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Effects of Waterlogging Stress on Morphology and Yield of Cotton
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(1. State Key Laboratory of Water Resources and Hydropower Engineering Science, Wuhan University, Wuhan 430072, China
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Abstract; In order to reveal the response of cotton to waterlogging stress, lysimeter experiments were
conducted in the Irrigation and Drainage Experiments Station of Wuhan University during 2008—2011.
Effects of different waterlogging forms ( surface waterlogging, subsurface waterlogging and the combination
of both) and different occurring growth stages (bud stage, flowering and boll setting stage or boll opening
stage) on cotton morphology (leaf area index (LAI), stem diameter and plant height) and yield (seed
cotton and dry matter) were discussed. Structural equation modelings ( SEM) of yield and morphology
characteristics related to waterlogging stress were established. Interactive relationships between these
models were analyzed. The results showed that subsurface waterlogging stress inhibited the development of
cotton morphology less than that of surface waterlogging stress, while the combination of surface and
subsurface waterlogging stresses inhibited the growth most. Waterlogging stress occurred in bud stage,
flowering and boll setting stage inhibited the development of morphology characteristics significantly (p <
0.05), while the inhibiting effect at boll opening stage was not significant. LAI, followed by stem
diameter and plant height, was the most sensitive morphology index to describe the response of cotton
morphology to waterlogging stress. The cotton yield reduction with subsurface waterlogging stress was less

than that with surface waterlogging stress, while the reduction was almost the same when surface
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waterlogging stress or subsurface-surface waterlogging stress was occurred. Waterlogging stress occurred at

flowering and boll setting stage reduced the yield most, followed by bud stage and boll opening stage in

sequence. And the inhibiting effects of waterlogging stress on seed cotton yield were more than that on dry

matter yield. According to SEM analysis, waterlogging stress effects on yield were more than that on

morphology characteristics, and waterlogging temporal indices ( SWFDH and SEW,;) were better than

spatial indices ( SFW and SEW,,) and SFEW,, in describing waterlogging stress effects on growth and

yield of cotton.

Key words: Cotton Waterlogging stress
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Tab.1 Waterlogging stress treatments of experiments on cotton during 2008—2011

2008 4EF1 2009 4F 2010 4F 2011 48
hb Y S — -~
1 (1,3) (0,0) (0,0) (1,4) (0,0) (0,0) (1,0)
2 (3,5) (0,0) (0,0) (3,7) (0,0) (0,0) (3,0)
3 (0,0) (1,3) (0,0) (0,0) (1,4) (0,0) (5,0)
4 (0,0) (3,5) (0,0) (0,0) (3,7) (0,0) (0,3)
5 (0,0) (0,0) (1,3) (0,0) (0,0) (1,4) (0,5)
6 (0,0) (0,0) (3,5) (0,0) (0,0) (3,7) (0,8)
7 (1,3) (1,3) (1,3) (1,4) (1,4) (1,4) (1,3)
8 (3,5) (3,5) (3,5) (3,7) (3,7) (3,7) (3,5)
9 — — — — — — (5,8)
Pl (0,0) (0,0) (0,0) (0,0) (0,0) (0,0) (0,0)
T A5 PUBUE 2 59 2 7R 2 W IR BE S 10 em (1) 52 957 B B (d) A3t 10 78 7K 58 4 HEBR o b K A7 4E 4576 20 em 1 Z B (d) o “—" R 44
R E P T, bR KA 5 A R
13 RBRWANTHE 2 B R R R
DMK - 5 5 Wt b BT A 45 1 d 2 LA
KGRI B A7, T K (3 B I 2 b R 7 o B 0 2 5T 5 (A S e 4y

80 cm LI, Q&I R: 24T BN A 10 d &
PR ZEHL L T AR R R, 7E 5 0 A8 Ak B E) 2y
7 d W R o RSSO F R RURIE B R R
o, o omm A8 M AccuPAR PAR/LAI
ceptomete (model LP —80) Il & . @7 1 : 3k J5 Ml
AT R AR S T B R . @R
JE AL 2, I E P BTR A KR

1.4 HESH
X F 45 ) 7 2 B B! ( Structure  equation
modeling, SEM) 4 B W it~ 25 51— ik

S F L SR 45K 2 B AR 4 ((Analysis of moment
structures , AMOS) YE 7 45 #4 J5 FE 454 Bl ity gt 485 T H.
R SE B M DA 46 bR B OF 1 X, M
VMR p KT 0.05 B, F7R MR A4 22 1 L bR
B ARFF T MR N, @K A (X /df)
FCAEL /N BB C e, 45 HE A F (1,3 ], Rt
TG BC R AT o QW ik 5k 22 24 75 FF- 75 i RMSEA , H
(B /)N, 3R 7R B AU Y 35 G R AR, o HE A T
[0.05,0.08 ] B, &7 58 4 #3E Fid . @ #% R 3 i
JEFRE GFL G/ T(0,1 ], B in 7 1, A0 Y 3
P 2B o — B GFTfER T 0.9 I, R Y e 42
K5 2Bl AT REFRE BCRE . BIR LN 8 PR
P SEM i e B (%) % F A5 bR .

¥ Microsoft Excel % {4 o 17 %% & 4b 3 Fn 4E
B, B SPSS Gt a3 B B4 R AT 1 6 B 1) H P R
J5 2253 B, R ] Duncan 5 3547 %4 22 5 W & 1 4
T, A S BEAR C R o B SR AT AR

SR T AR TR R R AR ) A K E 6 RoR. 6
F AN R S AR R A K R E, TR
z (Xem - Xsm)
G=" - (1)
KX n A0 B I 0 B A H
X, —THEE AT b i A RER 0 A0 450
FRFRARAR (T8 548 bR I o (B
X, ——HETE IG5 A e 4 LSS § AN B0
ARFRAR R BT 48 bR DU 2 {EL

BB S, B 7 d W AT 2SS B 1 A
Ak, i T T AL B B O A 7 d Uk
HE B iR )5 14 d fE it B, H IR EIA R
AR I 1R T 25 S VAR B 8500, X AN [R) 45 4 43 i)
1808 53 7
2.1 FERBEEAMNBREESHEIE

2 WP — AR S 14 d AR RR LAT 25
MR = AR i . AR 2 AT, AN [R) R B 1) 33t iy
J6F LAT ZERFRE & 0 AR LT G20, 1 (3,0 ) B
i F(5,8) Bl L G e ¥ s B 3 (p <0.05, R [H]) #1F
iR N O R2 S N LRV AN S 1 B T e ) S E
TG E AR 22.60% . —18.3% Fil 51.92% , G, -
P A 24.51% 17.129% I 39.82% , G, - ¥ [ A%
50.08% 6. 84% F1 42.97% (b G, H B 74 2 18
5 H A AR L T AR R IR S ) o H AT

U, B 25 A W SRR S A K 0/ o B3, 0

PFRZ, T 9 52 W 55 /N o



£ 10 3]

Gy A IS S U KRy 2R P AL 139

F2 2011 FAREGRBEEXLEHESIER
EKECG
Tab.2 Morphology growth G of waterlogging stress

treatments of different forms in 2011

YEiE Bt /d Giar G;/mm Gy/cm
(1,0) 0.93* 4.21" 21, 250
PP (3,0) 0. 48" 3,57 16. 54"
(5,0) 0.20° 2.23% 7.95¢
(0,3) 1.18° 4.39° 30.25*
gk (0,5) 1. 46° 3.46" 26. 60"
(0,8) 1.05° 3. 14 28. 50
(1,3) 0.51" 4.62° 22.75%°
Y LR (3,5) 0. 47" 2.26" 15. 00
(5,8) 0.52" 1.10° 14. 50
X AL (0,0) 1.04% 4.42° 30. 54°
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Tab.3 Morphology growth G of waterlogging stress treatments in different growth stages during 2008—2010

Al gt V5 2008 4F 2009 4 Bk I 2010 4F

At /d Gpa G,/mm  G,/cm Gin G,/mm  G,/cm mf/d G G,/mm  G,/cm

p— (1,3) 1.25% 9.57* 15.25*  1.52*  9.20*  34.25* (1,4) 0.39° 8.05*  50.50"

(3,5) 1.20" 9.58"  21.50"  1.24" 6.28"  20.75*  (3,7) 0.28" 4.95"  49.75°

I o (1,3) .91 10.36"  14.75%  2.24° 9.78*  25.17*  (1,4) 0.29° 5.65%  57.05°
g (3,5) 0.70" 7.69° 1.75" 0.82" 6. 14" 25.17° (3,7) 0.08" 7.20"  57.60°

X (0,0) 2.77° 13.03*  21.75°  2.54° 9.37° 39.70° (0,0) 0.36° 7.07"  61.20°

A (1,3) 1.26™ 5.35° 0.25° 0.45" -1.06"  2.95° (1,4) 1.13* 7.00*  21.00"

(3,5) -0.98°  4.08" -5.50"  0.81% 2.36" 1. 17° (3,7) -0.63" 5.90" 17.93"

i3] P (1,3) 1.00™ 2.71° 5.50"  0.70* 3. 86" -2.10°  (1,4) 1.49° 2.55"  43.20°
. (3,5) 0. 40" 4.23" 8.00" 0.40" 4.00° 4.75* (3,7)  0.73" 2.97"  33.93"
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o~ (1,3) 2.52° 3.30° 1.00" -1.36*  2.18" 3.90° (1,4) —-1.45*  —-1.75* 0.01*

(3,5) 3.04° 9.04° 0.01"  -0.06"  4.19° 0.01° (3,7) -1.23* -2.10" 2.00°

- 28 1Y P (1,3) 2.56° 4.55° 9.50"  -0.39* 1.78" 0.75° (1,4) -1.56*  -1.60* 0.75"
g’ (3,5) 0. 83" 4.97*  24.00° -1.18* 1.85"  0.01" (3,7) -1.51* -0.90* -4.50"
pogiist (0,0) 1.66° 3.49° 1.50" -2.44* 2,03 4.00° (0,0) -1.35"  -0.07* -0.50"
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Fig. 1  Effects of different waterlogging stress forms
on yield in 2011
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Fig.3 Yield and morphology characteristics model related to single waterlogging stress
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Fig.4 Yield and morphology characteristics model

related to surface-subsurface waterlogging stress
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