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Abstract: The coupling effects of different water and fertilizer combinations on seed cotton yield, water
use efficiency and net benefits under drip fertigation were studied in the field of Shihezi during the
growing seasons in 2012 and 2013. Multivariate quadratic regression and normalization as well as three
different target combinations were used and the optimal water and fertilizer combination that maximized
the multi-objective benefits was explored. There were five N —P,0,— K, O fertilizer application rates (150 —
60 —30, 200 —80 —40, 250 —100 —50, 300 — 120 —60, 350 — 140 —70 kg/hm”; denoted as F,, F,y,
F,s, Fio and F,y, respectively) and three irrigation levels ( W,: 60% ET.; W,: 80% ET.; W,:
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100% ET; ET,. represents crop evapotranspiration). The results showed that the coupling of water and
fertilizer had significant effects on seed cotton yield, water use efficiency and net benefits. The treatment
with low irrigation level (60% ET.) significantly inhibited seed cotton yield and net benefits, while the
treatment with high irrigation level (100% ET. ) significantly increased seed cotton yield and net
benefits, but caused lower water use efficiency than that of the treatment with low irrigation level. The
combination of irrigation with 100% ET, and fertilizer application rate of 300 — 120 — 60 kg/hm’
(N—-P,0,-K,0) in 2012 produced the highest seed cotton yield, but it did not increase the net
benefits. Instead, the combination of irrigation with 100% ET . and fertilizer application rate of 250 — 100 —
50 kg/hm’ (N —P,0,—K,0) produced the highest net benefits in 2012 and 2013. The quadratic
regression analysis showed that the multiplication combination exhibited much smaller differences in water
and fertilizer inputs in 2012 and 2013 than other combinations. The combination of irrigation with 92%
ET,. and fertilizer application rate of 278 — 111 — 56 kg/hm* (N — P, 0,— K, O) in 2012, and the
combination of irrigation with 90% ET,. and fertilizer application rate of 268 — 107 — 53 kg/hm’ (N — P,0,—
K,0) in 2013 could maximize the overall multi-objective benefits of seed cotton yield, water use
efficiency and net benefits. The results can provide new ideas for the multi-objective management of water

and fertilizer in cotton fields under drip fertigation.

Key words: Cotton
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Fig.2  Effect of different fertigation levels on water use efficiency

(a) 2012 4E

(b) 2013 4



168 PSS A1 M | = O 14 2015 4
F1 TREEEEKFERESQMBANE K
Tab.1 Investment and benefits of every hectare cotton under different fertigation levels JG/hm’
2012 4 2013 4
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W, Faso 6 663 1164 1 807 34 882 4247 5214 1068 1807 35958 4822
Fi00 6 604 1164 2169 34297 3359 3876 1 068 2169 34718 3493

Fiso 6716 1164 2530 35014 3604 3207 1 068 2530 34437 2 841
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Tab.2 Regression equations of seed cotton yield, WUE and net benefits with water and fertilizer application rates

i A Ebi) R? P

KPR 0/ (kg-hm ) Yo = -10719.8 +69.235 +7. 501 F —0. 0821> —0. 008 F> +0. 001IF 0.991 <0.001

, N Yy=-1.8256+0.01477+0.004 1F -2.02 x10 /> -3.68 x 10 °F* -
2012 4E K4 F AR/ ’ L 54 x 10 -5IF <0.001

Bl s/ (It g 200 +400. 8487 +42. 89F 047F> +0.0011F

661.5 +58. 5551 +8.396F -0 OL11F> +0.0041F
2013 4 . Yy =-1.8699 +0.01577+0.003 8F -2.38 x 10 >I* -4.02 x 10 "°*F* -
2017 & MR/ (kgom )
’ 6.11 x1077IF
el gk / ( JG+hm %) Yy=-

61329 +322.9761 +47. 015F —0.4241* —0. 067 F* +0. 022IF <0.001

W F R HEIE i kg/hm® 5 Y R 7 5 ke/hm? 3 Yy KR FIFIALCRE  kg/m® 5 Y Rl g5, o6 /hm?
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Fig.3 Relationship between relative s

eed cotton yield, WUE, net benefits and irrigation, fertilizer application rates
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Tab.3 Maximum seed cotton yield, WUE, net benefits and corresponding irrigation depths and fertilizer application rates

) » Jita AE 2/ KPR 1t/ ViR & g/
ARy H #E 7K #/mm .
(kg-hm ~?) (kg-hm %) (kgm™?) (JG-hm %)

IR P 425 310 — 124 — 62 5857 1.58 11383

2012 4F K WUE 345 303 —121 - 61 5335 1.71 8902
xR ES 418 288 — 115 —58 5843 1. 60 11463

B KRR P i 392 281 -112-57 5870 1.42 11574

2013 4F K WUE 324 280 —112 -56 5468 1.53 9615
xRS 392 261 —105 —52 5856 1.41 11248

c, 407 294 —118 —59 5825 1. 63 11 400

2012 4F C, 412 278 — 111 -56 5824 1.62 11435
c, 398 292 -117-58 5789 1. 65 11263

C, 353 270 - 108 — 54 5724 1.50 10 599

2013 4F C, 353 268 —107 —53 5723 1.50 10 604
c, 347 275 -110-55 5 684 1.51 11 364

3 KRBT ARG 5 WUE Fgik s 2 Hbrgs 551

T — 2 K TS B DAY, 37 A S A8 7% i o 9 K
Ti AL H5 9 354 000 T8 094, LR Ao — S R AR
Fad, SETAME AR T i Hofh e
BT RMLE T AL RS Z A0, 2012
A W F o0 b BT 722 05 v, {E 7 5 i o I v Ui 25
FHAEFR L2 a B9 W, F 50 4 B IS i 5

B g e g A R K R ORN IS B e AL
P YR U AR AE WUE . AR ITSE RS 2 A
oL, 76 A [F) 7K KO T, Fogo 4b P WUE # 5z &,
W,F,o b P WUE fei5, H 2 a #05 W, F, kb3 2% 5
R, U T YR 98 K R G AT R RE S i WUE,

1 I 22 96 = 0 [l U3 2 7 K IR 45 5 AR A 5
B OmRER HRREE RO AR ZRES . A
R b2 3 5 5k 22 70 [ VA 5 2% () 43 47 AR 45 10
WA A RN RETRER S AN ESKX
B E45 8 HAR T BR300 HLA& R AR, 0 A1
R F R K AR 95% 1 85% O ARBFSE P, il
1B A AR SR BHE AT U — £k, DL S A 5 0L 4 bR B Y
ARG TR T ZHbRBIET#,3 MG

it e R F A P 98 K HE P
4 it

(1) FFAR 7= 8 L 7K 43 ) 280 238 0 08 25 19 7K IE
A R BT R, 60% ET I3 /K /K 7 BT @ 4 il 1 I
R KA ,100% ET E K K- 05 W 5 3 = ok A
SIS L (E K 0 A1) R AIR

(2)2 a #EKIKF-H 100% ET,, Hojte B 4 300 —
120 — 60 kg/hm* (N — P,0,— K, 0) I} ¥ 45 7 & f 5
EL3E 7= FE R, 2 a 3E K K-y 100% ET H jifi AE
4 250 — 100 — 50 kg/hm’ (N — P,0,— K, 0) B} 19 4
W 55 Fe ey, HL R A AT el 2D i S 3 16. 7% o

(3) ZIo Wl 3 Hr g R 32 W), 3 Rl & J7 X
PIRASAF A 77 i O WUE Rl 25 1 25 76 2% LA,
A 4G 75 5 2 a KM HEA B AR BRAZ fb 35 5/
[HlH, 2012 4F 3 K B 92% ET. it JE & 278 — 111 —
56 kg/hm’ (N — P, 0,— K, 0) DI & 2013 4E j# Kk &
90% ET, ,jifi it 268 — 107 — 53 kg/hm* (N — P,0,—
K, 0) B 0] DA AF AR 7= 8 7K 40 ) R85 R4 i 25 1
LG kA .
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