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Optimization of Water and Nitrogen Regime Based on AquaCrop Model for Drip
Irrigation Cotton under Nitrogen Reduction Conditions in Northern Xinjiang

WANG Sijia"?, WANG Chunxia'?, ZHANG Jingrui"?, YANG Yuefa'*?
(1.College of Water Resources and Architectural Engineering , Shihezi University, Shihezi , Xinjiang 832000, China ;
2. Key Laboratory of Modern Water-saving Irrigation Corps» Shihezi» Xinjiang 832000, China)
Abstract: [ Objective] This study was aimed to test the applicability of the AquaCrop model for simulating the
growth and production of drip-irrigated cotton under nitrogen-reducing conditions in the northern border, and
to investigate the optimal nitrogen-reducing and irrigation regimes during the reproductive period of cotton.
[Methods] Through the field trials in 2022 and 2023, we clarified the effects of four nitrogen application
levels (conventional nitrogen application, nitrogen reduction of 10%, nitrogen reduction of 20%, and
nitrogen reduction of 30%), and three irrigation schedules (488, 444, and 400 mm) on cotton yield, water
and nitrogen use efficiency, and soil nutrient content; we used measured data from the treatments to
determine and validate the parameters of the model, and then simulated the model with the calibrated model.
Cotton yield and water and nitrogen use efficiencies were simulated with the calibrated model under six

combinations of nitrogen application levels (conventional nitrogen application, nitrogen reduction of 6%,
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nitrogen reduction of 12% , nitrogen reduction of 18 % , nitrogen reduction of 24 %, and nitrogen reduction of
30%), and six combinations of irrigation levels (300, 360, 420, 480, 540, and 600 mm), and the optimal
water and nitrogen combinations were screened out by the comprehensive evaluation method. [ Results ]
Nitrogen reduction and irrigation quota together had a significant effect on cotton yield, water and nitrogen
use efficiency and soil nutrients. Nitrogen fertilizer reduction can be achieved by appropriately increasing the
irrigation quota to stabilize cotton yield; Under the same nitrogen application, appropriately reducing the
irrigation quota improved water use efficiency; Under the same irrigation quota, appropriately reducing the
nitrogen application improved nitrogen fertilizer bias productivity; A 10% increase in the conventional
irrigation quota (WIN1) when applying conventional nitrogen effectively improved the nutrient content of the
tillage layer of the soil. The simulation and measurement results showed that each evaluation index of canopy
cover and above-ground biomass of the 2-year experimental treatments satisfied the coefficient of
determination R*= 0.936, the root mean square error NRMSE <C 40.58%, and the Nash coefficient E ys=>
0.72; And each evaluation index of yield and water-use efficiency satisfied the coefficient of determination
R?>0.87, NRMSE << 4.29% , and Exs==0.81; The model achieved a better simulation effect. [ Conclusion ]
Based on the scenario simulation under 36 combinations of nitrogen reduction and irrigation, and considering
the yield, water and nitrogen utilization efficiency and the actual production cost, the nitrogen reduction
irrigation system with 12% nitrogen reduction and 360 mm irrigation quota is recommended to be adopted in
the northern border region. The study can provide experience for the application of the AquaCrop model
under different fertilizer and irrigation regimes in the future and provide a theoretical basis and scientific
guidance for the improvement of water and nitrogen fertilizer use efficiency during cotton cultivation in arid
regions.

Keywords: nitrogen fertilizer reduction; AquaCrop; cotton; water use efficiency; nitrogen bias productivity;

water nitrogen regime
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Table 1 Basic soil parameters
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Fig. 1  Diagram of cotton layout form
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Table 2 Field trial design

W KT E@fﬁﬁ; T K ke
(kg » hm %) (mm)
N1W1 N1 420.00 W1 488
N1W2 N1 420.00 w2 444
N2W3 N1 420.00 w3 400
N2W1 N2 378.00 \al 488
N2W2 N2 378.00 w2 444
N2W3 N2 378.00 w3 400
N3W1 N3 336.00 \al 488
N3W2 N3 336.00 w2 444
N3W3 N3 336.00 w3 400
N41W1 N4 294.00 W1 488
NAW2 N4 294.00 w2 444
NAW3 N4 294.00 w3 400
1.3 HEMRNUEE &%
1.3.1 A RHHERKB A KA E B & X

TR0 A B Bl A S ol B AL L I R T L SR A
JE KGR SRR LT bR 8 H A 2 AquaCrop B
R, 2022 4F J 2023 AEARAE AR B 00U L TR A
S K WA 2,

http: // stbexb.alljournal.com.cn



4 KA E IR %38 B
9 ——— e ———r1 0
40 L 2
i %
30 | =Y 6 3
& /V‘M a o 2130 i
@ 20 /‘/‘ Ajwv ) ESh e
! \ \ E 12 B
2 Mo S ey M i
10 -N\f\/ t R3t 16
v 2} 18
ot L 20
20 40 60 80 100 120 140 160 0 20 40 60 80 100 120 140 160
BIE R/ #BRERE/d
20225 B AR IR 2022 B R 20234EET, 20234 FEEWE
—— 20234 B R IR 2023 FE B HR 2022%ET, 2022F R B

2 2022—2023 FIREEFHASKEIE
Fig. 2 Meteorological data during the reproductive period of cotton, 2022—2023
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Table 3  Parameters of some modules of theAquaCrop
model
5 E X g LN
Thase e RS v 15 C
Tupper BRI 35 C
CCo 00 963 74 L .01 m?/m’
CGC it R R R 10.0 C/d
CCx TR 2 5 90 %
CDC ik J 2 R 0 AR K 9.8 C/d
Zx e KA BA MR 0.80 m
Rexshp AR DX 45 i ik 3 0.6 cm/d
Kcb lR/EX 1.1 —
wp brUEK 53 A T T 18 g/m’
HI ZHE WS 34 %
Ksexp, PR il 72 )2 fif Jre iy £ 458 0.95 .
w.upper KA T HE I i '
Ksexp., IR i 58 2 1 i 1) - 0.65 B
w.lower KA THFE T IR BIE
AL - K I
Kssto.upper R ‘ 0.35 —
HE 38 1R A KR o L
56 2 5 2 1 K 4y
Kssen.upper ‘ 0.60 —
FEI P T KR {E

®4 EHEHESHEE

Table 4 Fertilizer stress parameter values

BRI H
AERH 8T AR B LS
. ’—?Eﬁ‘u \/\"_,'z: ’—?i" %f
HEIEAT AREEm FHERE EEY % A BkERE B

BE  W/% WP/ 6 EWE %

BEE/ N KN
WA 30%
small 0.02 12 60 72 30
(N4)
AR 20%
small 0.01 7 73 79 20
(N3)
WAE 10% 3
small 0.01 3 85 86 10
(N2)
A

Not considered
(ND

1.6 RERINERIEE

FI B A G 280 9545 AquaCrop 56 B &2 2 B4
AL L A 0038 22 T WK S A5 7E 300~600 mm i [l N . LA
60 mm B it i A R ORI A A 30038
B LL 6% B R, 2R 8 36 NI A S KA &1
S CRL SIS 0 i AR« e & DR IS A H
(9, F FH SPSS o 3 o3 HE 7 25 AT 25 B VR AN 1 8
e VB A4 T KO T
2 FERE55H)
21 KEMEWNLTEFRS BMEFSERKEIAN

[ 5N

Jiti R E WE K - X A M SR A YR B S e, AR TE]
B EB T JEFTWAR 0—60 em + 2 HIEMS R VB
A G0 o Y B it R Y 3 I 3G o, W1, W2 W3
WEAE AT . N1 Ab# A N4 Ab P RS 25 402 & 43 38 Jn
36.94%,21.32%,18.50% , W1 % It % %i T, 0—60
em 2 PGS A A SR A R 0 R R s NTUN4 &b B
T A5 S A A ) R A OG L UM G, WINT
Ab PR A AN S AL BAS AT 1 i m T W3NT 4b B
11.55%,15.70% ; WIN4 b P+ IEH SR ES A &
TP K T W3N4 kb3 9.68%.22.64% ., N2 4bFg
T i 2 R R Y S LR Hg NS b
BETR i 25 20 B o TR 0 0 ) 1 S R A B
SAEMEREE—T., N2 N3 N4 BT, 3B E
RTE W BT R S A LR I, e S R R4
o AR AR R

VRO A it G L R A A T B K R
PR Gl 2 AP 30 5008 23 i R WD 45 Ak 3L 1) A7 A
255, AR5 LA A (R R E R A i A AL B
I HA B E 2R, WL W3 8 W2 b 352 jifi 5
TN G BE A AUIE 38 AR R R, 7R R
W1 . W2 W3 BB E & T, N1 AR FEEE N4 &b B 7= 5 43

http: // stbexb.alljournal.com.cn



6 7K PR A

5 38 4

AN 34.00%,19.72% ,25.38% , 2023 4F A [A] Ak 2R
T —., MR T, ASFREBEKE, =825
AN it R D 10 96 RN 20 U6 s Y TE S A A 184 U
AT A st R AR AR T R, WIN2 4b BT i s T
W2N2 ZbFE 1,48 %, W3N3 4b B 7= & 7 T W2N3 4b
B 5.43 % 5 it A 98 D 30 V0 B, HE BE R A 3 ek 3 1
R E A e B, WIN4, W3N4 &b H 43 5% T W2N4
bR 8. 10901 1.77% . HLER 2 AR K [R) Ab BEAR K 7 i
G YR W, WIND b 3R A8 7™ i 5 = W3N4 5
WIN4 kb BAR AL ™ i B K, P, TF % it 220 B A 5 2ok
B4 10 Y0 HE W 8 AR B HG 7 B AL AR D 30 0 it
U I H B EE N 10 %6 A VI B s A mTR b 42
vrak .

R AE 7K 43 R FH A% 52 M A6 7 o FLAE 7 WA AR FE

KA, R [ P T TS K G AR A B it R
Mg . N1 jits 20T /K 4 R RCR 55 3 N2,
N3 N4 Jifi &4 8 7.29%,14.59%,20.99% . W1
VR ZE AT it 2 X K 43 R R 5 e A W 2L L
o, WINT &b B K 40 F) HT 203 5 T WING 4b 3
27.26% . AHFMEAE T, W3 8 2 5K 7K 40 F 8%
A3 T W1 W2 HEE E 4 5.36%6,6.01 %, Horf N1
AR FETT, A7 VB S AR ) A 2, WI3NT A B K 43 1
RSy E T W2N1, WINL 2B 9.76%,1.25% ., i
R AR AL B A E AL, WL W2 W3
WEE BN i E K N1, N2 8 G 2B 7 ) 2 ()
To B AR it UK P N3LUN4 I U D AR 7 T
Jit 2R D/ i 9 /L, N3 it T 1 EUIE D 2E 7 0 B N4
it 3 b 5.51%6,0.38%,7.44 %,

£S5 KEABEMWETE ASHARNE GRBEESH LEFFHHM

Table 5 Effect of water—nitrogen coupling on cotton yield, water use efficiency, nitrogen bias productivity, and soil nutrients

AFMARO—60cm 12 EFHEK 060 cm 12

n g RO AR BB i g LR AR
(kg*hm 2 (kg+hm ?+mm ") (kg+ kg™

(mg * kg™ ") (mg* kg™ ")

W1N4 3.6310.08fg 6.7540.34e 12.35+0.25¢ 17.58+0.73g 1.2140.23g

WIN3 3.92+0.11fg 7.54%0.22cde 11.67£0.18g 19.61£0.80ef 5.8340.40e
WIN2 4.7740.18de 8.224-0.53bcd 12.6240.30g 24.9640.35b 7.6640.35hc

WINI 5.5040.13b 9.2840.36b 13.100.10f 27.8840.98a 9.4240.25a

W3N4 3.88+2.01¢g 7.3440.30e 13.2040.13g 19.610.24¢f 5.0340.17f

W3N3 4.4240.10e 8.1940.28bcd 13.1540.13¢ 20.0440.40de 5.4240.11ef

2022 4 W3N2 4.7340.16cd 8.67+0.46b 12.51+0.16¢ 23.1140.29bc 7.0140.10cd
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W2N2 1.7540.12cd 8.2740.47bcd 12.570.20b 22.07+0.16cd 6.5740.14d

W2N1 4.9240.04bc 8.4840.53hc 11.7140.22a 24.7140.46b 7.8240.07h
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Fig. 3  Simulated versus measured rates of cotton canopy cover and aboveground accumulated biomass in 2022
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Fig. 4  Verification of simulated and measured values of cotton canopy coverage and aboveground biomass accumulation in 2023
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Fig. 6

Changes in cotton yield and water and nitrogen use efficiency under different water and nitrogen treatments
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Table 6 Ranking of the results of the comprehensive analysis of the indicators when the irrigation water volume is 360 mm

e X10°/

KR AR R/ FAC A 277/

HeRe ICENER S (ELD . ‘ FE
(kg » hm?*) (kg * hm™ « mm™") (kg * kg™")
1 6 5.20 10.57 11.81 1.412 96
2 12 5.08 10.34 12.27 0.701 55
3 18 4.81 9.82 12.40 0.153 87
5 24 4.35 8.96 12.03 —0.082 99
6 0 4.18 8.60 12.49 —0.877 23
7 30 3.84 7.97 12.44 —1.308 16

RT RMEKEEAR

Table 7 Optimal irrigation and nitrogen application programme

TETT BB K /mm »
(kg * hm™%)
R 44
_— ifﬁﬁ;ﬁ 28 26.4
TR B 28 39.6
WAL 2%k 35 66.0
piRE 35 52.8
FRAEZE B 35 66.0
L] 58 35 66.0
£ 1 35 26.4
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k22 4 25
25
it 360 369.6
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