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Spatial and temporal variations in soil water and salt in arid areas before
and after irrigation
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Arts Science of Beijing Union University, Beijing 100083, China; 4. Institute of Soil Science, Chinese Academy of Sciences,
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Abstract Spatial and temporal variations in soil water and salt contents of arid farmlands in Qitai County, Xinjiang was investi-
gated before and one week, 3 weeks after irrigation through profiles sampling. The results showed low soil water contents
(15.25%~16.70%) in all soil layers before irrigation, with moderate to weak spatial variability. Salt content in the upper 40 cm soil
layer was strongly variable, while that in the lower soil layer was moderately variable. One week after irrigation, soil water and salt
contents in the soil layers (except for the 0~20 cm soil layer with weak variability) remained unchanged, but their coefficients of
variation dropped. Salt content variability in the upper soil layer changed to medium and strong. Average water content in the profiles
increased by 10.51%, with a desalting rate of 8.94%. The rates of water increase (118.48%) and desalting (20.86%) in the 0~20 cm
soil profile were the highest. On the other hand, the rates of water increase (40.54%) and desalting (—6.93%) were lowest in the
100~120 cm soil layer. Compared with the one week post-irrigation condition, variation in water and salt contents in the soil layers
(except for the 80~100 cm soil layer) remained unchanged three week after irrigation. However, the coefficient of variation for water

content increased while that for salt decreased. Average water content along the soil profile decreased by 5.20%. The rate of water
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loss (36.47%) in the surface 0~20 cm soil layer was highest while that (7.31%) in the 80~100 cm soil layer was lowest. The rate of
salt accumulation (4.55%) in the surface soil was about 12 times that in the 20~40 cm soil layer. While desalting still occurred below
the 40 cm soil layer, that in the 40~80 cm soil profile decreased. Desalting rate (9.03%) in the 80~120 cm soil layer increased.

Key words Arid farmland, Irrigation, Soil profile, Water and salt content, Spatial and temporal variation, Water loss rate,
Soil salt accumulation rate, Desalting rate
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Table 1 Basic physical properties of experimental soil %
Silt Very fine sand Fine sand Medium sand Coarse sand
S"i(lcflf)pth 0.002 mm=d<0.05 mm  0.005 mm=d<0.I mm 0.1 mm=d<025mm 025 mm=d<0.5mm 0.5 mm=d<l mm
0~20 6.17 73.86 14.49 4.96 0.52
20~40 6.24 73.78 15.06 4.29 0.91
40~60 6.36 74.71 14.58 3.98 0.36
60~80 5.22 68.37 18.75 7.15 0.47

80~100 4.73 60.57 23.31 10.47 1.30
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Table 2 Pearson correlation coefficients between soil water and salt contents of different soil layers before and after irrigation

Soil depth (cm)

Average correlation coefficient of soil

Time 0~20 20~40  40~60 60~80  80~100 100~120 profile

Before irrigation 0.52%*  0.67**  0.79**  0.76%* 0.77** 0.45%%* 0.843**

1 One week after irrigation 0.67**  0.59*%* 0.28 0.25 0.50%* 0.30 0.697**
3 Three weeks after irrigation  0.64**  0.57**  0.24 0.45%* 0.51** 0.55%* 0.673%*

*k (P<0.01) ** indicates extremely significant correlation (P<0.01).
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Table 3  Statistic characteristics of soil water and salt contents in different depths before and after irrigation
Average Variation coefficient
1 3 1 3
Soil depth (em)  Soil characteristics Before One week Three weeks Before One week Three weeks
irrigation after irrigation after irrigation irrigation after irrigation after irrigation
0~20 Water (%) 15.31 33.45 21.25 0.28 0.08 0.11
Salt (g~kg") 2.78 2.20 2.30 1.03 0.96 0.96
20~40 Water (%) 16.68 29.00 21.67 0.20 0.13 0.18
Salt (g'kg ™) 2.82 2.64 2.65 1.01 0.99 0.98
40~60 Water (%) 16.23 25.17 21.63 0.22 0.11 0.10
Salt (g'kg™") 2.60 232 2.06 0.97 0.96 0.89
60~80 Water (%) 15.25 25.04 21.61 0.30 0.11 0.13
Salt (g'kg™") 2.35 1.98 1.74 0.87 0.83 0.77
80~100 Water (%) 16.21 23.39 21.68 0.27 0.11 0.09
Salt (g'kg™") 2.17 2.16 1.91 0.69 0.68 0.62
100~120 Water (%) 16.70 23.47 20.42 0.21 0.12 0.14
Salt (g'kg™") 2.02 2.16 2.02 0.60 0.55 0.53
Water (%) 16.07 26.58 21.38 0.19 0.06 0.08
Average Salt (g'kg™") 2.46 224 2.11 0.82 0.81 0.80
, , 0.031 g-kg™'-d”,
, 8.94%( 3) 1 3 ,
19.56%; )
0.08~0.13 , , 20~40 cm , , 0.009 gkg-d”'  5.80%
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65.40% s 9.03%
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Table 4 Semi-variance models and their parameters of soil water and salt contents before and after irrigation
Model type Co/(Co+C) Variable range (m)
Soil depth Soil 1 3 1 3 1 3
(cm)  characteristics ~ Before One week Three weeks Before One week  Three weeks Before One week  Three weeks

irrigation  after irrigation after irrigation  irrigation after irrigation after irrigation irrigation after irrigation after irrigation

0-20 . . . 0.103 0.354 0.101 2.64 35.19 2.47
Water (%) Exponential ~ Spherical Spherical
. . . . 0.352 0.002 0.358 36.39 6.61 16.97
Salt (g'kg™)  Gaussian Spherical Spherical
20~40 . . . 0.101 0.220 0.470 6.66 6.46 23.84
Water (%) Spherical Spherical Exponential
B . . . 0.170 0.235 0.271 26.04 28.96 14.70
Salt (gkg™)  Gaussian Gaussian Gaussian
40~60 . . . 0.430 0.494 0.500 17.62 22.09 12.59
Water (%) Gaussian Exponential Exponential
o . . . 0.049 0.241 0.289 54.30 20.06 22.62
Salt (gkg™)  Spherical Gaussian Gaussian
60-80 . . . 0.180 0.303 0.151 77.44 11.79 2.72
Water (%) Spherical Spherical Exponential
O . . . 0.093 0.012 0.170 54.96 2291 79.67
Salt (gkg™)  Spherical Exponential Spherical
80~100 . . . 0.310 0.077 0.051 24.96 2.03 2.01
Water (%) Exponential ~Exponential Exponential
1 . . . 0.095 0.071 0.155 50.63 20.66 37.88
Salt (gkg™)  Spherical Exponential Spherical
100~120 . . . 0.046 0.250 0.231 3.24 2.23 7.62
Water (%) Gaussian Gaussian Gaussian
O . . . 0.393 0.163 0.389 46.15 31.55 17.08
Salt (gkg™) Exponential ~ Spherical Gaussian
. . . 0.203 0.278 0.364 39.66 32.18 11.84
Water (%) Exponential Gaussian Gaussian
Average of
soil profile 0.158 0.129 0.244 24.12 25.34 19.06

Salt (gkg™)  Gaussian Gaussian Gaussian
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Fig. 3 Spatial distribution of soil moisture before and after irrigation
(A: Before irrigation; B: One week after irrigation; C: Three weeks after irrigation)
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Fig. 4 Spatial distribution of soil salt before and after irrigation
(A: Before irrigation; B: One week after irrigation; C: Three weeks after irrigation)
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Table 5 Variation characteristics of water and salt contents of soil profile before and after irrigation

Water content

Salt content

1 3 1 3
Item S One week after Three weeks after s One week after Three weeks after
Before irrigation S A Before irrigation L o
irrigation irrigation irrigation irrigation
Low High Medium High Medium Low
Average 4 O O
(16.07%) (26.58%) (21.38%) 246 gkg ) (224 gkg™) (2.11g'kg™)
. . High (0.19) Low (0.06) Medium (0.08) High (0.82) Medium (0.81) Low (0.80)
Coefficient of variation
Desalination rate High (8.94%) Low (5.80%)
Strong Medium Medium Strong Strong Strong

Spatial autocorrelation

Variable range (m) Long (39.66)

Medium (32.18)

Short (11.84)

Medium (24.12)

Long (25.34) Short (19.06)

) (80~100 cm)
3 1 ) (0~20 cm)
( 30 (80~100 cm)
’ s 40~60 cm
352 ZETIESILEMNTELS
’ (
)30N80 m « ”,
5 O~30 m ( 4A),
1, (
4B), 0~20 cm 40~60 cm [ » )
> ; 80~100 cm
3,
1 (40 . (0~20 cm)
40 cm
4 g

; 3,
1 ,100~120 cm (40.54%)
(0~20 cm) 1/3 (0~20 cm)
(20.86%) )
, 100 cm (100~120 cm)
, 6.93% 3,
, (36.47%) (4.55%)
20~40 cm (0.38%) ,
(0~20cm) 1/12 40~80 cm ,
80~120 cm (9.03%) ,
120 cm
(G
2 ( )
( )
( ) ( )
S0k
(1]
[7. , 2004, 12(2): 47-49
(2] ;
(1. , 2008, 22(1): 13-19
(3]
1. ,2003, 11(3): 102-105
[4] ; . [
, 1997, 34(1): 53-59
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