. It is
+

interesting at this point to note a recent paper by Delacroix (12) on

Gloeospormm nmsarum. In studying the germination of its spores,

he found that* they nearly always became septate. Miss Stoneman

(43} some years previously, in w^orking on the same form, had figured

the spores as continuous. Delacroix was undecided whether to

call the form he was w^orking with a new species or not, as this was

the only point of difference. If he had germinated his spores on

different media, he imdoubtedly would have found both types of

germination.

If germination takes place in a medium lacking nutrient material,

as water, the germ tubes grow only a short distance and then form

at their tips rather large brown cells more or less variable in shape

^S^- 3^, 33)- These have been spoken of variously by different

investigators as secondary spores, appressoria (Hasselbring 24),

etc. They germinate readily under the right conditions, although

some seem to have had difl&culty in obtaining germination. If nutri-

o
mi

may be formed at the end of this germ tube (fig
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Quite often, however, when a conidlum germinates in w^ater, there

may be formed at the end of the spore or at the end of a short germ
tube a small hyahne conidium perfectly normal except as to size.

This was observed by Atkinson (3) from the form on cotton, and
by Halsted (22) from a form on Podophyllum pdtatum, but it does
not seem to be peculiar to these forms, for it is rather common in all

members of this type.

Under proper conditions some forms, either on artiftcial media or

on the original host, develop the perfect stage abundantly. During
the past few years this stage has been found from a number of differ-

ent hosts: from privet, orchid, pepper, red raspberry, and vanilla (?)
by Miss Stonem-^n (43); from Dracaena (38, 39) and guava (37)
by Sheldon; from apple by Clinton (10); from grape, cranberry,
Ginkgo, cotton, rubber plant, honey locust, and bean by Shear and
Wood (40J; from Artocarpus by Delacroix (13); from Cattleya
by :Maublanc and Lasnier (27), described as a Physalospora.
Several other forms described as Physalospora, Laestadia, and Phoma-
tospora undoubtedly should be placed here. During the past two
years I have worked with the ascigeral stage from the following hosts

:

apples from ^Missouri and IlHnois; Dracaena from West Virginia;

rubber plant from West Virginia; cotton from Georgia; Coelogyne
cnstata, Sarracenia purpurea, Cojjea arabka, and AtUllurium waroc-
queanum from the Cornell University conservatory; quince from an
orchard in Ithaca, N. Y.; and Asckpias syriaca from Ithaca. The
last named has been known in the conidial stage as Gloeosporium

,

fusarioides E. & K. This is the first time that the perfect stage has
been reported from the last five hosts. The peiithecia, asci, and
spores are very much dike from the diffeient hosts. The foUowing
description, based on the perfect stage as it appears on the apple,

would fit in nearly aU cases the other forms as weU.
On apples from the south-central states affected with the bitter

rot, the perfect stage seems to develop readily. Apples were received
from Illinois and Missouri, and in both cases perithecia were found
on the surface accompanymg the acervuH. There seems to be con-
«4.^ -J 11 Am

fe
manner

peritheci
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The pcrithecia from the Illinois collection were single or collected in

twos or threes partially or nearly imbedded in the tissue of the host,

and the necks wTre surrounded by a thin layer of pseudo-paren-

chymatous fungus tissue. They were generally about 70-125X175-

225 /x, the necks being sometimes 50-60 />t in length. The perithecial

"wall was composed of three or four layers of narrow, long, black,

thick-walled cells. Sometimes two pcrithecia fused, so that there was

one internal cavity with tw^o ostioles. At the base of the pcrithecia

there were generally large, dark-colored hyphae made up of nearly

globose cells 6-% fx in diameter (these show plainly in the photomicro-

graph) . Fig. 75 was made from apples received from Missc uri. The
pcrithecia here were not imbedded in the host tissue, but were at

the base of the conidial stroma; and the perithecial wall gradually

blends into the pseudo-parenchymatous fungus tissue- Necks were

almost entirely lacking on these perithecia; in other points they

were identical with those described above.

The pcrithecia develop readily on bean agar, the best success

having been obtained with that medium. They appear in raised

masses or nodules scattered over the siu-face of the plates. These

masses are black, and by the time the asci arc mature they may be

2 to 3^"^ in diameter. The pcrithecia {fig. 13) form around a small

stroma of pseudo-parenchymatous tissue, and are quite variable in

shape and size, being 80-140 /^ thickX 1 20-225 /^ ^^^o* Thp apex may
ery

seems

them opened directly into the underlying agar. In a plate

kept in the incubator at a temperature of 26-30° C, the nodules of

perithecia were generally visible in four to six days, and the asci

were generally mature in sixteen to twenty-one days.

The asci are 50-80X8-10 /*, clavate, almost entirely fiUed by the

eight spores; the wall is hyaline and sometimes difficult to see except

with fresh material. The spores are hyaline, slightly curv-ed, rounded

at the ends, granular, and possess a large clear nucleus near the center

and on the concave side of the spore. The spores are irregularly

cry The

asci go to pieces and the spores ooze out of the neck of the perithecia.

What
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on annlp frnn. Tir - V.
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theTo'ng pSS^^^^^^^^^^
^^'""^^^^^'^ "-'«' P-^1^-- onC.;y/a a..6.Va leaf. sho.-ing
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Sections of perithecia a little past maturity showed the spores held

together in a mass just outside and at the apex of the neck. The

whole inside of the perithecium seemed to be empty, with the excep-

tion of a few scattered threads. It seems probable from the sections,

although this was not determined absolutely, that the ascospores are

held together by a mucilaginous substance as well as the conidia.

The question of paraphyses is a much discussed one at present.

The genus Glomerclla w^as described by Spaulding and von Schrenk

as without paraphyses, but quite recently Sheldon (39) has reported

their presence in a number of forms, especially in the young perithecia.

Shear (40) has taken exception to Sheldon's observations, finding

sterile threads in the perithecia but believing they were entirely out-

side of the asci, so they would be periphyses and not paraphyses;

later (41J, however, he calls them evanescent paraphyses. The

point is an extremely difficult one to decide. Forms from several

hosts have been studied to determine this point. In crushing a fresh

perithecium, sterile threads can be easily seen; jig. 42^ drawn from

the form on Dracaena, shows them plainly. These threads are very

irregular, many of them much longer than the asci, sometimes branched

and sometimes septate. They are very highly granular, in fact the

granules are the most prominent part, the wall itself being almost

invisible. The difficult question is to determine whether they are

between the asci or outside of them. Scores of stained sections have

been prepared and carefully examined; some slides have looked a

little suspicious, yet never have the threads been seen between the

asci with certainty. While the threads take the stain poorly, they can

be seen, and appear to form a layer around the asci near the base of

the perithecium, but in- the upper part of the perithecium above

the asci they branch out over them. As the asci and spores break

loose from the bottom of the perithecium, they can be seen mixed in

with threads. They could hardly be considered evanescent para-

physes, because they remain in the perithecia as long or longer than

the asci. It seems best, therefore, to regard the genus as apara-

physate.

The perithecial stages from all of the forms, so far as known, seem

to be quite similar. The most variable characters are the size of the

spores and the length of the neck of the perithecium. The spores
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vary in length from 12 to 32 /a; Shear and W^ood (40) place the

While

purp
seen 30 to 1,2 fi long; but here aU the asci were not eight-spored, some

0^ Here,
as in other forms where this condition exists, the spores in the few-
sporcd asci are larger than in the eight-spored ones. The length of
the neck of the perithccium is also quite variable, and as a rule it is

generally longer than those previously described on apples. Miss
Stoneman (43) shows some of them to be very long, and Shear was
rarely able to find any so long. An examination of her slides, how-
ever, which are still in the Cornell University laboratory, leaves no
doubt that the perithccia were as she illustrated them. Furthermore,
perithecia with necks Just as long

(fig. 17; have been seen manv times.
In the forms from rubber plant, Dracaena, Coffea, and Sarracenia,
which produced their perithecia on leaves, the long necks were the
rule rather than the exception. However, these same forms in pure
culture, with the exception of the form from Sarracenia which did
not produce perithecia in pure culture, formed perithecia with short
necks. The length of the neck seems to be dependent to some extent
upon the substratum. However, the depth to which the perithecia
are imbedded in the substratum does not seem to be the controUing
factor. The perithecia may be nearly or entirely superficial, or may
be nearly or entirely imbedded in the substratum; many of those
which

Just
a (fig

tcct stage is unknown. I obtained this stage from the different
as follows: (i) By placing portions -of the diseased host in a
^^ w^ f^ ^^^-^^ L. _ 1 1 . _

forms

moist
If the pen-

thecia did not develop in this time, it was useless to continue the
experiment. The following forms produced perithecia in this manner

:

apple, orchid, Sarracenia purpurea, Coffea arahica, Anthurium waroc-
qneanum, and Aschpias syriaca. (2) From inoculations on plates

^iKW J^\
^'^''°' '^ ^""^^^ ^'^^^'^''^ ^^^^^ ^^^ ^ost (apple, Dracaena,

.. --^ and Coffea arahica).
(3} On bean plugs (cotton).

rubber

(4) On plates of bean agar from a culture that had been kept alive in
the laboratory for over a year (quince).
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The composition or density of the substratum or the humidity

seems to have but little influence in the production of this stage. How-

ever, the interesting fact was noted that, with but few exceptions,

all the forms known to have perfect stages are southern or greenhouse

forms. Almost everything affected with anthracnose when brought

from the greenhouse and placed in a moist chamber produced peri-

thecia. Apples from ]\Iissouri and southern Illinois produced this

stage; but apples, tomatoes, fruit of Podophyllum peUatmn, and

various other fruits and stems found out of doors in New York and

brought into the laboratory, produced conidia in abundance but no
^ — - ^w ^ m -^ ^

perithecia. The form from quince from Ithaca,

perithecia, but only after it had been grown in the laboratory for

more than a year. Perithecia were also developed on Asdepias

syriaca from Ithaca, but this form was found late in the fall, after a

It may be that a long-continued

production of the conidial stage or a long-continued growth at a

rather high temperature are factors in perithecial development.

However this may be, it is certain that the ability to produce peri

thecia may be acquired or lost by the fungus. Sub-cultures have

been made from single conidia from a culture in which perithecia

were produced in abundance. Some of these would produce the

perfect stage, while by no treatment known could others be made to

produce it. However, as a general rule, it is an easy matter to ob-

tain perithecia in sub-cultures from a culture that has already pro-

duced them. To me it appears as if in this group the ability to develop

perithecia is one of the characters that may be acquired if conditions

are right, one that is inherited for some time but will be lost eventually

if the environment is not suitable. When it is known that these

forms vary in other ways, as described later, this seems all the more

plausible.

CULTURAL CHARACTERS

There has always been great difficulty in determining the species

in this type. As a result many species have been determined by the

host. Recently botanists have been questioning the vahdity of the

method, especially since the perfect stages of several have been found

to be very much aUke. At present Shear and Wood (40) take the

extreme ground that aU whose perfect stage has been found repre
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sent one species, or at best varieties of one species. They base

their beHef chiefly on the fact that the perfect stages are not morpho-

logically distinct; but because two forms have similar perfect stages

it does not necessarily follow that they are the same species. In

higher plants there are many instances of the flowers of different species

being very similar, if not identical, yet no one would hesitate to call

them distinct; differences in the vegetative stage, as the shape or

lobing of the leaves, may be marked and constant and hence suffi-

cient to separate them in distinct species. The sexual stage is the

least subject to modification, and we must expect very closely allied

species to be very similar in this stage. This must be especially

true in forms in which the perfect stage is only occasionally produced,

as seems to be the case with Gloeosporium.

Theoretically, if we should grow two forms side by side on the

same medium and should watch their development, we ought to be

able to tell whether or not they are distinct. If the growth characters

were different, if the colonies formed were distinct, or the effect on

the medium were not the same, we should doubt tho advisability of

calling them the same thing. Miss Stoneman carried several f'^rms

through oa different media and was able to separate some of the

different forms by means of these characters. Thi'? method has

long been in use in bacteriology for det^-rmining species; and recently

the method has been advocated by Thom (45) for determining species

of Penicillium. He has used it in his work on this genus and has

found it satisfactory, claiming that the characters of a species on a

standard medium are alwaj^s the same. No matter how long a species

may be grown on some other medium, when it is brought back to the

standard medium it immediately returns to its original characters.

A thorough attempt was made to test this method with the dif-

ferent members of the GlomereUa type; all of these have not developed
the ascigeral stage, but they undoubtedly belong t(^ this type. Cul-

tures from over twenty different hosts were used. Petri dishes,

with a certain medium
pure culture. from ail the similar
same time, generaUy three plates of each form. The medium for

the set of cultures was made in one batch, so that there was no chance
for variation in this factor. Many sets of cultures were made cm-
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ploying the following media: potato agar, bean agar, potato agar

+ 10 per cent, of glucor^e, potato agar+malic acid, and Elfving^s

nutrient solution. A number of sets of these cultures were carried

on during the year 1906-7.

VARIABILITY OF FORMS

A most remarkable fact was made evident by the study of the

cultures of the various forms. Of the more than thirty collections

studied from over twenty hosts, with less than a half-dozen exceptions,

all gave at least slightly different characters. Even the two collec-

tions on apples from Missouri and Illinois did not give exactly the

same characters, but the differences were sHght. The two collections

from apples in the north, however, gave entirely distinct characters

from the more southern forms on the same host. The southern form,

especially on sugar medium, was characterized by very rapid growth

and a very dark greenish-black color of the substratum and aerial

hyphae; while the northern form grew more slowly and had very

little dark color. Generally in the latter the aerial hyphae were

colored pink from the profuse development of conidia. Even the

form on quince collected in New York did not give the same characters

a? the northern form on apple. The forms on orchid, Coffea, and

Sarracenia, collected in the same greenhouse at the same time, were

not exactly ahke in culture media. They were similar in most re-

spects, but there wxre slight differences which would appear after

many transfers.

What do all of these differences mean ? Miss Stoneman used these

m her description of species. Thom declares that in the genus Peni-

cillium all of the forms which show differences are distinct species.

However, he found that a PenicilUum would always give the same

characters on the same medium no matter how long it had been

grown on some other medium. A careful study was made of the

forms of Gloeosporium to see whether the same species, or rather the

same collection, would give the same characters generation after

generation. Some of the forms were studied for nearh^ two years.

Instead of the cultural characters coming true each time, a number

of interesting variations appeared, some of which are as follows.

A GloeosDorium was collected on apples at ^lexico, New York.
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At first the colony on sugar media was covered with an erect "rowth
of mycelium which became pink colored with the spores. But after

it had been grown for several months on artificial media, the aerial

mycelium lost to some extent its erect character, becoming denser
and more floccose. Furthermore, the aerial mycehum lo^t entirely

its pinli character due to the formation of spores. The same varia-

tion also occurred with the collection from tomato. But it is interest-

mg to note that two collections from raspberry stems^ and another
one from apple, which were identical at first with the two forms above,
held their characters as long as they were cultivated—in some cases

over a year.

The forms from quince and red raspberry, after they had been
under culture for some time, underwent slight changes in the color of

the agar and the aerial mycelium. In fact, nearly every culture

changed its character in time.

An attempt was made to change the characters of a form collected

on apples in the north, which had appeared to remain constant, by
'ng on different media for several months. The following media

were used: potato agar, potato agar + io per cent, of glucose, potato
agar + copper sulfate (i : 100,000), potato agar with a drop of lactic

acid in each tube, and Elfving's nutrient solution. Transfers were
made every ten days to three weeks into fresh tubes of the same
medium; so that at the end of the experiment the fungus in each
tube had grown for several months, with many generations on the
same medium. At the end of three months these cultures were all

brought back on plates of potato and glucose agar, and at first the
results were striking. For about a week the growth in this medium
from the different tubes was quite distinct; however, after two weeks
or more these differences graduallv disappeared, and the old cultures
looked more ahke.

After the fungus had been growing for about four months on the
ditlerent media, it was again brought back to the same potato and
glucose agar, and the results were more striking than in the first case.
iJitterences appeared which did not disappear with the age of the

tyne do ^nT^T'"''''^
l"" Gloeosporium on raspberry stems under the discussion of this

latter do./
''! "" *° '°"'°'°'' raspberry anthracnose, Gloeosporium venetum. The

latter does not appear to belong to the Glomerella tj-pe.
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colony. The medium on which the fungus had been growing did

not seem to he the cause of the variations, for cultures on the same

medium would vary in entirely opposite directions, or cultures from

very unhke media would vary in the same way. The characters in

which there was considerable variation were as follows: amount of

aerial mycelium, some very matted, some entirely strict; color of

substratum, from pure white to a dark greenish black; presence or

absence of pustules; presence or absence of pink color in the aerial

mycelium.

However, the most striking variation that was obtained was with

the true bitter rot fungus, the culture being obtained from apples

sent from Missouri. The fungus had been grown in the incubator

for two or three months, having produced perithecia several times

on bean agar, and nothing unusual had been noticed; but very

suddenly remarkable variation was seen. A dilution culture was

made to obtain singie colonies for transplanting, but instead of

having one kind of colony in the plate, there were two, and they

were very distinct. At first the plate looked as if it had been

contaminated, but a study of the two forms showed that it had not.

Both forms produced typical bitter rot conidia. Cultures were made

of the new form and it was studied carefully with the following

results

:

On bean agar, for the first day or two, the colony characters were

identical with the typical form on apple. At that time the perithecia

began to develop, and from that time the differences were remarkable-

The typical form produced perithecia in nodules scattered over the

media as was mentioned above; but the new form produced them

singly^ or occasionally in plat

They were produced in such great abundance that the whole surface

of the plate was black with them. They began to form as small tufts

of pseudo-parenchymatous tissue on mycelium two to three days old,

and developed in such great abundance that all of the nutrient material

was used up before they could mature. Mature perithecia were not

seen, although they were looked for carefully; it is doubtful whether

any of them came to full maturity. The perithecia, however, so far

as they could be studied, were identical with the typical form. Conidia

formed abundantly, scattered over the surface of the agar, but they
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did not form in pustules. On apple it took but slowly, though
finally a few small pink pustules of spores were formed. On steri-

lized bean pods the growth was abundant, in a few days becoming
black from the crust of perithccia formed over the surface. But
here, as on the bean agar, the perithecia did not seem to develop asci

and spores.

Such a large variation may seem incredible, and it may be attrib-

uted to a contamination, for which there is always a chance. If

this was a contamination and not a variation, either the two forms
were present on the original apple and were transferred together
unnoticed from thp dilution plate to the tube, or the second form must
have entered the tube after the transfer was made. As the apples

autumn
until February, it does not seem possible that the two form.s could
have been on the apple together. If they had been, they would have
been noticed in the cultures, as they were constantlv worked with
durmg the fall and winter. The second possibility seems no more
likely. The variation came in the middle of the winter, when spoies
of Gloeosporium would not be liable to be free in the laboratory;
and as the new form was totally unlike anv of the other species
of Gloeosporium in culture in the laboratory, it could not have
come from them. The only explanation of the phenomenon is that
one or more indinduals of the original form changed quite suddenly
their course of development under cultural conditions; but whether
that IS admitted or not, we have at present this new form. It is

undoubtedly a Gloeosporium of the Glomerella type, with the develop-
ment of the perithecia considerably different from other known
lorms.

Mutations, so far as is known bv the writer, have not previously
been recorded among fungi, but the form just described seems to
be one without question. Whether aU of the variations that have
appeared m the study of this group should be classed as such is ques-

minortionabJe;

should not be so considered.^uuuia not be so considered. No two individuals of any species are
aiike, and the variations are perhaps no greater than we could expect
among individuals of almost any group. The effect of variation on

group
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INOCULATION EXPERIMENTS

As is well known, the forms occurring on fruits have been fre-

quently cross-inoculated by different investigators. Halsted (20-23),

Cobb (iij, and many others have shown that the forms are easily

transferred. Halsted used fifteen or more fruits and vegetables,

and with a few exceptions he was able to transfer the forms at will.

This has been repeated by others; and during the past two years

I have made many similar transfers. Also the forms on raspberry

stems have been grown just as readily on apples as the original cul-

ture from apple {fig. 10). The forms which Halsted worked with

must have been mostly northern forms.

Halsted (20) also believed that the forms on watermelon and bean

were the same, having inoculated both forms on a citron and obtained

identical spots. Other workers, as Sheldon (35), have failed to

get infection by inoculating spores from the melon fungus on the

bean; however, the young bean plant is not readily infected from

spores from the bean itself.

Little has been done in transferring the forms that are known

to produce the perfect stage. Several investigators have transferred

from and

from these experiments it is generally recognized at present that

these two forms are the same. Recently Sheldon has also trans-

ferred the form from apple to the sweet pea and obtained successful

infection; this I have also confirmed. Leaves of young plants in

the greenhouse were inoculated from a pure culture from apple;

inoculation took readily and dead spots were formed. In one in-

stance the disease followed the petiole back to the stem, and after it

had entered the latter the whole plant vdlted and died. It is interest-

ing to note that the inoculations of the form found on apples in the

north to the sweet pea did not take so readily; only after the plants

began to die for want of water did they become infected.

Another experiment was tried with leaves of rubber plant placed

in a moist chamber. The forms from Dracaena, Ficus elasHca,

Coffea, and Sarricenia were then inoculated on the leaves. In all

cases the fungi took readily, soon producing conidia in abundance;

later the forms from Dracaena and Ficus produced perithecia on the

leaf.
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Inoculations from Dracaena and Coffea to the apple were entirely

successful; those from watermelon and bean to the apple were failures.

Inoculations from Asclepias to the apple caused infection, but the

resulting diseased area looked different from the true bitter rot; no

pustules were formed. Inoculations from orange to the apple were

successful, but the spot formed was very different from that formed

by the bitter rot fungus- The pustules were steel gray, hairy, and

raised from the surface {jig. g), and seemed to be identical with the

pustules formed by the guava anthracnose on apple, as described by

Sheldon (37).

While these inoculation experiments are not yet so complete as

they should be, they show that we have a number of forms that will

grow on different hosts. Whether these different forms occur normally

on the different hosts is another qnestion. It is certain also that

there are some forms which cannot be transferred to some of the

other plants that are normally infected with anthracnose; for

example, the bean anthracnose on apple.

ADAPIATION

After one has studied many of these forms for some time and ob-

served the slight difference between them, and after he has watched

sure

arise. It is difficult after such a study as the above, w'here variations

take place in a few months, to beheve in the fixity of species. Among
higher plants some forms are constantly changing, and breeders

can now build up a new variety in a few years. If such things are

possible in a few generations with higher plants, how much mere so

must it be with the lower forms, that pass through a generation in a

week and may have many generations in a season. These lower
forms are excellent organisms with which to study variation, and
considerable work of this kind has been done with the bacterial and
yeast organisms. Haxsen (28) in working with yeasts was able to

them
where'spore formation was impossible; the varieties became fixed and
would not again under any conditions produce spores. He ha
been able to build up fixed varieties differing from the parent
in shape of ceUs and power of fermentation.

form
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Among the bacteria it is a common thing to speak of attenuated

forms; that iS; forms which have lost some of their characters, due

to growth on a different substratum or host from the customary one.

Many of the pathogenic forms have been cultivated until varieties

have been produced which are unable to produce the poisons charac-

teristic of the parent form.

It is doubtful whether we can say for any form that it is absolutely

stable. Thom claims this for the species of PeniciUium; and doubt-

less some forms are more fixed than others. But, as Ppeffer (28)

suggests, the fact that a form has remained unchanged after growing

for two years on a certain medium does not prove that it will not vary

in a longer period, or does not prove that it will not vary on some other

medium. category

from those of Gloeosporium. They have been growing for ages as

saprophytes on various substances, and have become adapted to a

wide range of media, and the forms have become fairly well fixed;

but the forms of Gloeosporium are more plastic. Is it not just as

possible to have variable forms among the low, fast-growing fungi as

among the higher plants ? There seems to be no other explanation

for the condition that is present in the Glomerella type of anthracnose.

If the forms will vary in culture under constant conditions, should

we not expect a greater variation in the open, where the extremes to

which the plants are exposed must be many times as great as in the

laboratory ? In nature, they must at one time or another be subject

to every sort of condition under which they will grow. If variation

is possible, we should expect to find varieties or forms built up which

will come true for at least several generations.

Furthermore, if we admit the fact of variation, we can explain the

distribution of forms and also the constant discovery of forms of

-Gloeosporium on new hosts, or "new species" as they are generally

called. Quite often a form is discovered which has never before been

found, and immediately it becomes very prominent on account of

the great damage it is doing. As a form varies, it may adapt itself

to some new liost and be able to grow with some vigor. A sudden

mutation, like the one described above, might produce a form that

'would grow immediately on another host; or a form might take but

noorlv on a new host at first, but after many generations might become
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adapted to it. This sudden occurrence of new forms is a vexing

question. It may be due to the naturalization of some exotic form,

but this does not seem to be satisfactory. The best explanation, at

least with variable forms, seems to be the production of new strains

or forms from the old ones.

What needs to be done now, and what must be done before we

can formulate any idea as to the limits of species among these forms,

is to grow them on different hosts and different media for long periods,

to see if they will adapt themselves to the new hosts and media and

will become fixed. It seems probable frcm this study that such

varieties could be built up, and perhaps sooner than we would

expect.

NOMENCLATURE

Some doubt has been expressed lately as to the validity of the genus

Glomerclla. forms

put in some of the closely allied genera. There are three other genera

which are quite similar, all of which doubtless have had described

under them, at one time or another, forms that belong properly to

Glomerella. These are Physalospora, Guignardia, and Phomato-

spora. None of these genera are understood very well by mycolo-

gists, and a thorough monograph is needed before w^e shall be sure of

our ground. But there are some characters which seem to prevent

the forms of Glomerella from being placed in the other genera. A
btroma may be present in the forms of Glomerclla, w^hile it is entirely

lacking in the others. Odier distinguishing charact'^rs are the more

or less well-developed neck of the perithccium and the lack of

definite paraphyses.

The genus Glomerella is extremely variable, and there remains

little doubt that some of the individuals would answer very well to

the descriptions of the other genera; but it seems that the forms

taken as a whole are distinct enough for a separate genus; at least this

is the position I should take for the present. Maubl \nc anrl Lasnier
(27) have recently described a perfect stage of a Gloeosporium on an

orchid as a Physalospora. Although their material has not been seen,

it seems probable that they had but a form of Glomerella. They de-

scribed their specimen as possessiner naranhvses. hut their drawings

y
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show a few branched threads entirely outside of the asci; apparently

these are the same as are seen in other forms of GlomercUa.

The question of specific names is the most difficult one. We have

a multitude of closely related forms with a greater number of names.

WTiat are we to do with all of these forms ? If they were fixed and

would vary but little or practically not at all, as seems to be the case

with forms of Penicilhum, it might be well to call them species, or

at.least varieties. But when it is difficult to find two collections with

the same characters, or to find a form that will not vary on culture

media, what is to be done with them? There seems to be httle

some

should be reduced to synonyms; but it also seems that some of the

forms are widely enough separated to be considered distinct species.

It hardly seems possible that a form that produces large, hairy, steel-

gray pustules when gr..wn on apple, as Sheldon (37; has described

for the guava anthracnose, and as is also the case with at least one

form from the orange, could be put in the same species with the one

originally found on apple, from which no such a pustule forms.

Shear and Wood (40) believe that all the forms whose perfect stage

has been found form ^ single species or at most varieties of one species.

They say that all will be considered by ihem as Glomerella rufomaculans

or varieties of it. Their use of names, however, is not always con-

sistent. They use rufomaculans because it is the first name u.-.ed for

c ni/^^«o,^^T-i*,iTv, ^r, r, v,r»H r»f wViirli tTif nprfoct stacre has been found.

mean to use the first How
Miss

7.-,

species as if she were responsible for the specific name, as, for instance,

Glomerella cingidafa (Stoneman) Sp. & v. Schr. To have been

consistent with their use of the name rujomaculans, they should have

used Glomerella cingidata (Atk.) Sp. & v. Schr. Atkinson (4)

named the conidial stage and that was the first name. There is

great difficulty in getting the right name for these forms. If we use

name

Shear and Wood, that all of these forms are the same thing, we must

use the name Glomerella cingidata (Stoneman) Sp. & v. Schr. But

if we follow the other sv^tem of using the earliest name applied to

any stage, we are in great difficulty. If we follow the latter, we may
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use rujomaculans until some one develops the perfect stage from
some other host, the conidial stage of which was described before
rujomaculans; and this older name would stand until another earlier

one was found. Our names would be in an unstable condition until
the perfect stage was developed from the first described Gloeosporium.
Furthermore, if we consider the forms from different hosts distinct

enough to be species, and also use the name first applied to the perfect
stage, the name Glomei " '

the form from apple.

While the various forms are morphologically very similar, some of
them at least seem to be quite well separated from the rest. While
the reactions to culture media are not very trustworthy, we can get
some idea as to the relationship of the form's. There are some forms
which do seem to be very closely related and very Hkely are the same;
the forms from Dracaena, Funs elaslkd, Anthurium, Coffea, and
Sarracenia seem to be very close together and should be considered
identical. Whether these are identical with the fungus causing the
bitter rot of apples is somewhat questionable, though they are very
close to it. There are some differences between them, as, for instance,
the size of the germ tube in the germinating coridium, which is much
larger m the apple form (figs. 30, 36, 38, jp). The forms on Sarra-
cenia and Anthurium seem to be undc^cribed. The anthracnose,
however, has not been found on the Sarracenia plants in the bogs,
though It has been looked for. Species of both Gloeosporium and
Collctotnchum have teen described on the coffee tree. Of course it

IS impossible to identify the one studied here positively with any of
them but so far as the descriptions go it would fit either.

The form from cotton seems to be quite divergent from the other
torms, and doubtless should be considered a distinct species. The
cultural characters are quite distinct and it takes but poorly on apple.
Also on Elfvmg's nutrient solution the myceHum breaks up into large
ceus {fig. 34) ,vhich are capable of growing into mycelium again, a
character which has not been found in other forms. I was not able
to bung the perithecia to maturity, that is, the asci did not developm the penthecia, but Shf- ''-^ '

mature.
AE

perplexini? to me. Until
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this time it has gone without question that these forms are all the

same. Spaulding and von Schrenk (33) state that they have seen

specimens of the bitter rot op apples in Vermont as late as October.

They might have seen apples affected with a Gloeosporlum^ but it

is not certain that the apples were affected with the same form that

grows in the south- As was stated above, the two form? on culture

media are very distinct, and on the apple itself there is a tendency to

divergence. On the apple from the south the conidial pustule as a

rule is large^ containing much pseudo-parenchymatous tissue which

protrudes from the surface {jig. 12) ; while the northern form produces

a pustule with little pseudo-parenchymatous tissue, similar to that

illustrated from the tomato {fig. ii). This distinction does not

always separate the two forms, as they often intergrade, but the

characters are noticeable in studving the two. Furthermore, the

form while the northern

form, so far as is known, never produces them. If we call these two

mi

sporium into one species and say that Glomerella is monotypic, grow-

ing on nearly everything. But if we call them distinct, what shall

we name the forms ? The names rujomaculans and Jruciigemim were

given by Berkeley (6, 7) to forms in England on grape and apple.

These were found in a latitude comparable to our northern states,

and consequently we should think that Berkeley had a form com-

parable to our northern one. If this is true, the perfect stage of the

Gloeosporitim ruf> This north-

ern form is known to occur on several other hosts, not entirely fruits,

besides the apple. The anthracnosc of tomatoes has generally been

called Gioeosporiiim phomoides, and under this name it has been

discussed by several authors. But the culture obtained by me was

absolutely identical with the northern form on apple; although the

Mi
culture from apple. ph

moides takes exception to Miss Stoneman's conception of the species.

Tt seems that G. phomoides is an entirely different thing, and does not

belong to the Glomerella tvDe of anthracnoses; hence the name can

no longer be used for the anthracnose commonly seen on tomatoes.

The forms from grape stems, raspberry stems, and Podophyllum
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^

4

fruit are probably only strains of the northern form on apple. At

least they will be considered so at present.

While the form from bean has not been studied so much as the

others as to its cuUural characters, it seems to be distinct. Neither

this, nor the form on melons, will grow on acid fruit like the apple.

T.t would have been interesting if Shear had given the cultural char-

acters of the form from bean from which he obtained the perfect

stage. It should have been compared with the characters of the

form from apples in the south. It is possible that the form from

apple might develop occasionally on the bean. Even if he did have

the true bean anthracnose and it developed a perithecium identical

with the apple bitter rot, the habit of growth of the bean anthracnose

is sufficiently different to continue caUing it a distinct species.

From the evidence available at present, it does not seem advisable

to call all these forms the same species. They may finally be placed

in one, or at least in a limited number of species, but until the evidence

is more certain, it seems best to consider some of them at least distinct.

If we use the name first applied to the perfect stage, and we must do

this to be consistent with the use of the name Gnomonia veneta used

earlier in this paper, the names of the perfect stages found by the

writer and brought to maturity would be as follows

:

Glomerella cincta (Stoneman) Sp. & v. Schr., including forms

purpurea, Dracaena, rubber

thurium.

Glomerella frlxtigena (Clinton) Sacc. on apple and quince.

Glomerella fusarioides, n. sp.^ from Asdepias syriaca.

Sheldon (38) has recently described the form from Dracaena as

a new species, calling it Pkysalospora dracaenae, but from my cultural

work it cannot be considered distinct from the form on orchid, the
H I

perfect stage of which has alreadv been described by Miss Stonem.\n

(43)

.

6 Glomerella fusarioides, n, sp. Perithecia nearly free, abundant on the surface

of the substratum but more or less scattered, dark bro\\-n to black, sub-globose^ to

p\Tiforin, sometimes prolonged into a short beak at the apex, 150-200 X 14*^^75 ^'

Asci numerous, clavate, 50-75 X 9-1 1 /*. Spores irregularly biseriate, straight or

slightly curved, 12-18X3-4 ^. :vlany sterile threads in the perithecium and appar-

ently outside of the asci.

*erfect stage of Gloeosporium fusarioides

stems. Stems of Asdebias svriaca. Ortnh

the
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SUMMARY

In closing the discussion of the Glomcrclla type, it may be well to

summarize briefly the points that have been considered.

1. The Glomerella type is distinctly separated from the other types

of anthracnoses by both perfect and imperfect stages.

2. The perfect stage seems to be distinct from nearly related

genera of the Pyrcnomycetes, is extremely variable, and without true

paraphyses.

3. There seems to be a large number of closely related forms,

and they are all extremely variable. Furthermore, many forms vary

under artificial cultivation and doubtless under natural conditions.

While many of the forms may be similar enough to be considered ^he

same, some seem distinct enough to be considered distinct species;

at least the evidence is not sufficient to consider them identical.

4. There seem to be two forms on the apple, the forms separated

by thermal lines. The form in the southern part of the country

differs in the presence of perithecia, a slightly different acervulus.

and entirelv different cultural characters.

3. From the investigation it seems that too much dependence

should not be put on cultural characters for the determination of

species. Some of the char£»cters when well marked are useful, but

many of the others are too variable.

In closing I wish to express my indebtedness to Professor Atkin-

son for aid and criticisms during the progress of the study, and to

Professor T. J. Burrill, Dr. J. L. Sheldon, Dr. H. Hasselbrixg,

P. H. RoLPS, and Dr. Ernst Bessey for material for study-
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EXPLANATION OF PLATE XI
^

Figs. 18-28. Gnomonia venela

Figs. 18, 19, 20.—Ripe asci, young ascus, and ascospores from sycamore leaf.

Figs. 21, 22, 26.^Asci, ascospores, and germinating ascospores from Qiiercus

alba leaves.

Figs. 23, 24, 25.—Asci, ascospores and germinating ascospore from Qiiercus

velutina leaves.

Fig. 27.—Conidia from sycamore leaf germinating.

Fig. 28.—Conidia from Qiiercus alia leaf germinating.

Figs. 29-47. Glomerella type of anthracnose

Fig. 2<).--Glomerella fructigem on apple from Missouri, binucleate conidium.

Fig. 30.—Same, conidia germinating in bean agar.

Fig. 31.—Same, secondary spores formed in old cultures.

Fig. 32.—Same, secondary spores formed by germinating conidia.
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Fig. ^^.—^Gloeosporium from apple from Nev/ York, secondary spores formed

by germinating conidia.
F

Fig. 34.

—

Colletoirichumgossypiwn from cotton; large cells formed in Elfving's

nutrient solution; one of these cells germinating, vv^ith a young spore at the end of

the germ tube.

Fig, 35

Fig. 36

Fig. 37

Fig. 38

Fig. 39
Fig. 40

Fig. 41

Conidia from quince, germinating in bean agar.

Conidia from tomato germinating in bean agar.

Conidia from apple from New York, germinating in bean agar.

Coffea arabicaj germinating in bean agar.

Conidia from Sarracenia purpurea germinating in bean agar.

Same, older stage.

Conidia from orchid germinating in bean agar.

Fig. 42, 43.—Asci and periphyses from Dracaena.
Fig. 44-47.—Asci, respectively from leaves of Ficus elastica^ Sarracenia pur-

ea^ quince, Cojfea arabica.
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BRIEFER ARTICLES
ON THE CONTENTS OF THE POLLEN CHAMBER OF A SPECI-

MEN OF LAGENOSTOMA OVOIDES

(with two figures)

Lagenostoma ovoides is one of the commonest of the oinales occurring

in the calcite nodules of the British Coal-measures. It is only specifically

distinct from Z, Lomaxi, which has been attributed by Oliver and Scott^

to Lyginodendron Oldhamium, It appears therefore probable that it belongs

group

ovule

In an oblique section through the micropyle and pollen chamber of a

LOMAX

besides the pollen grains which he recorded, several naked protoplasmic

bodies of very characteristic form. One of these bodies is within one of

the pollen grains, two are free and entire, and one is cut across. Pro-

truding from three of the grains, which show a considerably ruptured

epispore, are bladder-like structures which are clearly surrounded by the

endospore. Thus I interpreted the grains as germinating, and (as I men-

tioned in a paper 2 I was writing at the time) ''apparently in the very act of

yielding antherozoids like those of Cycas and Ginkgo" (p. i68).

The slide was last year exhibited at the Linnaean Society's rooms,

London, on the occasion of the celebration of the bicentenar}^ of the birth

of Linnaeus, and my interpretation having met with general acceptance,

I have decided that it should be figured. The many valuable contributions

to our knowledge of spermatogenesis (including the recent work on Mi-

crocycas by Caldwell^) that have appeared in the Botanical Gazette,

have induced me to send the account of this remarkable fossil to the same

journal.

^ Oliver, F. W., and Scott, D. H., On the structure of the palaeozoic seed

Lagenostoma LomaxL Phil. Trans. Roy. Soc- London B 197:193-247- pls. 4-^0.

1904.

2 Benson, Margaret, Telangiiim Scotti, a new species of Telangium (Cal}-m-

matotheca) sho\\ing structure. Annals of Botany 18:161-177. pi 11^ 1904-

3 Caldwell, Otis W., Microcycas calocoma. Bot. Gazette 44:118-141-

figs. 14. 1907

409]
[Botanical Gazette, vol. 45



4IO BOTANICAL GAZETTE [JUNE

The pollen grains in their enlarged state, owing to germination, measure

70X50^11.4 The walls are reticulately thickened and the thinner areolae

have in many cases given way and become perforations. The protruding

endospore can be seen in two cases to contain cells (Jig. 2, /), but their

nature is difficult to determine. They are probably of the same nature as

the cells that can be seen attached to one of the free antherozoids (fig, 2, Z^-

In the absence of any evidence as to their nature, I think it best to

suggest that they are possibly of fungal origin, but, on the other hand, they

Fic Fig. 2

Fig. I. genostoiftd

otdes

cular bundles of the integument.

Fig. 2,—The pollen chamber and its contents from the same ovule, X232; w/,

tongue of nucellar tissue which supports the pollen chamber; nw, nucellar wall of

the pollen chamber; a, antherozoid; as same cut across; e, endospore protrusion;

fS P^y P^y P^y four polkn grains; t, t^, tissue which is possibly fungal.

Camera drawings from a slide in the R. H. College Collection, C N. 63. Locality,

Dulesgate.

bear a remarkable resemblance to the tissue observed by Renault in the

pollen grains of Cordaites. If we had a case in which each of these cells

gave rise to an antherozoid, it would then be obvious that they were game-

tophytic. The central body in each cell has the appearance of a nucleus,

but is possibly merely the carbonized remains of the whole protoplast.

4 By an oversight the dimensions were given ten times too small in Benson, loc, cit.
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The antherozoids measure 41 ft across when free. They are thus about

two-thirds the size of those of Microcycas, which appear from Caldwell's

drawings {loc. cit.) to measure 60/i across. Again, they are but one-sixth

the size of those of Zamia as figured by Webber, s

That the antherozoids should be of smaller size than those of recent

cycads is explicable when one considers the primitive nature of Lyginoden-

dron and how many fern characteristics it retained. Moreover, there is

considerable probability that the number of antherozoids produced by one

pollen grain was not limited to two, although there is no evidence as to

how many were produced. It is obvious, however, that this pteridosperm

did not produce as many as Caldwell has shown is the case with :Micro-

cycas.

figure {fig

bounded by a thin wall of elongated cells of nucellar origin (jiw), and that

the tongue of nucellar tissue characteristic of the Lagenostoma type of

ovule is cut obliquely at nl. Within the space thus delimited lie the remains

of four pollen grains {p\ p', p\ p^). Of these p^ still contains one an-

therozoid, and shows but little protrusion of endospore. The grain p^ is

empty; its epispore shows thin areolae, and at e the endospore has pro-

truded and shows very faintly one hexagonal cell still preser\'ed near its

base. The grain p^, at the bottom of the exposed part of the pollen chamber,

shows clearly five hexagonal cells (/), each with a central black spot. The

grain has been injured and its contents cannot be determined. Between

the grains p^ and p^ lies one of the bodies I interpret as antherozoids. The

hyaline area of this body appears to correspond with the apex of the coil,

but cilia cannot be demonstrated.

A similar body appears on the right near the upper part of the pollen

Chamber, and this also shows a hyaUne area. Accompanying this gamete

are the problematical cells which apparently form a continuous tissue and

therefore are not chytridiaceous. There are no fungal hyphae connected

with them and each cell contains a minute central body. Not far off lies

part of a fourth antherozoid {fig- 2, «0, which has evidently been cut across

in the process of making the slide.

CONCLUSION

That such bodies as pteridospermous antherozoids should be preserved

rocks
In

to those who are familiar with the results of palaeobotanical research.

5 Webber, H. J.,
Spermatogenesis and fecundation of Zamia. U. S. Dep. Agric,

Bur. PL Ind., BuU. 2. pp. 100. ph. 7. 1901-
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the silicified form we have had many records of archegonia from Brong-
NiART^ and Renault. 7 The latter devoted considerable time and attention
to palaeozoic bacteria, and was the first to record tissue formation in a

gram preserved
megaspores of the Lepidodendreae, and recently ScottS has recorded the
early stages in the germination of fern spores. Still more recently I have
had occasion to record a very early stage in the development of the embryo
sac in the young megasporangium of Miadesmia.^ But even with instances
such as these, we should not have ventured to identify these antherozoids
if it had not been for the antecedent discovery in Ginkgo and the cycads
of this type of male gamete. As students of phylogeny, we may well con-
gratulate ourselves that such forms as Ginkgo biloba and Microcycas calo-

coma persist to the present time to interpret to us the elaborate pollen
chambers of the palaeozoic era. In their turn these paleozoic structures

of male gamete

University.

great antiquity of the cycad typ'

Royal Holloway College, London

THE EMBRYO OF CERATOZAMIA: A PHYSIOLOGICAL STUDY
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY III

(with seven figures)

Ceratozamia is a genus of cycads of the American tropics. Its
habit and habitat and the manner in which the ovules are shed shortly

Chamberlain

structures
The embryo has only one cotyledon. This fact was observed by Van

liEGHEM (2) as early as 1873 in a form which he considered a hybrid
between C. longijolia and C. mexkana, but which was probably pure C.
longtjoha. In 1878 Warming (^) recordeH fhp m^nnr^f.ri^^^n.^,ic r^nrlltlnn

arises
Of the h>-pocotyl axis and little by little comes to surround it.

Bemg engaged in an anatomical study of the seedling, the first obser^-a-
tion^I made was naturally upon this character. In every case in over one

^ Brongnl^t, a., Recherches sur les graines fossiles siHcifies. Paris. iSSi.

NewPhjtol. 5:170-172. 1906.

"Bexsox, Margaret, Jk

a seed-like structure, Phil. 1
1908.

m. Paris. 1896

germinating spo



igoSj BRIEFER ARTICLES 413

ovules

ih^

906, the embtyos bore only one cotyledon

When
Matte

Chamberlain and had begun the study, not knowing that the work was

being carried on in this laboratory. Matte reports that the embryo

is monocotyledonous. Chamberlain (14) in his recent report on Cera-

tozamia, read before the Chicago meeting of the Botanical Society of

Anaerica, makes the same statement.

Fig. I.—Seedling of Ceratozamia showing base of the cotyledonary petiole encir-

cling the stem. Natural size.

Fig. 2. middle X8.

Fig. 3.—Longitudinal section of seedling in the emergent stage: c, cotyledon;

J, scale; a, growing point of stem. X8-

In other cycad embry^os, the cotyledons are often reported as unequal

m size. ,UB (5) observed and figured

nalis. WoRSDELL
one cotyledon was considerably shorter than the other. :\L\tte (7) re-

ports a case in Dioon edule in which the vascular strands in the smaller

occumn

rudiments

He also mentions an inequality in
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the size of the cotyledons of Encephalartos BarterL Bower (8) recorded
a difference in the size and anatomy of the two cotyledons of Cycas Seemanni;

and Land (Chicago) has noted

(unpublished) a difference in the

size of the cotyledons of Zamia

integrijolm.

Outside the cycads one finds

the same tendency in seeds of

similar habit. Solms-Laubach

(9) figured it in an embryo of

Bennettites Gibsoniana, a fossil

relative of the cycads ; and

Coulter and Chamberlain (10)

and Lyon (11) have recorded it

of Ginkgo.

In the course of my ana-

tomical study, I noticed that

the cotyledon was a lateral

structure and that there was

absolutely no external trace of

another (fig. j), but certain

irregularities in the vascular sys-

tem made me suspect that the

second cotyledon had been sup-

'

pressed. These irregularities con-

sisted mainly in the suppression

of one pole of the root, and the

presence of certain rudimjentary

strands which joined the stem

in normal fashion, but whose

Figs. 4 and 5.—Embryos developed on
clinostat; removed February 3. X8.

Fig. 6.—Cross-section of middle region
of cotyledons of an embryo removed from
clmostat February 26. X8.

Fig. 7.—Embryo taken from soil in
green house January 8. X8.

upper portions ended blindly in the cortex or fused with other bundles.
The suspicion was strengthened by the observation that in every case
the cotyledon developed on the under side as the seed lay. This latter

circumstance led me to think that gravity was responsible for the

monocotyledonous condition.

In the following autumn, therefore, fresh o^oiles were placed in broad
pots, covered closely with sphagnum, and placed upon clinostats revolving
at different rates of speed. In December the Livingston porous cup
apparatus (12) was inserted in order to equalize the soil moisture. At the
same time fresh seeds were planted in the greenhouse.
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The apparently simple plan of planting the seeds end down was

not adopted for two reasons. First, this would not give accurate

results, because such a seed as that of Ceratozamia could not be placed and

kept in an exactly vertical position, and there is no doubt that a variation

from the vertical of only a few degrees is sufficient to bring an organ under

the direct influence of gravity. Second, at the time of formation of the

growing points, the embryo has been pushed half-way through the massive

endosperm in a tortuous and winding path by the elongating suspensor, and

it is probable that just at the time when it comes to rest, gravity will deter-

mine its position whether the seed be vertical or horizontal.

Rotation on the clinostat seems to have retarded development to a

marked degree, but has not otherwise interfered with it. Early in February,

the embryos developing on the clinostat were found to have two equal

cotyledons {figs, 4, 5, 6), while those developing under normal conditions

have only one (fig. 7). Further, the dicotyledonous embryos have a

tetrarch stele in thq root and the cotyledonary vascular system is of the

usual cycad type.

It can scarcely be doubted that gravity is the main factor in bringing

about the inequality reported in the cotyledons of other gj-mnosperms, and

it may be that further t^

suppression of root poles. It is possible also that it is to this cause we may

attribute not only the monocotyledonous condition long known to exist

AIN

true

their very inception hold a practically unchanged one-sided relation to

gravity.

The experimental work is under the direction of Professor Charles

R. Barnes and Dr. William Crocker.—Helen A. Dorety, TJie Uni-

versity of Chicago.
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BOOK REVIEWS
North American gymnosperms

Penhallow

on gymnosperms. He has taken the North American species (exclusive of

upon

the anatohiy of the mature wood. The original plan had in view the identifica-

tion of material used for structural purposes; but the investigation soon included

finally The

final result includes detailed studies of 92 North American species, 21 Japanese,

and 4 Australasian. The enormous mass of detail to be sifted and organized

ood

be made evident can be imagined.

two
a
Systematic." Under anatomy (192 pp.) a detailed account of the regions and

gymnosperm

bility, decay, and general phylogeny. In the systematic part (157 pp.) a s}Tiopsis

of the genera and species of Cordaitales, Ginkgoales, and Coniferales is presented,

possible

values.

book

the chapter devoted to phylogeny. The author has given an excellent illustra-

tion of the result of follovnng one set of characters in reaching conclusions as to

phylogeny. Morphologists and paleobotanists and anatomists of a different sort

have done this before, and with results equally divergent. The morphologists

have been checked more frequently than the others, perhaps, for they have been

compelled to carry through many different structures that insist upon contra-

dicting one another in reference to any suggested phylogenetic connection. In

these latter days, however, morphology, anatomy, and paleobotany are beginning

to combine their results in any conclusion as to phylogeny, and the contradictions

are multiplying. Professor Penh.\llow has introduced another set of checks,-

which must either be incorporated in any general conclusions or explained away.

recognizes

upon

combined with the others in the general result. When

American g}-innosperms

certain

Boston: Ginn & Co. 1907

417
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contradict one another, it remains to discover the characters that should control,

and this becomes a matter of opinion rather than of demonstration.
On the basis of v.-ood anatomy, as interpreted by Penhallow, a phylogeny

of the gj-mnosperms is constructed that certainly contradicts many of the con-
clusions that have been drav/n from the other methods of attack. From the

Cycadofilices tAvo great divergent lines arise, one being the Cycadophytes, the

other the general conifer-like plexus; this view seems reasonable enough. The
conifer-like forms are thought to have been derived through such forms as Poroxy-
lon, v,-hich in turn forked into Cordaitales and another branch which forked
into Ginkgoales and Coniferales. It is interesting to note that the araucarians
are made a branch of the Cordaitales stock. The Taxaceae (taxads and podo-
carps) are made the earliest side branch of the Coniferales stock; then'come the

Taxodineae, the Cupressineae, and finally the Abietineae, whose most modern
and specialized expression is Pinus. Just how this phylogeny can be related to

that of Jeffrey, for example, to say nothing of the phylogeny of modern morphology,
is not clear. Either mature wood structure is not significant in phylogeny, or

there will hare to be an extensive revision of our former conclusions.
At all events, it is a good thing to have these facts before us; and the book

will certainly be highly useful in its practical applications and also as a great

assistance in the recognition of fossil material.—J. M. C.

NOTES FOR STUDENTS
Items of taxonomic interest.—^W.

described a new Asplenium from Arizona.—C. B. Robinson (Bull. Torr. Bot.

Club 35:63-75. 1908) has begun a series of contributions bearing the title "Ala-
bastra pliilippinensis," the first one containing descriptions of 12 new species.—
P. C. SxANDLEY (idem 77-78) discusses certain New iMexican forms of Echino-
cereus and describes a new species.—H. D. House (idem 89-90) has described

2 new species of Evolvulus from the Bahama Islands.—E. Gilg (Bot. Jalirb.

40:444-518. 1908), in an account of the African Flacourtiaceae, describes numer-
ous new species and the following new genera : TrichosiepJtanus, Marquesia, and
Ophiobotrys.~~A. Engler (idem 519-572), among numerous new species of

species

908)

Moraceae.—B. L. Robinson

y oj- ^v^'jj iiao icviaeu me nomenclature 01 a numoer 01 piaais ui

the northeastern United States, chiefly of minor varieties and forms, and includes

MUS
Minnesota and Michiran.—G. HiERONY

f c ••
J

° ^'—t -^^. ^w. 1-^. iyuoj, m an account 01 me pienuupu^ i--^

of biUEEL's South American collections, describes new species under Diplazium
(8) and Asplenium.-R. Keller (Bull. Herb. Boiss. H. 8:175-191. 1908), in a
revision of Hypericum § Brathys, recognizes 21 species, 6 of which (from South
America and xMexico) are described as new.-L. L. Capitaine (idem 251-253)
nas descnbed a new genus (Hyalocalyx) of Turneraceae from Madagascar
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M. L. Fernald (Rhodora 10:46-55. 1908), in notes on some plants of north-

eastern America, publishes a number of new combinations, forms, and varieties,

and also new species under Potamogeton, Fragaria, Callitriche, and Vaccinium.

—

A. FixET (Bull. Soc. Bot. France IV, 7:53^-538. 1908) has published a new

genus (PseiidoViparis) of Orchidaceae from China, and also {idem, Memoires, pp.

65. ph. 12) an account of African orchids of the tribe Sarcantheae, including

many new species and the new genera Monixus, RhapJildorhyncJmSj Ancistro-

rhynchiis^ and Dicranotaenia.—F. Gagnepain {idem 538-544) has described

two new genera {OUgolobos and Xystrolohos) of Hydrocharitaceae from China,

T. Makixo (Bot, Mag. Tokyo 22:14-20. 1908) has described the new^ genera

Alectoriirus (Liliaceae) and Tiibocapsicum (Solanaceae) from Japan.—S. Okamura

{idem 29-31, 41-44. ph. 2, j) has published tw^o new^ genera {OrlJiommopsh and

Okamiiraea Broth.) of mosses from Japan.—Marcus E. Jone:s (Contrib. Western

Bot. No. 12. pp. 100. 1908) has described numerous (96) new species of western

plants, including Scopulophila (Illecebraceae) and Cusickia (Umbelliferae) as

new genera; and has critically re\aewed the western Umbelliferae, adopting Cogs-

wellia to replace Peucedanum,—W. R. Maxon (Contrib, U. S. Herb. 10:473-503.

ph. jj, j6. 1908), in the first number of a series of studies of tropical American

ferns Holodicty

Ananthacorus (allied to Vittaria), and several new species.—J. M. GREEXiiAN

(Field Columb. Mus. Publ. Bot. 2:247-287. 1908), in a paper on new or note-

worthy spermatophytes from Mexico, Central America, and the West Indies, has

described new species under numerous genera, 25 species of Senecio being new or

fully characterized for the first time, and Goldmania (Coreopsideae) being a new

genus.—D. Prain (Kew Bull. 1908:114) has described a new genus {Acrymia) of

Labiatae from Alalaya.—^J.
M. C,

Diseases of apples,—Burrill^ and Bl.\ir5 have published two bulletins

presenting what may be considered a summary of their extensive investigations

of the bitter rot of apples, both as to its botanical relations and methods of control

and eradication by removal of the cankers and proper spraying methods. Few

orchard diseases have received such attention, and every orchardist and plant

pathologist should read these two publications, which are too extensive to be

summarized here.

Ste\^ns and Hall^ have recently published a description of several apple

diseases. hucti Stevens and

jiichel

^ Btjrrill, T. J., Bitter rot of apples. Botanical investigations. Bull, lU. Exp.

Stat, 118:553-608.^/^. 10, 1907.

3 Blair, J. C, Bitter rot of apples. Horticultural investigations. Bull. lU. Exp.

Stat. 117:481-552. ph. 2, 1907.

Hall Bull. N. Car. Exp.

Stat. 196:37-55- H^' 5- 1907-
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funduscankers on the twigs. Twig cankers due to the black ro1

also reported as being frequent. Apple scurf, a twig disease, is described as due

to Phyllosticta or Phoma prunicola,—E. Mead Wilcox.

The roots of Lycopodium Selago.—Miss Saxelby^ has studied the ori^n

of the roots of Lycopodium Selago, working with young plants grown from bulbils.

She reports that the roots arise near the apex of the stem, but below the first

leaves, and grow down through the cortex of the stem, emerging at the level of

the ground. It is probable that ''origin below the first leaves" is too sweeping

a statement, for in preparations made by the reviewer from the same species the

roots usually arise higher up than the first leaf. Miss Saxelby finds that the

dermatogen of the root arises from several cells of the innermost layer of the stem

periblem; while the periblem and plerome arise from the plerome of the stem.

It is interesting to note that the author finds three meristematic regions: plerome,

periblem, and a dermatogen which forms both epidermis and root cap. The

roots are usually diarch, with the metaxylem in the form of a horseshoe; but

they may be tetrarch, with the metax}'lem in two parallel bands; or there may be

a transition between the two conditions.—Alma G. Stokey.

Germination of Fucus.—Kniep finds ninety pages barely sufficient to relate

and discuss the observations of three and a half months, at Bergen, on the physi-

ologj^ of fertilization and germination in Fucus serratus, F, vestculosuSy and r-

spiralis,^ After a serious attempt it appears impracticable for the reviewer to

discover in this voluminous paper the author's results and conclusions, for he does

not make clear the outcome of his work, nor anywhere give so much as a hue by

way of summar>^ regarding a single topic. His observations w^ere directed par-

. ticularly to the Influence of external factors on the gametes and sporelings. The

main topics are the effect of concentration of the total salts in sea water upon^the

movement of sperms, fertilization, germination, and geographical distribution;

the influence of temperature (brief); the directive and formative eflfects of hght;

certain phases of regeneration in sporelings; and finally the possible induction oi

polarity by chemical stimuli.—C. R. B.

Califomian Hepaticae.—Humphrey pubUshes together a series of notes on

the physiologj' and morphology of certain Califomian Hepaticae.7 He re-

ports that Fossombronia longiseta, Fimbriaria californica, Aneura mulHpdaj

Anthoceros Pearsoni, and Porella Bolanderi are infested commonly with fungi,

parasitic in the first case, symbiotic in the second, and epiphytic in the last three.

spores

Annals of
5 Saxelby, E. Mary, The origin of the roots in Lycopodium Selago.

Botany 22:21-33. pL j. 1908.

6 Kniep, H., Beitrage zur Keimungs-Physiologie und -Biologie von Fucus.

Jahrb. Wiss. Bot. 44*635-724. figs^ 12. 1907.

7 HuiiPHREY, H. B., Studies in the physiology and morphology of some CaU-

fornia Hepaticae. Proc, Wash. Acad. Sci. 10:1-50. ph. /, 2, 1908.
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season in the tetrad stage, and mature early in January. Various adaptations

to a dry season are noted. Hygrophilous species are unable to recover from

desiccation, but both thallus and spores of xerophilous ones grow promptly even

after complete artificial desiccation. The remaining studies are concerned with

the germination of spores of various species, and the brief life of the green or thin-

walled spores, as contrasted with those of certain xerophilous species which are

known to be viable after two years.—C R. B.

Florida strangling figs-

—

Bessey^ has studied the germination and habits of

the two native figs of Florida {F. aurea and F. poptdnea). In dense hammocks

F. aurea begins only as an epiphyte, but eventually all trace of this habit is lost;

while in open places it is often independent from the first. This seems to be

explained by the fact that the seeds germinate only in the light, and experiments

were performed to prove this peculiar habit. Following germination, the usual

gradual ^^strangling" of the host plant occurs. Roots are sent down along the

host plant and established in the ground, and finally by anastomosing and growth

they completely incase the host. Both species have two or more crops of fruit

each year, and are pollinated by different species of Blastophaga. Both kinds of

flowers occur in the same receptacle, and the differentiation of the flowers is not

so extreme as in the commercial fig.—J. M. C
Morphology of Asimina triloba.

—

^Herms' has discovered the following

facts in a study of Asimina triloba: the ovule passes the winter in a stage pre-

ceding the differentiation of the archesporial cell; the megaspore tetrad is occa-

sionally tetrahedral instead of linear; the embryo sac becomes remarkably

elongated; the polar nuclei remain in contact for three weeks or more; the

antipodals are very ephemeral; the first segmentation of the egg does not occur

for three or four weeks after fertilization; the first division of the endosp

nucleus is accompanied by transverse wall formation, di\iding the linear sac

into two equal chambers, the transverse divisions continuing until the sac contains

.a linear series of about twelve cells, when longitudinal division begins at the

antipodal end; the embr}^o is very small and little organized even in the seeC

J, M. C.

Light and germination of fern spores.—LirE'° has been experimenting with

-the effect of light of different intensities upon the germination of fern spores.

The spores of Alsophila anstralis germinated about a year after collection, but the

.spores of other ferns germinated as soon as they were dry. Under ordinary

conditions the spores do not germinate in darkness; and at higher temperature

:rm

8 Bessey, Ernst A., The Florida strangUng figs. Rept. Mo. Bot. Garden 1908:

r-g

William Ohio

"Naturalist

10 LiEE, A- C, Effect of Hght upon the germination of spores and the gametophyte

of ferns. 09-
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spores

be induced to germinate in darkness. Germination was best in light of medium

intensity (about 0.075 sunlight). Weaker light induced filamentous or ribbon-

like prothallia, while strong light induced heart-shaped prothallia. Strong light

(intensity 0.3) cause the production of only archegonia in Alsophila, while in the

other ferns both sex organs were produced. Weak light inhibits the production

of archegonia and favors the production of antheridia.—J. M. C.

Poisonous action of salts.—Benecke^' mingles with a strong polemic against

LoEW an account of experiments which go to show that various salts collectively

harmless are individually poisonous to Spirog}Ta, but have their toxic action

neutralized by calcium salts. The chlorids, nitrates, sulfates, and phosphates

potassium, magnesium The

poisonous

of the anions named the phosphate, sulfate, and nitrate are more poisonous than

chlorion. The toxicity of both anions and cations may be removed or dimin-

ished by the addition of Ca ions.

These results are essentially those obtained by Osterhout and Duggae,

the chief difference being that Benecke ascribes to Ca a special antitoxic property

toward other salts.—C. R. B.

Respiration and pollination.—When the gjnaecium begins its second phase

of development, after pollmation, the respiratory activity might be expected to

differ from that of an unpollinated one, but no comparative determinations seem

to have been made. This has now been done by Miss Jeak Whixe,'^ using the

Bonnier-Mangin apparatus for gas analysis. With due precautions she finds

this apparatus, as modified by Atjbert, entirely satisfactory. "The net result

of the whole work is to show that pollination not only produces a rapid rise of the

respiratory activity, but also affects the respiratory quotient," which is usually

less than unity and larger in the pollinated than in the unpollmated gynaecium.

The numerical data show such extraordinarj^ differences, under presumably Uke

conditions, as to raise serious question regarding the value of the observations.

C. R. B.
r

Embryology of Oxalis.—H.\:vniOND^3 has investigated O. carniculafa and

:ords that the single hypodermal archesporial cell does not give rise to any

megaspore

antipodals

basal cells of the suspensor form a very active haustorium.—J. M

LVKCKE, W., Ueber die Giftwirkung verschiedener Salze auf Spirogyra, unc

;iftung durch Calciumsalze. Ber. Deutsch. Bot. Gesells. 25:322-337. i9^7

EAK
gynaecium. Annals

AMMOND, Howard
»4. pi- iS, 1908.

Ohio Nat.



NEWS

Du. H. O. JuEL, formerly assistant professor, becomes professoi: of botany

in the University of Upsala.

Me. L. L. Biirlingame, The University of Chicago, has been appointed

instructor in botany in Stanford University.

Miss Alma G. Stokey, The University of Chicago, has been appointed

instructor in botany in Mount Holyoke College.

Dr. Carlton C. Curtis, Columbia University, has been advanced from an

instructorship in botany to an adjunct professorship.

Miss E. N. Thomas, University College, London, has been appointed head

department

M
has been appointed instructor in botany in Wellesley College.

Dr. F. D. Heald, University of Nebraska, has been elected to a professorship-

in botany in the University of Texas, to succeed Dr. W. L. Br-\y, who has gone

to Syracuse University.

Mr. H. Migliorato has undertaken to prepare a systematic dictionary of

plant pathology, and asks botanists to send their papers to him at the Botanical

Institute, via Panisperna 89B, Rome,

Carl Waenstorf (Berlin-friedenau) announces for sale his large collec-

tion of Sphagnum, containing about 30,000 specimens from all parts of the

world, and also a very large number of annotations and memoranda.

The twenty-eieth year of the professorship of Dr. Karl Goebel at the

University of Munich was celebrated on March 7. More than Bity botanists

were present, and Professor Goebel received a number of valuable presents

from his former students, and greetings from many universities.

The committee in charge of securing a botanical foundation in honor of

Leo Errera announces that the necessary amount has been subscribed. The

will

J.
Massart, rue Albert de Latour 44;

Herbert F. Roberts, Kansas State Agricultural College, has received a

commission from the Kansas Experiment Station to inspect the wheat regions

of Southern and Central Europe during the coming summer. He mil visit Italy,

Greece, the Balkan states, and Hungary, and also the notable plant-breedmg

t

Stations.

423
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Dr. Oskar Brefeld, ha\-ing been compelled by serious trouble with his

eyes to give up the editorship of Cohn's Beitrdge zur Biologie der Pflanzen, the

duty has been assumed by Professor Feux Rosen" of the University of Breslau.

The second and concluding part of the ninth volume has recently appeared after

an interval of several years.

The large and valuable herbarium of the late Mr. A. P, Morgan has

been presented to the State University of lovr'a by his widow. It includes his

botanical library, and is undoubtedly the most complete collection in existence

of the mycologic flora of the lower valley of the Ohio River, and must always

remain of importance on account of the numerous tj-pes it contains.

Theodor Oswald Weigel (Leipzig) has issued the first number of a paper

entitled Herbarium^ which will be published bimonthly, and is to be devoted to

the distribution of exsiccata. It will announce continuations of current collec-

tions, collections that are wanted, and those that are offered. The publisher

feels that this handling of dried plants in addition to botanical books will prove

of advantage to many botanists and botanical establishments.

The following summer laboratories, in addition to those already noticed,

announce botanical instruction and research: Marine Biological Laboratory,

Woods Hole, Mass., July i to August ii (George F. Moore, John M. Coulter,

George R. Lymax, C. J. Chamberlain, R. R. Gates, C. H. Shattuck, W. R.

Maxon); Biological Laboratory, Cold Spring Harbor, L. L, July i to August it

(D. S. Johnson, George D. Fuller, Harlan H. York); Lake Laboratory,

Cedar Point, Ohio, June 22 to July 31 (Malcom E. Stickney); Harpswell

Laboratory, South Harpswell, Maine, June 15 to September 15, purely research.

The Editors oe the Botanical Gazette have decided to discontinue the

Items of taxonomic interest, heretofore a feature of "Notes for Students." Their

chief purpose was to serve taxonomists in callirfg attention to new genera and to

new American species. There was not space enough to do this completely, and

anything short of completeness in such a record is unsatisfactory. Besides, this

useful service is now more fully rendered by the Botanisches CmtralUatt and

Fedde's Repertorium navarum specierum, to say nothing of the various ftirrent

card indexes. This does not mean that taxonomic literature will be neglected,

but that it will be reviewed selectively, as in the case of other literature. -

With the present number of the Botanical Gazette, the department
of "NEWS" will be discontinued. Botanical news is now more promptly an-

nounced for American readers in Science than it can be in a monthly journal;

and foreign readers receive such information through journals nearer at hand.
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The most important classified entries vAll be found under Contributors, Per-

sonals, and Reviews. New names and names of new genera, species, and varieties

are printed in bold-face type; synonyms in italic.
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Abrams, LeRoy, work of 210
Acanthotreculia 418
Achlya hypogyna 194
Acrobotr^'s 347
Adventitious buds, Gnetum 357
Africa, algae 208; desert vegetation 213
Agave 210
Alectorurus 419
Alfvar 279
Algae, action of Mg and K 117; African

208; nitrogen fixation by 214; para-

sitic on tea 212

Allen, C. E., personal 287
Allen, Rutb F., personal 288

Alpine vegetation, Colorado 319
Alternation of generations 309
American Breeders' Association 344
Ames, Oakes, personal 72; work of 282

Amphicarpon, cleistogamy of 136
Amsinckia 281

Ananthacorus 419
Anatomy, Araliaceae 69
Anatomy, Equisetum 214
Anatomy, Lobeliaceae 140
Anatomy, Palaeostachya 141

Anatropanthus 347
Ancistrorhynchus 419
Andrews, F. M. 340
Androsace 282
Angiosperms, origin 196; relation of

megaspores to embrj^o sacs 361
Anthocerotales, Javanese 349
Antropbytum 65
Apogamy, ferns 276; Nephrodium 2S9;

Rumex 215
Apospory, in ferns 276
Aquatics, nutrition of 359
Arabis 66
Aragallus 66
Araliaceae, anatomy of 69
Arber, E. A. Newell, work of 359
Arisaema triphyllum, embryo 38
Aroids, roots of 142
Arthur, J. C, work of 347
Ascent of water 345
Ascocarp of Lachnea 206

Ascomycetes 347
Asimina, morphology of 421

Aspergillus, morphology of 356
Asplenium 418
Assimilation, of carbon by Penicillium 176
Atractocarpus 347

B
Badiera 65
Bain, S. M,, personal 344
Baker, E. G,, work of 347
Balance, convenient traveling 269
Barber, C. A., work of 213

Barnes, Charles Reid 61, 71, 137, 142,

143, 200, 201, 209, 213, 273, 275, 278,

280, 281, 283, 284, 286, 341, 342, 345,

349) 35I7 354, 355. 35^, 357> 359. 420,

421, 422
Bamhart, J. H., work of 347
Bateson, William, personal 72
Baur, E., personal 288; work of 350
Becquerel, Paul, work of 275
Behney, Mary E. 54
Belajeff, W., work of 147
Benecke, W., work of 422
Benedict, R. C, work of 65

Benson, Margaret 409
Bessey's ** Plant phyla" 344
Bessey, Ernst A., work of 421
Biometrics, Ceratophyllum 63
Blackman, F. F., personal 287

Blackman, Vernon H., personal 144
Blair, J. C, work of 419
Blankinship, J. W., work of 358
Blepharoplast, origin of 160

Bohlin, K., personal 72
Boisduvalia 282

Bolus, H., work of 65

Bonata 347
Bonnier, Gaston, personal 360

Botanical Gazette, changes in 424
Boulenger, H, A., work of 63

Brandenburg, cr3rptogaraic flora of 343
Breeding, plant 274

Brefeld, Oskar, personal 424

Briquet, J., work of 282

British plants, list of 343
Britton, N. L., personal 72; work of 65,

282,347 _
, ,

Brotherus, V. F., work of 202

Bryophytes, morpholog>' of 59
Buch, H., work of 60

425
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Buds, winter condition 54
Burlingame, L. L. 68; personal 423;
work of 3

Burrill, T. J., work of 414
Butler, E. J., work of 209

c
Caldwell, Otis W. 58
California peach blight 208
Calkins, G. N., work of 2

Callitriche 419
Campbell, D. H., work of 68, 148, 349
Capitaine, L. L., work of 418
Capnoides 66
Caprifigs, endosperm of 353
Carbon assimilation of Penicillium 176
Cardiff, I. D., work of 3
Carex 347
Cassia, erabr)'o sac of 215
Cassiope 65
Castilleia 65
Castle, W. E., personal 344; work of 274
Ceratophyllum, biometric study 63
Ceratopycnidium 21a
Ceratozamia, embr}'o 412
Cereal rusts 212
Chaetomorpha 65
Chamberlain, Charles J. 58, 59, 215,

347> 357^ 35S; personal 287, 424
Chambers, H. S., work of 356
Charia 65
Chase, Agnes 135
Chlorocrambe 65
Chlorophyll, economy of 359; function-

less 215; spectrum of 356
Chloropyron 210
Choananthus 347
Chromosomes, individuality of 347; in
Nephrodium 10; reduction and synap-
sis 18; Sarracenia 36

Chylisma 282
Chrysler, M. A. 214, 352
Cladophora 65
Clapp, Grace Lucretia 254
Clark, C. B., w^ork of 346
Cleistogamy of grasses 135
Clute, W. N., work of 418
Coastal plain vegetation 204
Cockayne, L., work of 130
Cockerell, T. D. A. 338
Codonanthe 347
Coffein 213
Cogswellia 419
Coker, W. C. 141, 194; work of 338Cohns F. S., personal 287; work of 65
Colorado, Alpme vegetation 319
Compositae of Southern California 28 c
Conjugation, in Spirogyra 357
Contributors: Andrews, F. M ^40-
Behney, Mary E, 54; Benson, Marga-

ret 409; Burlingame, L. L. 6S; Barnes,
C. R. 61, 71, 137, 142, 143, 200, 201,

209, 213, 273, 275, 278, 280, 281, 283,

284, 286, 341, 342, 345, 349, .351, 354,
3S5j 356, 357. 359. 420, 421, 422;
Caldwell, O. W. 58; Chamberlain, CJ.
58, 59. 215, 347. 357> 358; Chase, Agnes
135; Chrysler, M. A. 214, 352; Clapp,
Grace L. 254; Cockerell, T. D. A. 338;
Coker, W. C. 141, 194; Coulter, J. M.
59, 66, 70, 202, 208, 210, 211, 212, 213,

214, 281, 283, 285, 341, 343, 344, 346,

353. 355. 356, 357. 35^, 359. 3^1, 418,

421, 422; Cowles, H. C. 55, 71, 138,

139. 143. 204, 205, 211, 213, 214, 215,

279; Eckerson, Sophia 54; Fuller,

G. D. 352; Gates, R. R. 60, 68; Gow,

J. E. 38; Greenman, J, M. 198;
Hallier, H. 196; Hasselbring, H. 176,

199, 203, 207, 209, 211; Holm, T.

69, 140; Jeffrey, E. C. 67, 141; Land,
W. J. G. 349, 359; Longo, B. 70;
Magowan, Florence N. 45; Moore,
W. 54; Nichols, M. Louise 31; Oster-

hout, W. J. V. 117; Overton, J. B.

206; Pemberton, J. D. 194; Pond,
R. H. 232, 359; Reed, H. S. 73;
Rusby, H. H. 59; Schreiner, O. 73;
Setchell, W. A. 125; Shull, G. H. 63,

103, 140, 274, 344, 350; Smith, W. R.

338; Stevens, F. L. 66, 208; Stock-

berger, W. W. 269; Stokey, Alma G.
420; Transeau, E. N. 217; Yama-
nouchi, S. i, 145, 276, 285, 289, 354;

. Wilcox, E. M. 420
Cooper, William S. 319
Copeland, E. B., personal 144; work of 347
Coprosma Baueri, leaf variation 139
Cordeauxia 65
Coriolus 202
Corn, breeding in tropics 140
Coulter, John M. 59, 66, 70, 202, 208,

2IO, 211, 212, 213, 214, 215, 281, 283,

285, 341, 343. 344, 346, 353. 355. 35^.

357. 358, 359. 361, 418, 421, 422; per-

sonal 424
Coupin, Henry, personal 360
Cowles, H. C. 55, 71, 138, 139, i43. 204,

205, 211, 213, 2x4, 215, 279; personal 210

Crataegus 282
Cusickia 419
Curtis, Carlton C-, personal 423
Cyanogenesis 209
Cyperaceae 346
Cyperus 282

D
Dachnowski, A., work of 59
Dalla Torre and Harms's " Genera Sipho-

nogamarum" 59
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Darwin, Francis, personal 287

Davenport, George E., personal 287

Davenport, C. B., personal 344
Davidson, A., work of 65

Davis, B. M., work of 354
DeBary, A., work of 289

DeCandoUe, Casimir, w^ork of 65

Delacroix, E. G., death of 216

Denniston, R. H., personal 288

Derbesia, spore-formation in 354
Desert vegetation, Africa 213

Detto, C, personal 72

Diastase, production of 142

Dicoria 347
Dicranotaenia 419
Dictionary of botany 360

Diel's "Jungendformen und Bliitenreife

Digby, L., work of 3, 291

Diholcos 65
Diplazium 418
Diplocyathium 356
Diseases, peach blight 208; sugar cane

209
Dolichanthera 347
Druce's "List of British plants" 343

Druinmond, J. R., work of 210

Duggar, B. M., personal 216

E
East, E, M., work of 274

Echinocereus 418

Eckerson, Sophia 54
Eggleston, W. W., work of 282

Eisenberg, Elfride, work of 142

Elasmomyces 210

Electricity, effect of 286

Elements, role of 283

Elmer, A. D. E., personal 144; work ot

Embryo, Arisaema triphyllum 38; Cera-

tozamia 412; nourishment of 143;

Oxalis 422; Sechium 70; -sac, Im-

patiens 211; relation to megaspores 361

Endosperm, Arisaema 42; caprifigs 353

Pontederiaceae 338
Engler, A., "Pflanzenfamihen 202;

"Pflanzenreich" 58; work of 202, 418

Englerocharis 347
Equisetum, anatomy of 214

Errera, Leo, memorial of, personal 423;

"Physiologic moleculaire*' 200

Escoyez, E., work of 285

Eucalyptus 202

Euphorbia, inflorescence of 356

Evans, A. W., work of 282

Evans, B. P., work of 212

Evaporation, relation of plant societies

to 217
Evohnilus 418

Ewart, A. J., work of 345
Exudation 50

Farlow, W. G., work of 289

Farmer, J. B., work of 3, 291; personal

216

Femald, M. L., work of 138, 282, 419

Ferns, apogamy and apospory 276; ger-

mination of spores 421 v- <

Fertilization, Arisaema 41; Nephrodium

145; Polytrichum 358
Ficus 347
Figs, strangling 421

Finet, A., work of 419
Fischer, Ed., wor£ of 65

Fitting, Hans, personal 72; work of 348

Fixation of free nitrogen 355
Fomitiporella 202

Forest, Philippine 205

Fossil Osmundaceae 67

Fox^vorthy, F. W., personal 144

Fragaria 419
Eraser, H. C. L, work of 206, 356

Fraysse, work of 211

Friedel J., work of 215

Frye, T. C, personal 360; work of 125

Fucaceae 282; germination of 420

Fuller, G. D. 352; personal 424

Furcraea 210

Fuscoporella 202

Fuscoporia 202

G
Gagnepain, F., work of 419

Gametophvtes, of gymnosperras 215

Ganong, W. F., personal 216

Gates, R. R- 60, 68; personal 4?4

Geographic distribution, mutation and

Germination, fern spores 421; Fucus

420; Spirogyra 357
Gibson, R. J. Harvey, work of 286

Giesenhagen's "Lehrbuch der Botanik

59
Gilg, E. M., work 418

Glischrothamnus 347
. f^caW-

Glomerella Z^y,
fructigena 404; fusan

oides 404 . . , , ,^^
Gnetum 418; adventitious buds 357

Gnomonia 371
Godetia, synopsis of 214

Goebel, Karl, personal 423

GoldmaAia 282, 4x9; sarmentosa 198,

Goldmanella sarmentosa 198

Gow, James Ellis 38

Grasses, cleistogamy of 13:3

Grav Herbarium, bequest 72
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Greene, E. L., work of 346
Greenman, J. M., 198; work of 282, 419
Green, J. Reynolds, personal 72
Gregoire, V., work of 3
Gregory, R. P., personal 72; work of 2
Griffon, Edouard, personal 360
Grisch, Andr., work of 71
Groom, Percy, personal 72
Gummosis 354
Gwynne-Vaughan, D. T., work of 67
Gymnosperms, gametophyte of 215;
North America 417

Gymnosporangium 65
Gyorffy, L, work of 60

H
Hall, H. M., work of 285
Hallier, Hans 196
Hall, J. G., work of 419
Hammond, Howard S. 422
Harms's (Dalla Torre and) '* Genera
Siphonogamarum" 59

Harper, R. A., personal 287
Harper, R. M., work of 204
Harvard University, bequest 72
Hasselhoff, E., work of 351
Hasselbring, Heinrich 176, 199, 203, 207,

209, 211
Hayata, B., work of 214
Hays, W. M., work of 275
Heald, F. D., personal 423
Hedysarum 66
Heinze, B., work of 214
Helianthus annuus, Mendelian inherit-

ance 103; variation in 338
Helicomorphy 138
Heliotropism in a lichen 71
Heller, A. A., work of 210, 281
Hemsley, \\\ B., work of 65
Hepaticae, Californian 420
Herbarium, Gray, 72; Kuntze 287; of

A, P. Morgan 424
Herms, "William B., work of 421
Hesperidanthus 65
Heterothrix 65
Hexagona 202
Hickling, George, work of 141 '

Hieronymus G., work of 418
Hill, A. W., personal 72
Homalobus 65
Holm, Theo, 69, 140
Holodictyum 419
Hosseus, C. C, work of 347
House, H. D., work of 282, 418
Humphrey, H. B., work of 420
Humphrey,

J. E., work of i
Hunter's '* Elements of biology'' c6
Hutchinson, C. AI., work of 212
Hyalocalys 418
Hybrids, sterility in 68

Hydnoporia 202

Hymenomycete,
phism of 207

Hypericum 418

a new 211; polymor-

I

144

Ibidium 65
Impatiens, embryo sac of 21 r

Inflorescence of Euphorbia 356
International Botanical Congress
Ishige 282
Iwanowski, D., work of 356

J
Jeffrey, E. C. 67, 141
Jennings, H. S., work of 64
Jepson, W. L., work of 214
Jones, Marcus E., work of 419
Johnson, D. S., personal 216, 424
Jolivette, Hallie D. M., personal 288

Jost, Ludwig, personal 216; "Pflanzen-

physiologie*' 201

Juel, H. O., personal 423; work of 141,

304

K
Kawamura, S., work of 282
Keller, R., work of 418
Kellerman, W. A., death of 287; personal

144
Kennedy, P. B., work of 282, 347
Kentrophyta 65
Kern, F. D., work of 65
Kew Herbarium 287
Kidston, R., work of 67
Kniep, H., work of 420
Koehne, E., work of 347
Kornicke, Friederich, death of 288

Kornicke, Max, personal 287
Kranzling, Fr., work of 202
Krasan, Franz, death of 72
Krause, K., work of 347
Krieg, August, work of 359
Kuntze herbarium 287

L
Lachnea, ascocarp of 206
Lackman, P., death of 216
Lagerheim, G., personal 72
Lagenostoma, pollen chamber of 409
Laminaria Porra 134
Land, W. J. G, 349, 359
Lang, W. H., work of 290
Larix 65
L'Association Internationale des Bota-

nistes 287
Lathyrus 66, 281
Lawson, A. A., personal 72
Leaf trace, double 285
Leaves, development of 355
Lectandra 346
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Lemmerman's '*Algae" in "Kryptogamen-
flora von Brandenburg" 343

Lepidium 66, 282

Leucolejeunea 282

Lewis, Frederic T., work of 355
Lichen, heliotropism in 71
Life, A. C, work of 42*
Light stimuli, summation of 278

Limnia 281

Lindsaea 65
Linsbauer, K., work of 142

Lipman, G. B., work of 66

Lipolysis 71; solution tension and toxi-

city 232-

Liverv\-orts, action of Mg and K 119

Livingston, B. E., work of 281

Lobeliaceae, anatomy of 140

Lock, R. H., personal 287; work of 139
Longo, B., work of 70, 211

Long's Peak, alpine vegetation 319
Loranthus 418
Lupinus 65, 281

Luzonia 347
Lychnis dioica, Mendelian inheritance i it

Lycopodium Selago, roots of 420

Lyman, George F., personal 424; work

of 207
Lythraceae 347

M
MacDougal, D. T., work of 61

Mackenzie, K. K., work of 347
Magnesium and potassium, antagonistic

action 117
Magnus, Werner, work of 203

Magowan, Florence N. 45
Maiden, J. H., work of 202

Makino, T., work of 419
Manihot 347
Marine station, University of Washington

360
Massart, J., personal 423
Massee, G., wwk of 282

Maublanc, A., w^ork of 210

Maxon, W. R., personal 424; work of 65,

419
McAllister, Fred, personal 288

McAlpine, D., w^ork of 211

Megaceros 349
Megasporangium, Arisaema 39
Megaspore, relation to embryo sac 361

Meinecke's (Warming-Johannsen) **Lehr-

buch der allg. Botanik" 34 t

!Melanoporella 202

Melanoporia 202

Melitella 347
Mendelism, new cases of inheritance 103

Merrill, E. D., personal 144

Microspore, Sarracenia 31; winter con-

dition 54

Migliorato, H., personal 423
Missouri Botanical Garden, report for

1907 2t6

Mitosis, Nephrodium 4; Sarracenia 31

Miyoshia 282

Moirs '*Handboek der botanische Micro-

graphie" 200

Moore, George F., personal 424
Moore, William 54
Moore, S. LeM., work of 347
Morgan, A. P., personal 144, 424
Movements, sleep 275
Murbeck, S., work of 210, 215, 304

Murrill, W. A., work of 65, 202

Muscher, R., w^ork of 347
Mushrooms, regeneration of 203

Mutation, geographic distribution 358;

Oenothera 61

N
Nathansohn, A., work of 278

Nawaschin, Sergius, personal 287

Nelson, A., work of 282

Nemec, B., work of 71

Nephrodium, apogamy in 289; chromo-

somes in 10; fertilization in 145; mi-

tosis in 4; nucleus in 4; oogenesis in

T45; spermatogenesis in 145; sporo-
' genesis in i; synapsis in 9

Nereotystis 125; gigantea 134; Luetke-

ana 125

New Zealand, ecology 139

New England, saltmarshes of 352

New York Botanical Garden 287

Nichols, M. Louise 31

Nitrogen, ammonifying in soil 66; fixation

by algae 214; fixation of free 355

Nopalea 65, 347
Nordhausen, M., work of 280

Nordstedt, C. F. O., personal 287

Norton, J. B., personal 344
Nourishment of embryo 143

Nuclear di\-ision in Zygnema 285

Nucleolus, Sarracenia 34
Nucleus, Nephrodium 4; reticulum 17;

Sarracenia 31

o
Oenothera, mutations 61

Oistonema 347
Okamura, S., work of 4^9

Okamuraea 419
Oligolobos 419
Olive, E. W., work of 353
Oodonotheca 215

Oogenesis, in Nephrodium 145

Ophiobotrys 418
Ophioglossaceae 68

Opuntia 347
Oreocarya 282
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Organic substances, toxic action 271
Orthocarpus 65
Osm'undaceae, fossil 67
Osterhout, W. J, V. 117; work of i

Overton, J. B. 206; work of 305
Oxalis, embryo of 422
Oxybenzenes, toxic effect ^6

P

Palaeostachya, anatomy of 141
Pampanini, R., work of 347
Parasite, alga 212; root 213; seed-plant

211

Passiflora 65
Paulseniella 282
Peach blight, California 208
Pearl, Raymond, work of 63
Pearson, H. H. W. work of 213
Peglera 65
Pelagophycus 125; gigauteus 134] Porra

134
Pemberton, J. D. 194
Penhallow, D. P., personal 216; work of

352; ''North American gymnosperms"
417

Penicillium, carbon assimilation 176
Percskiopsis 65
Peronosporales 65
Personal: Allen, C. E. 287; Allen, Ruth

F. 28S; Ames, O. 72; Bain, S. M. 344;
Bateson, W. 72; Baur, E. 288; Black-
man, F. F. 287; Blackman, V. H. 144;
Bohlin, K. 72; Bonnier, G. 360; Bre-
feld, O. 424; Britton, N. L. 72; Bur-
Imgame, L. L. 423; Castle, W. E. 344;
Chamberlain, C. J. 287, 424; Collins
F. S. 287; Copeland, E. B. 144; Coul-
ter, J. M. 424; Coupin, H. 360; Cowles,
H. C. 216; Curtis, C. C. 423; Darwin,
F. 287; Davenport, G. E. 287; Daven-
port, C. B. 344; Denniston, R. H. 288;
Detto, C. 72; Duggar, B. M. 216; El-
mer, A, D. E. 144; Errera, L. 423;
Farmer, J. B. 216; Fitting, H. 72;
Fox^vorthy, F. W. 144; Frye, T. C.
360; Fuller, G. D. 424; Ganong, W.
F. 216; Gates, R. R. 424; Goebel, K.
423; Green, J. R. 72; Gregory, R. P.
72; Gnffon, E. 360; Groom, P. 62:

Mill, A. W. 72; Johnson, D. S. 216.
424; Johvette, H. D. M. 288; Tost, L
216; Juel, H. O. 423; Kellerman,W.
A. 144; Komicke, M. 287; Lagerheim,
Lr. 72; Lawson, A. A. 72; Lock, R. H
287; LjTnan, G. R. 424; Maxon, W. R.
424; ^^{assart, J. 423; McAllister, F. 288;
Mernll, E. D. 144; Migliorato, H. 42^Moore, G. F. 424; Morgan, A. P. 144!

424; Nawaschin, S. 287; Nordstedt,
C. F. O. 287; Norton, J. B. 344;
Penhallow, D. P. 216; Richards, H. M
216; Roberts, H. F. 423; Robinson,
C. B. 144; Rose, J. N. 287; Rosen, F.

424; Rosenberg, O. 72; Sernander, R,
72; Seward, A. C. 216; Shattuck,

C. H. 424; Shaw, W. R. 144; Shreve,
F. 216; Snow, L. M, 423; Solms-
Laubach 216;. Spillman, W. J. 344;
Stickney, Malcom E. 424; Stokey,

Alma G. 423; Svedelius, N. 72; Thomas,
E. N. 423; Underwood, L. M. 144;
Viguier, R. 360; Warnstorf, C. 423;
Ward, W. J. 344; Weigel, T. O. 424;

• Whitford, H. N. 144; Wylie, R. B.

360; York, H. H. 424
Peucedanum 419
Pfeffer's ''Schlafbewegungen" 273
Pfitzer, E., work of 202
Phenols, toxic effect 82
Philippines, Bureau of Forestry 144;

forest reserve 205
Photosynthesis, theory of 286
Phototropism and perception of light 348
Phlox 282
Physiological constants 50
Pilger, R., work of 347
Piper, C. v., work of 65
Plankton, alpine 143
Plantago 282
Plectritis 281

Pleurophragma 65, 66
Pollen, Lagenostoma 409; Sarracenia 31
Pollination, and respiration 422
Polygonum, seed dispersal 71
Polymorphism of Hyixienomycetes 207
Polyporaceae 202
Polystely, in roots 352
Polytrichum, fertilization in 358
Pond, R. H. 232, 359; work of 71
Pontederiaceae, endosperm of 338
Porella, an abnormal 340

'

Porsch, Otto, work of 215
Potamogcton 419
Potassium cyanid and respiration 284
Potassium and magnesium, antagonistic

action 117
Prain, D., work of 419
Priestley, J. H., work of 286
Pringsheim, E., work of 278
Pseudobalsamia 65
Pseudoliparis 419
Pseudopeziza 383
Pteridosperm, a new 359
Pyridin, toxic effect 81

Q
Queva, C, work of 214
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R
Ramaley, F., work of 28 2

Reed, H. S. 73; work of 71, 281, 283

Regeneration of mushrooms 203

Rehm, H., work of 347
Rendle, A. B., w^ork of 347
Respiration, and pollination 422; and

potassium cyanic! 284

Reviews: Bessey's "Plant phyla" 344;

Dalla Torre and Harms's "Genera
Siphonogamarum 59; Diels's "Ju-

gendformen und Blutenreife" 137;

Druce's "List of British plants'' 343;

Engler's "Pflanzenfamilien" 202,

^Tfianzenreich" 58, 202; Errera's

"Phvsiologiemoleculaire" 200; Giesen-

hagen's "Lehrbuch der Botanik'' 59;

Hunter^s "Elements of biology" 56;

Jost's "Pflanzenphysiologie" 201;

Lemmerman's "Algae" in "Kryptoga-

menflora" 343; Meinecke's (Warming-

Johannsen) " Lehrbuch der allg.

Botanik" 341; Moll's "Handboek der

botanische Micrograph ie" 200; Pen-

hallow's "North American gymnos-

perms" 417; Pfeffer's "Schlafbewe-

gungen" 213; Rusby's " Bolivian

plants" S9; Sargenfs "Trees and

shrubs" 344; Wettstein's "Handbuch

der Botanik" 58; Wieler's "Einwir-

kungschwefligerSaure" 199; Wiesner's

" Lichtgenuss " 342; Zellner's"Chemie

der hohern Pilze" 272

Rhaphidorhynchus 419
Rhopalobrachium 347
Rhysotheca 65
Richards, H. M., personal 216

Richthofenia 347
Roberts, Herbert F., personal 423

Robinson, B. L., work of 4^8

Robinson, C B., personal 144; ^™i"k of

418
Rochifortia 65
Roots, aroids 142; lateral 280; Lyco-

podium Selago 420; parasitism 2x3;

polvstelic 352; pressure 50

Rose,' J. N., personal 287; work of 65,

Rosen, Felix, personal 424
Rosenberg, O., personal 72;

Ruhland, W., work of 354
Rumex 210; apogamy in 215

Rusby's "Bolivian plants" 59

Rusts, cereal 212; Olive on 353

Rvdberg, P. A., work of 65

S

Sablon, Leclerc du, work of 353

Salix 282

Saltmarshes of New England 352

work of 306

Salts, poisonous action of 422, in soil 45
Sargent, C. S., "Trees and shrubs" 344;

work of 282
Sarracenia, nucleolus 34; pollen of 31

Saxton, W, T., work of 215

Saxelly, E. Mary, work of 420

Schlcchter, R., work of 347
Schmidt, H., work of 356
Schmitz, J., work of 145

Schreiner, Oswald 73; work of 281

Schroeder, H., work of 284

Schumann, K., work of 347
Scopulophila 419
Sechium, embryo of 70

Secotium 210

Seeds, latent life 275; dispersal 71

Sellards, E. H., work of 215

Senecio 282, 419
Sernander, R., personal 72

Servit, M., work of 60

Sesbania 347
Setchell, William Albert 125; work of

210
Seward, A. C, personal 216

Shantz, H. L., work of 143

Shattuck, C. H., personal 424

Shaw, W. R.; personal 144; ^'^rk of

147
Sherwoodia 282

Shreve, Forrest, personal 216

Shortia 282

Shull, George H. 63, 103, H°> 274, 344,

350; w^ork of 61, 64

Silvorchis 346
Senofrasichetia 202

Sium, Shull on 64

Sleep movements 273

Small, J. K., work of 62

Smith, J. J.,
work of 346

Smith, Ralph E., work of 208

Smith, R. Wilson 338; work of 2

Smoke, injury by 351; Wider on 196

Smoot, L, work of 71

Snell, Karl, work of 359
Snow, Laetitia M., personal 423

Societies, plant, and transpiration 217
_

Soil, ammonifying nitrogen 66; chemics

and plant distribution 138; fertility

28 1 ; toxic action of organic plant con-

stituents 73; toxic effect of salts 45

Solms-Laubach, Graf zu, personal 216

Solution tension and hpolysis 71

Sommier, S., work of 347

Sophia 66
Sphaerostigma 65

Sphagnum 65, 210, 2S2

Spermatogenesis, in Xephrodium 140

Sperms, of Lagenostoma 409

Spillman, W. J.,
personal 344

Sphinctosiphon 20S
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Spirogyra, conjugation and germination in

357
.

Spore formation in Derbesia 354
Sporogenesis in Nephrodium i

Stachys 281
Stahl, E., work of 359
Standley, P. C-, work of 281, 418
Stanleyella 65
Stevens, F. L. 66, 208; work of 419
Stevens, W. C, work of 2

Stickney, Malcom E., personal 424
Stingl, G., work of 143
Stockberger, W. W. 269
Stokey, Alma G. 420; personal 423
Strasburger,Eduard,workof 1,293,305,348
Sugar cane, disease of 209
Svedelius, N., personal 72
"Svensk Botanisk Tidskrift" 72
Sweden, edaphic steppes 279
Swiss vegetation 71
Symphoricarpos 282
Synapsis, in Nephrodium 9, 18; Sarra-

cenia 36
Sykes, M. G., work of 283

T
Taiwania 213
Ternetz, Charlotte, work of 355
Tetranthus 65
Thelypodiopsis 65
Thel}T>odium 65, 66
Theobromin 213
Thorn, C, work of 147
Thomas, Ethel N., personal 423; work

of 285
Tinctoporia 202
Tischler, G., work of 68
Tmesipteris, anatomy of 283
Toxic eflfect, in lipolysis 232; organic

plant constituents 73, 271; salts of
soil 45

Transeau, Edgar N. 217
Transpiration, quantitative study of 254
Trelease, William, work of 210
Trcub, M,, work of 209
Trichostephanus Marquesis 418
Trifolium 281
Triphlasis, cleistogamy of 135
Trondie, A., work of 357
Tubocapsicum 4x9
Tyromyces 202

u
Ule, E., work of 346
Underwood, L. M., personal 144, 268"
work of 65

Urbanodoxa 347
Urbanosciadium 347
Urea, toxic effect 81
Uredineae 347
Utricularia 347

Vail, A. M,, work of 61
Valeriana 65
Valeton, Th., work of 282
Van Beusekom, Jan, work of 357
Van Leeuwen-Reynvaans, work of 358
Variegation 350
Varieties, ever-sporting 350
Vaucheria 65
Velenovsky, J., work of 60
Verbascum Blattaria, Mendelian inherit-

ance 114
Viguier, Rene, personal 360; work of 69
Viscum 418

w
Warming's "Danish strand vegetation"

55 ; Meinecke's (Warming-Johann-
sen) "Lehrbuch der Botanik" 341

Wamstorf, C., personal 422; work of 65,

210, 282

Ward, W. J,, personal 344
Water, ascent of 345
Weevers, Th., work of 213
Weigel, Theodor Oswald, personal 424
West, G. S., work of 208
Wettstein's "Handbuch der Botanik" 59
Wheat, action of Mg and K 122
White, Jean, work of 422
White, J. H., work of 352
Whitford, H. N., personal 144; work of

205
Wieler's "Einwirkungschwefliger Saure"

199
Wiesner's "Lichtgenuss" 342
Wight, W. F., work of 65
Wilcox, E. Mead 420
Willis, J. C, work of 358
Wilson, G. W., work of 65
Winkler, Hans, work of 306
Witte, H., work of 280
Wolff, H., work of 347
Woodsia 418
Wood tissue 359
Wooton, E. O., work of 281
Woronin, Helene, work of 276
Wylie, R. B., personal 360

Xystrolobos 419

X

Y

Vacc
v

mium 419

Yamanouchi, Shigeo 145, 277, 2S5, 289,

^ 354
Ydrac, F. L., work of 140
Yendo, K., work of 282
York, Harlan H., personal 424
Yucca 210

z
Zahlbruckner, A., work of 202
Zamia 65
Zellner's *'Chemie der hohem Pilze" 272
Zygnema, nuclear di\'ision in 285
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Borated
Talcum
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TOILET
P DER

«"

.-^

^< he Month "W
of Roses"

^^ calls for special complexion^ safe^Miards. to insure a summer ol

P«^rfict skin condition and comfort.

Mennen's ^Zle^^^ Toilet Powder
usodaft.Tbathing.kccpstheskinsmoothandhca^^^^^^^^^

nn-vcnts Prickly Heat- Chafing and Sunburn, uisur

hi^tho much c^^^^^ drowning" without burning.

After shaving it is dt'lightful,
rii.M..boTes

For your protection the ^onine is put up in
»"f:"^''/?,'^3;^eed

^the *^B«. ?h.t Loxr with Menn.as face on top^ Guaranteed

under the lood and Drugs Act. June 30. 1906 benai

Sold eveo'where. or by mail, 25 cents. Sample iree.

Gerhard Mennen Co., Newark, N. J.

Try Mennen-s Violet ( Borated) talcum Toilet Po^de^it ha. the

scent of fresh-cut Parma Violets. Sample 'ree.

lf,.i,ni.n*s Sen TiiDr Toilet Fqwder, Oriental odor I j^^ samples

«ted Skin Soitp (b!ue wrapper) J
Meaneo's Borated Skin Soup

Specially prepared for the nursery

or Dirns
/

4

^ m.-

\

Jk.

EXTRACT
1_

*^

».

PoND'S Extract quickly relieves the pain

of burns with a cooling, soothing effect most

grateful to the sufferer.

For Sixty Years the Standard.

Nothing takes the place of Pond-s Exteact
in the home for healing helpfulness.

Sold only in sealed bottles—never in bulk.

LAMONT, CORUSS & CO., Sole Agents.
78 Hudson St., New York.

ine the

Intending purchasers

of a stridty first-

class Piano

should

not fail

to exam-

merits

of

THE WORLD RENOWNED

It is the special favorite of the refined and

cnltureV musrcal public on -count of |sun^r.

nassed tone-quality, unequaled durability, eie

^ance of de^gn aid finish. Catalogue mailed

WATcrooms Cor-Sth Ave.,32Q oi-



All Good Point Are Centered
IN THE

TERRITORY OPEN TD DEALERS. CATALOGU E ON REQUEST.

CTOR TYPEWRITER
812-

COMPANY
GREENWICH STREET

NEW YORK. U.S.A.



Rebuild Your Overworked Physique into

Sturdy Strength and Vigor
How often do you come home at night too dogged tired to even respond
to the pleasant reception awaiting you? Life's struggle becomes more
and more intense as the twentieth century progresses^ Mentally and physic-
ally you must conserve your energies, build up your strength and equip your-
self for the test. You must have sleep, good digestion, steady nerves, bone and mus-
cle, clear mind. These can be secured, maintained and enhanced by the use of

lfi)e*:$e«TTeniC

malt
rm and acts as a tonic. A desire for food is stimulated and power

furnish^ the system to draw quicker, better and greater energy from what
you eat. At the same time the
your nerves to

same
their normal

gentle, soothing effects of the hops restore

state. Peaceful and refreshing sleep is in-

to the tired muscles.duced, the brain strengthened and new life given

Pabst Extract. The *'Best" Tonic, being a predigested liquid food, is wel-

comed bv the weakest stomach
anaemic

feeds the mothers

At All Druggi Upon it Being Pabst

Boolht and Picture "Sahy^s First Adventure*' sent free on request.

PABST EXTRACT CO DEPT. 41, MILWAUKEE.WIS
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men
of good appearance. This is easily obtained

use. LL-WAVl
4 -

SEND FOR OUR
HISTORY OF SHAVING

IT IS FREE ^&5

„Tv--

This booklet b of interest to every man who shaves ^-

or is shaved. The <ALk^^ can only be obtained
^'"

from us, insuring your getting the razor in perfect condition

Williams Sales Co.
7i7 Wallace Building, NEW YORK CITY

r.

/

.•*.'-

If you are now using any type of safety razor, write for our special
5 proposition for buying an *• ALL-WAYS."

\'

W
\

As many different

Positions in one
Razor as Shaving

Requires.

^m

Stu

Lint of some modern methods of
Astrophysical Research

ELLERY HALE

increliL? ?" ^^^I'^^^'^P^''^
^''^^^^> the improvement of telescopes, and the rapidly

e o u onized'tr'n" .
' '''" '^ ^^^^^^^^^ °* P^^^'^^ -^^—ts and processes, havl

^reat ph" ca. ^'l^'^^-^^^^^'
^^°- ^ -™P'^ observing station it has been transformed into a

fnstrument
'

d r °T' ." ' "'^" °' '''' ^"'^ ^"*^ ^»-^ -«^ ^^"^-d with many powerful

anTrerslrcl : ; T"'" "' experimentally imitated with the aid of electHc furnaces

Sun n72s !rt ^ ''?• ^'" '°°' ^^^^^'"^ ^ ^ P°P-'- -^y how the life histories of the

nomica?neTa iv 7 Tl ."""^ '""'"' ^"' ^^"^ ^^^f-^°- Pl^'-' -^^e from the best astro-

of hpLsef "'
I
V' "^'" *'^ ""^^ ^^'^^"^ ^^-'^^ 'f -^-«al photography in most

The University
ADDRESS DEPT.

Chicag
Published in Europe by William Wesley & Son, z8

Chicago and New York
Street, Strand, London, Price i6s. 6d.

r

I

t
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AMERICAN GRAPHITE

PENCll

Send

16 cts.

for

worth

double

the

moucy

if dealer

doeau't

keep

til em.

The most carefully and ac-

curately graded pencils you

can buy. Each lead is finely

tempered, Bmooth mark-

ing, tough and long wear-

ing—not a gritty or brittle

spot in it. A multitude

of styles, shapes and sizes.

JoHeph PIxou t ruelble Co.,

JeraoT <^lty, X. J.

People Tell Each Other About Good Things

Twelve years ago few people knew of such a prepara-

tion as a Powder for the Feet. Today after the genuine

merit of Allen's Foot- Ease has been told year alter year

by one gratified person to another, there are millions

who w^ould as soon go without a dentifrice as without

Allen's Foot-Kase. It is a cleanly, wholesome, healing,

antiseptic powder to be shaken into the shoes, which

has given rest and comfort to tired and aching feet in all

parts of the world. Itcureswhile you walk. Overso.ooo

testimonials of cures of smarting, swollen, perspiring

feet. It prevents friction and wear of the stockings ana

will save in your stocking bill ten times its cost each year.

Imitations pay the dealer a larger profit, otherwise, you

would never be offered a substitute when you ask for

Allen's Foot-Ease, the original powder for the teet.

Imitations are not advertised because they are not

' permanent. For every genuine article there are many

imitations. The imitaior has no reputation to sustain—

the advertiser has. When you ask for an article adver-

tised see that y©u get it. Refuse imitations.

TERN
OF SUPERIOR OUAUn.

BLACK

SCIENTIFIC

. tLDRIDGE

3 W. 29th St.. New York.
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DESIGNED TO BE WORN
WITH KNEE DRAWERS
NON-ELASTIC TUBULAR

KNIT LEG BAND
ELASTIC ADJUSTABLE

PENDANT
NO METAL TOUCHES

THE LEG
Made with the Celebrated

r^JT-^

•tL F

. ^^%.**<**^

f'-'.^ *i V

• . 1 «. '

CUSHION RUBBER BUTTON
CLASP

Of your Haberdasher or sample

pair on receipt of 25c.

GEO. FROST CO.

Sole Makers, Boston

GOOD ALL THE YEAR ROUND

BAUSCH A LOMS
NEW SCHOOL PROJECTION LANTERN C

Everv teacher today recognizes the advantages to teacher

aswdlaspu^lofthewider use of the Projection Lantern

'"
Sur'TaZnC has been especially designed for school

work! It is a thoroughly i^^gh-grade apparatus and wh.le

pnninoed with our latest improvements we can offer it at a

^^ce'^hirh brings i, wIthiS the reach oi^-Xt^i'Tto
IWrv school The construction of this lantern is such as to

«7mltth^ instantchange from ordinary projection to m.cro-

^o™ projection, and thereby adds greatly to its scope of

"^TheTdVantages of a lantern in the .ocial affairs of a

^^\tis1ev.^'e1s7^p.l^"St:"e-may be e.

reJov':d1:omVne Joo'm « the o.her-andpra«K.ly covers

the whole range of school projection work, i'rice, com

pkte Sso.oof with Acetylene Burner. $45-00.

Send (or descriptive circular.

Bausch & Lomb Optical Co
Carl Zeiss. Jena

Offices:
New York

BostoQ
Chicago

SaegmuHer

ftn Francuco
asn it^gtoo

Lon don
Frantfort

ROCHESTER



TOOTH
PASTE

Differs from tiie ordinar}^

dentifrice miuimizing

the causes of decay.

dorsed thousands

Dentists. It is deliciously

flavored, and a delightful adjunct to the

tal toilet. In convenient tubes. For

drug stores, 2Sc. per tube,

AVOID SUBSTITUTES

DENTACURA COMPANY,
Newark, N. J,, U. S. A.

\yl y

-- -, - DELICIOUS
Nut Chocolate

the real chocol^ite de luxe
E.\CH CAKE IN A TJN BOX, CAKE

CHOCOLArt

^^imnr KJ,
5fr4

^

••Ready to Sene-
CHOCOLATE POWDER
NUDE ONLY IVITH BEST & PUREST
COCOA. MILK & SUGAR.

'JUST ADD BOILING lUTER. STIR S^ SERXT::

SUPERFINE EATING CHOCOLATE

W'^f-\
^i

THE SAME CHOCOLATE
AS USED ON OL'R IVORLD FAMED
CHOCOLATE DIPPED BONBONS

*• V .# STANDS UNEQUALLEU CAKES.

SOU) AT OUR STORES &POCERS & DRllGOISTS EVERYWHERE,

_*_ • ' • q rf

h

h** •*

r-* ."^\

'/\-
< ^ ;.\V- * »v

c.-'r:

**« *^»»*
•*«*

• ; • « •«

-.»

^_ \
.«. 4

*:-• « .

1/ • «

•

•••-•

.'-*,-.
• **

* •*:;;
v>» --,.

4

*

t* * •

* * •
^

I* *^ 1 *

f V

• -• -*
+ _ **

.» • * 4 * *

*^ * * * ^ ** * "^1

• .

. V ' • ' • •

'* _ _ •

+ •'** >
•f • •-•. •-•

* • . •

• -•
• •

'.*« -

-; v*""^ -• *,-.--.•_.• ,*

• •"

,*r

-

+• » t •*

>•'
• -• *
•-•

--1-"
V »

r^. r* ••_•

>- ••-
» «

r ,

»•- *" 4

* »^ t *
^ .* t+ .— -*,

t * l^M.1^

rt'

1

The Greatest

Typewriter of All

Writing Entirely Visible—showing not only the

printing line hwK. pointing out the printing point—Tao-
k 4 *

^r.-

'

"'
**>

^*

ulator—Two color ribbon

and many other features.

Interchangeable carriages

Every Feature that Makes a Typewriter Desirable

Superiority proved in your own office at our
expense.

Branch Offices and Agencies,Everywhere

Send Direct to Factory Office for CaUIog

FOX TYPEWRITER COMPANY
aai Front^trcet,

Grand Rapids, Mich.

*f

- ^

~>i
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^^.
i ^n

*i3
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The most popular pens are

ESTERBROOSS
Made in 150 Styles

Fine Points, Ai, 128, 333
Business, 048, 14, 130

Broad Points, 312,313,314

Turned-up Points, 477

531. 1876

Esterbrook Steel Pen Mfy.

Works: Camden, N. J. 26 John St., N. Y

10

v.,^
/

The typewriter user always
expects more and better

service from

Remington Typewriter

than from any other

writing machine. He has rea-

son to, a right to, and we
want him to.

Remington Typewriter Company
(Incorporated)

New York and Ever5rwhere

. D. Childs
200 Qark Street, Chicago

GOPPER-PLATE ENGRAVERS AND PRINTERS

Wedding Invitations, Announcements

Fine Correspondence St3.tionery

Crests, Monograms, Address Dies

Stamping and Illuminating

CORRESPONDENCE SOLICITED

NEW IVIETHODlS. t:lt4.
school instruction are undergoing a rapid transformation.

CONSTRUCTIVE BIBLE STUDIES.
A set of textbooks for those who wish to do systematic work in the

Sunday school. Write today for cirrulars a'>H specimen pages.

ADDRESS DEPT. P

The university of Chicago
CHICAGO AND NEW YORK

ALLEN'S FOOT-EASE
Shake Into Your Shoes

AHen^s Foot=Ease, a po%vder for the
feet. It relieves painfal, swollen, smarting,

nervous feet, and instantly takes the stmgout

Of corns and bunions. ll> tlie grrate?*l

comfort discovery o* tUe ajre. Allen s

Foot=Ease makes tight-nttmg or new shoes feel

easy It is a certain cure for ingrowirp nails,

sweating, callous and hot. tired, "chjng feet.

We have over 30, (KM) testimonials. TK Y 1

1

TO-I>AY. Sold by all Druggists and bhoe

Stores, 35c. Do not arrtj»t any substi-
*tttt-. Spnthv mail for 25c. instaropa.

S" TRIAT. PACKAfSEC sent by mail.

IWOTHFR «R4Y»S SWEET POW-
fffiKS, the bVst medicine for Feverish, sickly

Children. Sold bv Druggists everywhere.

Trial Package FREE. Address,

AM.EN S. OLM^TEIK T.eRov, N.Y.use AUen*s
Foot-Ease."

THE ASTROPHYSICAL JOURNAL

Issued monthly except February and August. $4.00 a year;

single copies 50 cents. Foreign postage, 62 cents.

Clje mnibf rsitr of Cljicago press

CHICAGO AND NEW YORK
WM. WESLEY A SOW, LONDON

v-\ J ^ _#

R,^3 7* tV. HartsKom



A Typewriter
Hother's Son Under

Every

Sun
Language and
Tongue

Model

HAMMOND
VISIBLE
NO. Ia

- i

^ tl^
I -

"l^ "-J ^ T '

>-

^ M. ma

-• t

^ V
\

Visible

Hammond

--="^^"

Instantly Interchangeable Type
ANY and ALL Languages on the Machine

Writing in Colors

Double Line Locking Devic

Billing Device

Hammond TypewriterCompany
69th=7oth Streets and East River

New York, U. S. A.



Testimony from the University of

Virginia.

IN URIC ACID. DIATHESIS. GOUT. RHEUMATISM.

LITHAEMIA and the Like. ITS ACTION IS

PROMPT AND LASTING.
Geo. Ben. Johnston, M.D., LL.D., Prof. Gynecology and Abdominal Surgery, University

of Virginia, Ex-Pres. Southern Stirgical and Gynecological Assn., Ex-Pres. Virginia Medical

Society and Surgeon Memorial Hospital, Richmond, Va.: "If I were asked what mineral water hac

the widest range of usefulness, -,„^^, „ . ,«»,- Itfil'rro
'" ^"'^ ^"^^ Diathesis. Qotit,

I would unhesitatingly answer, BUFFALO UTHIAWMEH Rheumatism. Lithaemla. and

lastinz > *- -. case

tls will be al

tinsT Solv^it

had evidence of the undoubted

powers

continued use to permanently break up the gravel-forming habit
>t

f ?IT RJCCOGNIZED AS

ames L. Caisell. !Vf .D., A.M.. \X..Vi . JormerProf Physiology and Surgery in the Medical

in Uric Acltf
Depxrtment in the University of Virginia

and Pres. ofthe National Board ofHealth
ii
BUFFmiO LIT hWsm D^sthe^^? is «

well known the;

Materia Mcdica

should ^#^ znized by the profession as an article of

•a

Df. P. B. Ba
-t. Charlottsville.

f

WITH IT IN PREVENTING URIC ACiO DEPOSITS

Chairman of Faculty and Professor of Physiology, L

"Afber twenty vears' practice I have no he^tancy

-5- —
'ft

"^-.f-

prompt

nothinc

ts I have found

compare with mifFiiLO liTHiJimmm in preventing Uric Acid Ds -^ -:u

bodv

4i KNOW or NO REMEDY COMPARA.
#9

Wm. B. Towlcs, M ,^ ., late Prof of Anatomy and Materia Medica, University of Virgtna:

Uric Add Diathesis, Gout, Rheumatism, Rlieumat^c Qo«t. Renal Calculi a«d 5tone m th*

Biadder, I kno vf no

remedy comparabL to

Spring

No. a.

edica! testimony seat on request eneral drug and minemi

wmt^ trade

FROPaiETO Buffalo uthia sphings, ymainiK



NO OTHER FOOD PRODUCT
HAS A LIKE RECORD

R s Cocoa

\

50
HIgliest Awards

in

Europe and
Am^Hcfi

f
1

:i

i-
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I
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rV^

0» ft. PfcW * ><t

Wait

127
of Constantly

Increasing

Sales

Co. , Ltd
t bE<ihed IT

DORCMESTIR. IHftSS.

Ptuify your Refrigerator!

J

I

J'

f j^--

r^-

^

3^ ^

foul odors.

Prevent this

71dsickness ty

Keeping in your
refrigerator a

sponge sprinkled

occasionally with

ffatts Chlorides.

j^ash the sponge

7CB a week !

Fv^rv h. ,.>ekccper sh^.^.d h„.. ur book. It

tells h< . ' prt*enl sickne^" *^ — i for a fiCC

cop) * e\\r\- H. 1 _ :, 4- Cliff 51., New York,

22^ manut.^vivii'cr of

Plat t's Chlorides.

TheOdoriessDisinTectBnt.
-t'',-.l: powerlul, sate an.i econom-

ic antlv -^--^ro^'*^ ' 'il or' "^ and di*a»?e-
reeiim*? matter. \ eciall !>repared for h

^^^' " qaart ui>iiic> by druggists

ix.

hold

I

i

i

i

TT"^'*'
^

'FECT TOILET calls fo:

HAND SAPOOO
I
^ ^-^" "*ta^ ^^ that oth.: soap^^ do and adds exhilaration.

other toilet soap is like it composition

action. The vegetable oils and fine flour

work wonders in cleansing, enlivening and health

-

-ewing the skin in a manner that chemical action

could not approach. From bab\ s delicate skin

to the neeJs of the bath it has Prove it for

yourself keeps the skin remov

he bath aids the changes of the sk

and

and
a delightful sensation of new life.

r>t-r ^Aih I ^ ^-n - ^y^ , -M^


