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Effects of the loss of squares and bolls on the production of cotton
(Gossypium hirsutum L. ) during the fruiting . manual simulation of

damage
CHEN Fa-Jun, GE Feng* , LIU Xiang—Hui (Key Laboratory of Integrated Management of Pests and
Rodents s Institute of Zoology, Chinese Academy of Science, Beijing 100080, China). Acta Ecologica Sinica,2003,23(4):
744~750.
Abstract: Cotton, Gossypium hirsutum L. is an indeterminate perennial plant. The reproductive organs
(squares, flowers and bolls) are successively produced as plants develop; meanwhile, many of the
reproductive organs abort and fall off before the boll opens. However, those abortions do not result in
yield loss but stimulate the plant produces compensation, even over-compensation to enhance lint yield.
Therefore, the compensation ability of cotton could be considered as an important part of the integrated
pest management (IPM). The experiment on the relationship between damage of pest and yield of lint
indicates that simulative experiment by artificially damaging the plant is a feasible and efficacious method
for studying compensation of cotton.

Two experiments were carried out to study the compensation of cotton for the losses of squares and/

or bolls during fruiting stage in Rao-Yang County, Hebei Province, China in 1994 and 1995. In the Ist
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experiment, the simulative damages on cotton were created by removing squares and/or bolls manually.
There were nine treatments, three replications and 25 cotton plants per replication in the 1st experiment.
In the 2nd experiments., the simulative damages on cotton were made by inoculating one 2nd-instar larva of
Helicoverpa armigera per plant by hand. Three replications and 50 cotton plants per replication were
designed in the 2nd experiments. In the control treatment, the fruits were not removed artificially. Three
replications and 25 plants per replication were arranged in the control.

The results indicate that the cotton plants are induced to produce more bolls and biomass to
compensate for the loss of squares or/and bolls. But the ability of cotton to compensate for the damage is
finite. When the loss of fruits per plant is above 12 squares, or 4 bolls, or 2 squares and 2 bolls, the lint
yields are all significantly reduced. A mathematic model was developed by a two-factor and quadratic
regression analysis to express the relationship between the lint yield and the loss of squares or bolls. The
results from the analysis with the model show that the lint yields did not decrease if the losses per plant are
0~11. 80 squares or 0~2. 26 bolls in the experimental conditions in 1994 and 0~10. 58 squares or 0~3. 8
bolls in the conditions in 1995. Furthermore, the analysis of edge-effect production with the model
indicates that losses of bolls affect the lint yield stronger than the losses of squares during the fruiting.

Key words :cotton; compensation; artificial damage; yield; mathematic model
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Table 1 Design and setup of simulated removal of squares/bolls during the fruiting of cotton

Date of removing Investigating

Year No. of removed squares / bolls per plant
squares / bolls date
7027 9 18 0 25Q 4SQ 8SQ 128Q
1994 1SQ  2SQ
BO 4BO
8 4 9 18 2 1 1BO  2BO
1SQ 2SQ 48Q
995 ¢ C ) S 2BO (
1995 8 1 9 19 0 2SQ 4SQ 8SQ 128Q 2BC 4BO 1BO  2BO 1BO
* N , s N 502 48 12 .2 4 11
22 44 2S5Q.4SQ.85Q.12SQ, 2BO,4B0O,1SQ1B0O,2SQ2BO  4SQ4BO;
s CK. The process of removing squares / bolls does not stop until the number of squares / bolls removed by

hand is enough. All treatments are marked as 2SQ.4SQ.8SQ.12SQ.2B0O,4B0O,1SQ1B0O,2SQ2BO and 4SQ4BO. CK is

the control without removal of square / boll

1.5 (x1) (x2) s
bod () ,
vt S+ 3 S b+ S 1.2 = 1.2)
(S;\S6. 12,R11€(j} 1 R Sellecjtion:stepwise) (
P 0.50),
tu o
2
2.1 .
1994 1995 ( ) 2 . 1994,
. . 3.949% ~
54.24% (Duncan ).4SQ  8SQ (p<<0.05),
38.48%  54.24%.1995 ,128Q.4B0O,2SQ2BO  4SQ4BO
4.87% ~15.01%. 2SQ.4SQ.8SQ.2B0O,1SQ1BO * 7 4. 46% ~
30.22%; Duncan ,85Q (p=<<0.05), 1. 49 R
2 ,1994 N
. 3.89% ~53.33%;
(Duncan ),45Q  8SQ (p<0.05),
36.39%  53.33%. 1995 ,2SQ.45Q.85Q.125Q.1SQ1BO ¢ ” .
0.62% ~25.58% , . 8SQ (p<
0.05), 1.66 ; 4BO.2SQ2BO  4SQ4BO 6.93%.3.39%
13.71%, Duncan . (p=>0.05), . .
2.2
3 1994.,1995 . 1994,
,29Q.45Q.85Q.2BO  1SQ1BO , 1.29%~39.02%,
(Duncan ),4SQ.8SQ  1SQ1BO (p<<0.05), 33.91%.39.02%
16.86%; 129Q.25Q2B 12.79%.9. 24 % , (p<<0.05), 1995 ,25Q,

48Q. 85SQ. 2BO, 1SQ1BO 25Q2BO , 2.76% ~
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25.81%;
1995
(p<<0.05),

125Q.4BO  4SQ4BO

(p<<0.05),
2 3

(Duncan

)

25.81%.20.96%.11.31%

6.73%;

15.02%.4.07%
),85Q.1SQ1B0O,48Q. 2BO
4SQ4BO

)

125Q

(Duncan

5.74%.

)

Table 2 Effects of loss of squares and bolls during the fruiting on the number of bolls (large bolls and whole

bolls) of cotton

Year Treatments Num. of large bolls per plant Num. of small and large bolls per plant
1994 CK 3.30k2.12 ¢ 3.6042.12 ¢
25Q 3.7141.77 be 4.2041. 84 be
1SQ 4.574+1. 82ab 4.9141. 67ab
8SQ 5.09+2. 22a 5.52+2. 26a
12SQ 3.65+1.67 be 3.95+1.76 be
2BO 3.43+1.42 ¢ 3.74+1.41 ¢
4BO 3.60+1.73 ¢ 3.92+1.67 ¢
1SQ1BO 3.91+1.59 be 4.26+1.86 be
2SQ2B0O 3.524+1.73 ¢ 3.82+1.70 ¢
@ Artificially laid larvae 3.70+2.10 be 4.1642. 21 be
1995 CK 4.93+2. 46 bed 6.49+2.51 bed
25Q 5.1542. 69 bed 6. 87+ 2. 45abed
48Q 6. 02+ 2. 74ab 7.57+2.46ab
8SQ 6.42+2.75a 8.1542. 56a
12SQ 4.56+2.21 cd 6.53+2.42 bed
2BO 5. 40+ 2. 34abc 7.00+ 2. 57abc
4BO 4.36+1.90 «od 6.04+2.14 cd
1SQ1BO 5.25+2. 36 bed 6.75+2.29 bed
2SQ2BO 4.69+2.07 cd 6.27+2.13 bed
4SQ4BO 4.19+2.58 d 5.60+2.51 d
Artificially laid larvae 5.20+2.59 bed 7.31+£2.77abc
* (D 2. Ocm, 2. 0cm; @ 3 .

(D Small bolls, diameter<C2 cm; large bolls, diameter ==2.0 cm. 2 Means manually laying larvae

during the fruiting of cotton

»1994,1995

18.42%; 1995

4SQ  8SQ

(p<<0.01), 21.75%
2.3

’

=cotaxl+bx,faxi+bxi+ a2, (

x,=0,2,=0, (
1994
1995

(p<<0.05),
(p<<0.05),

19.56%,
(1'1)

4,
1 2):

o

7.39%~21.75%.,

3
, 1.17% ~
(Duncan ),.1994 ,
18.42% 16.12%; 1995
1SQ1BO
(xy) s
Y

f(x) =14. 46+ 2. 362, —0. 20x%, f(xy) =14. 46+5. 102, — 2. 253
S(x)=18.83+1. 482, —0. 14z}, f(x,) =18. 834 1. 522, — 0. 40}
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3 3 ) (Duncan )

Table 3 Effects of loss of squares / bolls during the fruiting on the production of lint and biomass of cotton

/(@ /()

Year Treatments Amount of lint per plant Amount of biomass per plant

1994 CK 15.484+1.34 ¢ 69.05+6.33 b
25Q 16.744+1.78 ¢ 69.8643.42 b
48Q 20.73£2.78a 81.77£6.79%
85Q 21.5242.85a 80.18+7.29a
125Q 13.50+1.52 d 71.36+8.60 b
2BO 15.68+1.55 ¢ 71.524+4.56 b
4BO — —
1SQ1BO 18.09+1.09 b 78.35+6.17 b
25Q2BO 14.05+2.13 d 70.59410.52 b

1995 CK 19.18+1. 60 ef 53.57+4.81 ¢
25Q 19.99+1.13 de 57.85+2.54 b
45Q 21.35+1.61 ¢ 60.44+5.60 b
85Q 24.1342. 26a 65.2245.58a
12SQ 16.30+1.71 h 59.08+4.01b
2BO 20.4741.10 «od 58.11+3.28 b
4BO 18.40+0. 92 fg 57.53+3.45b
1SQ1BO 23.204+1.90 b 64. 05+ 3. 56a
2SQ2BO 19.71£0.86 de 59.99+5.46 b
4SQ4BO 18.08+1.16 g 58.90+3.54b

4 3 (G (REG )

Table 4 Two-factor and stepwise regression analysis of the loss of squares / bolls during the fruiting and lint production

Year y=J s ) Coefficient of duplicale:correlauon F‘Pvalue
1994 14. 464+ 2. 362 +5. 1025 — 0. 2027 — 2. 2525 — 1. 39212 0. 7855 49. 61
1995 18.8341. 4821+ 1. 5225 —0. 1427 —0. 4025 —0. 282125 0. 6841 34.13% "
x \ 2 .y . z1-Number of squares removed by hand per plant, z,-
Number of bolls removed by hand per plant, y-Lint production per plant. * % p<C0.01
1 1994 0~11. 80 . 5.9 ,
, 21. 42¢g, 48.13% ;1995 0~10.58
, 5. 29 . . 22. T4g,
20.76 %,
2 ,1994,1995 0~2.26 0~3.38
, 1.13 1.9 . ( 2.89g  2.44g.,
19.99%  12.96%),
s ( )
1994 F @ ], -0=2.36—0. 40z, f' (&) [, —9=5.10—4. 5z,
1995 S @) e, —0=1.48—0. 28z, f'(x:) |, ~0=1.52—0.80x,
3 21994 L (xy) (|K|=4.5) S () (|K|=0.40>;1995
S () (|K|=0.80) [ (x) (|K[=0.28), )

3 ’ 13
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Fig. 1 Relationship between squares removed by hand
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Fig. 3 Edge-effect analysis of removal squares or bolls on lint production per plant
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