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HIt: pEs R REMAEZ X, PG KEEE G 5 =817 (MIT3R6) HifeFiEii
KB FH RACRAR B E R ) B 5 b R AR A T IC S5 Pk ik o ASTIE 56 DA i 5 PR R 8 o T 98 38 A FEL A%
%, BER—R=8U1T (MIT3R4) FERE T R/KERE G RN, R4 K S LK R iE#
U, 456 AquaCrop HEAY I 19 7K IR ™ (RVEE R P52, D P SBARAE W] RE SR P SR LR A
7735 2024-2025 FAE R EIARET 5O TR AR K H/N XE AR, PAih MIT3R6 5 AU/K 28 #E
(600 mm. 825 kg/hm?) NXFHE CK 4bHE, ¥ E M1T3R4 =R 3 FHEIE/K T (360, 450, 54
0 mm) 5 3 %K (495, 619. 743 kg/hm?) FIFE R R =K FRENLX ALRES; RS0 E it
Kibr. i LHOKE. MREES R QU0 JoKEA = 115%, VKB G BB KI5
iE AquaCrop #5554, FRIE TR RRIMRIEE. TKE. TRE, Wim T RERKSCER, #7104
Tk H A IR AL, SR NSGA-IL 5 TOPSIS V58 B &4 24 T EREHIFE 2 H AR AL .
A (1) MLIT3RA Pl s 20T 2 AL (A B 3K U 23 0 A, SRTHIR DXOK LR 5 A4 T A8 B
. MBS AL 60~100 cm IR E LS KA SWC F0y 14.94%, B CK ALPEFEK 10.33%,
W IRZBTN, R ORRE 20~60 cm R R %O Z /KR, SWC y 19.78%; 0~60 cm t/Z%%
SRS RSN 22,24, 32.26 mglkg, i CK BRACE R MG A, MR RS RIS 2.9%.
(2) M1T3R4 P AL AT 5 2 SRR AL 77 B 5 /K BB IR BRI B R Tt o s = mT R e
RS R BRI 21.25%. FRREIRTE 10.2%, A RORAMISFI I ® BE 5595, m R AL BN AR A B
7985.83 kg/hm?, % CK #2 7} 28.12%; [FIIfiffL#E/K B CK F#{K 8.8%, 7K7r4:r= 11 WP, U w4
7277 PFPN 43 332 T+ 31.1%. 64.7%; 1245 /K ZUR & 24080 2 35 s Wi A 467 & . WP PFPN (P<<0.05) -
(3) K& B AquaCrop AE 7Y 7 5 58 ¥ E Al AN [R) R A Rl K EAC B N #)3R B R I 3E
M. SRS, WEMERE CC. g /KE SWC. ik ET. TR E B A & Y ML 5
RIGSMME = EY 4, Hb R2KT 0.81, d#5KT 0.85, K IAGIAI LS HUF LI [ HEBE . i %L
AR RRAEAE KR B A B O R, AP SRR 50 5 2 H AR A SR A T S T I
(4) RFRERFHIIE Y. WP, PFPN 5322 (P<0.05) , HIYBETFWria g £Mes ~
. M1T3R4 #EULE S AER R I BRIV AR I T M1IT3R6, Y. WP 1 PFPN T4 7} 6.5%.
6.14%#F1 36.34%. % HFrib)E, &FEMEMKIER Ry 529.9~599.1 mm. Jfi% &}y 551.8~584.9
kg/hm?, % M1T3R6 1z A4 8.85%~21.82%, [AJfT 117K 0.15%~11.68%- Jk%( 29.1%~33.12%.
e L5 BTk, MGG =87, AT AR S IR K A, TR
PSR TR MR AE KR, ALK A R =010, RIOKEEFT). ¥R 5 A5G,
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Abstract

Object: Southern Xinjiang is a major cotton-producing region in China. It currently faces challenges such as
water scarcity, low water and nitrogen use efficiency in the traditional “one-film-three-pipes-six-rows”
(MIT3R6) cotton cultivation model, and mismatches between irrigation regimes and cultivation practices.
This study focuses on dry-seeded, wet-emerged cotton fields in Southern Xinjiang. It is the first to reveal the
water-nitrogen coupling effects of the “one-film, three-tubes, four-rows” (M1T3R4) planting system,
elucidates the patterns of cotton growth and soil water and nitrogen movement under this system, and uses
the AquaCrop model to screen for water and nitrogen management schemes that conserve water, reduce
nitrogen use, and increase yields, thereby providing a scientific basis for sustainable cotton production in
Southern Xinjiang.

Methods: A two-year field plot experiment was conducted in Tumushuk City, Southern Xinjiang, from 2024
to 2025. The local conventional water and nitrogen management practice (M1T3R6; 600 mm, 825 kg/ha)
served as the control (CK) treatment. A two-factor, three-level randomized block design was established
under the M1T3R4 planting pattern, with three irrigation levels (W1: 360, W2: 450, W3: 540 mm) and three
nitrogen application rates (N1: 495, N2: 619, N3: 743 kg/ha) under the MIT3R4 cropping system;
systematically measured cotton growth indices, yield, spatiotemporal distribution of soil water and nitrogen,
total nitrogen content in cotton, economic benefits, and water-nitrogen productivity, and analyzed the water-
nitrogen coupling effects; The AquaCrop model was calibrated and validated. Based on historical
meteorological data, four hydrological year types were classified: wet, normal, dry, and extremely dry. The
NSGA-II and TOPSIS methods were employed to perform multi-objective optimization of irrigation regimes
under each year type.

Results: (1) The M1T3R4 cropping pattern significantly optimizes the spatiotemporal distribution of soil
water and nitrogen in cotton fields, enhancing water and nitrogen supply to the root zone and increasing
nitrogen content in reproductive organs. For this pattern, the average soil water content (SWC) in the 60—100
cm deep soil layer across all treatments was 14.94%, a 10.33% reduction compared to the control (CK)
treatment, significantly reducing deep-layer leaching while ensuring water supply in the 20—60 cm root zone
core layer, where SWC was 19.78%; The concentrations of ammonium nitrogen and nitrate nitrogen in the
0-60 cm soil layer were 22.24 and 32.26 mg/kg, respectively, reducing the risk of nitrogen leaching compared
to the CK treatment and increasing nitrogen content in cotton bolls by 2.9%.

(2) The M1T3R4 cropping system significantly enhances both cotton yield and the efficiency of water
and nitrogen resource utilization. This system increases the number of bolls per plant by 21.25% and boll
weight by 10.2%, effectively compensating for the disadvantages of low planting density. The optimal
treatment achieved a lint yield of 7,985.83 kg/ha, a 28.12% increase compared to CK; simultaneously
reducing cotton water consumption by 8.8% compared to CK, while increasing water productivity (WP) and
nitrogen fertilizer partial productivity (PFPN) by 31.1% and 64.7%, respectively; the water-nitrogen coupling
effect of this pattern significantly influenced cotton yield, WP, and PFPN (P < 0.05).

(3) The calibrated AquaCrop model demonstrated good applicability across different planting patterns
and water-nitrogen treatments in drip-irrigated cotton fields in southern Xinjiang. Results showed that the
simulated values of canopy cover (CC), soil water content (SWC), evapotranspiration (ET), dry matter (B),



and yield (Y) were in high agreement with the experimental measurements, with R? values all greater than
0.81 and d values all greater than 0.85. This indicates that the model can effectively simulate the growth and
development as well as the yield formation processes of cotton under different irrigation and nitrogen
application treatments, providing a reliable tool for historical scenario analysis and multi-objective
optimization.

(4) Significant differences (P < 0.05) were observed in cotton yield (Y), water potential (WP), and plant
water potential (PFPN) across different climatic scenarios, with all three parameters exhibiting a stepwise
decline as drought stress intensified. The M1T3R4 model outperformed the M1T3R6 model in overall
scenario simulation across all climatic scenarios, with average increases of 6.5%, 6.14%, and 36.34% in Y,
WP, and PFPN, respectively. After multi-objective optimization, the optimal irrigation volume for each
climate scenario ranged from 529.9 to 599.1 mm, and the optimal nitrogen application rate ranged from 551.8
to 584.9 kg/ha. Compared to the M1T3R6 model, this resulted in yield increases of 8.85% to 21.82%, while
simultaneously saving 0.15%—11.68% of water and reducing nitrogen application by 29.1%-33.12%.
Conclusion: In summary, compared to the traditional “one film, three pipes, six rows” system, the “one film,
three pipes, four rows” planting system, combined with optimal water and nitrogen management, can
significantly promote the growth and development of dry-seeded, wet-emerged cotton in Southern Xinjiang,
optimize the spatiotemporal distribution of soil water and nitrogen, and enhance water and nitrogen
productivity, lint yield, and economic benefits. Furthermore, the differentiated annual irrigation regime has
further achieved the synergistic goals of water conservation, nitrogen reduction, and yield increase for cotton
in Southern Xinjiang.

Key words: Cotton; Dry sowing and wet emergence; Planting patterns; Water—nitrogen coupling; A

quaCrop
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