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Fig.1 Schematic of study area and locations of soil salinity
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Fig.2 Distribution of soil salt accumulation frequency at different depths during 4 times of sampling
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Table 1 Spatial mean and seasonal changes of soil salinity (dS'm™)
T2 g 53 Soil salinity T+ 3454321 A5 1k Soil salinity seasonal changes
Soil depth/m Y1705 Y1709 Y1805 Y1809 201781 201782 2018S1
0~0.6 0.32 0.34 0.29 0.30 0.01 —0.04 <0.01
>0.6~1.2 0.33 0.28 0.33 0.29 —-0.04 0.05 —-0.04
>1.2~1.8 0.29 0.26 0.29 0.26 -0.03 0.04 —-0.03
0~1.8 0.32 0.29 0.31 0.28 —0.03 0.02 —0.02

VE: 2017 451 2018 £EAE H HA L3 3h 40 R fb bRic Sy 2017S1 A1 2018S1, ARBHEA Y1709 £ Y1805 3 /0 B LARIC A 201782, FE—=R7 Py L3 28 /0 AR L =&

TR IREME ST E R E

Note: The changes of soil salinity in the crop growing period of 2017 and 2018 were labeled as 2017S1 and 2018S1, and the changes of soil salinity in the fallow period from
Y1709 to Y1805 were labeled as 2017S2. The change of soil salinity in a certain season is the difference between the soil salinity at the end of the season and the salinity at the

beginning of the season.
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Fig.4 Effect of each factor on root zone soil salinity changes during crop growing period

R2 EEIRRELBEESTBUNSERFENSH
Table 2 Multi-factor variance analysis for root zone soil salinity
change during crop growing period

B2 _ AF{E F value ___
Factors 2017 54 2018 {4
Arid year of 2017 Wet year of 2018
PC 20.81%** 10.47%*
GWDM 16.61%** 23.19%*
GWD 33.91%* 14.27%*
GWS 63.26%* 12.47%*
RTSC 111.86%* 7.35%
PCxGWDM 20.36%* 26.00%*
PCxGWD 10.27** -
GWDMxGWD 7.26%* 4.42%*
GWDMxGWS 12.19%* -
GWDxGWS 21.03%* -
GWDxRTSC 20.55%* -
GWSxRTSC 13.25%* -
PCxRTSC - 3.67*
PCxGWDXRTSC - 10.64**
PCxGWSxRTSC - 9.17%*
GWDxGWSXRTSC - 5.47*
PCxGWDMxGWD 52.88%* -
PCxGWDMxGWS 20.43%* -

W R EORTE 0.01 KT REE; FRIRAE 0.05 KT ERE,
Note: ** indicates significant at 0.01 level, and * indicates significant at the
0.05 level.

2.4 EEHAN LIRS 5 3T HE T KB IR AN B

B B R0 KR A ) B 2 33 R o s ok 1 O
5 AW, AFHCI KR TR RE LR 3
Fizme 2017 SEAE B W], HO R KRN T25F 1.40 m B
FEAL B AR RE T 5 B2 KT F /KR KT
140 m H3EE 4 (P<0.05) . 2018 Fih T /KRN T
T 1.20m AT 1.60 m IR RZ L BE KT H
B B HIEER 7y (P<0.05). M 2alligfkE, £
B VIR R 2 3 EE 0 Bt A T 7K SR 386 KT 45 £k
W ILES) .
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Table 3 Root zone soil salinity under different groundwater depth

in early May (dS'm™)
Hu R KR 2017 2018
Groundwater
+ +
depth/m n Mean+SD Q25 Q75 n Mean+SD Q25 Q75
<1.20 11 0.417£0.173a 0.293 0.458 4 0.513+0.151a 0.434 0.568
1.40 5 0.450+0.462a 0.209 0.332 4 0.291+0.131b 0.203 0.348
1.60 11 0.218+0.118b 0.159 0.200 3 0.544+0.256a 0.446 0.689
1.80 11 0.309+0.273b 0.166 0.336 6 0.254+0.109b 0.205 0.252
>1.80 27 0.302+0.181b 0.207 0.301 50 0.267+0.117b 0.186 0.292

e on R ERG SD R LIEER S IMHEIIRHES: Q25 Ml Q75 =Lk fr

BN O FOR B R MR RRRE ARSI ELESEER
(P>0.05) -

Note: n is the number of sampling locations; SD is the standard deviation of the

mean soil salinity; Q25 and Q75 are the lower quartile and upper quartile of soil

salinity. The same letter indicates no significant difference in salt values between

groups (P>>0.05).
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Note: (x) indicates that this data point was not included in the model. It mainly
because that there were only 3 samples for this point, and data representativeness
is insufficient with large soil salinity variations in salinity. In addition, the fact
that the pattern of data added to this point is contrary to the general rule of soil
salinity exponential decreasing with groundwater depth.

BS5 AFHWARAELEE S 5T ARRN XA
Fig.5 Relationship between root zone soil salinity and
groundwater depth at the beginning of crop growing period
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FrEt. BRIk, SRVEIX 898 2h 4 AN 52 0 R 7K 5 M8 ) I S 4
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HVR,
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0123 4km M 1L.14~<150 o 1 2 3 4km B 0.19~<021 0 | 2 3 4km B 0.18~<022 o | 2 3 4km B 0.18~<020 o | 2 3 4km MM 0.19~<0.21
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W 2.69~<3.05 B 0.34~<0.52 I 0.38~<0.53 B 0.31~<0.45 I 0.33~<0.48
W 3.05~3.27 I 0.52~0.91 I 0.53~0.78 I 0.45~0.70 I 0.48~0.79

a. M KR
a. Groundwater depth

b. 0~0.6 m-+:3% 35y
b. Soil salinity at 0~0.6 m

c.>0.6~1.2 m-EHE#h 5y
c. Soil salinity at 0.6~1.2 m

d.>1.2~1.8 mtHEh )
d. Soil salinity at 1.2~1.8 m

e. 0~1.8 mb: b sy
e. Soil salinity at 0~1.8 m
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Fig.6  Spatial pattern of average groundwater depth and spatial pattern of average soil salinity over 4 sampling times at the depth of
0~0.60 m, >0.60~1.20 m, >1.20~1.80 m, and 0~1.80 m
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Fig.7 Relationship between annual averaged groundwater depth and soil salinity at 4 sampling times
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Root zone and deep soil salinity dynamics and suitable groundwater depth
for salt control in the Hetao Irrigation District

SUN Guanfang' , ZHAI Mingfei' , WANG Chunyu® , ZHU Yan? , QU Zhongyi®, LI Yonghong' , GAO Zhaoliang'*

(1. Institute of Soil and Water Conservation, Northwest A & F University, Yangling 712100, China; 2. State Key Laboratory of Water
Resources Engineering and Management, Wuhan University, Wuhan 430072, China; 3. College of Water Conservancy and Civil
Engineering, Inner Mongolia Agricultural University, Hohhot 010018, China)

Abstract: Soil salinization is a main environmental and ecological problem in irrigated agro-ecosystems especially for the area
with shallow groundwater table. Most previous studies mainly focused on the surface and root zone soil salinity, however, the
knowledge on spatio-temporal dynamics of soil salinity for both root zone and deep soil as well as driving factors, and the
recommended seasonal and annual groundwater depth for salt control was rarely addressed. In this study, 68 cropland sampling
experiments and investigations related to soil salinity from the top soil to the depth of 1.80 m, groundwater depth and salinity,
and crop types were carried out before and after the crop growing season of 2017-2018 in the Hetao Irrigation District. Soil
salinity statistical characteristics showed that the standard deviation of soil salinity in time and space became larger with
increasing of temporal mean and spatial mean. The root zone (within depth of 0~ 0.60 m) soil salinity in the crop growing
season were accumulated and desalinated in the fallow season, which was opposite for changes of the deep (within depth of
0.60-1.80 m) soil salinity. The multi-factor variance analysis of variance showed that the driving factors including crop type,
groundwater depth at the beginning of crop growing season, averaged groundwater depth in the crop growing season,
groundwater salinity and root zone soil salinity at the beginning of crop growing season had significant effects on root zone soil
salinity changes in the crop growing season (P<0.05). The influence of groundwater condition and other factors on root zone
soil salinity change during crop growing season was closely related to the hydrological year type. At the beginning of crop
growing season, the soil salinity in the root zone decreased exponentially with increasing groundwater depth, and the sampling
locations with soil salinity below average had a minimum groundwater depth of 1.60 m. Both salt value and salt reduction rate
decreased with groundwater depth increased across different soil layers when the average annual groundwater depth was less
than 2.50 m. Thus, the sampling locations were selected where the groundwater table depth was less than 2.50 m, and then the
median of root zone soil salinity and groundwater depth was obtained by the frequency analysis method. The annual suitable
critical control groundwater depth for soil salinity median was 1.77 m. The groundwater depth of sampling locations where soil
salinity was significantly higher than the median or mean value were less than 1.77 m. Therefore, in order to control soil
salinity, it is recommended that the groundwater depth should be no less than 1.60 m at the beginning of crop growing period,
and to maintain an average annual groundwater depth of at least 1.77 m. The research results will provide theoretical support
for the design of irrigation scheduling and the rational layout of drainage projects for similar irrigation area in the arid area.
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