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Fig.1 Rainfall and reference crop evapotranspiration (ET,) in
growing season of cotton
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Table 1 Soil physical properties

KE M aHkdE  RARULEY Particle composition/%

Sojiiiiizglt(hj/gcmBmk der}iity/Field sapagzity/<0 002 mm 0.002~ ~0.05~2 mm
(grem™)  (em’em™) : 0.05 mm )
0~20 1.60 0.21 2.43 41.49 56.08
>20~40 1.55 0.24 2.55 41.40 56.05
>40~60 1.58 0.25 2.89 42.82 54.29
>60~80 1.59 0.25 2.60 41.40 56.00

xk2 EBRFIE
Table 2 Irrigation schedule

EHMB HEJK H J#E7K & Trrigation amount/mm
Growth stage Irrigation date Wi w2 w3
s i 06-14 225 30.0 375
quaring
06-23 30.0 40.0 50.0
W 07-03 34.5 46.0 57.5
Bolling 07-09 174 232 29.0
07-18 325 433 54.2
07-26 36.8 49.0 61.3
) 08-03 28.1 37.5 46.9
ﬁé@'ﬁfﬂ 08-10 33.8 45.0 56.3
Flowering 08-16 225 30.0 375
08-26 33.8 45.0 56.3
JEsnn 291.8 389.0 486.3
Total/mm : . :
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Fig.2 Schematic diagram of cotton planting pattern
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Table 3 Soil moisture characteristic parameters

Soﬁfiﬁéﬁm 0/(cm*cm ) 6/(cm’*-cm™) o/em™ n K/(cm-d") ¢
0~10 0.0269 03676  0.0296 2.1676  50.55 0.5
>10~20 0.0279 0.3456  0.0281 22141 4934 05
>20~40 0.0277 0.3523 0.0372 2.1983 4841 0.5
>40~60 0.028 6 0.3657  0.0421 19152 4048 0.5
>60~80 0.0272 0.3589  0.0474 2.1354 46.12 05

0, ARG IKE, 6, N EKE: o Fl 0 LK RAE T2
TEIRRE: K MK E, ILENEETES .

Note: 0, is the residual moisture content of soil; #, is the saturated moisture content
of soil; a and n are the shape coefficient of soil water characteristic curve; K is the
saturated water conductivity; / is the pore connectivity parameter.

x4 BIRBRBUEHBAMATESH

Table 4 Soil solute transport parameters and thermal parameters

Soﬁfﬁﬁm Djem  Djem  b/(W-em™- C™)  b/(W-em™ C™)  by(W-em™ T C/Jem™- T  CJF-em™-CT)  CJ@-em-CT
>0~10 65 45 8.67x10' 8.53x10’ 5.89x10° 1.43x10" 1.87x10" 3.12x10"
>10~20 60 45 2.87x10" 7.95x10’ 6.24x10* 1.43x10" 1.87x10" 3.12x10"
>20~40 45 40 6.57x10"7 7.83x10’ 7.49x10° 1.43x10" 1.87x10" 3.12x10"
>40~60 20 15 7.77x10" 7.65%107 8.29x10° 1.43x10™ 1.87x10™ 3.12x10'
>60~80 20 15 4.57x10' 2.53x10’ 9.89x10° 1.43x10™ 1.87x10™ 3.12x10'

e Dy NNTIREEL; Dy IBEFISREE: by by by PAARMESREINSEG Cn Con C, 00BN AR A HUSTIR B L o

Note: D, is longitudinal dispersion; D; is lateral dispersion; b+ b, and b; are the parameters of the heat conduction function; C,. C, and C, are the volume specific heat
capacities of solid phase, liquid phase and organic matter, respectively.

WIS RZ  (mean absolute error, MAE) FIHtE&E (R®)
SHERIEATIEANCY, Hor, RMSE. MAE ##%iE 0, R* ik
Bt 1, RHEERME R AR A5 SEIAE )& FE R e

144 RPN IEAT
N T e ERR ST RS R, R I SME 5 Sl
Z B3R 2% (root mean squared error, RMSE) .
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Fig.4 Two-dimensional distribution of soil moisture under various irrigation amounts of S1 treatment
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Table 5 Changes of soil moisture from the initial to the end of
growth stage
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PRV W Bk

Soil depth/em 1d(sile r(z\;v/ Drip 1rr13gatlog tape/ Bor(ger r());v/ Barge 501J3/

(cm’-cm °) (em™cm ) (em™em ) (cm’cm )
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>40~60 —0.037 0.024 —0.045 —0.046
>60~80 —0.045 —0.011 —0.047 —0.034
SFHIME Average  —0.041 —0.031 —0.046 —0.029

T SRR E IR LG KR T .
Note: The negative sign indicates that the soil moisture content decreases at the end
of the growth period.
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Note: RMSE is root mean square error. MAE is mean relative error. Irrigation mineralization is 3.5 and 5.5 'L~ for S2 and S3 respectively.
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Fig.5 Comparison of simulated and measured water content in 0-60 cm soil depth under different water and salinity treatments
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Fig.6 Distribution of soil salinity before and after irrigation under various irrigation amounts of S1 treatment
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Fig.7 Two-dimensional distribution of soil salinity in different growth stages under various irrigation salinity
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Table 6 Changes of soil salinity from the initial to the end of
growth stage

w0 £k i WL

Soil depth/em iddle flow/ Drip 1mgat}§m Border I?W/ Bare s?lll/
(gkg ) tape/(g-kg ) (gkg ) (g'kg )

0~10 0.60 —0.46 0.30 0.28
>10~20 0.42 -0.23 —-0.02 0.91
>20~40 1.05 -0.07 -0.13 0.79
>40~60 0.07 1.04 0.39 0.46
>60~80 -0.20 0.47 0.17 —0.05
FH){E Average 0.39 0.15 0.14 0.48

e HOSFRAEE RIS HE T .
Note: The negative sign indicates that the soil salinity decreases at the end of the
growth period.
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Two-dimensional transport of soil water, heat and salt with mulched drip
irrigation under brackish water in cotton fields and appropriate
irrigation schedule in southern Xinjiang of China

BI Wenping , LIN Dong , MAO Xiaomin™

(1. College of Water Resources and Civil Engineering, China Agricultural University, Beijing 100083, China; 2. National Key Laboratory
of Efficient Use of Agriculture Water Resources in Southern Xinjiang, Alar 843300, China)

Abstract: This study aims to investigate the dynamics and distribution of soil water, heat, and salt in cotton fields under
mulched drip irrigation in southern Xinjiang. The field experiment was conducted under different treatments of water and salt
irrigation at Xinjiang Alar Modern Agriculture Academician and Expert Workstation in 2023. Three irrigation levels (75%,
100%, and 125% of crop irrigation water demand for cotton) and three levels of irrigation salinity (1.5, 3.5, and 5.5 g/L). The
soil moisture content, soil salt content, and temperature of 0-80 cm layer were measured in the whole period of cotton growth.
Then HYDRUS-2D model was used to explore the effects of irrigation amounts and salinity on the two-dimensional (2-D)
migration and distribution of soil water, heat, and salt in the cotton field. Scenario simulation was implemented to reveal the
mechanism of soil salt leaching/accumulation under different irrigation schedules. The appropriate irrigation schedule was
proposed under brackish water irrigation. The main results were as follows. The horizontal moisture of the soil profile was
unevenly distributed in the early stage of growth, indicating two-dimensional (2-D) distribution. The moisture content of the
soil decreased gradually from the middle of the mulched area to the bare soil between the mulch in the horizontal direction.
While there was a more uniform lateral distribution of soil moisture in the later stage. The wet range of soil and irrigation
uniformity increased with the increase of irrigation quota. The higher irrigation quota, 125% of the irrigation water demand
failed to increase the soil water content in the root zone, compared with 100% of irrigation water demand. The efficiency of soil
salt leaching increased with the increase of irrigation amount. Salt accumulation position was shifted to the lower soil layer (40-
80 cm) and bare soil under low irrigation salinity. While the moderate and high irrigation salinity levels increased the soil
salinity beneath the drip tape and along the centerline of the plastic film. Higher water volumes under low irrigation salinity
raised the salt content in the soil of the root zone under the mulch. Soil salt accumulation was dominated to decrease the depth
of salt accumulation with the increase of irrigation salinity. The outstanding salt accumulation was observed at 60-80 cm depth
under the mineralization degree of 5.5 g/L. Furthermore, the soil temperature under mulch was higher than that in the un-
mulched area in the whole growth period, where soil temperature decreased with the increase of soil depth. Mulching has
significantly enhanced the soil warming at 0-40 cm depth in the early growth stages. HYDRUS-2D platform reliably simulated
the transport of water, heat, and salt in cotton fields under mulched drip irrigation. Specifically, excellent consistency was
found in the simulated and measured values of soil moisture content, salt content, and temperature within 0-60 cm, where all
the R* values were higher than 0.56. Scenario simulation indicated that the highest salinity of irrigation water was 3.2 g/L to
prevent salt accumulation in the soil beneath the film (0-40 cm) under full irrigation conditions. Once the irrigation amount was
90% of the irrigation water demand, the salinity of 3.5 g/L was the maximum threshold for the salt balance in the root zone soil
beneath the film.
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