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THE SHEDDING OF 4-LOCK AND 5-LOCK 
BOLLS IN UPLAND COTTON 

By R. E. BECKE'lT, Principal Scien#fic Aid, and .T. ~. HUBBARD, Senior Scientific 
Aid, Divi8ion of Gotton, Rubber, and Other Tropwal Plant8, Bureau of Plant 
Industry 
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INTRODUCTION 

In cotton culture the loss of floral buds and young bolls by shed
ding is of great agricultural importance, and little is known regal'd
ing its causes or methods of control. Shedding follows the abortion 
or blasting of squares and young bolls, either from external injuries: 
as by pests and diseases, or from any physiological disturbances that 
may inhibit development. There is a widespread opinion among 
growers that shedding, when not caused by recognized pests or dis
eases, is a n!1tural result of an overproduction of flowers rather than 

C"IiIn abnormality of the plant. Another opinion is that shedding is 
g;}self a disease, for which remedies should be sought. 
or- Eaton,t in some of his studies of factors associated with the shed
tling of floral buds and immature bolls of cotton in the Southwest, 
~ports that "A very intimate reiationship exists between the fruit~ 
cblness of the plants and the factors which influence the rate of 
~otosynthesis." He also explains that" The nutritional relation
&;.mps of the cotton plant in these regions are responsible for a con
siderable part of the boll shedding, which occurs every year," and 
that "The amount of fruit which is already carried by a cotton 
plant greatly infiuences the further growth which the plant can 
make, the number ·of flowers to appear and the number of bolls to 
be retained." 

Data on shedding recorded at various locations in the Cotton 
Belt of the United Stntes htlVe shown wiele variations in the amotlnt 

1 EATON, F. M.• DEFHUITING AS AN .lID IN ("0"1"£011 nnEEDING. .Jour. FIereility 18: 4~7
460, iIlus. IfJ27. 
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of shedding lilnder different conditions of growth. Contrasting 
differences have also been observed in the amount of shedding by 
different kinds of cotton grown in side-by-side comparisons. COOk,2 
in discussbg causes of shedding, points out that "Egyptian cotton 
may l'etain nearly all of its buds and young bolls while upland 
varieties in adjacent rows are shedding nearly all of their buds." 

During the last few years many data on the shedding of cotton 
bolls have been published, but none of the reports reviewed have 
considered a relation between the number of locks per boll and the 
rate of shedding. Studies of the amount of pollen required to 
develop a boll and experiments with different methods of pollination, 
conducted by Meade,s indicate that some of the shedding of young 
bolls is due to imperfect fertilization. Since each lock in a boll 
is represented by a lobe of the stigma and contains ovules to be 
iertiliz;:~l, the possibility of imperfect fertiljzation increases with 
each adtlitional lock. 

It now is indicated that types of cotton characterized by small 
bolls with few locks also have less tendency to sheel. Most of the 
primitive upland types of cotton have fewer locks per boll than do 
the cultinted types, and the increase in the number of locks per 
boll in the cultivated yudeties may be largely due to selection and to 
improved cultural conditions. Evidence has been obtained at 
Greenville, Tex., and at Bard~ Calif., showing that 5-lock bolls may 
have a greater tendency to abort than have 4-1ock bolls. 

SeJectlOn of 5-lock bolls in the upland type of ("otton 11as been in 
progress for many years, and the rel"ults obtained represent the com
bined efforts of many plant breeders. The efforts to establish the 5· 
lock boll as a constant character in the Texas big-boll varieties have 
been based upon the supposition that a cotton with 5-\uck bolls would 
be more productiYe anel would require less labor to pick, but there 
seems to be no scientific evidence to support the popular opinion that 
11 variety of cotton pl'o(]neing 5-loek bolls (>xclnsiYely would be supe
rior in all respects to a variety with some 4-lock bolls. 

Since the trend in cotton breeding is to seleet for 5-lock bolls, the 
need of more information regarding this character is obvions, and 
more work needs to be done to determine the feasibility of establish
ing such a character. 

METHODS AND MATERIALS 

The data presented in this bulletin were collected at the United 
States Cotton Breedjng Field Station, Greenville, Tex., in 1925, anel 
at the United States Acclimatization Garden, Bard, Calif., in 1926 
llnd1927. 

The Lone Star variety was chosen for the experiments conducted 
at <;ir~enviHe, Tex.. as being typical of t~1e Texas big-boll gronp o.f 
vanehes. It was elm·eloped by the Ul11ted States Department of 
AgricultUre from a single plant. s('lected in a field of Jackson cotton 
in 1905, and is grown extensiYely in Texas and adjacent States. 

• COO". o. It. CAUSFlS OF SHFlDDlXG [;0; COTTOX. .Tour. fIer~dity 12: 100-204. 1IIUB 
ln~1. . 

:I i\fgADFl. n. M. DFlI'l "FlEPIXG MAY [;o;CRFlASE THE COTTON CROI'. .Tour. Rcrc(llty ll: 282
:21"", !IIus. lll18. 
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SHEDDING OF BOLLS IN UPLAND COTTON 

The Acala variety was chosen for all experiments in California, 
since it has proved to be superior to other big-boll varieties in the 
irrigated vnlleys of the Southwest and l~as been adopted as the 
standard variety in California under the State laws of community 
W·oduction. This variety was introduced from Mexico by the United 
States Department of. Agriculture in 1906. 

The use of two varieties in these studies limits the comparability 
of the data collected, as direct comparisons can not be made in all 
cases. However, since the results obtained under similar conditions 
coincide, varietal differences that may exist are not of great impor
tance in this discussion. 

In these studies the number of locks per boll was determined dur
ing the flowering stage by counting the number of lobes of the stigma. 
These lobes are well defined so that the number of locks can be de
termined readily and accllrately. Flowers with 4-10bed stigmas were 
recorded as 4-lock flowers, and those 'with 5-10bed stigmas were 
recorded as 5-10ck flowers. The date of Howerill~ 'was recorded as 
the injtial date in the production of the boll. 'l'llCse records were 
kept 011 small tags plaecd on the i)edicels of the flowers, each tag 
bearing the date of flowering and the number or lobes of the stigmas 
or locks in the boll. 

Daily collections of the fallen tags from young bolls tlult hatl been 
shed were made, and the date of sbedding was recorded. At Green
viUe, Tex., an examination was made of each aborted boll to deter
mine wbether the shedding was due to injury by insects or to some 
other external cause. This precamion was taken because of the 
presence of the boll weevil in Texas. and was not considered essential 
to the exp('riments conducted in California. 

Additional records 'were kept of the number and kinrl of fio,Yers 
tagged on each date, and of the number und kind of bolls that fell. 
From these records the lIumber of 4-Jock and 5-lock bolls remaining 
on the plants coulcl be detenninec1 for any given date. As the 
bolls that (leYeloped reached maturity the tags~ were taken off and 
marked with the date of opening, each boll being examined to see 
that the number of locks in the boll checked with the number recorded 
on the tag. Then at the end of the season the bolls that reached 
maturity and the bolls that fell were cheeked against the flowers 
tagged, in order to guard ag:linst errors in fi('lc1 work. 

EXPERIMENTS AT GREENVILLE, TEX. 

COMPARATIVE RATE Ok' SHEDDlNG 

In the first series of obselTations, conducted at Greenville, 'rex., 
in 1925, five comparisons of the rate of shedding of 4-10ck and U-lock 
bolls were made at weekly intervals from ,Tune 30 to July ~8, For 
each of these comparisons 100 flowers with foUl" locks and 100 flowers 
with five locks were tagged, except in the last comparison, when 
only 50 flowers 'with four locks were antilable. The records of 
these comparisons in each ease show n. higher percentage of shed
ding in the 5-lock bolls than in the 4-10ck bolls. 

For the June 30 comparison 38 per cent of the 4-10ck bolls fell, 
as compared with 4G per eent of the :)-Ioek bolls, and for JUly 7 
comparison 48 per cent or the 4-10ck bolls fell, as compal'ecl with ()6 
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per cent of the 5-10ck bolls. As the season advanced, the amount of 
shedding of both 4-lock and 5-lock bolls increased greatly, but a 
slightly higher percentage of 5-lock bolls continued to be shed 
throughout the period in which data were recorded. For the com

pal'isons of JUly 14, 
/OOr----~---~---~---~ 21, and 28, the' rate 

of shedding of 4-lock 
bolls was 80, 95, and 
90 per cent, respec

. tively, as compared 
with 84, 96, and 95 
per cent of the 5-1ock 
bolls. The high rate 
of late-season shed
ding greatly reduced 
the apparent differ
ences in the rate of 
shedding of the 4
lock and 5-lock bolls, 
expressed in percent
ages of the total. 

Of a total of 450 
flowers with four 
locks that were 
tagged, 144 bolls, or 

.30 ,L.-___-L___--'-___-L___~ 32 per cent, reached 
~ ,1.!.7___-'1-"'4"--~.___--'2::::.:/'------=Z",8c:<)1 maturity, whereas of 

JUNE JUI.Y 500 bolls with five 
FLOWER/NG PER/O.oS locks, only 123 bolls, 

FIGURE I.-Percentages Qf 4-loek nnd 5-loek bolls sbed from or 24.6 per cent, nla
tlowers opened June 30 and Ju.!y 7, 14, 21, and 28, 1925, turecl Tllese dl':ffer' 
on Lone Star cotton at GreenvIlle, Tex. • 

ences, though small, 
are in favor of the 4-lock boll in each comparison, and during the 
early flowerins period, when the rate of shedding was not so great, 
significant ditterences are chown. The date and number of flowers 
tagged for each comparison, the number of 4-lock and 5-lock bolls 
shed, and the total number and percentages of 4-10ck and 5-lock bolls 
shed are shown in Table 1. The percentages of 4-10ck and 5-lock 
bolls shed for each date are shown graphically in Figure 1. 

TABr.E 1.-Flowers tagged each wee7e fr01n June SO to July 28 a1ld bolls shed from 
ellch gl'Oltp Of 4-10ck anrl 5-10ck bolls on Lone Star coiton at Greenville, Tex., 
1925 percentages of tolals 

4-lork- 5-lock-

Date ; ;
, Flowers I Bolls Flowers, Bolls 

tagged I shed tagged' shed 
! ' 

!---,-----~---~I---

t Number I Number Numfoo: NumbC~o 

~:tl~r==========::=:=::=:=:=::::=:::::::::==::==::==::=::=====1 l~g ! ig . i~~ i ~ 
~A=====:=::===::::=::====:=::=:=::::::::::::::::::::::::::::1 19~ I ~~ • igg ; ~~ 

TotuL ____,___________,_____________ . __________________ -___I;~I--;OO--WO:--377 
___ ~~r eCllt:_~_ --~--:~=:-::-~=----------------- -----_____~ os __________ 1 75 

http:PER/O.oS


5 SHEDDING OF BOLLS IN UPLAND COTTON 

EARLY AND LATE :FLOWERING PERIODS 

In the second series of observations conducted at Greenville, Tex., 
in 1925, a complete record was kept of the flowers produced and the 
bolls aborted on 25 consecutive plan.ts selected from each of four 
adjacent rows. These plants produced flowers in two distinct 
periods-an earlx flowering period from JUly 4: to August 14:, and 
a late flowering period from September 17 to October 21. This break 
in the flowering period is of common occurrence in many regions, 
the late-season bolls usually being referred to as the top crop. 

/00 r---,..----,---,----,-----=o 100 

90 

~ 
~ 
II) 
'oj 

IS 70~ 

~ 
~ 
~ 
~ 
~ 
~ 
40.~_~_~___~_~

407--~-~~~~-~-~ 
,4 	 ~ ~~ 

JOLY Ac/G'. SEPT. ocr; 
TO TO TO TO 

,10 17. 24 .31/, ~ ,23 "V .30, ,7 /1 21, 

Jc/LY AVG. SEPr; ocr. 

r'ZOWER//JIG P£RIOO$ rzoiY£RING PeRIOOS 

FIGUltFl2.-Percen tages of 4-lock and 5-lock FIGUltFl 3.-Percentages of 3-lock, 
bolls sbed from flowers produced on 100 4-lock, aud 5-lock bolls shpd from 
plauts of Lone Star cotton at Green flowers produced au 100 plants of 
ville, Tex., from July 4 to August 14, Lone Star cotton at Greenville, 
1025 	 T0X., from September 17 to Octo

ber 21, 1925 

The numbers of 4-10ck and 5-10ck flowers produced on the 100 
plants each day during the first flowering period, from July 4: to 
August 14, and the numbers of bolls subsequently shed are shown 
in Table 2. Totals of the 4:-lock flowers produced and the bolls 
shed are given by weeks, with percentages of shedding. Similar 
data obtained during the second or late flowering period are pre
sented in Table 3. The rate of shedding of 4:-lock and 5-lock bolls 
during the early and late flowering periods are shown graphically 
in Figures 2 and 3. The abrupt termination of the second flowering 
period, as shown in Table 3, was due to an invasion of army worms 
which defoliated the plants and destroyed the floral buds. 
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TABLEl 2.-Fou.r-lock and, five-lock flowers protlJuced, and young bolls shed on 
100 plants of Lone Star cotton at Greenville, Tem., July -1 to August 14. 1925 

4-lock- 5-lock- 4-lock- 5-lock-

Date Flow-I Flow- Date FIOW·I Flow
ers Bolls el"3 Bolls 'ers Bolls ers Bolls 

pro shed pro shed pro- I ~hed pro- shed, 
duced duced Iduced! duced 

-------'---11-----:.--.-'----

Num- Num- Num-I Num- I INum-; Num- Num- Num-
July 4. ______________ ber7 ber 4 ber2 ber 0 I July 27 ____________..l b~~O; ber43 ~'.[5 ber1255_______________ 9 3 6 0 28___ ___________ 43 I 26!O5 78 

6_______________ 6 1 13 7 29______________ 27, 25 115 111 
7______________ . 2 0 4 1 30______________ 171 15 74 72 
8_______________ 18 8 19 I 121 31._____________ 5 , 4 44 . 40 
9 _______________ 11 15 8 8 (j ----------

10_____________ ._,_1:. __7_ ~__1_3 I TotaL________ 2201 181 693'1 607 , I Per cenL ______ ,____:_1 82.27:=: 87.59 

Per cent_______ == 42.46 == 55.71 Aug. 1._____________.1 8 6 31 30TotaL________1 73 31 70 39 '-----,--.--
--,-------- 2______________.1 6 5 42 311

JulylL_____________ 29 17 20 10 3_______________ 7 6 17 17 
112______________ 21 10 22 8 , 4_______________ 6 6 19 18 

13______________1 36 22 35 17 ,5 _______________ , 6 6 12 12
14______________ 17 12 29 III 6_______________ . 9 9 7 7 
15______________ 18 6 26 16 . 7---------------1 8 8 5 5 
16______________ 24 18 53 33, '--1-----'--17______________ 1 25 19 1 41 38 ' TotoL ________ 50 46 133 128-----1-----

1 

PercenL ____________ 92.00 ____ :: 96.24 

~~;~~iit:=:::::I--~:~-1 fi/~~ --::~- 6l~~ 1
i Aug. 8_____________ 

1 
1 31 3 8 8I 9______________ 3 3 9 \I 

July 18______________ 18) 12: 71 57 10______________ 1, 0 I 0 4 4 
19______________ 47 31 113 87 11 ______________1 0 0 0 0 
20______________ 31 25 83 64 12______________ 0 0 2 2 
21______________ 32 124 92 281 13______________ ' 0 0 0 0 
22______________ 651 60 

1 

126 118 14______________ 0 0 0 0 
23______________ 51 50 I 108 101 

1'--:---1--1--
24. _____________ 2.__34_,1~__9_3 TotaL_________', 61 6 23 23 

Per cent_____________ 100 ------ 100 
TotaL________ 282 i 236 I 690 601 1-1=-1='=
Per cent. ____________! 83.69 :______ 87.10 Grand totaL__ 801 604 I, 83511' 539

1 

July 25______________ 33 1 32: 79 I 71 Per cent.------ ------ 75.41 1------ 83.87 
26______________ 45 i 36 i 131 110 . I l 

I 2 bolls shed .'~om trnumotic causes. 2Boll shed from traumatic cuuses. 

TABLE 3.-Three-lock, four-lock, and five-lock flowers pl'od'll-ced a.nd, 1/o1mg bolls 
shed, on 100 plants of Lone Star cotton a.t Greenville, '1'em.,Septembm' 17 to 
October 21, 1[J25 

I 3-lock- i 4-lock- v-Iock-

Dato iJ~:;:d' ~ho~~ -jIrr~~~~~~ \ ~~~:~ IIrr~~~:;~~~11 ~?~~ 
i Number Number: Number I Number INl,mber NU11lberSept. 17 ____________ , •• __ ._ ..____ •• _____ •__ 1 0 0 I 6 rOO () 

18_. ______ • ____ ._._._ .• __.,, __ . __ ._. 0 0 i 5, 2, 0 0 

19---.-.--------- ...... ------.-------1 2 ' 1, 21 0 I 2 0 

~:=::::::::=:::::::::::::::::::~:::I ~ g! ~ , ~ i }
22 ___________________ ••.•• __ •____ . ___ . 1 1 I. 20 1 11 . 4 4 
23 _______ •• _______ .... _. _. _••. _._ ----/---1-;---1,___1_0_____4_1___5_____31 

TotaL ___________ ._•• ___ . ___ .".___ 5 I 3 j 53 22 i 1°1 \I 
Pcrccnt._ .• _.•• _.• _._ ...... _____ ,______ ••__ 1 60.00 '__________ 1 41.511__________ 56.25 

Sept. 24-.---.--- __ • _____ ._._ ... _......___ -1 1 j 1 : 13 j= 5 i 6 5 
25 _______.,__ •__ •_______ •__ ._._._. ___ O. 0 '. 18 i 10 , 8 3j 
~:::::::::::::::::::::::::::::-::::: g! gig I ~ I ~ ~ 
28 __ •• _____________ •___ .. __ ._ .. _._ •• . 0 I 0 , 1411 61 6 (}
29. ______ • _____________ ._ .... _______ 1 0: 14 9 2 11
30_____________ .. ____ ._ .•. _____ . _____ \ IIi 14 1 11 4 1 

,---------1---------TotaL ______.. _. ___ . ______________ , 31 21 851 4; I 35 20 
Per cent________ • _______ •_______ •__ I.::.::.==:.:~'====_ 55.29 __________ 57.14 

.---,----,----, 

http:1------83.87
http:cent.------------75.41
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TABLE S.-Three-lock, fo-ur-lock, and {tve-locTc {tower8 produced and young bolls 
8h/Sd on 100 plant8 of Lone S;ar cotton at Greenville, Tew., etc.-Continued 

3-Jock- 4-Jock- 5·1ock-

Date 
Flowers BolLq Flowers 1 Bolls Flowers I Bolls 

produced sbed produced sbed produced sbed 

-------------:-N';-U-m-be-r Number Number -;:;:::::;:; ~I Number 

Oct.!. .•........_••• _•••.. _.••••••.•_.... 1 1 13 6 41 3 
2•.•.......•_••••._._._.............. 2 1 26 19 1 1 
3•••••••••___ •••••_•• __••_•••••••• _._ 2 2 29 25 7 ! 5 
4.•__ ._.__._•.•_••••_. __ ._........... 4 2 37 34 9 10 
5_••••_._•• __ •••_._•••_._............ fi 3 32 24 11 8 

6...•.••••_. ______. __ •••_•._._ .•••_.. 2 2 30 26 10 8 
7_..•.••••••......•.•.•___ ._..•___•. _ 1 1 28 I 26 7 i 

~g;a~onC===================:====L...__~~. iO. ~~ --.---~:~.1 82~g~ L----.~:. 85. ii 
Oct. 8.______• _____••_______ . ___.•_____•._ 1 1 17 'I 17 7 7 

0._. _____..___________•...___ • __"__.. 2 2 11 11 5 5 
10___ • ____•.___ . _______•._.••••.••••._ 0 0 11 I 11 6 6 
11•..•.••••..•__•••••..•_.._.•••••_... 0 0 12 12 3 3 
12....•••••.•_..•••••••• ___ . __••••••.• 5 5 10 10 12 12 
13._..••.•••.......••••____ . __ .••••___ 0 0 12 12 2 2 
14••.__ ..••___._...__••• __ .._..•.•.•_. 2 2 21 , 20 5 5 

TotnL_....__ ._. __...__......... __I--1-0--]-0---lo3T-lo21--4-o--4-0 
Pcr cent•••• _._ .• ----.••- •• - .••.•••i.:.:==::. 100.00 __.•..___., 90.03 _..__ ••. _. 100.00 

Oct. 15__._.••••__ .._•••_••_._............. 1 ] 11 I 11 6 6 

16.....•.•••.......••••••._•.•••.•_... 1 1 4 ! 3 2 2 


~~=======:========:====:==:=::::=:==:= g g ; ; g ~ 

~t===================:==::===:====== ~~~I~~~ 

Tota1. ..._..•........._...__...... 3 3 32 I 31 23\ 23 


::::n:;~~~~~~~~~~~~~~~~~~~~:~~~r----.~. 100. ~~ --'---~~-I 96~: ·····-~~;·I 100;~: 
Pcr cenL. _______._._. ___ •• __ ••_.•\••__ •••• __ i8.95 •_______ ._ 77.35 _••• _•• _._ 82.21 

During the early flowering pel'iod the 100 plants selected produced 
1,835 flowers with 5 locks and 801 flowers with 4 locks. No 3-10ck 
flowers were produced during that period. During the later flower
ing period these plants produced 163 flowers with 5 locks, 468 flowers 
with 4 locks, and 38 flowers with 3 locks. These figures indicate 
decided seasonal effects upon the relative production of 3-lock, 4-lock, 
and 5·lock bolls. 

The percentage of the young bolls that ,,~ere she.d increased gradu
ally from the first week of the early flowermg perlOd, ended July 10, 
when 42.47 per cent of the 4·lock bolls and 55.11 per cent of the 5-10ck 
bolls were shed, to the last week of the early flowering period, ended 
August 14, when 100 per cent of both the 4-lock and the 5-lock bolls 
were shed. The ·later flowering period, beginning September' 17, 
shows a shedding rate accelerating as did that of the early period. 
increasing from 41.51 per cent of the 4-lock bolls and 56.25 per cent 
of the 5-lock bolls for the week ended September 23, to 99.03 per cent 
of the 4-lock bolls and 100 per cent of the 5-lock bolls for the week 
ended October 14. The low shedding rate at the beginning of each 
flowering period and the increase in the rnte of shedding through 
both flowering periods seem to indicate a very close relationship be
tween the rate of shedding and the number of immature bolls being 
carried by the plants. :Most of the bolls of the first flowering perio(l 
were fully matured at the beginning of the second flowering period. 
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The percentaO'e of shedding of the 5-lock bolls was greater than 
that of the 4-loili bolls in each of the weekly intervals through both 
flowering periods, except in the week ended August 14, when all the 
bolls of each type were shed. Of a total of 801 flowers with 4 locks 
produced during the early flowering period, 197 bolls, or 24.59 per 
cent, reached maturity, whereas of a total of 1,835 flowers with 5 
locks only 296 bolls, or 16.13 per cent, matured. 

During the late flowering period a large percentage of the bolls 
had 4 locks and some 3 locks, but the relations bet,Yeen the rates of 
shedding of 4-lock and 5-lock bolls remained practically the same. 
Of a total of 163 flowers with 5 locks produced during the late flower
ing period, 29 bolls, or 17.7D per cent, reached maturity, as compared 
with 468 flowers with ,~ locks, of which 106 bolls, or 22.65 per cent, 

reached maturity, and 
/00r-----.------r-----.------~----~ with 38 flowers with 3 

locks, of which 8 bolls, 
or 21.05 per cent, ma
tun~d. 

Of a grand total of 
1.209 flowers with 4: 
1(;c1\:s , 303 bolls, or 
:13.88 per cent, reached 
maturity, as compared 
with a grand total of 
1,998 flowers with 5 
loeks, of which 325 
bolls, or 16.27 per 
ernt, reachr.d matu
rity. 

The question still 
remains as to whether 
the increase in per
centage of 4-lock bolls 
matured over the per

FIGURB 4.-Pcrcentug~s of -i-lock und 5-lo('k bolls shcd by
:!5 plants of Acnln cotton gl'Own at Bard. Calif., shown centage of 5-1ock bolls 
in wecltly pcriods from JUIlC 28 to SC]Jttmber 12, 1D26, 
witll men!l percentagcs of bolls shed for tb~ cntirc period matured is due to n 

greater persistence of 
the 4-lock bolls, and "whether the plants would be able to mature a 
greater quantity or seed cotton if only flowers with 4 locks were 
produced. As indicated by the percentages of bolls that matured, 
if all the flowers produced on the 100 plants had been 4-locked, the 
quantity of seed cotton "would have been greater than if all the flowers 
produced had been 5-1ocked. Disregarding the '3-10ck bolls, a crop of 
780 4-lock bolls would have been matured, as against 531 5-lock bolls. 
Considering these 531 5-lock bolls us equi valent to 664 4-10ck bolls, 
there is a difference of 116 4-1ock bolls. 

EXPERIMENTS AT BARD, CALIF. 

RESULTS UNDER USUAL IRRIGATION AND CULTURAL METHODS 

Hecords of the number of 4-1o~k und 5-lock flowers produced and 
(,I' the percentages of bolls shed were kept on each or 25 plants grown 
a t Burel, Calif., in 1920.' These plants were selected in t1 field of 
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Acala cotton grown under irrigation according to the customary 
cultural methods employed at Bard. The individual records of these 
plants are arranged in Table 4 in the order in which the plants stood 
in the row. These records show a wide variation in the production 
and rate of shedding of both 4-lock and 5-lock bolls. The mean 
weekly percentages of 4-lock and 5-lock bolls shed by the 25 plants 
are shown in Figure 4. 

TABLE 4.-Indi1>id·lwl !'ecords of '25 plants of AeaZn cotton grown at Bard, Calif., 
in 1926. showing number of fiOW(!J'8 11/"oduced, percentage Of bolls 7c·ith 5 ZOCk8, 
and percent(!ge Of 4-loclG and 5-locle bolls shecL 

--PI:l:~I~' ·IFI~~~;;s-~Yil;.. -4~~~·~~lj~-· IFw;~?rsi ~·~ll~ t~j~ 51;~Y~":lunt Xc. 
unced 5 locks shed shed dnced I 5 locks shed shed 

1 __ "._,,___________ ------1--
t Number Per cent Pcr cent Pcr cent .vU1/lberl~ ~ Per cent

L_._____ .• _. ___ . 128 67.2 (j·1.3 06.3 15. ____ ._......__ 73 75.1 88.9 65.5 
2________ . ___ ._.. 82 07.1 81.5 63.5 16••___ •••• _..__ • 76/ 07.0 SO. 0 58.9 
3_. _________..... 01 72.1 64.7 17_. ____ ••• ______ 120 54.1 78.3 70.81i~.51 

<1. ______ •___... __ 90 77.8 60.0 04.3 18___ • ______.____ D9 OS. 7 91. 1 72.0 
5_~ _____ ~ _______ .~ 40 (ii.S O(tO 55.5 19. _____________ • Gl HS 81.2 08.9 
6._.______..... __ 1 56 73.2 06.0 75.11 
7. _____..._...... 137 77.·1 07.7 52. \l ~L:::::::::==:: ~g I ~~: ~ ~~: t ¥8: ~ 
8 ........._. ___ •. ' 135 61.5 50.0 (iO.O 22__ ._._______._. n9 II 7D.8 75.01 02.1 
9 .. _...... _._.... 50 93.7 7.1.0 0·1.0 
10... _______ ..... 102 66.7 82.4 liO.3 ~L:::=::::=::==, ~~ ~~: i ~?: ~ ~~: ~ 
11_ ...._.." •.• _. llO 62.7 6S.3 6S. I 25______________ j~~ i5.0 55.3 
12.- .• _......... 145 08.9 71.1 62.0 
13.....__ ........ 118 78. 4 51. a 62.1 TotaL____1 2,293 II 70.61 75.2 69.5 
14 •.• ___...... ___ 58 59.1 77.7 65.4 I 

1 I . 

The total number of flowers prodnced per plant ranged from 40 
for plant No.5 to 148 for plant No. 13, with a mean of 91.72 flowers 
per plan~. Of all the flowers produced, 70.6 per cent became 5-lock 
bolls. The percentage of iiowers developing into 5-10ck bolls ranged 
from 54.1 per cent OIl plant No. 17 to 93.7 per cent for plant No.9. 

Of the total llumucr or 5-10ck bolls produced, 69.5 per cent were 
shed. On individual plants percentages of 5·lock bolls that were 
shed ranged from 52.9 per cent for plant No. '7 to 79.2 per cent for 
plant No. 21. 

Of all the 4-lock bolls produced, 75.2 per cent were shed. Indi
vidual plants shed from 50 per cent of their 4-lock bolls, as for 
plants Nos. 8 and 23, to 91.1 per cent for plant No. 18. 

For 19 of the 25 plants in this series the percentage of 4-lock bolls 
shed was greater than the percentage of 5-lock bolls shed, and the 
mean percentage of 4-lock bolls shed was 5.7 per cent greater than 
that of the 5-lock bolls. 

Although the differences were small between the rate of shedding 
of 4-lock and 5-lock bolls, the general trend was toward a higher 
shedding rate of 4-lock bolls and at variance with the results ob
tained in the previous studies. 

Since this series of observations was conducted under widely dif
ferent environmental and cultural conditions from those at Green
ville, Tex., the results are not comparable. Howeyer, these differ
ences have made it possible to study from various angles the num
ber of locks per boll as a plant character, and to suggest probable 
causes of the higher rates of shedding of the 5-lock bolls as observed 
at Greenville, Tex., in 1925. 
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EFFECTS OF VAlUED CONDITIONS OF IRRIGATION, POLLINATION, AND HANDLING 

The next experiment, for reasons that had suggested themselves 
in the course of the previous studies, was projected upon somewhat 
different lines. Three series of observations were made, each in
cluding two groups of plants under contrasting conditions. 

A plot of Acala cotton was planted at the United States Accli.. 
matization Garden at Bard, Calif., and special arrangements were 
made to give contrasting irrigation treatments. The cotton was 
planted April 12, following irrigation of the land on April 9. The 
seedling., were thinned June 1 to approximately 1 foot apart in the 
rows. On June 2 the plot was divided into two equal sections by 
a high border running parallel with the rows. One side of the 
border was then designated the wet section and the other the dry 
section. The wet sec:tion was irrigated at 2-week intervals from 
June 2 to August 23 and again on October 19, while the dry section ~ 
was irrigated only tin'ee times during the season-July 26, August 23, 
and October 19. 

On June 24 the first series of observations was begun. Fifteen 
consecutive plants were selected from each section in order to com
pare the production and shedding of 4-lock &nd 5-10ck bolls under 
normal and under stress conditions. All the flowers produced on 
these 30 plants were labeled with tags bearing the date of flowering 
and the number of stigma lobes, or locks per boll. The tags from 
shed bolls and from mature open bolls were collected and dated a:-o 
in the previous studies. This study was designated the open-polli
nated series, the flowers being left open to be pollinated by insects~ 
as in previous studies. 

For comparison with the foregoing series, 15 consecutive plants in 
rows adjacent to the open-pollinated plants were s!!lected from each j 
section. The flowers were self-pollinated, that is, each flower was 
kept closed to preyent the entrance of insects by placing a small 
rubber band oyer the tip of the corolla just before it began to open. 
Since the flowers of this series were not allowed to or,en, the number 
of locks could not be determined during anthesis bUl' was recorded 
when the tags of the shed bolls and the mature opm bolls were 
collected. These plants "'ere designated the self-poll inatecl series. 

On July 15 another series of observations was begun on 15 consecu
tive plant~ in each section, selected in rows adjacent to the open
pollinated series. These plants were trented in the same manner as 
those of the open-pollinated series, except that each flower was pol
linated by hand, with pollen from another plant. The pollinating ~ 
was r10ne as soon as the anthers were well open, usually between 8 ' 
and Vu. 111. These plants were designated the hand-pollinated series. 

The open-pollinated series was intended primarily as a basis for 
a study of the effects of stress conditions upon the production and 
the rate of shedding of 4-lock and 5-lock bolls. It also sen-ed as a 
check for the self-pollinated and hanel-pollinated series, which were 
devised to study the effects of pollination upon the rate of shedding 
of 4-1ock and 5-10ck bolls. In comparing the "oet and dry sections, 
consideration must be given to the fact that while fewer flowers 
were produced on the dry sections, higher percentages of the bolls 
were retained. On account of the abundance of bees, wasps, and 
other pollinating insects, little difl'erence could be <'xpected between 
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the rl'~;ults in the open-pollinated and hanc1-pollinatl'<l seri('s. III 
one cnse it was certain that foreign pollen was intl'ocluce(L on to the 
stigma of each Hower, and in the oiher case it was highly probable. 

The (Efferent methods of pollination gaye no apparellt effects in 
these studies. .At least no significant differences are traceable to th is 
cause. Howeyer, the conditions existing at Barel, Calif., were nnfa-

FH:l'HP. J. ]~ITC(,t of ex('(~~~jye hnnlilillj.! oil dp\"elopmflllt of (lotton v1ants: A, 1'lllnh; 
ill tllp Wflt SI'(·tiOIl oi" tlw sl·lf-polliItllIioll ~Pl'ii'S; fl, normal }lIn lit' ; 1>. PXl·('~~iYt.'lr
hnndlc<1 pUlut in un ndj:H'Pllt I'U"', }'h'lwin~ Blorf' (,IHHV:t<'t nntl rhdtl Slrul'lul'c; n. 
sanl<' plallts <II folfntPlI to ~h(l\\" <1nl'lojlUl'"1 01' stalks lint! IJ1·llncheH. :-iota thl' 
sturdy upright habit of til!> 111llcll o lllll1llJf",1 plnnt (lJ) 

vorable for these stwlies b('callH' of the alJlInclanee of pollinating 
insects. lind no C'OlH'IIISinl1s ('an Ill) (lJ"aWll {'mill th(' re>slllts ohtninrd. 

Tlw ('om pal"nhi Ii!y 0 f tilt' l'PIf-]loII i Ilnipd st'rips i,; !:'ol1ll'I\Ohat i 111

pain'd by the> stl'jkillg dr('{'t~ of thl' handlillg or plants UpOll tlwir 
habits of growth and physi('al den·lo[ll1H'l1t. (Figs.;) uml G.) The 
efI'eets of handling lIJlOlI thp o[ll'll-pollillHtl'd HllfL tlw hanc!-polli
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nated series were only slightly noticeable in comparison with plants 
in adjoining rows that were unmolested; but in the self-pollinated 
series, where more than double the amount of handling of the plants 
was required, the effect upon development was outstanding. The 
additional handling of the plants in the self-pollinated series was 
necessary because of the extra work of self-pollinating. This work 
was done between 4 and 6 a. m., before the flowers opened, and 
much bending and twistjng of the stalks and branches was neces
sary in order to locate all of the buds that were ready to bloom. 
The plants receiving this treatment developed into compact, ri~id 
structures, apparently in an effort to resist the bending and twistmg 
to which they were subjected. 

In addition to being more compact and l'igid in structure, the ex
cessively handled plants were observed to be exceedingly drought 
resistant. This difference in the habit of growth was very pronounced 

FIGURE 6.-Comparlson of excessively handled (A) :u](l normal (ll) cotton plants
in tbe same row, in the wet section of the self-pollinated series. Note the com
pact form of the much-handled plants and the mol'c open deyelopmcnt .of normal 
plants 

and rendered it impracticable to reduce the plants of the self-pol
linated series to a condition of stl'ess by withholding water without 
running the risk of injuring the plants of the other series in adjacent 
rows. The foliage of the short, bushy plants of the self-pollinated 
series, crowded together, remained turgid throughout the season, 
while the leaves of adjoining plants often were distinctly wilted. 
This observation is made because it appears to have a direct bearing 
upon the data reported, though no explanation of the effects pro
dueetl by the experinlental manipulation is suggested. 

The effects of stress conditions of water shortage upon the number 
of locks pel' boll were apparent in the open-pollinated and hand
pollinated plants. In the open-pollinated series 76.8 per cent of the 
bolls produced in the wet section had 5 locks, as compared with 70.7 
per cent in the dry section, while in the hand-pollinated series 74.3 
pel' cent of the bolls produced in the wet section had 5 locks as com
paeed with 67.4 per cent in the c1ry section. In the self-pollinuted 
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series, however, this tendency was reversed, the wet section produc
jtllg 12.2 per cent of 5-1ock bolls, and the dry section n.o per cent. 
This difference in the production of 5-1ock bolls may be associated 
with the difference in growth and behavior of the much-handled 
plants and their obviously greater resistance to the drought 
conditions. 

Differences in the rate of shedding of 4-1ock and 5-1ock bolls 0('

curred in the wet and in the dry sections of the open-pollinated all(l 

/OOr-----,------r----~----_,----_, 

.90 

..30 

FIGUItN 7.-PerC(,lItnges of 4·1ock ana 5·1ock bolls sbed from 
floWers produced 011 30 plants o)f Acala COttOIl In the 
dry (A) and wet (B) spctions of the open-pollinated
sories during consocutiv<) 7·{]ay periods fronl .June 2-1 to 
September 8, 1927, at Bard, Culif. 

hand-pollinated series. In the ,Yet section the shedding of 'I:-lock 
bolls was 1.8 per cent greater in the open-pollinated plants anc1 2.2 
per cent greater in the hanel-pollinated plants than the shedding of 
5-1ock bolls. These results coincide with those at Barel, Calif., in 
1926; whereas in the dry section the shedding of 4-1ock bolls was 
12.6 per cent les3 than the shedding of 5-1ock bolls in the open
pollinated plants and 24.1 per cent less in the hand-pollinated plants. 
Similar results were obtained at Greenville, Tex., in 1925. 
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In both sections of the self-pollinated series the percentage of shed
ding of 5-lock bolls was greater than that of the 4-lock bolls. In the 
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l~IGUnE S.-Percentages of 4-Iock and 5-Iock
hulls shed from flowers produced on 30 
plUllts of Mula cotton in the dry (A)
and wet (B) sections of the hand-polIi
noted series (hiring consecutive 7-day pe
rioas, ~rom .1uly 15 to Septemb~r S, 19:!7, 
at BurrI, Cuur. 

wet section 73.7 per cent of the 
4-lock bolls wer~ shed, as com
pared with 82.8 per cent of the 
5-lock bolls; and in the dry sec
tion 55.6 per cp,nt of the 4-lock 
bolls were shed, as compared 
with 75.3 pel' cent of the 5-lock 
bolls. The more extensive shed
ding of the 5-lock bolls in the 
self-pollinated series may be 
partly due to imperfect fertili 
zation. 

The number of 4-lock and 5
lock flowers produced and the 
number and percentage of bolls 
shed in 7-day periods for the 
ope n - pollinated, hand-polli 
na ted, and self-pollinated series 
are shown in Table 5. Also, the 
percentages of 4-lock and 5-10ck 
holls shed are shown in Figures 
7, 8, and 9, representing the 
ope n- pollinated, hand-polli
nated, and self-pollinated series, 
respectively. 

The percentages of 4-lock and 
ii-lock bolls shed (figs. 7, 8, and 
9) follow the same general tren(} 
in each series, but show differ
ences between the wet and dry 
sections, due to the different

I d f' . . AImet 10 so IrrIgatIon. so, con
trasting differences are apparent 
in comparing the graphs repre
senting shedding under dry-land 
culture in Texas with those l'e1)
resenting shedding under irl'i

" C l'f . U d 1gatlOn In a 1 o1'nu1. n er tIe 
dry - land cultural conditions 
(6 1 2 d 3) . d I'gs. , ,an a gIa ua Ill 

crease is shown in the rate of shedding throughout each flowering 
period. This regular behavior is in contrast to the variable shedding 
shown in Figures 6, 7, 8, and 9 where definite changes in rates of 
shedding are recorded with each irrigation. 
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TABLE 5.-Fo1t/·-locl. ana five-lock flowers prod'llcecl and. young bolls shecl 011 31) 
.t!cfjla eotton plants each in the wet and. d/'II sectiOlls of the open-poTlinntea, 
hand-polUnatod, anti self-poUinaied. scrics tor consecutive 7-dav pcriods at 
Bard, Calif., 1927 

OPEN POLLINATED 

I -~--.--.-.----.' --------------_._--
Dry sectionWet section 

1--4~lock~-··· ..-- -;-~O~k:.:..~-- 4-locl;: 5-lock-

Flowering period 1_.--I .-~-.--- -_. -.-. -" 
'Flow-; IFlow- Flo".! Flow
, ers , Dolls ,hed : ers Dolls shed ers I Dolls shed ; ers Dolls shed 
: pro- , pro- pro- , pro· 
:duced' :duced 'duced i ,tluccd 

NU1II-'NIl1ll- Pcr '1~u:nJNIl1ll-i P:;--;;U~:N!L7n~' per:N!L7n-~;;;:;-;~r 
, ber 'ber cent, ber Iber cent ber ber <tnt ber ber cent

June 24-30 ________ .i 3, 1 33.3 j 2 1 j 50.0 7, 2 28.6, 8 5' 02.5 

~~l~~=k==========; 1~ i ~8:g I 16 it: :~g J~ ~, 56'5 ~ 4f ~UJul)~ 15-21._________ 5, 3 60.0! 74 51' 68.9 6 5 ~~. 3 1 lOS 1 99 i 91. 7 
July 22-28__________ 8 <l 50 0 22:1 I 126 56 5 14 5 I 

f 

35 711571 91 l 58.0 
July 29 to Aug. 4___ 67 56 836 257! 212 825 13 JO 760 M 31 I 56.4 
Aug_ 5-1L_________ 62 40 64.5 217 203 822 6 5 83.3 13 12 92.3 
Aug. 12-15_________ 87 SO !120 142 136' 95.8 14 11 i8.6 20 I ~g7, I 85.0 
Aug. 19-25_________ 67 57 85,1 761 a~i 84.2 III 65 58.01 82 '" 7S.0 
"\ug. 26 to Sept. L-' 11 3 27.3 5 I 5 100.0 35 7 200 1 27 33.3 
Sept. 2-8 ___________ , 0 0 0 0' 0: 0 S 5 625: 5 100.0 

·,L'otnL._____ 3'29-Z.'6 77.8\000' 828 -----;u)23SlaO~573r38st----s7:2 

HA,:\D POLTjL'<ATED 

i~~ it~=:;:===~~- -{l' -~Il--i~ 2~g 1~~ gg:g 19 ~ i s~05.Jo II' ~~~ -II l~ j ~~: ~ 
Jul~ ~ t? Aug. L_ 5Q 41i ~~. 1 2~0 In2 83. 5 2~ 10 I ,54, 31' 57.4 
Aug. n~h__________ 6, 51: dJ-l ~~ 103 81.8 D ~ ~0.0: I! I 0: 81.S 
Aug.1~-18 _________ 101 94 93.1 Ibn 140 84.8 10 ,; ,0.0, l"t 12. W.O 
Aug.l0-Z5_________ 07 iO 72.2 112 87 77.7 So 4St 57.S, 5-\ 34: 63.0 
Aug.26toScpt.L_ 28 15 53.6, 31: 13 41.0 50 5: 10.0' 40, 14: 35.0 
Sept. 2-8-----------1 3 2 : 2 I 100.0 3 i 8.1 r 3~: 76.54 75.0 • 37 20 r 

'rot~tL ______ 378 297 _7~O~~,~~~_~33(76.4-224 g7-1-~i 463 1312167:4 
SELF POLTjlXATJ;;D 

JUTIC 21-30_=~~_'~~! ... ~--'-4--8;~ - 10--;- 40~~-- -~- I I 100·0 ----;--1-·-3-3.-3 
Ju!yl-7____________ 9 8 !is.O. 17 17 100.0 2 11 50.0, Il 6 5-\.5 
July 8-14.__________ 23 19 b2.0 82 SO 97.0 , 6 !i5.7 02 59 95.2 
July 15-2L_________ 12 10' 83. a 116 IOU m .• 1 , 5 71.4, 128 107 83.6 
July 22-28__________ n 8 60.7 i 238 202 S4.0 10 7 43. S 260 168 64.6 
July 29 to Aug•.1.._ 62 45 72 6: 203 2:17 00. I 4n 3,1 73.0 200 155 77.5 
Aug.5-1L ___ c_____ 7:1 40 a:1.0 I 230 15S 60.0 20 11'35: 75.0 61 54 88 5 
Aug. 12-18_________ 121 109 90.1 I 175 150 SIl.l H \l2. 9! 20 20: 100 0 
Aug. 10-25___ __ ____ 138 93 li7. -I SU 61 70. (J li2 39 47.6, 52 37 I' 71. 2 
Aug. 26 to Sept. L _ 24 10; 41. 7 21 II 45. S 117 12 32 4 i 8 I 12. 5 
Sept. 2-8___________ 3 3 100.0 3 3 100.0 JI 2. 18.2 i 10 6. 60.0 

Tow!._______ -4-82;-a-50-· -7-a.7" -1,-250- 1-,0-3-.5 --;;,-S 2;3- -135 55.0rS15 0141 i5.3 

---'._--_ ...._--
SU~E\IARY 

Data collected at Gl'N'llVillc, Tex., in lU~,j. llnd at Barcl, Calii., in 
1926 and 1927, indicate that G-lock bolls Illay have It greater tendency 
to abort than 4-1ock bolls. Also, G-lock bolls are shown to be influ
enced by environmental and cultural conditions to It I?reater extent 
both in the ll1.1mber produced a.nd in the rate of shec1cling, than arE;' 
4-lock bolls. 
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More favorable conditions tend to a lower rate of shedding of 
5-1ock bolls than of 4-1ock bolls, as W!l.S shown in experiments con
ducted with Acala cotton under good conditions at Bard, Calif. These 

//0r------r-----.------.------r----~ 

60 , 
I 

so t--r--++---\+/------l-- ---+-'----f-j 
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B I 
2~,( 8 IS 22 2~ /2 • /9 26, ¢ 
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JVN£ JVLY AUG. SEPT. 

FLOPr£R/NG P£R/OOS 

FIGURE O.-Prrc'mta!:ps of 4-lock ani! 5-lock bolls shed from 
flowers proQuced on 30 plan ts of Acala cotton In the 
dry (A) lind wet (B) sections of the self-pollinnted series 
dnrlng consel'uti\·\, 7-day [lcriods from .Tulle 24 to Sep
tember 8, 1027, at Bard, Cnli!. 

results contrast with 
those obtained with 
Lone Star cotton un
der less favorable con
ditions at Greenville, 
Tex., and with the 
Acala variety under 
artificial stress coneli
tions at Bard, Cn,l1f. 

Under the dry-land 
cultural conditions at 
Greenville, Tex., the 
percentage of 5-lock 
bolls that aborted was 
consistently hi g her 
than that of the 4-10('k 
bolls, whereas at Bard, 
Calif., under more 
favorable conditions 
of irrigation, the per
centage of the 5-1ock 
bolls that aborted was 
less than that of the 
4-10ck bolls, except in 
cases 'where the plants 
suffcreel for lack of 
water, or otherwise 
c1c\'eloped abnormally. 

In each cas e at 
Bard, Calif., where 
the plants suffered for 
lack of water, a higher 
percentage of the 5
lock bolls than of the 
4-lock bolls aborted. 
Also, a smaller per
centage of the boU" 
were 5-locked in each 
casc under the stress 
con d i t ions. These 
data coincide wit h 
those collected under 

dry-land culture at Greenville and show that a lower percentage of 
5-lock bolls are produced and a higher percentage of 5-lock bolls llrlJ 

shed when adverse conditions are encountered. 

u. s_ GOVrR~MEHT fRUiTING OfFICE.19:!2. 

For sale by the Superintendent of DocuUlents, Wllshlngtoll, D. C. - - - - - - Price r, cents 
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