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DIRECTIONS FOR COTTON IMPROVEMENT IN CHINA
1. 1, Lovet

Introduction

Bineo eotton s ene of the ehlof ewps of Chinu and wines neb encogh s
produced by the country to sutisfy tho newds for manufacture, is Is impuriant
that stops bn takon to Improve the yleld us well ay the quality of lnt. Thore
is 1o doubt that cotfon production ewn by merensed by the utiffzation of lund
that {8 now devoted to growing othor erops aud by the realmmation of cortuln
nress, Tn roplacing othor erops with cotlon, howovey, It Is Iinportant by keop
o proper balancy between tho difforent erops so thut the sapply of foodutulfs
will not 1o seviously nffectod, While It Is posuiblo that qome inevenss In total
production can bo obtained through tho sy of reclaimed Jand and obher land,
yob it s nocosaney that overy mow now planted to entton bo mudo to produce @
Iargor erop.

With estton thore are two important ennstdorationd,  One I the Inevense
in total production, and the other is the production of huttor types to moat the
markot domunds. Thove are dlifforont ways to bring about an Inavenss {n pros
duction suah as through bottor eultural mothods and the hnprovemont of the
soll, but 1 may bo oxpoctod that the greatost Inercudos will aome ag the result
of obtaining bottor scod for the Important cotton.growing voglons,

Bottor soed can bo obtalned in two ways:  fivat, by {Inding, through ox-
tonalva vavietal or roglonal tosts, vorivties that may ba botter adapted to a
partieniar roglon than tho varlotios now bolng grown; sccond, by producing
batter typos s tho result of plant byrcoding,

Thero avo two Important mothods for doveloping bobtor vaviotles by
moenns of plant breoding: ono s thut of moloatlon and the othor thut of
hybridization, Whilo somoe Inercaso fn yleld may bo brought about n the renls
of bottor cultural mothods and {mprovod sofl, sueh methods will have little
effect In producing botter quality, such ag longor lnt, highor quality of ting,
and the like, Kor this it {8 noeossary to dopond either upon obtaining a new
varloty as the rosult of vavioty trvinls or, bittor, upon produsing the dealved
type by applying the mothodd of plant breeding,  $ineo it {s & woll known fact
that, when the propor mothods of plant breoding ave envefully folluwed, it {n
posiible to improve the yiold or quality or both of any evop {6 i3 the purpeso of
this paper to dizcuss the mothoda of orop breoding that may b applicd to cuta
ton,

3rhs nuthor deslren (0 ackuowledge the aseiitance taudered by Me, Yo 8, Chen, ‘Techolval Aninant - Nariuat
Agekeultural Roveasch Harenus who hne atded {n the preparation of some of the ‘Katle
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NATIONAL AGRICULPURAL RESEARCI BUREAL
Better Varioties

What is meant in eonneetion with the question of botter varieties {s that
of attompting to find some varioty thai may aiready ho in existonce that would
Ey better adapted to o partienlar rogion than those varioties slready grown in
that vopion, Cutton is prown in Ching uver & wide ares and undor very differ.
ent goil and elimatie eonditions and, as o result of these environmontal differ-
enees, difforont seetions of the enuntry roquire different typos for growing.

In the hope of finding suporior varieties, & considerable amount of geed
of various foreign typos has been introduesd daring the last twenty-five or
thivty yours and, in some eises, perhaps for a longor period;  but, even so, there
i8 not now sufficiont dofinito information to answer satisfactorily the question
18 to what type is bast for a partieular eotton-growing area, In somo cases it
hag baon determined that eithor Chinese or foreign entton ig better but, for
the mopk part, the information that i3 available i3 not based on sufficlont evid-
anee £ enuble one to deeido this gquestion for all seetions of the country.
Whero it I pousible to say that tho Chineso or foroign typo is the better, it has
not boen dofinitely detovmined which partivular variety in elther case i8 tho
bogt for the community,

Since this is a fact, one of the fivat steps in eotton improvement for any
partlenlar reglon is that of dotermining, first, which is batter adapted for the
oenlity, the Chinese or tho forolgn type; and, seeond, which partienlar variety
of the adapted type is the bogt,  This moans that it is desirable for the inves-
slantors at tho entton stationa to ennduet a thorourh variety test in which they
will inceludo different varicties of Chinose and forelgn cotton. Such a tost
must by condueted on a largo onough seale and for a long onough period of
timo go that the results will ba eonclusive and satisfactory. The final decision
19 to which vaviety is the best should ba bused on tho quality of lint, ineluding
ongth, strongth, and other desirablo eharactoristics, and on the yield per mow.
Ono cannot depoend on judgmont alone, It is neeossary to have eareful notes
wnd to have the test 8o eonducted that the results from the yields are satisfac.
sory.  This moans that all varictics should bo treated in a similar manner so far
a8 testing in tho field is conearned and that oach vaviety should b2 replicated
in the field a sufficlont numbar of times to give reliable results,

The mothods of teating will bo discussed lator but, a8 & result of such a
woll-planned and well.conducted test, it will ba possible for each investigator
to dotermine what varloty is bast for the loetlity in which he i working, The
bost sced of this variety should then ba obtained and distributed to the grow-
arg to ba usod until such timo ag othor batter improved varieties are obtained
as a result of the procosses of plant breeding.
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DIRLOTIONS POR COTTON IMPROPEMENT 1Y CHIVA
Cotton Improvement

Tor more pormanent results and for larger increases with respect to yleld
and quality it is noeosanry, ag alrewmly indieated, to depond upon the methods
of plant broodine to dovelop hottar varietios for partienlar esrtton-growing
roziong, Tha first moathnl to bo diversmal and tha on? that, for thd presant,
is the more hopaful as for as Ching I8 eoncrrned is that of sclection,

MaKing Selsctions — Selectionis a very hopefal method for the improvement of
tho yiold and quality of cotton. By selection we mean that one would select
plants or bolls from fields of those varieties which one hag reason to balieve
nre adapted to the loeality where ke Is workiny, If one hus aiready found a
variety that is espoeinlly adapted to his rogion it will be desirable, if it is not
a pure strain, to plant a largo field from which individual plant or boll selee-
tions may be made,

‘The bost method of makiny these plant or boll seleetions ig to have
acansy to many fields carly in tho songon go that one may study the develop-
ment of the plants and mark for solection these plants that seem to ba the
wost desirable, In declding which plants to soloect one should pay attention to
the growth habit of the plant as some plants tend to develop more vegetative
branches than fraiting branehes, and some plants may dovelop into strong
vogetative plants but produes vory little cotton, This i true with all types
of eotton, but it {3 capocially true with certain of the Chinese types where
thero {8 a tendeney for some plants to grow very tull and vet produce very
little cotton, The inoxperiene2d cotton breeder may ho misled by such vigor-
ously-growing plants and might scleet those with the iden that they will be
botter than somo of the smaller plants,

If it is possible to have a number of fields from which selections may
be made and to atudy tho plants through their earvly development, it will be
vossiblo to designate those plants that ara to bo selected by marking them with
bamboo stakes or some other choap material or by tying plecos of cloth to the
top of the plant. As tho holdings of the Chinese farmer ave small, it will not
ho possible to make plans to select o lavgrer number of plants without making
speelal arrangements with the farmor to pay him for the loss that may be
incurred by taking the seed of those seleeted plants out of the field.

One of the important points in connecetion with selecting these planta
early is that there is likely to be n considerable amount of natural erossing in
the field sinco cotton i3 a plant that crosses very freely. If areangoments
can be made to soleet the plants early and mark them, it will ba possible to
sclf the flowers and, in this way, obtain purer seed than will ba the ense if the
plants are allowed to cross,
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There are difforent methods to be wused for selfing, While cotton i
readily adapted to opon pollinution, it will algo set seed when self.feriilized;
and results have indieated that several years of self-fertili=ation do not eause
any deterioration of tha plant or any Josz of vigor in growth or produetion.
Sinea erossing is largely the result of pollen hoing carried by bees, wasps, and
othar such inscets, selfing may bo eceomplished by eovering the flowors with
paper baws bafore they open ox by eovering the plant with eloth which is thin
enough to permit the passage of air, although this latter is not so satisfac-
tory as the use of pupor bags, The mothod that is most gencrally used Is that
of holding the flower closad by wrapping wire around the tip of the flower
bafora it opons or of holding it closed by means of paper elips, This latter
method has baen found to be very satisfactory. Sinee the flowers have to be
tagged to know which ones are solfed, the tags themselves may be used for
solfing by making a slit in tho middle of the tag and slipping it over the end
of the flower., This accomplishes solfing and tagging ot the same time,

The advantage of being able to solect thoas plants in the fleld and self
them is two-fold: one i that one may gain practieally a yenr's time by start-
ing with plants rather than with individual bolls; and the other is that he may
gtart with purer sced than if he starts by sclesting bolls or plants from a field
where oross-pollination has not been prevented,

Since it is important in all soleetion work in plant breeding to havea
large number of individual seloctions with which to bogin work, it may mean
that -by solocting the plants in a fow fields and gelfing them.one will be
limited as to the number with whieh he starts his work the first year. It
ghould be kept in mind that a large numbor of individuals Is important; purs
soed and more seed from each individual are also important factors, so what
one needs to do is to obtain as many selfed plants as he enn,

It may not bo possiblo to follow tho methed just suggested In all cases;
and, If not, it is nccossary to mako plant selections if possible (if not, boll
golections) from the flelds of thoso variotios which previous expsrience or
knowledze indicates may bo adapted for a particular region,

In order to have material of differont types, it is desirable the first
year to moke some sclections from o differcnt numbsr of localities; bus, in
general, one should soleat only from losalities that are similar in gencral
environmental eonditions to tho region for which he is planning his work., As
alveady stated, a large number of solections ahould he made. In anawer to the
quostion, how many, it may bo stated that the number should be as large as
possible considering the land and funds that are available for such work, It is
not possible to name any definite number, but it should be stated that if one
plans to bagin by making only & few solections, such as forty or fifey, it is
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DIRECTIONS FOR COTTON IMPROVEMENT IN CHINA
hardly worthwhile to undertake work In cotfon improvement,

The selections should bo made, ns fur ag possible, by someone trained in
the work, Inexporienced assistants should not bo sont out to make selections
unless they huve been givon thorough Ingtruction as to the types to select and
## to what constitutes good cotton fibre and the like., It is always better for
the investigator in churge to make the seloetions himself or to accompany his
nenistants, Much information will boe gained by the investigator while visiting
the different eotton regions for the purpose of making theso selestions. He
will obtain a better iden of the types that are grown, and he will learn more
about the farmers’ problems in conneetion with cotton Improvement,

If the first mothod suggested cun ba followed for making these selee-
tlone (that of seleating the plonts enrly in thoe senson, marking them, and then
solfing them), it will be very satisfactory provided it ean be done on & large
enough senle, If this methoed ennnot bo followed and it is necessary to seloct
bolle, then at the time when the eelections are to ho made one should equip
himself with a sufficiont quantity of bags and tags so that the bolls or plants
thet are melected from o particular region may boe kept sepnrate, That is, if
one makes & collaction of varicties nour a cortnin village, it is desirable to des-
ignate the location by naming the village, This has two advantages, Oneis
that it gives the investigator a knowledge of the type of cotton grown inn
particular region; and tho other is that, if he should obtain some unusual
types from a purtioular roglon, it will bo possiblo to go back amain to make
other selections,

When making the solections one would scloet from difforent ficlds, and
the question may arise as to how many individual bolls or plants should be
selected from an individual fiold, Thore Is no dofinite number that one should
andeavor to get. The point {s that go far aa possible a good many samples from
the ropresentative typo should bo obtained, provided the type is a good one;
and, if thore are any new or unusual types, such as an individual outstanding
plant, seed from such individunls should also be saved, If time permits while
making these selections, it is dosirable to examine the lint, even combing it
out if poaaible. At losst one will have timo to pull out somo of the fibres and
obtain a rough iden as to the longth and quality of fibre. There is ne need to
velect plants of inferior quality as thoy would naturally bo discarded later,
When making selections from the fiold, it {s desivable to scleet from all parts
of the field, and one should not make selcetions from the best part of the
tield only, It may well happen that a plant that ylolds fairly well in an unfa.
vorable part of the field may bo just the type that one i3 secking. In another
part of the field whore the fortility is botter one might obtain & plant that
ylelds twico the amount of tho partionlar plant in the poover part of the feld,
yet from the standpoint of heredity this plant may not be so desirable as the
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plant that yields fairly well under unfavorable conditions in the poorer part
of the field,

When making tho selections in the field, one needs to observe the type
of plant, sueh ag its branching habit and quality of lint, and to seleet plants
that aro free from digense, or as free as possible. It is alao important to select
plants that hold the cotton tightly in the bolls and do not shed. There scoms
to be o considerable differonce among varioties and types ag to the shedding
habit, or tho dropping of the cotton after the bolls open, This is an unde-
sirable character as it means that the cotton that drops on the ground is apt to
ot wot and full of dust and dirt and, if it Is added to tho picked cotton, it
renders tho sample Tess desirable.

Care of Seed — In handling the bolls that have been collected it is important
to bo sure that tho seed is proporly dried.  If it is possible to make arrangements
to seleet u lot of individwal plants near the station grounds, the bolls from
each plant will bo saved separately in paper bags or envelopes or some othor
suitable container and a speein]l numbor will be given to the bolls coming from
one plant or to the bolls themselves, where bolls have been selected, Caro
ghould to taken to see that ail the bolls are thoroughly dried, which can usu.
ally bo accomplished by thorough sunning. Unless this is done, there is dun.
gor of some of the seced molding which will result in low germination.

Whon eollections are made from fields far removed from the station
grounds, it may ho neeossary to corry tho collections bmek or to send them
baek to the station by maile  When such handling is neeessary, it is vory impor.
tant that tho bolls be thoroushly dried so that they will not mold, Since the
Chinese farmeor, at least in many places, pieks his cotton very frequontly, it
may often bo necensnry to pisk bolls that are just opening, This will mean that
thoay contain & considerable amount of moisture and, for this reason, the great-
est earo should be taken to insure that the bolls are dried thoroughly if possi-
ble before the sceds aro packed for shipping or they may be spoiled.

As soon as the selocted botls arvive at the laboratory it is desirable to make
cortain that they have been thoroughly deied and, even so, it is always desirable
to make sure that thoy ave kept dry, and this may be accomplished by frequent
exposure to the sun, It will usually be found convenient te use & paper bag
for the bolls from one plant and if, In drying, it is nccessary to remove the
bolls from the bag great eiwre should bo exereised to see that tho bolls are not
mixed while bying dried and that they ave replaced in the proper bag. If small
cloth bags are used, the drying may be aceomplished without vemoving the
bolls from the bag or even opening the bag.

Lahoratory Study and Seed Preparation — As &lready stated, it is desirable to
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DIRECTIONS FOR COTTGN IMPROVEMENT 1IN CHIINA

make as careful study as possible of the quality of the lint while making the
selections, Usually, it is not posgible to make as thorough study in the field
as one would like, and therefore it is desirable to make a laboratory examin.
ation of the material., At gome cotton stations u considerable amount of time
is given to making a very thorough study of the selections that have been made,
In general, It is not so important to make a eomplote detailed study of these
selactions the first year, beeause one does not know anything about the yield-
ing capaeity of the various straing, That is, if one were making a comparison
of lint lengths with some new selections, he might be inelined to diseard o
strain with slightly shorter lint length than another one; and yet, possibly,
tho one digearded might yield o great deal more and be more profitable for the
farmer to grow in spite of its shorter lint, As environmental conditions, ea-
peeinlly the moisture content of the soil, will affect the length of lint to & cor-
tain extent it is not desirable to make too rigid a selection based on lint length
of those selections made from different loculities, Lhis does not mean that
one should save all the types with a short lint, but it does mean that it s wes
neceggary to muke an elaborate, detailed study with the intention of making a
rigid selection based on laboratory studies alone.

1t is desirable, however, to make a laboratory study as it is important
to make some examination relative to the quality and length of lint; but these
studios ns to length of lint, weight of seed, percontage of lint, and the like
need not be made in great detail for the first yonr's sclections, It is suffi.
cient to make a general examination, saving all the selections that are of satis-
factory lint length and quality or fineness.

Naturally the number of the selections that are to bo saved will depend
on the land that ia nvailable for cotton testing and on tho other fucilities, shch
a8 laboratory room, laber, and the like, It mustberemembered that, in genoral,
bho succoss to bo expected in plaat salection depends on the amount of matoerial
or, in other words, on the numbor of individual selections with which the
work is begun, As it is largely a matter of ehaneo whether one obtains a
high-yielding plant as a rvesult of selection, naturally the larger the number of
individuals the greater {s the chance of obtaining a superior strain,

In the boginning, therefore, it is baat to obtain a large nwuaber of selee-
tions; and, rather than to eliminate too many as tho result of luboratory stud-
‘ey, it i3 battor o koop all thosy that seam to possoss satisfactory lint char.
actoristies, detormining later by 4 field trial the yielding ability as well ag the
general typs of plant. Sines thore is nothing from a laboratory study that
will indicate which particalar typo or typos will bo hich yielding, it is desira.
ble to keep & large numhbor of straing and erery them through one or two years’
teat in the field, This is important sined, as alveady indieated, a strain may
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be found that may be somewhat shorter in length than others and yet may
possess 8 satisfactory length of lint; and it mighf. be superior in ylald and
henee, for the progsent, it might be the most profitable type for the farmer {0
grow, Since environment, such as the amount of moisture during the critiesl
growing period, influences the length of lint and since the gelections have
beon made from many different localitios where the environmental factors are
difforont, it is bost not to disenrd too large a numbor from this first lot of
materiul,

Aftor the laboratory examination has beon completed, the seed may be
prepared for planting, It will bhe necessary to removo the lint from the secd;
and the seed should bo serted, disearding all of the light or unfilled seed and
keeping only the sound seed for planting, After the lint has been removed,
the sced should be placed in small envelopes and given an approprinte numbeyr
in preparation for planting,

The queation naturally arises as to what system of numbering should be
followed with worle of this kind, One point to be kept in mind regarding any
systom of numbering is that it should bo simple do that one will have as fow
numbers ag possible to write on the envelopes and in the records, One of the
simplest systoms that ean ba followed i8 to group the selections made from any
ono particular loculity without numboring, Another system is to group them
and to give thom merely a serial numbor, 7T'hat is, one may have a colleation
from Nantung and these may be numbored by naming the plaee, ns Nantung,
and then numbering the difforent selections 1, 2, 3, and on up to ug many selee-
tions a8 have boen obtained, say, 100, Thus one would have Nuntung 1, Nan«
tung 2, and 8o on. If one hus a gecond lot of seed as, for exumple, from Sian,
he may name the place and begin with 1 and’continue us before. This will
keop tho size of the numbers very low. Somo may prefer to continue the
numbers serinlly rather than to start with numbor 1 with ench new locality,
Phat is, suppose we have 100 sclections from Nantung, then when changing
to another Joonlity, for example Sian, the first selection would be Sian 101,
the second Sian 102, and so on,

The method ono follows is 8 matter of preference. With the firat sys.
tom, one would havo sevoral seloctions bearing numbor 1 or number 2, but this
will not bo confusing if the namo of the place from which the collection was
made is included, It may bo stated also that, for tho fivst yeurs, it is not nee-
essary to give any speetal numbor to the individaal selections other than to
keep a record of the sourco of the solection, assigning the different selections
o row numbor when thoy are planted in tho ficld. One of the chicf reasons
for not giving overy strain® a number the first year is that probably three-
fourths or mova of thom will ba dropped at the end of the firat year. If they
have all been assigned & special number, then o great many selection numbers

+ A stialn refers o the plants coming otiglnally from an individual selection.
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will have been used and will be of no further use since, as stated, many selec.
tlons will be drapped.

Under ordinary conditions, cotton sced is ususlly planted as it comes
from the gin or aftor the lint has heen removed by hand, espeeially in the cuge
of the small ameunts one has from plant or boll selections. Kxperionee, how-
ever, has ghown that, when possible, it iy degirable to delint the cotton sead by
treating with sulfurie acid for from fifteen to thirty minutes. While sonking,
the mixture should be stirred cceasionally go that the dolinting will be thorough-
1y done. The seed is not injured by this treatment, and the lint is practic.
ally ell romoved. After soanking, the seed should ba washed thoroughly with
water or with water to which has been added a little lime water or ammonia
in order to vemove all acld, Such seid treatment will hasten the germination
and will remove any seed-borne diseages. It may ba eonsidered expensive to use
acid to delint the meed but, sines it will give a batter stand of plants ind there-
fore botter results, it is expense well justified. Thuat the permination I8
aceeleratod by such treatmont is shown by the results in Tuble 1,

Table { = Effect of Concenteatod Sulfurie Acid on the Germination of Cotton Seed
(100 sceds used in each test)

PR MB AN ZENR
Ché 20 BR M 1 BN KT ~ 7 A

‘ Number of Geeds Genuinated nftor !
Kind of Treatmont \ i BT RLR T PR ' \ . A‘l/lomgu lol‘
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WwoBRorox \ 7 daya l 9 days | [1 days| 13 dnys‘\ 16 days L daynw =4 PRI AL
R A R R R \ =hi \{
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Check A sonked In water 15 \ \ ‘]
minutes 2] 2] 2 wm, &l @ \l
WA BRRVPERR | o
Check 13 soaked In water (5 l \ [?
minutes l 9 6 62 78 \ 8t | g \I 82,5
MR R AR LM k\ . \I
Treatment A soaked In concens 1 } I 1 l\
tonted autfutic aeld 1S minutes \\ 6 I 71 83 90 & 9 | o1l
AN A SRR 1 1) \F ‘ | L
Teeatment Bacaked In concons I ‘~ ‘\ \ jl
trated subfuric acld 45 winutes | 54 I 70 84 a3 \ 92 | 92 | 1.8
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After ull the lint has beon removed either by hand or by means of acld,
one may then prepare the seed for planting. In order to be able to compare
the new selections with some standurd, it is desirable to have an adapted variety
to be used for this standard or check. If the station where the work is to be
undertaken dees not already have a good variety that may be used for this check,
it will be woll, while making tho selections, to arrange with some farmer to
obtain a quantity of sced of that varlety which seems to bo the most common
as woll as the most satisfactory for the particular region whero the station
is loeated, If this ennnot be done, thon steps should be taken to obtsin &
large amount of some variety thut may bo expected to give good vesults at
the station. A large quantity of such seed should be obtained; probably at
least a pieul or more will ba neoded to bo used us a check, leaving some for
multiplieation for further use.

Plan of Planting — Before it is time to plant the seed, one should make & plan
of planting which will indicate the source of the secd, the number of selections
from cach locality, and any other information that may be had regurding the
gelections together with the row number in which any particular selection is
to be sown. In preparing this plan of planting, it {s important to group the
different geleetions in aceordance with the type ns, for example, Chinese cot-
ton or foreign cotton. If the selections have been made from different varie.
ties of Chinese or foreign cotton, it will be desirable to make further group-
ings with referonce to the varieties, Such a grouping may mean that the solec.
tions made from a partieular region will not all occur togother in the plan of
planting as some of them may have come from Chinese varioties and some from
forolgn varieties; but it is bottor, as far as fleld technique ia coneerned, to
group the vavioties according to typo rathor than to adhere to a grouping ac.
cording to loculity,

If, in beginning this work, one is not sure whethor the Chinesa or for.
elgn type is better adapted to hig station and {f one is handling & large number
of sclections of both types, it may be desirable to have a plan of planting for
the foreign type and another for the Chinese type, 'This is a mattor of con-
venience, The chief point is that, for all of the sclestions that are to be plant.
ed, it is necessary to have a plan of planting. As has beon suggested, it is
desivable to have a standard variety to be used as a check and a row of this
chock variety should come at frequent intervals throughout the plan of plant.
ing. At lonst every tonth row should bo sown to tho cheek variety; if land
is available, It will be degivable to have & cheek ovory fifth row. If alarge
number of sclections have beon made from both Chineso and foreign types, it
will bo desirablo to have a Chineso variety for & check for the Chinese selec-
tions and & foreign variety as a check for tho forelgn selections.

In preparing the seed for planting, it is desirable to use envelopes oy
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paper bags of one color for the selections and of another color for the check.
For example, the sclections may be kept in brown paper envelopes or bags and
the check in whito ones, This is a convenience when distributing the materisal
in the field for planting.

If all tho sclcetions have eome from individual plants, one would have a
alan of plonting mado for plant vows. If all of the solections have come from
aolls, the plan of planting wounld bo for boll rows, If both kinds of eelections.
anmely, from plants and from bolls - have been made, it is desirable to have
two plans of planting since they will be planted in rows of difforent length.
The plan of planting for boll rows will be aa follows $

Plan of Planting for Boll Bows ro3s

Seleetion Number or Souvce of Seed Row Number
Cheelt I}
Nantung or Tinghaien, etes 1

] R

3 3

4 4
Check b
b 6

6 T

7 8

8 9
Cheek 10
Q9 11

10 12
11 13
12 14
Check 15
13 18
14 17
15 18
16 19
Cheek 20

and so on until all selections from one locality according to type or vaviety
have beon ineluded in the plan of planting, Then one would eontinve with
the selections of the same type or vaviety of cotton made from another rewion
and 8o uo until all the bells have heen givon thelv proper vow numbor.  As al-
ready stated, if land is not available, the cheek row may be placed overy tenth
but it is better to have one every fifth row, if possible,
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The system of numbering the selections will depand on the system that
it is desired to follow. It was pointed out earlier that one may follow any
ane of three methods: Qne is that of giving merely the place from which
the selections are made and not adsigning any number; another is that of
naming the place and giving a number, continuing with the numbers in order
until all the selections from a single locality have beon planted and then num-
boring the solections made from snother place by beginning with 1 and o on;
tho third mothod iz that of naming the place and giving each selection a num-
ber, continuing the number serinlly whon changing from the selections made
from one locality to those made from another.

Which ono of these methods one dosires to follow is & matter of prefer-
ence but, as alyoady pointed out, it is desirable to keep the numbera low and
the firgt mothod will aceomplish this botter than either of the other methods,
The plan of planting as made above, however, {s based on naming the locality
and giving the selcctions a number, It is porfectly satisfactory if the records
are carefully kept to give only the loention for the firat year, keeping the
gelections straight by following the row number only, If this were dane, the
only numbors appearine in the plan of planting would be the row number.
In all cases in crop improvement work, tho method to be followed should be
one that will make for nceuracy and, at the same time, for simplicity, One
should strive to koep his pedigroe numbers as low as possible, for the fewer
numbors one has to write for any particular selection the less chance there is
of making an orror,

After the plan of planting has boen completed and all the check rows
have been put in place, it should be thoroughly checked before any planting is
done. In doing such checking work, it is always best to have two people work
togothor so that one may watch the plan of planting while tho other reads the
number reprosenting the souree of seed and the row number from the envel-
opes,

After the plan of planting has been ehecked, the material should be care-
fully stored where the order of the envelopes will not be disturbed by any one.
When it is time for planting, the sced should bo taken to the field with as
little handling of the envelopes as posaible. This Is to insure that the order of
arrangement has not been disturbed,

Field Methods for the First Year — One of the points to keep in mind in any field
experiment s that of having as uniform & piece of land as is possible, It must
be understood that there is no ficld thet is absolutely uniform but, naturally,
some fiolds are more uniform than others. Mervely because a field is level does
not mean that it is uniform mo far am fertility is concerned, Where there is
a choico of land, one should select for testing work the field that past experi.
once has shown to be fairly uniform,
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The method of arranging the vows and planting wiil depend somewhat
upon loeal conditions, That is, if one s in a loeality whoere there is no dangor
of floods or high water during the summer, one would treat his field all as one
level field. If drainage is a problem, it will b2 neeossary to prepare bads ot
narrow gtrips of land with furrows oy ditches hotweon them for drainage.
The width of such bads or strips of land will dopend on the soricusness of the
drainage problom, When it is nocessary to prepare such beds, it is always best
to make them a little wider than need bs to accommodate the length of row
that is desivad, That {ey it is bost not to have tho bods so narrow that it will
ba necessary to plant too close to the drainage furrow or ditch.

In planting boll rowe, if It {s found that prepavation for drainagoe is nee-
uary, {t is desirable to have ecach had or steip of land wide enough to necom-
modate nt least two boll rows., If high wutor {3 u very sorious menaea in the
summer, {t may bo that tho beds may bo wide onough for only one boll row.
The length of such boll rows will depond of course on the amount of seced
available, but usually there is secd enough to plant four or five hills, The
tongth of row choson should boe tho same for all selections so far as poagible.
For Chinese eotton, the hilla may bo elght inches (new system) apart; for
five hills it would then bo necessary to have rows forty inches loug, Asal-
rendy stated, whero drainuge is necossury, tho bods should be a littlo wider
than needed so that it will not bo nocessary to plant the end hills right on
the edge of tho bads as these may suffor from wushing during heavy rains.
The diatance botweon the rows for Chinose cotton would bo one and a half feet.

Yor forvelgn cotton, the hills should ba & foot apart in the row, thug
walling for a row fivo foot in longth, and the rows should bo two feet or two
ind ono-half feat apart. If land is avallablo, It is botter to have the rows plant.
ted two and onc-half feot apart, It may bo arguoed that the wider distanco g
not so dosirable as the plants may not he ablo to uso officlently all of the land,
but it is best to have the rows far onough apart so that the plants from the
ditferent seloctions may devolop normally In order that ono may judgeas to
their habits of growth and other qualifientions,

If plants have beon used as thoe unit with which to bogin tho firat yoar's
work, then naturally more seed will bo available and tho rows will be longer.
The distanae hatwesn hills and batweon rows will ba the same as for boll rows,
but it will ba desirable to have the plant rows ag long as the amount of seed
will pormit, up to twonty to twenty-four foot, but of course all of them should
be the same length,

In handling these longer rows in the fiold, the question will again avise
as to whether it ia necessary to proparo fov surface drainage, If this is neeos-
mary and it is not possaible to make tho bods ten to twenty foot wide, it will ba
necsssary to arrange the planting 2o that tho rows may run longthwise of tha
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boeds. When the question of areanging for drainagoe (when this I8 necessary)
has been settled, the fiold will bo prepared for planting the seed.

Planting the Sead — It is desirable to heve the fiold surrounded by onc or two
border vows; that is, It is bost not to plant the selected seed on the edges of
the field as it is desirable to have some proteetion, such as will ho furnished
by border rows, After the length and width of row huve boen deeided depend-
ing on thoe noud for drainago and tha like, tho rows may ba marked off and
hills made at the proper distance. The rows moy be marked with amarker
and then the hills opened at tho proper distance; or the rows may be opened
with a hoe and then the hills planted at the propoer distaneo apart.

In handling cotton cxpeviments, it {8 always bost to practies thick seod-
ing with tho expectation of thinning to the proper numbor of plants, This is
for the purpose of insuring a good stand, In some heavy soilg, it is diffieult
for cotton to breal throupgh and this is espoecially truo 17 heavy rains oceur soon
after planting.  When o numbor of scods ave sown in a hill, it s easier for tho
young plunts to foreo their way through tho soil.

After the rows are marked out, tho seed of the soleetions and checks
will bo distribated in ordor aceording to their row numbor, keaping in mind the
fact that it is always desivable to plant the first row or two to gunrd rows.
One would bogin by plunting a check row first and then continuing the plant.
ing in order until tho end of the field is renched, keeping in mind that it I8 desir.
able here to have ono or two goard rows also, Tho arrangomont of tho rows
s shown in Pigure 1. It is desivable to have stakes of some suitable materlal,
sueh as pine or bamboo, and these stakes should be placed every ton to twenty
rows. If suffieient stukes are available, then ono should boe placed in every
tonth row as, for oxample, No. 10, No, 20, and so on, A stako should also bo
placed at the first eheelk 80 ag to show whoere the fivat row of the test begins;
o stalce ghould alao ba plased with the ganed rows, indieating whethor one or
two punrd rows have been planted.

It is important that each sovies or bloek end with a choek oecurring in its
regulay order, ‘That is, whon neaving tho ond of the fiold, one should deter.
mino whethor it will bo possible to end with & cheek without haviny to placa
the ocheek out of ordors Thus for the boll rows, if a check ocaurs every tenth,
the last row nambor of the sorjes should bo somo multiple of tom I€ it has
boon decided to use a eheck every fifth row, it should ba some maltiple of five.
If the cheek should evne at & placo where it is atill posaiblo to plant one or two
boll rows boforo ronchiny the end of tho field, this should not bodonas Ona
should fill in thoso one or two rows or oxtra rows with gaard rows and then
boagin planting on the s2eond series by placing an extra ehoek fivat and thea
pracoadiny in rogalar ordor. A stako an b2 placad in this extra chack row
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and should be labeled Zstra check, and the row numbeor coming immediately after
ghould be recorded too 88 Latra chect before row jor, or whatever the row num-
bur is.  This method should be followed at the beginning of ench series or block
or wherever it is neeessary to interrupt the planting due to the presence of
graves or other obatruetions,

After the envelopes eontaining the seed have baen placed in ovder accord-
ing to row numbor, they should ba carefully ehecked before any planting is
done to sce that no mistakes in order have boen mades Having the stakes placed
at every tenth row will aid in cheeking. As already indieated, one would plant
from one oend of the field to the other and then return, buginning at the end of
the field und planting back, Thero should be a path batweon the boll rows; if
narrow bods have heon made as already diseussed, then the furrow batween the
bads will serve as a path.  If it Is possible to use beds wide enough to hold two
holl rows, then it will be well to arvango to plant in the following way :

The first planting will bo made by arranging the boll rows so that they
will ¢o onc-half the way seross the bed, and the stakes will bo put in next to
the furrow. On reaching the end of the field, one would turn and plant back
on the othor side of the bed placing the stakes uext to the furrow, leaving a
narrow division botween the ends of the boll rows in aceordance with Figure 2,

Figurs 2 = Diagram IHustrating the Mothod of Sawing Boll Rows on Nartow Beds
‘Whero Surface Drainage Is Necessary, A Vory Navrow Bovder Is Left
botween the Blocks of Rows, and the Stakes Aro Put on the Outsids of
the Block noxt to the Furrow,
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- If the beds have to be so narrow that they will be wide enough for only
one boll row or if the planting may be made on a level field where it is not
necessary to take eare of surface drainage, then the dvlan of planting will be
in accordance with Figure 1, leaving a path botween each sories of boll rows,

Aftor the envelopes have hacn chacked to sea that they are in tho proper
row, the seed may be dropped in the hills, trying to have practically the same
number of seed in each hill so that each hill will be given an equal chance. It
would be well to inspect the planting to seo thut it has been uniformly done
and thut every hill is planted; then the seod may be covered by means of hoes,
It is best not to cover cotton seed too deeply, It is bost not to have a narrow,
deap hole for the hill so that all of the seed are piled together; it is much
better to have the sced seattered a little so that when they are covered, the
seed.in each hole will be covered at different depths, ‘This is of advantage in
the case of heavy raing which may pack the soil and make it difficalt for those
eovered too deeply to emerge. It is desivable to make sure that all the sced
are covered.

After the planting has been completed, it is desirable to make a field
map, This field map would show the loeution of the different blocks, the row
number with which each block beging and ends, the number of guard rows,
and the like. After the plants are all up, the field map should be checked
with the field again to see that no mistakes have been made and that no
rows have heen missed.

During the growing season, it is desirable to take notes as to the growth,
disense-resistanco, earliness, and other characters that will aid in helping to
piek out a good typs of cotton. It is desirable to take notes on the germina-
tion and stand of the difforent rows. If damping-off is a sorious trouble
affeating the young plants, it may be well to take notes to determine whether
any of the rows show any resistance to this disease. If any rows are badly
affected by any sorious disense that is easily transmitted from plant to plant,
it may be well to pull out the entire row.

The notes that have been taken will aid one in selecting soma of the
more promising rows and, since cotton is easily cvoss-fertilized, it will be de-
pirable to select some of the botter rows early, if possible, and to self several
of the best plants in each of the selected rows, 'This selfing may be done, as
already indicated, by means of paper bags or by wrapping wire around the tip
of the flower or by holding it closed by means of paper elips or by holding it
cloned with the alit tags as desoribed earlier, Using either the wiraclips or the
tags is found to be very satisfactory. Whatevor moethod is followed, it will be
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necessary to place & tag on each of the flowers that is selfed so that one may
be sure to harvest the selfed seed separately. Sinee there will bs & consider~
able amount of shedding, it is always desirable to self many more flowers than
would be needed if all of them sot seed,

The need for solfing may vary with loeality. If one wants to be abso.
lutely sure of having pure seed, it is necegsary always to aolf. It does meana
considerable amount of work and exponse, but it insures pure seed, It may ba
well for each station to determine how much natural erossing is taking place.
The amount of natural crossing will vary depending on locality, as already
atated, because in some localities thore are a good many bees and other insects
that will visit the cotton flowers and carry pollen from one to the other, In
other places, there are very few inscets so that the amount of crossing is very
small, Local conditions may change so that there might not be much natural
erossing for a while yet the amount.-might increase later, especially if a large
number of bees were introducod into the neighborhood. Table 2 will give some
idea of the variation in the amount of crossing in different places,

If one is working in a station where the amount of natural crossing is
very low and he is handling only ono type of cotton, he might conduet his
work without selfing for the firat fow years, beginning to self the more prom-
ising atrains as they are developed. As already stated, however, if one wants
to be sure to have pure seed, selfing is absolutely necesaary.

While it is desirable to sclf all the gead that is to be used, {t I difficult
to be able to get enough sced for the tests cach year, For example, from the
boll rows it is diffieult to obtain enough sced from seifing one or two plants so
that one will have sufficlent sead for the tests the following year. If the
station is able to obtain plenty of help, selfing ean be done on a large scale,
While it is important to have pure sced, and this means selfed seed, if natural
crossing is taking place it may be that - due to lack of help-it will ba impos.
sible for a station to obtain enough selfed sced for all of the tests, If enough
selfed sced cannot he obtained, there are different ways by which the work
may be handled.

It a station is workinz with one type only and there ia found to be very
little natural crossing, the station may conduat the work the first threa or four
years without selfing and then may begin to self the better atraina by having
apacial seed rows for this purpose, If there is much natural erossing, however,
solfing is the only way to insure having pure seed.

If it is impossible to obtain & large enough amount of selfed seed so that
the test rows may be planted from selfed seed, the following method may be
used: One may self one or two good plants in & boll row and then, from the
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Table 2 ~ Showing the Variation i1 the Amount of Natural Croseing in
Cotlon When Grown in Different Localities
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Data for 1913 |
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stmilar way,
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Note: Thesa data wors vory kindly furafshed by My, 8, D, Peag, (‘oll\go of Agticulture, Unle
vousity of Naaking, Nanking, l\hwm\. Mz, P, G, Wa, Peovinclal Cotton Bxpetiment Stas
thon, Nantung, I\mmu. Ar LY, Liand Ale, K, 8. Tang: Provinelal \Wheat Experiment
?mien. Hsuchows Riangsui and v, B, Siag, Cotton Improvement Station, Yuyaos Chaks
ang.
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PIRECTIONS POR COTTON IMPROVEMENT IN CIINA

very beginning of the work, have specinl seed rows for selfing, The selfed
plants from the boll rows would be planted in the seed yows. ‘The opon-fertiliz.
ed secd from the boll row may bo used for the yield test the noxt year. The
gecond year selfing will be continued in the seed row by using two or three of
the best plants; the remainder of the seed of this row will bo used for the yield
tosts the following year, and this may boe continued cach year, making the seed
rows largor ench yenr to furnish plenty of sced for the tests.

This will mean that tho sced for the tests will be coming from selfed
seed which has boen allowed to be open-fortilized in the seed rows just one year,
While this doea not give the purest seed, it is aboat the best that can be done if
it is impossible to self enough material for tho tests each year. This method
will be less objeationable in tho later yenrs of the experiment bocause the seed
rowa that are continued will be from the best strains each yoar. The amount
of crosaing in tho seed rows that might affect the tests when using this opena
fortilized seed from the sced rows for the yield tests will perhups not affect
tho yields sorlously, especinlly ns your after year what erossing oceurs is be-
tween the better straing,

Another modifieation which does not seem so desirable would be not to
conduet a yield test for the fivst two years but to handle the work in this way:
The best plants from the boll rows may be selfed, and this seed used for plant.
ing the following year, Selfing would be continned the sceond year, and one
would select the better rows by judgment and then try to self enough seed to
begin the yield tests the third year. This methed I not so satisfactory as the
other ono just deseribed.

On account of tho posaibility that there will he eonsiderable natural
crossing, it is important for a station, as early as possible, to confine its work
to one general varioty of eotton, ‘Then, if the natural srossing amounts to only
a fow per cent, tho testing may be continued (if labor is not available for self-
ing) with open-fe-tilized sced and then selfing may be bogun by having seed
rows shout the third or fourth year of the test,

After the more promising rows have been designated for further study,
it will be desixable to prepave bags for picking, These bags may be of either
paper or cloth; bags made of thin eloth we more desivable for this purpose
than paper bags sinee, after pieking, it is necessary to dry the samples by ex-
posure to the sun. If thin cloth bags are used, the dryiny may be accom-
plished by laying the bags on & dry platform in the sun witheut eponing
them. If paper bags are usad, it would then bo nesessary to opon the bags
to permit drying; &nd such procedure offers a chaneo for the mixiny ov loss
of seed aince the bags may be blown over or the material lost out of tho bags in
one way or another, If one is not careful, some thoughtless workman may
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attempt to replace the seed that is lost out and get it in the wrong bag,
Paper bags have the advantage that one may write the row number or selec-
tion number on the bag, while with cloth bags it is necessary to have them
tagged.

For pieking the boll rows or the plant rows where individual planis
have been selfed, it is desirable to have a bag for each plant, That is, for
the first year - sinece there is a possibility that there may have been some nat-
ural crossing in the field from which the selections were made-it will be
desirable to save the plants from each row separately, The bags or tags may
bo given a number to designate this. For example, suppose row 4 is one of
the rows saved, then the numbering system may be either 4(1), 4(2), or 4-1,
4-2, and so on. The first system is more satisfactory if it is likely that the
plants may bo bulked later, The second method would be used if it is intended
to keep the seed from each selected plant separate in all future tests,

By saving the plants separately, one is more sure of having a pure strain
than if the plants from a single boll or plant row are mixed together. If one
has made selections only from regions where it is known that natural erossing
securs very seldom, the seed of the plants from a single boll or plant row may
be balked together, provided the plants are alike so far as one e able to judge,

The bags would be taken to the field each time picking is to be done and
distributed in accordance with their row number. In order that the plantsin
the row may be placed in the proper bag, it is desirable that the picking should
bogin at the same end of the row each time and that the first selfed plant be
given number 1, the sccond number 2, and o on, If this is done, it will not
be necessary to use stakes or tags to number the plants,

After the picking has been completed, care should be taken to see that
the samples are thoroughly dried and then stored in a dry place until time per-
mits for making the laboratory examination, The laboratory examination of
the individual plants from boll or plant rows will be made in more detail than
was the cnse for the fivst boll or plant selections, Examination will be made
as to lint length, quality, and percentage, and sced index, The examination
will bo made by taking individual seed from the different bolls at random.
Relative to the number of seed that it is necessary to take for a fair sample,
reference may be made to Table 8 compiled from data furnished by Mr, S, P,
Peng of tho College of Agriculture, University of Nanking, From this Table
it s seen that tho results are about the same no matter what size of sample
has been used, The accuracy, as measured by the probable error, is a little
greator on the larger samples; but the difference is not really signifieant.
Since one will have & very large number of rows to be examined, it will there-
fore be satisfactory the first year to examine only ten or twenty seeds from
each plant or from eckch atrain,
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After the examination of all the selections has been completed, the notes
may be studied and the more promising typos saved for planting the following
year. On the basis of the notes taken, one will direard s certain number of the
selectiong, It is not neeessary to follow a definite rule as to the number to
be disearded. One should not diseard too rapidly since the field performance
is a very important point in conneetion with eotton improvement. The labora-
tory tests give us cortain information regarding the quality of the lint and the
percentage of lint, but it {s nceessary that we know also rogarding the yielding
ability as well as the other fucts of ficld performance, Therefore, it is bettor
to keap o largoer number of seleetions in the test than it is to diseard too freely
and handle only a fow seclections.

After the selections have been made, they should be delinted and the
geed prepared for planting, Tho sced should be examined and the poor seed
disearded so that only good seed will be used for planting, Tho selections
should be prouped aceording to type and variety. That ig, if both Chinese and
foreign types huve been geleeted, all the Chinese types should be planted to-
gether and all the foreign types togethor, Again, where it is possible that
one would have more thun one variety of either the Chinese or foreign type,
it i3 best to make further groups within the Chinese or foreign eotton. This
is done go thut when the plants are grown in the field those types more nearly
alike will be grown together, thus making for a better field comparison and
avoiding the possibility of competition between rows or plots,

Methods for the Second Year— The ficld test for tho second yenr will consist of
having rows longer than those of tho firat year. It is desirable for Chincse
cotton to bave rows at least twonty feet long and for foreign cotton to have
them at least twenty-four feet long, If land and sced are available, longer
rows may be planted, It i8 better, howoever, to have two or more shorter
rows than it is to havo one long vow. The lengths designated here are con-
venient from tho standpoint of the endeulation of the results, as will be dis.
cussed Jater. If the quantity of seed is sufficlont, it is desirable to plant at
least two rows from each selection: but the two rows coming from the same
strain must not be planted side by side in the field.

A cheek row will bo planted overy fifth row, using the same variety as
wag used in plunting the boll rows unless for some very important reason it
has been found necessary to change the check. It should be pointed out that
in testing work of this sort tho cheek should not be changed frequently, If
it is found that the first ohoek selceted has not boen satisfactory, one may
change to another one;  but, from tho standpoint of the comparisons, it is bast
to keep the same check or standavd for several years,

With a knowledge of the different types and varioties one would group
the sorts and arrange the seed for planting by making a plan of planting.
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This plen of planting will indieate the strain or selection numher and source
of seed, the row number or numbers in which the seed is to be planted, and
the last year’s row number. The planting plan will bo so arranged that one
row of each strain will be planted until all the selections huve heen vepresent«
ed. Then the plan will be duplieated, starting with the first selection and
continuing for all the strains,

The plan of planting for the second yeur will then appear as follows :

Plau of Planting for Lwe Rotw or Second Year st

Last Year's Row Number Variety or Strain Row Number
Series
I 1
Check 0

8 Nantung 7 1 1001
11 ” 9 21002
18 » 11 31003
26 ) 41 4 1004
Check b 1o0b
183 Tinghsien 133 6 1000
188 T} 139 7 1007
161 " 161 9 1009
Check 1) 1010

and 80 on, This is assuming that one has enough straing - namely, eight hun-
dred - so that, with a check overy fifth row, there will bo one thousand rows
for the first series. The replication then will bepin with row numboer 11 and
continue to 2000, If one has enough seed and land available, it iy desivable
to have a third serics; thus there would ba threo rows for each strain, If
one is using selfed seed, it is not likely that he will have seed enoaph for o
third series, und perhaps not enough for more than one series,

After the plan has been made, the sced of the different straing will he
placed in amall envelopes and numbered with the proper row numbev, The
numbers on the envelopes must be checked with the plan of planting io vee
that the correct row number and seleetion number have been used in cach ease,
The seed will then be stored in a safe place uatil time for planting.

The details of planting will bo much the same as those used for boll rows
with the exception that the rows will be longer. If the station in lecated
where sarface drainage must be provided, then it may be possible to muke the
beds wide enough to contain the proper lensth of row, which would be at least
twenty feet for Chinese cotton and twenty-four feet for fovcirn cotton, If
it is not possible to have tho beds this wide on acecount of too much water

3
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during the summer, they will have to be made narrower and the rows will have
to run lengthwise in the beds.

, A stake should be placed in every tenth row. The rows will be marked
off and the hills made sccording to the same distances that were used for tho
boll rows. At some stations it may be preferred to sow the seed for the regular
testa in drills rather than in hills, Iither method may bo followed; the point
that should be kept in mind is that it is important to have & uniform stand,
Guard rows should be planted at the beginning and end of each geries; and,
in beginning a now series, it is desirable always to begin with a check. This
check will be marked by a stake which should be labeled with the words Zxrra

chect and the number of the row which it precedes as, for example, Lxira check
betore row 301,

Before any planting is done, the envelopes containing the seed will be
1aid out and carefully checked to see thut they are in the proper order. Then
the seed will be dropped in the hills, taking cnre to plant sbout the same
namhber of geed in ench hill, To insure u good stand, it is desirable to practice
thick sceding. One of the difficulties in cotton testing is that of obtaining &
good stand, and missing hills in cotton tests are not uncommon. It s always
desirable to reserve sced whenover possible for replanting; and, if missing
hills do oceur, it is desirable to replant. If it is not possible to save seed for
replanting, the effeet of missing hills may be reduced somewhat by planting
soy beans or some other crop in the missing hills,

After the seed has had sufficient time to germinate, notes should be
tukon as to the rapidity of carly growth; and the field map should be care.
fully compared with the field to see that no mistakes have been made in plant.
ing or in recording the proper numbers on the field map. During the grow.
ing perviod general field notes will be taken indicating such facts as disease
resistance, earliness, branching habit, and any other characters that arve of
importanco in seleeting promising types. If seed rows are not grown and
selfing is practiced, it i3 desirable to self the flowers on several of the best
plants in the row. It may be sufficient to use the first series for selfing, The
point to be kept in mind, however, is that a sufficient quantity of seed muat

be obtained, and this can be done best by having the special seed rows as dis.
cussed earlier,

If selfing has heen done on some of the plants of the yleld tests, then
at picking thme it is desirable to put the selfed seed of the different plants
from each row in separate bags unless one is convinced that the row is pure
or homozygous. If one is certain of this, the seed of several plants may be
bulked together. If & sufficiont quantity of seed ¢an be obtained from one
plant, however, it is more desirable to continue the testing by using the seed
of only one plant for cach strain. The same care that was practiced with the
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boll rows should be observed in the picking and the drying to be sure that no
mixtures occurs It {8 desirable to weigh the yield of each row, keeping the
cofton from the selected plants separate from the rest of the row.

Atter the picking has all been completed and the samples are thoroughly
dry, laboratory studies may be made, These laboratory studies will consist of
detormining the length and quality of lint, percentage of lint, seed index,
and any other factors that will be of use in making the selections, After the
laboratory notes have been completed, it is desirable to compare the vields of
the different strains with the check yleld. For more exact comparisons, the
porcentage of lint may be used and the total weight of seed cotton may be
multiplied by the percentage of lint, giving the yield of lint per row. Those
strains that yield better than the check and have other desirable characters
will be designated for further study.

The question may arise as to how to seleet the strains on the basis of
vield performanco as compared with the cheek, This will depend somewhat
on the check; that is, whether it is a superior variety for the locality ora
mediocre one. If it is & superior strain, then any of the new strains thut show
a little higher yield and also possess the desired lint characters would be saved
for further testing. If the check is of only average value, then those straing
that are considerably higher in yield-than the cheek would be saved.

It is not necessary for this second.year test to make spocial ealeulations
of the probable errors for the different strains, It may boe desirable to use
the check rows and determine a probuble error for the whole experiment, so
ag to give some general iden of the amount of variability that may be expected.
For convenience in selecting the different straing it will be degirable to com-
pare the yields of the different strains with the check yield. This compurison
may be made as is done in Table 4, which shows the plan of plunting und some
assumed yields for a two row series. The average yield of seed cotton for
each two rows will be obtained. This is done for each strain as well as for the
check rows, With the yields of the check rows, it is possible to obtain a the-
oretical: or caleulated check yiold for each row. The check rows are placed
every fifth row, and it is possible to obtain the caleulated or expected yield for
the intervening rows had they been sown to the check variety.

This may be done in any one of several ways: The yield of all of the
sheck rows for the two row series may be used to obtain the average yield for
the checks, and this average yield may be used 48 the expected yield for any
of tho other rows. The second way that may bo used is that of tuking the
average of the two nearest checks for the yield of the intervening rows. The
third way is that of using what is known ag the graded methed, which takes
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Talie 4 =~ Plan for Planting Two Row Cotten Test with Method for
Calenlating Results

de o= AR K A RN KRR MR B0 W KB M SR

Teow Nunihies®! N Y
. asdd Yield Total ‘ Mvarzpe (;a‘mn .
Y'egr"s ‘ Vastoty or Wtimn ; 33::‘:1:: ;‘.'.‘?,fl‘d‘ﬁ’; » Gain of [} pPercentage
Ita'w Sinaln “ . q’ﬂ“"ﬁ;q | Vietd ‘(iret !;m,w” A (é;m%ing I ;;’;‘ of Lint
Nutnher lorles § 3 . toal % . siha !
RiR| . . I R T J
IR 3 5058 05 % \ ) , N t(w,&)] (,,@%’ﬁe IET K
| ; Mg egdorR A | IS
: | A e R
Cheek \ [] I
\','" H 205 151 400 H 80.0 | \ %
8 || Nantng 7 7 | 2002 ‘ l
t W %\ 264 | 22 \ 486 H 97.2 79,2 [ 18,0 3195
[~ N I T It
i R \‘ mn‘S 204 | ot H 100.8 | 8.4 | 22.4 305
13 | Nautang 3ok ! ]
\mmffi"” " ‘\ z | 16 | as H 6.2 17,6 | =10.4 5%
I k I
26 1 Na v | | Zear l
R “ 160 mz: wm | s | 76.8 | 18,4 329
! |
Cheek ki 1008 ‘
1 \ 108 xaz“ 280 H 76,0 | 2%
38 || Naotug ] 6 | 006 H l
‘ﬁf"};nm"' M \ 76 144 || a0 64.0 | M || 10,8 2%
Mo N 3 7 | 2607 ] |
M"‘“ﬁ'"“ 6 \ 178 mo\\ 208 H 5.6 | 73,6 ) 44,0 | 3866
il N . 4 | Joow )
‘ {mmﬁz'ﬁ'"[’ " ‘\ 26 zzs“ 161 H 92,8 | 124 [ 20, 34%
il Nantung 46 g 1609 \ \ |
L b ~\ 142, 156 ‘ we || 0.6 e || 116 3%
m | s \ \ r ;
| \\ LI ] \\ 350 \ 70,0 MWt
\ . v \ | \
e 1
| ot Jnpy |
| | i I it
*Tho Row Numhee {s Pefutod In Ttalles MmN ER

the yicld of the two nearest cheeks and grades the yield for the rows botweon
in aecordance with the change In tho yields of the check. This last - named
method is preferred since studies have indieated that in goneral it is more reli-
able than the other methods,

In using the graded method, one proceeds in the following way: Taking
tho yicld for the average of tho first two checks as 80 catties of seed cotton
per mow and that of the next two checks as 76 catties per mow, we obtain
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the difference in yield, which is 4 eatties por mow. Now, since the checks are
removed from each other by the distanee of & plots, we assume that the soil
varies as we proceed from one cheek to another and that the change is gradual,
Since tho second pair of checks yields the lower, it is assumed that the soil
gradually decreases in fortility and that the amount of this decroase is indicated
by dividing the difference between the choeks by 5, the numbor of plots they
are apart. Thus for these data we have - 75; . -.8 . Sinee the sign of
this value {8 minus it is assumed that, if the cheek varviety had been sown in
rows 1 and 1001, it would have yielded .8 of a eatty less than the check that
wug planted in rows 0 and 1000, Therefore, the calenlated cheek yield for
rows 1 and 1001 is 79,2 catties of cotton, and the ealenlatod yield for the next
rows is 78.4 and 8o on,

In obtaining the graded difference, it is always desirable to put the yield
of thesecond eheek firat sineo the subtrastion will inlicate whethor tha average
difference is to be added to or subtracted from tho value of the first cheek.
In the cengo just cited we have 76-80, and the sign of the difference is nopative
which shows that .8 is to bo subtracted from 80 and that .8 will be subtracted
for each succeeding check. Since the pair of cheeks next bolow the pair in
rows §5 and 1005 is less than 76, the difference will have a minus sign; and,
in this case, the graded difference is to be subtracted from 78, This method
will be used for obtaining all the expectod or calenlated check yields, This
mothod of compuring the yields with the cheeks has been based on the yield
of geed cobton per mow. One may, if he chooses, make the final comparison
after the percentage of lint has been obtained; and then by multiplying the
yield of sced cotton by the percentage of lint, one may express the final re-
gults as cabties of lint per mow.

The difference for each strain as compaved with the ealeulated check will
then be obtained as is recorded in the column headed Gain vr Loss Compared with
Cheet, Those strains that are poorer than the ehoek will then all be disearded
unless, for some particular reason, it may bo desivable to save an oceasional
strain, For example, a strain may yield a little less than tho checl and still
have & very superior lint or it might b2 resistant to disease, und therefore it
may be desirable to continue it in the test for a longer period. Those strains
that show an inereage will bo saved for furthor testing, Only the outstanding
strains should be saved unless for special reasons certain of the low-yielding
ones may be continued on account of good quality of lint or disease resistance.

Undor ordinary circumstances onoe would not consider that a strain that
yields only one or two catties of lint per mow movre than the cheek is really
eny botter than the cheek, One that yields several eattics per mow move may
bo expected to continue to give a somewhat better yiold, It should be kept in
nind, however, that this will not always ba the ease as conditions may bo such
that & strain may ba promising for one year but, ovor a poviod of yoars, it may
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fail to maintain its high yield. Those straing that are promising from the
standpoint of yield and lint characteristies will be designated for testing the
following year. These will be delinted and the seed prepared for testing.

The Methods for the Third Year - The test for the third year will be more exten-
sive than the one for the second year in that more rows from each strain will
be grown, It is desirable to have at leust five rows of each strain if this is
possible, This will be determined by the amount of seed available and the
amount of land in aceordunce with the number of strains one has tot est, If
it is possible to have five rows of each vuriety, then five lots of seed will be
prepared and placed in geparate envelopes. The row length and width may be
the same us in the previous year, If it is felt desirable, the length of row may
be increased.

For convenience in ealeulating the ylelds, it is desirable to use some
length of row that, when multiplied by the width, will give a fraction of &
mow such that it will bo casy to obtain the yield in catties per mow by simple
multiplication, Ifor example, with Chinese cotton when we have rows twenty
feet long with the distanc2 between rows of one and one-half feet, we have
ench row occupying thirty square feet; since there are six thousand square
fect in a mow, this means that each row is one two-hundredth of 8 mow. In
the cage of foreign cotton, when the rows are twenty-four feet long with the
distance between rows of two and one-half feet, each row occupies sixty square
feet, or one one-hundredth of 8 mow. If a longer row is to be used, say for
Chinese cotton, it is bast to use some length that will give a convenient factor,
In order to show the difference in length of row so far as aceuracy is concerned,
gome data prezenting the probable errors for rowa of different lengths ave
shown in the following Table :

‘Lable § == Giving ths Probable Ervors in Per Cant for Rows of Diffarent Lengths
and for Plots of Different Numbers of Rows

R AR B WL R D R A2 R R AL SRR )
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While the probable error for a single row decreases as the length of row in-
crenses, it does not decrease rapidly. When one considers the additional amount
of land needed for a thirty foot row as compared with a twenty foot row, it is
apparent that greater accuracy will be obtained if more replications of the short.
er rows are used, especially if land is limited., If the station has plenty of
land and labor, the longer rows may be used but it is necessary to have them
replicated several times. It shouldbe kept in mind that, in general, more rep-
lications of shorter rows will be more accurate thun the same amount of land
used for longer rows with fewer replications.

A plan of planting will be made for the third year test, which we call a
five row test. The plan of planting will appear as follows, placing a check
every fifth row and having five rows of each strain :

Llan of Planiing for Five Row or Third Year Test

Last Year's Variety or Strain Row Number
Row Number Series
I I nr v v
Check 0
3 Nantung 11 4001 4801 5601 6401 7201
8 Nantung 41 4002 4802 B602 6402 7202
16 Nantung 54 4003 4803 5603 6403 7203
24 Nantung 62 4004 4804 5604 6404 7204
Check 4000 4805 5605 6405 7205

4800 BGS00 6400 7200 8000

This plan of planting assumes that one would have enough strains to make up,
together with the checks, eight hundred rows for the first series, repeating
the series until all five are sown,

The methods for the field work, so far as planting and the like are con-~
cerned, will be the same as for the previous year, taking care to seo that the
seed are all properly planted in accordance with the plan of planting and making
sure to have & field map indicating the location of each series, The usual
field notes will be taken, and the picking and enre of the samples and the like
will be just the same as in othor years. The usual laboratory studies of the
lint characters will be made as before, and the selections which are to be saved
for further testing will be made in aceordanco with the data from the labora-
tory studies and the yield comparisons,

For this third year the probable errors will bo caleulated to serve ag &
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guide for making the selections (on the basis of yield) that are to be continued
in the test. There are difforent ways of making these probable error ealeul~
ations, One may obtain a probable error for each strain and the checks or it
is possible to obtain a probable error baged on all the strains and checks or one
may obtain a general probable error based on the performance of the checks
only. The lust probable exror is only an approximate value but, since one needs
such a value only to serve as a guide in making geleetions, it is satisfactory for
practical purposes and is the method that will be suggested here, It should
be kept in mind that it is not the method that one would recommend for
drawing final conclusions or for making definite comparisons between different
straing, The method that is suggested is that of obtaining the probable error
from the checks by using Beasel’s formula.

Tor these ealeulations the yields of seed cotton will be used, and the prob-
able error for cach get of five checks will be determined. That is, for the
first set of checks or for the check rows growing next to rows 4001, 4801, 65601,
6401, 7201 we shall have the check rows 0, 4800, 6600, 6400, 7200, Taking the
vields of these ag indieated in Table 6 we have: 212, 280, 234, 810, and 274,

Besgel’s method is used for ealeulating the probable error of the mean
of the checks. This method and the formula are given in detail in Table 6 A,
The probable error for each set of five checks is determined and then from
these a general probable error is caleulated and applied as in Table 6. As in-
dieated, this probable error may be obtained by different methods. The one
that is satisfactory and requires the least amount of work is that of summing
the yields of the checks and summing the probable errors and then dividing
the sum of the probable errors by the sum of the ylelds. This will give a
probable error in per cent which may be used as a gnide in selecting the differ-
ent strains to be kept in the test the following year,

In using this probable error, one would firat detormine the ealeulated or
theoretieal check yields and the gain or loss as compared with the check, which
wag explained earlier, Then the average yield may be multiplied by twice the
value of the probable error in per cent which will give a selection factor as
indicnted in the Table under the column 2X X Average Yield, The steps for mak-
ing the ealeulations are illustrated in Table 6 A. Those straina that show s
gain more than the value in this column may then be kept for further testing.
In order to make a more rigid selection, one may multiply the average yield
by three times the probable error in per cont, obtaining the values given in the
column headed 3X X doerage Vield,

It should be kept in mind that these values are used only as a guide
in making selections and that they are not the exact values that would be

obtained if the probable errors for each strain were obtalned; bat, since
thoy are to sorve only as a guide, it will ba satisfactory to make use of the
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Talle 6 — Plan for Planting Five Row Colton Test with Method for Calculating Resutts
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Table 6 A
N A
Method sfor Calenlating the Probable Error of the Mean of Each Check
R TTREC R  R A Ca  t
Caleulated from Yield por Row in Grams

g 17 B Lk v W Bk

First Cleck Sesles D> na [ 1a

[ m “ g l’.Il.M ‘»:_‘1‘%:.6745' . til(n'l)
212 50 2500 AR V

1.3 = sum of squaras of dovlations from the maan

a4 AR SRR LN ETY 2R
210 48 2304 n = pumber of individuals
24 12 144 B8
5 | 1310 6056 pb, = s, | 6056
Mean == 262X1(,74 (to change from M ARy
%k yield per row In grams to catties por 656
mow, multiply by 4 which gives = £,6745 g 0
1048 £4.70) (il % 37 % it % ‘
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2 418 104,8%4,70)
e 42,6745 X 17,40

= E1,74

Caleulatod by Iirst Changing Yield per Row in Gramy to Catlies per Mow
(by multiplying the yield per row by .4}

Se P BRATHE O AR AEER T M A ARAT AR kA 4 TRTERRE WP Sl

First Check Seres D D2 ) 65
85— AL BB, = 4 6745 | “(; e
11;;; ’32 42‘,’32 =2 .67 X 6.9

2.6 1 12544 = 4,60
124.0 9.2 368,64
-109.6 4.8 23,04
5540 963,96

Moan == 104,8 14,69 (tho slight differs
MR ence between thin and 4,70 Isdue to
mecording to only two decimal
place) (N H AT N H R WA
MANSMGUTENM

® 2 %)



NATIONAL ACRICOLTURAL RESEARCH BUREAD

Methad for Calenlating the Average Probable Brror of the Mean of the
Checks in Per Cent

WU BY BB YA ETRRZI W%

FPlrt Method Second Method
w - i I -
Average Yield and Probabls Emor DP.E,yy of Esch Check in Percantage
AN M MR X LR BT FEEL L 3 E S ]
Ist check 4§ S - 104.8 & 4.69 4.48%
2nd chock M 8 . % 107.2 % 8,77 5.38%
3rd check 4% ik = 97.6 "X 4,88 5,00%
Mh check 8 #5 I 91,6 % 4,38 _4.78%
1012 19,72 4| 19.60%
4,919
Divide the sum of the crrom by the sum of the The sceond mothod fias been used for the prapar-
ylolds to obtain tho prohablo error in per cont ation of the data in Table 6, but for & Iarge seties of
WHEEHME ML AG LR A tests the first mothod Is to be proferred, It requires
AR 4 Tass work to calculate the genesal probable error In per
.72 cont and avolds the necessity of averaging per conts,
oz X 100 = 4,02% BARZMRDHERE XN

MUARKERAMES—RRE M E
AP I T Mok M W Sy R MY B UL T
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2X = 4,91% K 2= 9.82%
X == 4,919 X 3 = 14.71%

Meihod for Caleulating aX X Average Yield
XE G HERZNRE L
Tho avorage yleld for varioty 41 Is 108, 4 cattles per mow 1 7R 41 ;2 % 3% & % 13 4 ¥ 105.4 ;7
X X 108,4 29,8295 % 108,4 = 10,64 cattlespormow € W4 J7 M

The othier valuesIn the column entitled 2X % dverage Yield or 3X K Avevage Yield ars ealonlnted fn &

similar mannor. 2X 5 7% &) A: Kk o 3X 5 Tt X A LL R T 2 06 Ak A B %l PO.DR Ok ¥ b 30 T 48

probable error in this way. It may be that one will find that few, if any, of
the strains yield more than the values obtained by using three times, or even
two times, the probable error, and the question will arige as to whether all of
them should bs disearded, This will depend on the actusl gains obtained and
on characters other than yielding ability. If the gains are all very low, being
only slightly better than the cheek, it is possible that one may not have any
ugeful strains in his test, If a number of strains are found which show a gain
ovor, or are just equal to, the value obtained when using two times the prob-
able error, these should ba given a chance for one more year’s teating at least.
This is equivalent to saying that the probable error is used in selecting the
more superior strains.
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After the calculations are all completed, one would use the field records
together with the record from the laboratory examination and the yield
performanca to select the strains that are to be continued in the test for the
fourth year.

Mothods for the Fourth Year —Tho methods for the fourth year will be the same
as those for the third year exeept that it will be desirable to have ten rows of
each strain with the check rows asrrunged evory fifth row as usual, If a large
number of straing have been under test, it may be that - on nceount of the short-
age of land or labor - it will not be possible to test all of those saved from the
five row series in the ten row series, If this s true, one would move the best
solections from the five row series to the ton row geries, keeping the poorer
ones in the five row geries, A plan of planting will be made which will indi-
cate the straing to be planted and the rows in which they grew the preceding
year, taking care to provide for the neeessary cheek and guard rows, If one
chooses, he may sssign permanent pedigres numbors to the strains kept, as is
indicated in the planting plan, Table 7.

The planting in the field as well as the usual details that have already
been described must be carefully executed and checked to see that no orrors
oceur in the plan of planting or in planting the material in the field. During
tho growing seagon, the usuel notes will be taken; and, after picking, the
usual laboratory studies will be made. The field records together with the
laboratory records and tho yleld data will be used in sclecting the strains for
further testing,

The calculation of the yields will bo made in a manner similar to that
deseribad for the five row series, The theoretical check yields will be obtnined
by grading between the two nearest checks, and the probable errors for the
different groups of chocks will be determined as in the five row series, With
the ten row sories, however, thera will ba ten ehecks in each group, After
the probable errors for each group of ten checks have been obtained, a gen-
sral probable error for the whole experiment will be obtained based on the yield
of the checks and the probable errors ealeulated in o mannor similar to that for
the five row series,

A change is made in tho application of this error in the ten row series
In that we shall use what is known as the probable error of the difference. By
this we mean that, when one is comparing two series of results - each of which
may have & probable error-we obtain tho difforence between the two results
and a probable error, which is called the probable error of the difference. Then
Indicating the probsble error of the diffevence by P. E. p, it is caleulated by
the following formula: P.E. p = 1/ EFEs Since wo are using this prob-
able error merely as a guide in selecting the strains that are to bo kept in-
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our tests, we use tha shorter formula for the probable error of the difference
rather than the full formula,

In applying this formula to our results in which we have the probable
orrors caleulated for the cheek plots only, we assume that the probable error
of any variety will be cqual to that of the eheek, ' This is only an approxima.
tion sines, in some instances, the probable error of a variety may be higher
or again it may be lower than the probable error obtained from the checks,
Assuming then that the probable error of any variety is equal to that of the
check, we may obtain tho probable error of the difference bstween any variety
and its esleulated eheck yield in the following manner: From Table 7 we find
that the average probable evror for tho checks is 3,15, Assuming now that
any variety would have this same probable error, we have by substitution in
our formula P, B, n = V(G162 - (4.10)2 = 4.46. This probable error of
the differenco may ulse be obtained by multiplying our general probable error,
8,16, by the ~/ 2 or 8,16 x V2 = 3,16 % 1.414 = 4.45.

In making our selections from the ten row series, we shall take three
times the probable error of the differonce or 8 x 4.45, giving 18.35. This
value is then used to multiply the yield in eatties por mow in order to obtain
a solection factor to bo used for selesting tho suporior straing, In using three
times the probable error of the differenca in tho ten row series, we shall make
o higher requirement to bs met by thosa varieties or strains that are kept in
the test. In the five row sories we suggested using only two times or thres
times the probable orror. If one chooses, he may use the probable error of
the difference even for the five row sories but, as this series is based on the
yield of five rows only and as the different strains have b2en under teat for
vield only two years, it does not seom that it is necessary to make such a high
requirement. It may bo pointed out that, when taking three times the prob.
able error as was dono in the five row sories, one is using a value which is
near that whieh would be obtained by taking twice the probable error of the
difference, For example, the probable error for the five row test is 4,91, and
when thig is multiplied by the /72 and then by 2 we obtain the value 18.88,
Throe times the probable error, 4.91, is 14,78, which is a little highei than the
value obtained for the probable error of the difference., For rough approxi~
mations, therefore, three times the probable error will give & value approxi-
mating twice the probable error of the difference.

In making an application of the general probable exror for the ten row
sories, we may now proceed to multiply each yield in turn by 18.85, which is
three times the probable ervor of the difference. It is not necessary to mul.
tiply the ylold of every strain by this factor since, by inspection, some of them
may yield less than the check; and, unless they possess some unusually good
characteristics, thoy would ba dropped from furbher tests..
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Table 7 =~ Plan for Planting Ten Row Cotton Test with Method for Calculating Results
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It is possible to facilitate the work by preparing a table which may be
used in making the selections, One may prepare such a table by inspecting the
yields for any partieular year. Suppose that they vary from ninety to one
hundred and forty eatties, it is sufficient for practieal purposes to make up the
table for yields differing by five eattios rather than to make all of the indi-
vidual multiplications. As an illustration of what is meant, we may takea
yield of ninety catties, Multiplying this by our factor, 13,85 per cent we obtain
12,01; taking another yield of ninety-five eatties and multiplying this by our
factor, wo find a value of 12.68, This indientes that the difference between
the melection factor for a five catty difference in yield is very slight and,
therefore, to save labor it would not be necessary to multiply by all the small
differences that may cccur between ninoty and ninety-five,

By using this table as a guide togother with the field notes that have
been taken, one will be able to solect the more promising strains, After com-
pleting the laboratory study on the lint characteristics, one would select the
better ones to be continued in the test,

Methods for the Fifth Year or the Advanced Test — For the fifth year’s yield com-
parigone, it is desivable to use plots of a larger size; therefore, for the
Chingse varioties a four -row block is recommended and for the foreign var-
ieties & throe-row bloek. That {s, instead of having single rows, each strain
will be planted in threc -row blocks. The more promising strains from the
fourth year tost will be included in this fifth yoar test, Some of the less prom-
ising ones may be continued another year in the ton row test. For the fifth
year it is recommended that two typos of tost be conducted. One test will be
that of having three rows of ench variety planted with a check plot, consist-
ing also of three rows, planted overy third bloek instead of every fifth as before.
It is desirable to repeat these blocks five or, botter, nine times if sced and
1and are available.

Figum 3 — Dingram Showing the Method of Avranging the Rows in an Advanced
Test. A Check Plot of Three Rows Is Sown Bvery Third Plot,
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The varieties in this test will be arranged in systematic order; thus
one plot of each variety will be planted with the checks every third, When
one plot of each variety has been planted, the second series will begin and the
varieties will be arranged in the same order as bafore, This method is shown
in Figure 3. -

The method for ealeulating the yields for this advanced test wiil be
similar to the one just described for the ten row test with certain modifica~
tions. The theoretical check yields will be obtained as before and then the
probable errors for the checks will be caleulated buf, instead of having ten
checks for each group, we would now have forty for the Chinese cotton and
thirty for the foreign. The probable error therefore will be caleulated on the
entire number as indicated in Table 8, The average probable error for the
whole advanced test will be obtained as for the other tests, and three times
the probable error of the difference will be used for selecting the strains to
be continued in the test, as indieated in the Table, Using three times the prob-
able error of the difference, we find the value to be 7.23, Multiplying the
yiold by this gives us the selection factor as indicated under the column X" x
dverage Yield, Vaviety 3-1 yields an average of 116.7 catties per mow and gives
a gain of thirteen cutties over the theoretical check., This is meveral catties
more than the selection factor and, therefore, this variety would be continued
for further testing.

The other test that is recommended for the fifth year is that of plant-
ing either four - row or three - row blocks of each variety, depending on wheth.
er Chinese or foreign cotton is being tested, but the varieties will be arranged
at random. The variety that has beon used as check will ba included as one
of the varietics to be tested, and there will be only the same number of check
plots as there are plots of each of the different varieties, By random arrange-
ment is meant thut the location of any one variety in the field will be deter-
mined by chance and not by any systematic arrangement. Suppose that twelve
gtrains are being compared in systematic order in the first-series then, by
ingluding the check, there will be thirteen varieties for testing by random
arrangement.

The location of these varieties in the field will be restricted in that, in
the first series of thirteen plots, only one plot of each variety may appear
and so on for the second scries of plots, The location of any one of the thir-
teen vavieties will be determined purely at random which may be done in any
one of several ways, One may have the numbers from one to thirteen (repre-
senting the variety numbers) written on cards and another series of cards with
the thirteen plot numbars written on them.
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Table 8 = Plan for Planting Advanced Cotton Test with Msthod for Calculating Results
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17260 | 272 302 | 312|335 | 02| 314 | 258 328 | 285 ; ‘
‘ 2608 | 9068 | 9728 9198 0248 908 9368 | 9423 9488 | 9548 }
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The two series of cards will be kept separate and, after thorough shuf.
Iing, one card will be drawn from those having the plot number and one eard
from the variety group, The card drawn from the group of plot cards will
indicate the number of the plot and the card drawn from the other group will
indicate the variety number that is te be planted in that plot. There are other
ways of determining purely by chance, such as using the pages of a book and
adopting the first number turned to. The point to be observed is that the
ioeation of any strain is determined by chance and that only one plot of a
variety may appear in any series.

After the thirteen varieties have been located in the first thirteen plots,
the process may be repeated until the degired number of replications has been
reached. For this random series, it is desirable to have at least ten blocks of
each variety if land is available. If land is not available, a smaller number
of replications may be used, but the larger number is to be preferred. This
random arrangement is illustrated in Table 9.

Table 9 ~ A Diagram Indicating the Arrangement That May Be Followad for Testing
Thirteen Varieties with Ten Replications., The Varieties Are Distributed
in Each Block by Random Arrangement as Illustrated by the Numbers

# O — B RRFEE T Z 5 WS TR R
B 45 18 b 4% 5 R Z Yk 2030 3 B TE. A SR OBOBE R K

L 1) 2 3'4}75 6 7j‘78l9‘[10 a2 n
z s| o] o|ui el 7)e| 2|0 6|a]: ? s
2 alwe! 2] 61l a] 1l slufls) 7]
3 1l 7t 3sin{ul 9, st s l ol 2! s \ 10
P olwl sl aj 286 3] 2leluin
s al 2l sl 2] 6]l slwle|ul o« ofs
6 s 6l sl 2 1] 7jujoe ) 3|1 5|1
7 7 9l il s| 3] ¢! 4l 4 X slw| 211
8 w! 1 4l st s ofluln|e \ 2| 6] 3 | 7
) sl 3] 7! 9 0! 4f st sftr ] 1] 2
7 6! ajw! 2l 12y sf o] s] 7] 8lnu # T

The method of caleulating the results from s randomized series of plots
will differ from the methods that have been discussed for the systematic
methods of planting. This new method is known as the analysis of variance,
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In order that this may be clearly understood, the method is given in detail
using the data from Table 10,
Table {0 = Data Used for the Analysis of Variance
(the data are assumed yields for five varieties with ten replications)
Yield of Cotton - Catties per Mow
Bl — AP ZHRBCESRTERBZREER
W& R— 5w ¥

i Number of Replications
Variety xR Total Mean
Bl 2] s | 4|5 e |78 | 9 108 M| FHK
A ‘ 122§ 124 | 135 142 126§ 148 | 132| 436 | 140 | 124 1330 133
h¢] 106 | 116, 121 | 134 ) 124} 125) 124 ] 112 | 126} 102 { 1190 119
[ o] 148 124 105 14| N8| 116 116, 122 ; 417 1460 116
n { 164 ; 00| 108 94| 12| 102 to6] 101 | (14 99 1040 104
E 18 1129 1| 115 | 114 E 127 112} 115 | 108 ) 118 1150 115
;&o‘ﬁ 560 | S70 g 600 | 590 590 [ 620 I 5901 580 | 610} S5€0 5870 587
Mean ' 117.4
12 1445 120} 118 | $18 24| 118} 116 | 122 112 . eneralMenn
TN #

The firat steps in the analysis of variance are to obtain the total for the
variety yields, the mean of each variety, the total for each replication, and.
the mean for each series of replications or each block. The total yields for
the varieties are obtained by summing the values in the rows, and the yields
for the replications or blocks are obtained by adding the columns, The analy-
sis of variance consists of finding the amount of variation due to the differ-
ence between varieties and the amount of variation due to differences between
the blocks or the different replications. By obtaining the variation due to
these two causes, it is possible to obtain a net error which will be the error
of experiment, .

It is necessary now to determine the total sum of the squares of the
deviations of each plot from the mean of the whole series. This may be done
by obtaining the mean first and then taking the difference between each plot
and the mean for each plot in turn. Unless the yields dealt with are very
large, it is just as convenient to assume the mean as zero and to square the .
yield of each plot directly. Thus we obtain the square for the first plot
of variety A, 122, and for the second plot of variety A and so on for all of
the fifty plots. The total sum of these squares is 695910, Since these have
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been obtained from an assumed mean of zero, it is necessary to correet for the
trae mean. This may be done by squaring the mean, 117.4, and multiplying
by 50, the number of plots. This gives 689138. The mean is squared bedause
we are dealing with squares, This correction factor may also be obtained by
multiplying the grand total, 5870, by the mean, 117.4. This correction factor
is now subtracted from the total sums of the squares of the individual plot
yields as follows :

Total sums of the squares of

individual plot yields 695910
Correction factor -689138
Remainder 6772

This remainder is the total sum of the squares of the deviations of the indivi-
dual plots from the mean. In order to complete the analysis, we now arrange
the following Table :

Table 11 == Giving the Values for the Analysis of Variance
Kb —— BRI WM

Variation due to Degrees of Freedom|  Sum of Squares Mean Square | 1/2 Loge (FF¥)4)
* Rz B [33::1 72 S0t 1 2 Ll

L | Ry (mean square)
Repligﬂo;\é&(?%l;xmns) 9 722 80.22 1.0411
Varleties (Tows) 242
oM 4 4 4332 1083.80 2,2424
Ecror
* % 36 1718 47.72 7814
Total & ¥ 49 6772

The total sum of the squares which we have just obtained appears at the
bottom of Table 11. At the bottom, under the heading Degrees of Freedom, also
appears the number 49. For our purpose it is sufficient to state that in exam-
ples of this sort the degrees of freedom are one less than the number of plots.
The total variation given by the total sum may now be divided into the vari-
ation due to replications, the variation due to varieties, and the remainder or
the variation due to the error of the experiment.

We may first determine the variation due to blocks or due to replications.
This is obtained by squaring the total yield of each block as, for example, 560
which is the total for block 1 and 570, the total for block 2. These values are
squared and the caleulation completed as indicated below :
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Replications (columns)

Total Yield of Each Block Square of Tetal Yield of Each Block
560 313600
570 324900
600 360000
590 848100
590 348100
620 384400
590 3848100
580 886400
610 372100
560 313600

Sum 8449300
Divide by b since there

are b varieties
in each block 689860
Subtract the correction

faetor ~-689188
Remainder 122

This appears in the first line of Table 11, and there are nine degrees of free-
jom sinee there are ten blocks in all.

The variation due to varieties is obtained by squaring the total yield of
sach variety. The details of the caleulation will now be given:

Varieties (rows)

Yield Square
1830 1768900
1190 1416100
1160 1845600
1040 1081300
1150 1322500

Sum 6984700

Divide by 10 since there
are 10 replications 698470
Subtract the correction

factor ~-689138
Remainder 43832

By summing the variation due to blocks and that due to varieties
and subtracting this sum from the total variation, we have the remainder,
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1718, which is the total sum of the squares from which we obtain the error
of the experiment. The degrees of freedom are also obtained by summing the
degrees of freedom of the blocks and varieties and subtracting from the total
degrees of freedom. This leaves thirty-six degrees of freedom for the ealeu-
lation of the error. The several sums of squares are now divided by the appro-,
priate degrees of freedom, giving the mean square.

The test of the significance of the differences in yield of the varieties
depends.on whether there is any important difference between the mean dquare
due to varieties and the mean square due to error, If the mean square due to
varieties is considerably larger than the mesn square due to error, then one
may assume that there is some significant difference between the yields of
the different varieties.

A more exact way of determining this fact is given by Fisher, the author
of this method. This consists of determining one- half of the natural loga-
rithms for the mean square values. This appears in the last eolumn of the Table
88 % Zoge. If the mean squares are large numbers, the mean square may be divid-
ed by ten or one hundred before thelogarithm is obtained. The difference be-
tween the logarithm due to varieties and that due to errors is then obtained;
and, by looking up in appropriate Tables which PFisher has prepared, we deter-
mine how large a difference may be expected between varieties and error if ajl
the plots had been sown to the same variety or, in other words, how large a
difference may be expected due to chance alone. When this difference, as shown
by the tables, is larger than would be expected from chance we may say there
is a significant difference between varieties.

We may now complete the analysis of the variety yields. One way of
doing this is first to determine the error of our experiment which we now call
the standard error. This is obtained by taking the square root of the mean
square for error, 47.72, which is 6.91. This is the error in catties for any one
plot. The total yields may be used for comparing the different varieties,
and in this case we need the standard error for a total of ten plots, This may
be obtained directly as follows: the standard error of the total of ten plots
equals ¥/ 47.72 % 10 = 21.84. This is now converted to percentage by dividing
by the mean of all the plots, 1174: ":i';:— % 100 = 1.86 per cent. The total
yields of each variety are also obtained in per cent as indicated below. In order
to test the significance of any variety we use the standard exrror of the total
in per cent, 1.88 per cent; and, since we want to obtain the standard error of
differences, we multiply this by the V"2 or 1.85 per cent X 1.414 = 2,63
per cent. Twice this value, or 5.26, is then obtained and it is assumed that
any variety that differs by more than this amount in per cent from the mean

-4 —



NATIONAL AGRICULTURAL RESEARCIH BUREAD

of all varieties is significantly different, The itotal vields and.the yields
expressed as a percentage of the mean and the standard error are

A B C D E M S. E.

Total 1330 1190 1160 1040 1160 1174 21.84
Percentage 113.29 101,36 9881 88.59 97.96 100 1,86

Thus we conclude that variety A is significantly better than the mean of all
varieties and variety D is significantly poorer,

The method just outlined would be extended for any number of varieties
one has under test, and it iz desirable to obtain the appropriate tables for the
interpretation of these results, which are given in Fisher’s book 7.Statistical
BMethods for Research Workers, Fourth Edition, R, A. Fisher; publisher, Oliver
and Boyd) If one has a larpe number of varieties, it is more convenient to
make up different groups for testing, Suppose one had forty varieties for
such a test, it would be better to divide them into four groups of ten varieties
each or into two groups of twenty varieties each,

Having these two kinds of tests for the fifth year will give very defin-
ite information as to the field performance of the several strains, The usual
field practice, such as note-taking and the like, will be followed as before, It
is.desirvable to do more selfing so that a greater quantity of seed may be had
for the multiplication of that strain which should be multiplied for general
use. In order to obtain sufficient seed it is best to have several seed rows or
a small seed block for the fifth year. These ueed rows should be long enough
80 that they will furnish plenty of seed for the following year’s work and some
for multiplication. Earlier it was suggested that seed rows may be started with
the beginning of the improvement work but, if selfing has not been practiced,
seed rows should be planted beginning with the fourth year test.

While the plan just outlined is called the plan for the fifth year, the
same plan should be followed for two or three years. That is, those strains
that have been continued in the test from the holl rows to the advanced test
have shown promise so far as their commercial value is coneernéd and should
be tested thoroughly until the best one or two are found. One would not have
a larze number of such strains in an advanced test and, in order to determine
definitely which one or ones should he multiplied and eventually distributed
to farmers, it is desirable that they be continued in the advanced test two or
three years, Naturally, any that prove undesirable will be dropped even after
one year in the advanced test. The points that should be considered in keeping
a strain in the advanced test or dropping it are not only the yield but the
length and fineness of the lint, disease resistance, and other such charagters
that are of practical importanece.
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If, at the end of the first year in the advanced test, a few straing seem
to be much more promising than the others it will be desirable to begin to
multiply them so that by the time the test has continued one or two years
more & large quantity of seed of the better sorts is available, This may mean
that, at times, one may begin to multiply strains that may later be diston-
tinued; but, even so, it is better to bagin to multiply early than to wait until
the test has been completed before beginning the seed multiplication, Since
the station will have some land given to the growing of general cotton and any
one of the strains from the advanced test will undoubtedly be an improvement
over common cotton, the land given to the multiplication of a strain that may
later be dropped will not be wasted; and, as stated, it is best to start the
multiplication early so that the seed of the improved strains may reach the
farmers as quickly as possible. When, as the result of the test, it is possible
to select one strain or possibly two, these should be multiplied as rapidly as
possible and arrangements made to distribute the seed to the farmers,

After the results of the first-year-advanced-test have indicated some
of the more promising varieties, it will be degirable for the station to arrange
for a number of regional tests, That is, arrangement should be made with
schools, hsien stations, or other organizations having land for experimental
purposes in cotton - growing regions to handle a small field test in which the
improved varieties together with some of the loeal varieties may be compared,
The same improved varieties and, to a certain extent, the same loeal varieties
ghould be grown in all of the regional tests if possible, This will enable the
station to determine what type or types may be more generally adapted, and
this information will be useful in determining what strain or strains should
be multiplied for general distribution.

It should be stated that it is not desirable for a station to multiply and
distribute several strains of the same type of eotton. It is much better to
select one strain and distribute it as rapidly as possible. If it is necessary for
the station to work with more than one type, then the number of strains of
each type distributed should be kept low. If the conditions for which the
station is working are such that in certain regions an early variety or some
other special strain is desirable while in another region a different type is
wanted, the station should endeavor to moet these needs; but it is improtant
to keep in mind the fact that one good strain multiplied and distributed to the
farmers is mach better than sevaral medioere ones,

Hyhridization — The previous diseussion of and directions for eotton improvement
and testing are basad on szlection. As the work of cotton improvement in
China continues, it will bs desirable to resort to hybridization, At present,
it iz batter to place emphasis on s2lection than to start work in hybridization,
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Hybridization should be undertaken only by those persons who are suf-
ficiently trained in genetics as to be able to handle the work in a satisfactory
manner, To meet certain cultural or environmental conditions and with the
possibility of improving the quality and amount of lint, it will be desirable to
do some work with hybridization. It is possible that certain varieties of Chi-
nese cotton may be found that possess desirable characteristics which, if possible
to combine in & new type of plant, would give a better plant either from the
standpoint of yield, length and quality of lint, disease resistance, or something
of that sort,

In those regions where foreign varieties prove to be superior to the Chi.
nese varieties, certain types of foreign varieties may be found which possess
desirable characteristies that may be combined through hybridization. Since
erosses between the Chinese types of cotton and the foreign types are sferile,
the crossing of these types should not be undertaken except by expert geneti.
cists who may be able to develop a technique that may make possible the pro-
duction of fertile hybrids between the Chinese and foreign types.

When crossing between Chinese types or batween foreign typesis to
be undertaken, the work must be very carefully done, The flowers to b2
crossed should be emasculated early before any pollen is shed and, as a precau-
tion, it is desirable to wash the pistil which can be done by means of the type
of wash bottle used in chemical laboratories, After emasculation, the flowers
should be covered by means of thin paper bags and properly tagged. It is also
desirable to bag the flowers on plants of the variety that has been chosen as
the male parent. Usually emasculation is done one day and the pollinations
made the day after.

The crossing will be done by collecting the pollen from the flowers of
the plant chosen as the male parent and dusting it on the pistil of the flower
that has been emasculated. It ig best to use pollen from only one plant in
making any one cross. That is, the pollen of saveral plants of the same vari-
ety should not be mixed together. Different plants of the same variety may
be crossed, but it is best to use the pollen from only the one plant for any one
cross, After the pollination is eompleted, the paper bags should b2 replaced
over the flower and a record made on the tag showing the cross that has
been made. Either this should be done or the tag given a numbar and a record
kept of the numbar of each cross and the varieties erossed.

For example, if one is crossing Chicken Foot with Million Dollar, the-
tag on the pollinated flower of Chicken Foot may bear maraly the namber 1;
and then a record in the proper notebook will be made as follows: Cross No.'
1, Chicken Fout x Million Dollar. As already stated, it is best to use the pollen
from one plant for each eross and therefore the record may read Cross No, 1,
Chicken Foot 1 x Million Dollar 8. This would show that plant number one
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of Chicken Foot has bzen crossed with a plant of Million Doallar that has been
given the number three, One may simplify the work by using one plant as
the pollen plant for several crosses. For example, Million Dollar 3 may be
used ag the male plant for making several crosses, As shedding oceurs to snch
a large extent, it is desirable to make a large number of pollinations for each
cross that it is planned to make.

After the boll has begun to develop, the bag may be removed, but it is
very important to keep the boll properly tagred so that the seed will be saved
when the cotton is mature, The seed will be eollected, making sure that the
seed from each boll is kept in separate bags. The lint will be removed from
the seed when preparing the seed for planting the following year.

It is important to have a satisfactory system for numbering the hybrid
seed. One method that may be used will be deseribed : If crosses have been
made between Chicken Foot and Million Dollar, the seed from the cross in
which the same plant of Chicken Foot has been crossed with the same plant
of Million Dollar may be given the number 1a. Where different plants of
Chicken Foot and Million Dollar have bezen used, the cross may be given the
number 1b and 50 on for as many erosses as one may have made where differ.
ent plants of the same varieties have been used. The number 1 will indicate
that the same varieties have been crossed, and the letter will indicate that
different plants have been used in making the eross,

If reciprocal hybrids have been made - that is, if Million Dollar has been
pollinated by Chicken Foot - it is a simple matter to indicate this by numbering
the eross lar, the » denoting that this is a reciprocal cross.

The seed from each eross will be planted separately in the field, and it
is desirable to practice thin seeding so that it will be pogsible to have only one
plant in a place, The flowers on these plants should all be selfed and the
geed from each plant saved separately, and the seed from each plant will be
numbered 1al, 1a2, 1a3, and so on. This means that the first plant of the
eross that is saved is given the number 1, the second the number 2, and so on.
If another cross has been made batween the same varieties but with different
plants, the number would bz 1b1, 1b2, 1b3, and so on.

It may happen that the seed for a particular cross were not actually
erossed due to faulty technique. This can often be told readily by observing
the plants in the field; where it seems that certain of the plants are not
hybrids, the series can be discarded.

Since the plants of the immediate cross, or the first generation plants
as they are termed, are all hybrid, it is desirable to save a large quantity of
sead of this ganeration, The szlfed szel from any on2 plant may b2 balked to.
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gather, anl it should be stored carafully to avoid dangers of loss. In prepat-
ation for planting the following year, the lint will be removed; and, since it
is desirable to have a large number of plants-or a large population as it is
termed - it will be desirable to delint the seed by means of sulphurie acid. This
will insure a more rapid germination and should producz a better stand than
if the seed are not delinted.

It is desirable to practice thin seeding g0 that only one plant will be
left in a place., The seed from each Fy plant will be sown separately, 'That
ig, all the seed from 1al will be sown by itself, and then this may be followed
by the seed from 1a2 and so on, Since this generation, known as the second
generation, will be the one in which segregation oceurs, it is important that the
plants be carefully observed throughont the early growing semson and that a
large number of the different types be selfed. Since it takes two years to
reach the segregating generation (one year for the eross and one year for the
firgt generation) it iz important that a large quantity of seed from a large
numher of plants be saved, The selfing, therefore, should be conducted on a
very largze seale. :

The plants from the different crosses may be numbered in the following
way : those that are saved from the firgt series l1al will be numbsared 1al-l,
1a1-2, and so on for as many individual plants as have boen saved from this cross;
those that are saved from another cross as, for example, 2al will be given
the number 2al-1 and o on for &s many plants as are saved from this eross,
Since certain of the plants that are saved will segregate the following genera-
tion and sinee others may breed true, it is desirable to plant a large number
of seed from each of the second generation plants that have been selfed,

The seed for the third generation will be prepared for planting and
handled in the same way as for the second generation. The plants will be
gtudied in the field and notes taken. The notes that are taken will indicate
which series should be continued for further testing, and the individual plants
in these series should be selfed. One should keep in mind at ail times that it
is desirable to have a large quantily of ssed, and therefore selfing should be
done on a large scale. Certain of the third generation series may have bred
true. If some are found that possess desirable lint characteristics and seem
to be promising, the individual plants would be planted the following year in
& plant-to-row series; and from then on they would be handled in the same
manner as described for the handling and testing of selections.

Those series that are still segregating would be continued.in the fourth
generation in the same manner as was followed for the third generation. Self.
ing will ba continued, and any promising strains that are found in the fourth
generation will b2 placed in a plant-to~row series and the method of testing
continued as already stated,
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As a general rule one will obtain enough true-breeding segregates
from the third and fourth generation to give sufficient material for testing.
However, if the cross is a very important one, it may be desirable to continue
the individual pedigrees for one or more generations further, that is, for the
fifth or sixth generations, Whether one does this or not will depend on the
amount of material obtained from the third and fourth generations and on wheth-
er other, more promising material is being obtained from new and different
hybrid combinations,

As indicated, any of the hybrid strains that seem to be promising from
the standpoint of lint characteristics will be placed in the regular test and
handled just the same as the plan for testing selections. After the compsr.
isons of the hybrids or selections have been continued for a'suificient length
of time to enable one to select the more promising strain, this promising
strain should be multiplied on the station grounds so as to obtain a large quan-
tity of pureseed. Since cotfon crosses so readily and as there are many chane-
es for mixtures to occur, the multiplication fields should be carefully observed
and all plants that do not conform to the type that is being multiplied should
be discarded. This should be done before the cotton begins to bloom. This
means that, as soon as the plants are well developed so that the characters
may be readily distinguished, well -trained men should go through the field
and any off - types (those that do not conform % the type being multiplied)
ghould be pulled out. This should be done every year with all multiplication
fields.

After the station has a large quantity of seed of the new variety, efforts.
should be made with farmers or with cooperative societies to grow the new
variety of cotton, saving the seed for further distribution. In arranging with
the farmers or with the cooperative society, it is important that they grow
the new variety of cotton only; for, if two varieties are grown on the same
farm, there is danger of the mixing of seed and thus all of the labor and cost
of producing the new seed may be lost.

In order to insure the purity of the seed for further distribution, the
fields of these individual farmers or fields of those farmers belonging to the
‘cooperative society must be observed and the off - types pulled out as before.
‘The multiplication and distribution of seed are just as important a part of cot-
ton improvement as that of producing a better strain. Unless it js possible
‘to cooperate with individual farmers or with well - organized cooperative socie~
ties for the multiplication of the improved seed, there is little need to spend
time and money in developing better varieties since it will be impossibie for
any one station to own or control enough land to produce all the seed of the
improved variety that may be desired.
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In those cases where it ig possible to work with farmers who cooperate
well and with well - organized cooperative societizs, it is best for the station
to supply these good farmers or eooperative societies each year with pure
seed from the station farm. This will aid in maintaining the purity of the
seed. Thus the station staff members should keep in as close touch with the
multiplication and distribution of the improved varieties as they have with the
work of producing the improved variety,

Conclusion

The need for improved varieties of cotton for the different cotton-
growing regions of China is very great, and it is necessary that steps be taken
to obtain good varieties for all the different regions. The importance of test-
ing the Chinese and foreign varieties that are already in existence bss bzen
emphasized since, in this way, it is hoped that it will be possible to obtain
varieties alveady in existence that may be used with satisfaction in the dif-
ferent regions of China until breeding and selection have produced batter
gorts.

Even though this is possible, it is raesgnized that it is necessary to
undertake thorough - goinz estton improvement work; and for this reason the
methods of selection and hybridization have been outlined tozether with satia-
Tactory mazthods for field testing. It will take several years to develop an
improved strain of cotton and therafore it is very important that, when an
improved strain is obtained, it bz given a thorough test in a numbar of dif:
ferent localities to determine its range of adaptability.

After the results of these regional tests indicate where the improved
strain will give satisfactory results, steps must be taken to insure a rapid
multiplication and distribution of this seed to the farmers. The same care
over multiplication and distribution must be exercised by the station officials
as has bzen given to the experimental work leading to the production of a new
variety., The methods that have baen cutlined for testing the different selec.
tions or hybrids may be summarized as follows:

First Year — Boll or plant rows

Second Year— Two or three rows of each strain distributed in the field with
& check row every fifth row. The length of row to be twenty
or twenty - four feet depending on whether Chinese or foreign
cotton is bzing grown. The rows may be longer but it is
better to have more replications of shorter rows.

‘Third Year — Five rowa of each strain distributed in the field with a check
row every fifth row. The length of row to be the same as
in the second year,
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Fourth Year— Ten rows of each strain distributed in the field with a cheek
row every fifth. The length of row to be the same ag before.

Fifth and Succeeding Yenrs -Two separate tests are recommended for the fifth
year. In one test three-row blocks of each strain will be
grown with a check block of three rows placed every third
block, The lenzth of row fo be the same as before. Each
strain is to be replicated nine times if seed and land are avail-
able, giving ten blocks of each strain,

The other test consists of having three -row blocks of each
strain replicated nine times, but the arrangement of the
straing in the field will be determined by chanee or will be
arranged at random. 7The variety that has been used for the
check will be included in this test as one of the varieties, and
there will be the same number of check plots as there will
be of the strains.

If land is Jimited, the number of replications for the two fifth
year tests may be reduced; but for more accurate results it is
batter to use the larger number of veplications.

Seed Rows It is best to have special seed rows for the selfing so that the
regular planting for yield comparisons will not be interfered
with due to the tramping of the field and the selfing of the
flowers. If selfing has not been practiced in the early years,
the seed rows should bagin with the fourth year test.
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