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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-years experimental treatments satisfied the coefficient of
determination (R?) = 0.936, the root mean square error (NRMSE) <C 40.58% , and the Nash coefficient
(Exs) = 0.72; And each evaluation index of yield and water-use efficiency satisfied the coefficient of
determination R*>>0.87, NRMSE <C 4.29%, and E\s==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.
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water nitrogen regime
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Table 1 Basic soil parameters
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80—100 4.99 58.15 36.86 1.75 28.56 1.64 0.24 b+

VE 2 o TR K O R MR Ak %
1.2 Rigit

20222023 A 78 32050 3 7F 47 R I 5 3 AR
A G Rl OR B Bl R B BB 42 57 RS B 2 4K 4
A7 7 A AR 2, 3 BBt 1] 4300 2 2022 4F 4 A 19 H ORI
2023 4 4 A 23 HL MR/ XE AR 1.1 mX5.0
m. RATHERGHEM, B8 0 H w0,
A 30 em L i Sk A 2.6 L/h, 3% Fh ] BB 4 K
4 15.20,40,20,15 cm, FHBEESEE 1.1 m. HEE 10
em, AR BIE A ILE 1,

i 7E
fof o o
fﬁﬁ£:¥*L L*r_kJCfg

1 WERE

Fig. 1  Diagram of cotton layout form
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Table 2 Field trial design

Ak B Jifls & K E@ﬁﬁf THE 7K fwE
(kg » hm %) mm
N1W1 N1 420.00 W1 488
N1W2 N1 420.00 W2 444
N1W3 N1 420.00 W3 400
N2W1 N2 378.00 W1 488
N2W2 N2 378.00 W2 444
N2W3 N2 378.00 W3 400
N3W1 N3 336.00 W1 488
N3W2 N3 336.00 W2 444
N3W3 N3 336.00 W3 400
N4W1 N4 294.00 W1 488
N4W2 N4 294.00 W2 444
N4W3 N4 294.00 W3 400
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Fig. 2 Meteorological data during the reproductive period of cotton from 2022 to 2023
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Table 5 Effect of water— nitrogen coupling on cotton yield, water use efficiency, nitrogen bias productivity, and soil nutrients
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WIN2 1.7740.18de 8.220.53bed 12.62+0.30g 24.96+0.35b 7.660.35bc
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WIN4 1.0440.05¢ 7.94+0.51g 13.74+1.28¢ 18.95+0.50g 4.5140.17f

WIN3 4.1840.28¢ 7.5540.70f 12.440.70f 20.9340.45¢f 5.8140.06e

WIN2 4.56=£0.31b 8.0340.79¢ 12.0740.75¢ 25.7140.65bc 8.1740.06e

WINI 5.13+0.44a 8.8840.38¢ 12.2040.95¢ 28.5840.23a 9.6240.17a

W3N4 3.93240.06de 7.7240.43e 13.3840.16¢ 20.980.24ef 5.8340.34¢

W3N3 4.1140.69cd 7.9740.11e 12.2340.99¢ 21.5740.11e 5.9640.35¢

2023 W3N2 4.5740.06b 8.8240.56¢ 12.0940.52¢ 24.3840.32¢d 7.38%0.29¢
W3N1 5.1140.59a 9.84+0.65a 12.1740.29b 25.28+0.21bc 8.11+0.25b

W2N4 3.9540.14e 7.4640.80f 13.4340.06d 20.01+0.10fg 5.7240.28¢
W2N3 4.10£0.11cd 7.5140.48f 12.2040.46¢ 23.01£0.47d 6.1840.37de
W2N2 4.5740.07b 8.27+0.15d 12.09+0.42b 23.19+0.18d 6.840.24cd

W2N1 5.03%0.08a 9.04=£0.72b 11.9640.26a 26.020.18b 8.210.08b

TE 2 8O 35 D S A8 A5 0 22 5 TR B AR [R) /N5 5% B 8 7R A [ Kb B W] 22 7t e 25

2.2 AquaCrop IRE S EFES5HIE

22,1 MRBEEBIERLANZTWHREEL L RIE
AquaCrop BRI S HASHERR UL WL 3. & 4, HRAETEA:
B, 32 Wit T 52 o, AR R AN BT I A ik 57 0
A RGN OT A W & e ok 2 B i R R b

I AERE A 80 K ik B de KAE L B A2 I 3 2%
w H B IR I AR £ B RS AR AL 1B IR A RIF A
A B A OG5 AR L SR R o i
Tt 1B 7% i )22 78 o 2 S T A, A i RGN
2022 445 4b P OE 2 B o B AR R BR O 0.936<C
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0.9932023 4 5 J2 74 o JE A AR ) B AUL(E 5 52 DA
Fxf b, 25 b 3 5 )2 78 15 FE IR M H8 A5 0.989<<R* <<
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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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2.3

Comparison of simulated and measured values of cotton yield and water use efficiency for each treatment
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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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R6 EBMEA 360 mm HEBIERESFTERERF

Table 6 Ranking of the results of the comprehensive analysis of the indicators when the irrigation water volume is 360 mm

FeaE/

KRR/ AR A= 7=/

HEF % W O , f F S E
(X10°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

xT BMEKERAR

Table 7 Optimal irrigation and nitrogen application programme

» RE/
LEEB B WK &/ mm B
(kg * hm™ %)
A= B 44
» 175 0 28 26.4
wH TR B 28 39.6
WAL 2 A 35 66.0
iRl 35 52.8
BRALLE B 35 66.0
LR 2 3 35 66.0
i 35 26.4
3] 35 26.4
2 25
25
At 360 369.6
3 it it
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BIRE ) I AN I 35 e R0 0 D 30 YO B, R SR A i
I VRE T 0 98 T /L 2 R R S A 1 e
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P i 20 2 15 W S A 01 X 5 ST 2 B 9T R L FE K
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A S & 2 80 =D

VEY A L R v, 7K 43 T AR A i R i 1 4 %t
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I/ 7K 43 it A B4R 7 1R AL A &= B AT R m AR
(7K 43 R RSCR B 25 IR+ B 3% . B, K 4r
0% 5 AU A= 7= 7 1807 5 2 06 2, Vi W 52 0
FE T EL 70 BP9 A )T 388 D0 AR 2R e R AR 2 v BRI 43
A o A 1 9P U T AR I MR R B 2
(R % PR B, BN R i) 2 R T i B R 2 o, A
1717 B4 3 7K SR A
3.2 AquaCrop #=E {935 A% 5 7

BT 2 A AR H R B0 B s SE Al AquaCrop £
RUBSRE 1 1) T DU A A6 A A o 78 b OE R R KO A A ek
R A R A . XTI A R A
P, AquaCrop 7F #ift € A2 & A 30 &5 Al A A6 7l 2 7 55
B AR A B T A 3R X ek 7K i 2 Ak BT AR AR i R
f G 94 B TR 6 2R E OB AT, AR BF g P, 2022 4R
W2N1 4 2 F 5 )2 & 55 B A &R & 4, R
NRMSE . E s 4> 3 4 0.984,4.50% ,0.99, 4% )~ 22"
BN [R1 B 16 B8 A A6 i 2 B 35 B R* il NRMSE 43
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AquaCrop ] KE B A5 100 A4 35 309 P4 ot 2 7 6 % K R 1S
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