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Water and salt transport dynamics and production function of cotton fields under mulch drip irrigation in
Xinjiang

BING Shaoni"***, ZHANG Jinzhu"***, WANG Zhenhua"***, QUAN Zhen"***, MA Zhanli">**

(1.College of Water Conservancy and Architectural Engineering, Shihezi University, Shihezi 832003, China; 2. Engineering Technology
Center for Comprehensive Utilization of Saline-Alkaline Land of Xinjiang Production and Construction Corps, Shihezi 832003, China;
3. Xinjiang Production and Construction Corps Key Laboratory of Innovative Technology for High—Efficiency Water and Fertilizer
Equipment in Agriculture, Shihezi 832003, China; 4. Key Laboratory of Modern Water—saving Irrigation of Xinjiang Production and
Construction Corps, Shihezi 832003, China)

Abstract: This study focuses on cotton cultivation in the Xinjiang region, comprehensively investigating the correlation mechanism
between cotton yield and the dynamics of soil water and salt under varying soil textures and climatic conditions. It aims to construct and
validate water and salt production functions. From 2024 to 2025, artificial climate chambers were utilized to simulate the environmental

conditions of typical irrigation districts in northern and southern Xinjiang, specifically the Shihezi and Alar Irrigation Districts. Pot
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experiments were conducted under loam and sandy soil conditions to assess the effects of soil water and salt stress. The experimental setup
included seven initial soil salt content gradients:S1(2 g-kg™'), S2(4 g-kg™"), S3(6 g-kg™'), S4(8 g-kg™"), S5(12 g-kg™), S6(16 g-kg™),
and S7(20 g-kg™), as well as three soil water—holding capacity levels: W1(80% of field capacity), W2(60% of field capacity), and W3

(40% of field capacity ). Through this experimental design, the study explored the transport dynamics of soil water and salt in cotton under

sub~film drip irrigation in Xinjiang and established and verified water and salt production functions under different initial conditions. The
results indicated that soil water and salt stress significantly increased soil salt content, while soil moisture content exhibited a synergistic
upward trend with increasing salt content and water—holding capacity. Loam soil was more favorable for achieving higher cotton yields
compared with sandy soil. Moreover, when the initial soil salt content exceeded 8 g-kg™" or the soil moisture content fell below 60% of field
capacity, cotton yield declined sharply. Cotton’ s salt tolerance increased as the growth stage progressed. The order of salt sensitivity index
(o) was as follows: seedling stage>bud stage>flowering and boll-setting stage>boll-opening stage. The flowering and boll-setting stage
was the most sensitive to water stress. The order of water sensitivity index (\) was: flowering and boll-setting stage>bud stage>boll-
opening stage>seedling stage. The research demonstrates that the water—salt production function based on the Jensen model provides highly

accurate yield estimation (R>>0.898 . d>0.993), offering a scientific basis for the improvement and utilization of saline—alkali land in

Xinjiang and contributing to the sustainable development of regional agriculture.

Keywords: soil; irrigation; mulch drip irrigation; water—salt dynamic; yield prediction; water—salt production function
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Table 1 Soil physical and chemical properties

BRI URLALAL Particle composition/% BB 2] gt FH T 2K fik
Soil texture Fkr Clay(<0.002 mm) K35 Silt(0.002~0.02 mm) A5 Sand(0.02~2 mm)  Initial soil salinity/(g-kg™)  Field capacity/%
[/ 2.23 9.36 88.41 2.37 26.59
e+ 11.21 26.32 62.47 2.09 27.13
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Figure 2 Growth stage—specific soil salinity dynamics
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Shihezi loam soil

BT /K e L

Alar loam soil

e GHTD L FH/RID £
Treatment Shihezi sand soil Alar sand soil
SIW1 5776.90£112.95a 6258.40+121.97a
SIW2 4 183.46+106.55¢ 5250.99+154.53¢
SIW3 2 920.40+103.99h 3996.60+121.88f
S2W1 4 963.39+95.25b 5655.03+157.96b
S2W2 3791.33+135.77e 4 672.54+130.80d
S2W3 2502.27+196.04j 2 689.13+52.07h
S3W1 3981.43+107.26d 4447.77+137.30e
S3W2 3353.70+83.06g 3938.10+105.68f
S3W3 1 996.95+91.901 2271.55+83.03i
S4W1 3 548.68+109.90f 3971.68+170.74f
S4W2 2 668.01+112.681 3475.02+£126.24g
S4W3 1 193.18+66.17m 1 604.81+128.58;
S5W1 2 150.76+50.80k 2360.91+158.80i
S5W2 1 285.80+44.63m 1 320.46+108.88k
S5W3 658.07+52.58n 977.62+112.931
S6W 1 467.96+41.650 628.82+51.92m
S6W2 280.02+75.73p 322.80+136.81n
S6W3 180.90+156.67pqr 153.28+81.48nop
STW1 269.73+76.37pq 304.39+93.80n0
STW2 119.70+108.40qr 131.61+120.730p
STW3 55.79+96.63r 63.37+109.76p
(W) *o o
K (SxW) i &

5 817.52+406.02a
4507.89+269.42¢
3219.92+248.83f
5 167.58+218.36b
4268.49+344.65¢d
2734.09+25.19gh
4072.97+86.01d
3393.78103.08f
2103.10+16.36i
3 638.05+78.45¢
2814.25+210.78¢
1 406.04+188.72j
2 404.24+62.60hi
1 362.7136.34j
724.68+628.07k
613.65+33.39kl
345.55+46.421m
212.86+368.68m
317.93+63.54m
150.03+259.86m
67.70+117.261m

Rk
ks

*ok

6 333.14+314.07a
5578.66+167.05b
4 113.59+336.43d
5 831.06+51.54b
4792.24+153.65¢
3 010.31+224.66f
4627.04+192.56¢
4013.39+128.73d
2312.17+71.88g
4109.26+44.88d
3614.76+103.29¢
1703.39+183.30h
2 528.81+97.90g
1 464.53+40.34h
1011.20+57.73i
739.31+345.861
372.63+86.35j
257.81+225.39jk
406.21+371.25j
187.94+189.31jk
80.70+139.78k

ok
ok

ok

TE : (A A R NG FREF R AL B2 1] 22 5 2.3 (P<0.05) 5 %% : P<0.01,

Note: Different lowercase letters indicate significant differences among treatments (P<0.05); *%*: P<0.01.
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AFAE T[] - 338 ol by 2% 40 1 A VT A ) DR i
AR
2.3 IKERE TR R IIE
2.3.1 BRI H T

K3 SR 50N 118 (L 188 A 0] 336, BH S A6 6T 7 1)
—HE B B K o I SO B, AR B B oK ) 2
FEAEY T . MR 3 R AR AR TN OK
3 RS BN MR 3R I Ry A% 1 > 85 10 > ik 22 0>
01, AR A6 AE A8 T X K e P AR S5, T U K 43
)RR J5 55 0 R A0 URFR B o T AR AE - ) £+
Ly TR BT, o (BB K R 7 B UK, AR AE 327 31
A3 Toih 38 S U . R 3 AT AL AR A A A
A I ER 43 BURAE B o MU B 0> 35 I > A6 4% 10>
i 22 3 B AR AL v 6k o R v e, A T
U R 6 AR 170 R 2 8 T R B AL, BV 6 BB 0
.
2.3.2 BIREERIEAN

FEANTR) ) S BTl 5 e 400, RIS K=
+ 385 Eh 1 RMSE 4331 /T 0.006 111154 . R* YK
T 0.969, 40l 25 5 5 S E M) & R A R AT A4
45 L[ B R A% 45 2 b, 2 e 1 338 7K 53 RN R 43 AE A [F]
() A T IS 3T DA B AN TR) B4 A R S B AR AR 0 (3%
4) . e 4 mTgn R rh i B S I i) B A
Eb B 25 1Y) Jensen AR ] 558 v fiff 1t 000 A A6 7 /K S
JUR 360 S B4 7 i ARG ST A A K R AR 7 R R AR

R4 TEEKEMLESEEMNERTNEE
Table 4 Model prediction accuracy for soil water

and salt content

= —
Variable sﬁ%ﬁi{i ' S
FHEEEOKE ATt 0.983 0.005 0.984
BTRL/R D+ 0.999 0.001 0.981
AT FHE A+ 0.977 0.006 0.986
Bz SR 4 - 0.989 0.005 0.986
THEE R AT L 0.977 0.956 0.999
B R b+ 0.977 0.975 0.999
AT F3E 0.973 1.067 0.999
By /R 1+ 0.969 1.154 0.999

DL 52 0 e 2 &R B R? 4 0.993 ., 0.995 ., 0.996
0.996, 3¢ AR R o 7= S A DL R0 SR Aty , ol FH AR AE X
FE AL TR

3 i

3.1 XFKERIZFAI M

TEABTE T, 2RI 451 T kR is B 32
ZRHA R B, LIRS s SR R 1 S
9K 3=, A AR T BEAIL, 4K DA B 25K
HE. L B ER Y 2R 1 (0~20 em) , FEER
gy PR, ST S AR T ERE KR
BN H R ORI T R R R MK aris
STERE R IR B B & T4, R BRI RE K S o, 18

3 BIEF Jensen RIS E

Table 3 Parameter fitting of the modified Jensen model

3T 2 i A L k228
Soil texture Parameter Seeding stage Bud stage Flowering—boll stage Boll-opening stage
FrinFb A -0.073 0.327 0.440 0.247
o 0.843 0.612 0.246 -0.777
Setonl (gkg™) 7.808 7.215 7.998 2.135
Setomad (g+kg™) 22.664 24.336 21.208 19.178
BTz JR AP - A -0.259 0.490 0.554 0.110
o 0.999 0.999 0.161 -0.972
Setonl (gkg™) 3.897 8.204 5.773 7.786
Setomnd (gokg™) 20.622 20.492 23.974 21.837
AT A 0.118 0.285 0.486 0.240
o 0.996 0.361 0.119 -0.999
Setomnd (gkg™) 9.506 8.884 2.411 8.658
Setomnd (gokg™) 15.382 26.198 23.322 27.442
Enwe: SR A 0.009 0.178 0.771 0.030
o 0.997 0.805 0.369 -0.385
Setominl (g-kg™) 9.264 0.007 8.355 6.420
Setomnd (gokg™) 19.867 24.028 24792 22.700
http://www.aed.org.cn — 1619 —
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Figure 4 Productivity verification of the revised Jensen model
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