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Dynamic analysis of water and salt in cropland - saline alkali land — sand dunes — lake area based on SWAP

model
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Abstract: In order to explore the action and mechanism of saline—alkali land, sand dunes and lake on salinity discharge of cropland, an ex-
periment was conducted from 2013 to 2016 at Zhangliansheng research area, which located in the Hetao irrigation district of Inner Mongo-
lia. This experiment utilized variable observed data of soil moisture and salinity as well as groundwater salinity and burial depth to simulate
and analyze dynamic change of soil moisture and salinity via calibration and validation of SWAP model. The results showed that SWAP
model could better reflect the vertical dynamic change law of soil moisture and salinity in the test area. Model validation results showed that
the root mean square error(RMSE) of soil moisture was less than 0.03 cm®+em™, the RMSE of soil salinity was less than 0.12 g-kg™', and
the mean relative error(MRE) of both were less than 16%. The groundwater dynamic analysis showed that the groundwater trend in the test
area was basically from northwest to southeast. The research showed that the water content of cropland was greatly affected by irrigation wa-
ter, and the moisture gradually seeped into the deep layer and then laterally replenished saline—alkali land and sand dunes. The surface wa-
ter content of sand dunes was low, while the deep water could laterally replenish cropland and saline—alkali land. Salinity of cropland mi-
grated to saline—alkali land and sand dunes during the irrigation period, and finally gathered in lake. Salinity was accumulated in saline-al-

kali land during the growth period of crops, while it was lost during the autumn irrigation period. The groundwater of cropland and saline-al-
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kali land laterally replenished sand dunes and lake in irrigation period, while the groundwater of sand dunes could laterally replenish crop-

land, saline-alkali land and lake in non—irrigation period.

Keywords: cropland—saline alkali soil-sand dunes—lake; SWAP model; water and salt dynamics; groundwater regime
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Figure 2 Plane position chart of test area
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Table 2 Soil physical characteristics of cropland and saline—alkali land

R 75T Bulk density/ W - HERURT 43 A1 Particle size distribution/% g
Soil depth/cm gecm” Specific gravity 0.05~2 mm 0.002~0.05 mm <0.002 mm Soil type
0~20 1.45 2.66 30.95 63.91 5.14 Ky L
20~40 1.47 2.67 8.92 85.76 5.32 hi
40~60 1.46 2.70 19.35 77.68 2.97 FydE L
60~80 1.49 2.71 17.90 79.87 2.23 Ky L
80~100 1.53 272 21.18 75.68 3.15 ik =
3 #Hh BTN ESBEEER
Table 3 Soil water characteristic parameters calibration results of cropland and saline alkali land
Ry UREAES BRI BRPICEL RS s s
Soil depth/em Residual mglsturﬁ Saturated mg)lslu{;: Saturation conﬁ(lluctlvny/ Shape Shape parameter  Shape parameter
content/cm’+cm content/cm’+cm cm-d parameter
0~10 0.06 0.30 5.0 0.03 1.65 0.65
10~20 0.08 0.33 8.0 0.03 1.75 0.80
20~30 0.08 0.33 8.0 0.03 1.80 0.80
30-40 0.08 0.33 8.0 0.03 1.80 0.80
40~60 0.08 0.33 8.0 0.03 1.80 0.80
60~80 0.09 0.36 6.0 0.03 1.45 0.65
80~120 0.09 0.36 6.0 0.02 1.50 0.65
R4 DETEASEESHEEER
Table 4 Soil water characteristic parameters calibration results of sand dunes
|| RAKES AR, ORRAEL BRBBa o o
Soil depth/em Residual mglsturfj Saturated m?lstulj Saturation Col’ljiucll\’lty/ Shape Shape parameter Shape parameter
content/cm’+cm content/cm’+cm cm-d parameter
0~10 0.02 0.10 8.0 0.03 1.65 0.5
10~20 0.05 0.25 10.0 0.03 1.75 0.5
20~30 0.05 0.25 10.0 0.03 1.80 0.5
30-40 0.05 0.25 10.0 0.03 1.80 0.5
40~60 0.05 0.27 10.0 0.03 1.80 0.5
60~80 0.06 0.27 7.5 0.03 1.45 0.5
80~120 0.06 0.30 7.5 0.02 1.50 0.5
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Figure 3 Comparison between simulated and measured soil moisture content in the calibration period
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Figure 4 Comparison between simulated and measured soil moisture content in the validation period
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Table 5 Model calibration and validation error analysis of soil moisture

FRI 2 7E Model calibration

FEBIIGAE Model validation

hHERNE - - - -
Sl species H R FHIHIR B2 Hy TR o FHIHR B2
Root mean square error/cm’+cm™ Mean relative error/% Root mean square error/cm’+cm™ Mean relative error/%
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Figure 5 Comparison between simulated and measured soil salinity in the calibration period
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Figure 6 Comparison between simulated and measured soil salinity in the verification period
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Table 6 Model calibration and validation error analysis of soil salinity
RS BT IE
ES 1IES Model calibration Model validation
Soil species BTRIRE o PR 5 ¥Rz o PHIHN RIS
Root mean square error/g-kg™' Mean relative error/% Root mean square error/g-kg™ Mean relative error/%
Bt 0.01 2.49 0.02 5.40
i 0.12 15.57 0.11 8.55
W 0.02 6.82 0.02 4.77
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Figure 7 Dynamic changes of groundwater salinity
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