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Research on impact process of irrigation amount on
moisture migration and retention in vadose zone
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Abstract: In vadose zone, soil water is the key factor supporting vegetation growth, the connection between surface
water and groundwater, and the important water source for groundwater recharge. In order to understand the impact pro-
cess of moisture migration and retention by surface irrigation amount and duration in the vadose zone, field irrigation ex-
periments were conducted on the summer corn and winter wheat in the Jinghuiqu Experimental Station. By sample collec-
tion and moisture determination using Hydrus — 1D model, the process of soil moisture migration and retention at under-
ground O ~ 6 m depth was simulated, and the water balance was analyzed quantitatively. The results showed that different
irrigation amounts, influent flows, and durations caused obvious changes of soil moisture migration and retention in the
vadose zone. In the corn test, big influent flow and rapid irrigation were adopted, and there were large amount of seepage
at the bottom of boundary, accounted for 24.88% of the total infiltrated water. In the winter wheat test, small irrigation
flow and long duration were used and the leakage quantity at the bottom was small, accounted for 2.29% of the surface
nrrigation quantity. The winter wheat test had a much longer moisture retention time than the core one. The evapotranspi-
ration during summer corn experiment period was greater than that during the winter wheat, accounted for 32.32% and
27.33% of the infiltrated water, respectively, and 18.15% and 16.92% of the evapotranspiration, respectively. The
soil water retention ratios during the summer corn and winter wheat experiment periods were 42.8% and 70.38% , re-
spectively. Thus, this indicates that in vadose zone the irrigation influent flow and duration time are the key factors lead-
ing the soil water retention and entry into the groundwater.

Keywords: border irrigation; moisture migration and retention; Hydrus — 1D model; soil water balance; leakage;

evaporation; transpiration
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Table 1  The fitting hydraulic parameter values in each soil layer

N YR /em + K 125 Soil hydraulic parameters

Layer Depth 0, 0, a n K, l
1 0~10 0.086 0.489 0.0080 1.13 15.83 0.5
2 0~20 0.081 0.441 0.0100 1.86 18.87 0.5
3 20 ~ 40 0.094 0.469 0.0094 1.71 11.10 0.5
4 40 ~70 0.093 0.480 0.0101 1.62 12.18 0.5
5 70 ~ 100 0.093 0.488 0.0096 1.39 17.34 0.5
6 100 ~ 150 0.078 0.478 0.0069 1.28 23.19 0.5
7 150 ~ 250 0.084 0.471 0.0066 1.55 11.66 0.5
8 250 ~ 300 0.096 0.494 0.0077 1.38 19.29 0.5
9 300 ~ 400 0.080 0.450 0.0070 1.64 15.30 0.5
10 400 ~ 600 0.077 0.440 0.0068 1.86 16.88 0.5

0, HIEFELE SR (e’ em ™), 0, HIFEFIE K (e’ em ™), o n HAKIRHE I IIB RS, [ A FLBEE Y, K, g &

FH(em=d™ "),

Note: Where 0, is the residual water content (em®+cem™2), 0, is the saturated water content (¢m®+em™), @ and n are shape parameters, [ is a pore con-

nectivity parameter, and K, is the saturated hydraulic conductivity(cm-d=").
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Fig.1 The simulated and the measured values of soil moisture in summer corn(a,b,c) and winter wheat(d,e,f) in experiment period
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Fig.2  Soil moisture dynamic of summer comn (a) and winter wheat (b) during the experiment periods
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Table 2 The increases of soil water content after irrigation during summer corn and winter wheat experiment periods

H ARG I IS B R/ (em’ - em ™)

/NI ik iR/ (end® - em ™)

j:[fﬁ / ;:m Increased soil water content of summer corn Increased soil water content of winter wheat
ept!
2d 4d 11d 2d 4d 11d
10 0.090 0.062 -0.020 0.271 0.260 0.205
20 0.051 0.027 -0.034 0.157 0.135 0.100
40 0.058 0.041 -0.001 0.143 0.083 0.041
70 0.022 0.015 0.000 0.069 0.082 0.042
100 0.027 0.010 0.003 0.064 0.072 0.036
150 0.010 0.008 -0.001 0.028 0.032 0.025
250 0.010 0.010 0.005 0.016 0.014 0.011
300 0.004 0.008 0.001 0.027 0.027 0.028
400 -0.001 0.026 0.014 0.104 0.083 0.070
600 -0.001 -0.001 0.001 0.046 0.042 0.039

AL 7K 43 R JHE I v e 7 6 (A] F B ORIk
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0, IR I FE A 2 R RIS K ARG, R AR
R IO T JZ IR , 4/ 22 55 55 1
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Fig.3 The water potential gradients of summer corn (a) and winter wheat (b) during the experiment periods
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Table 3 The balance calculation of soil water during summer corn experiment periods
] {%?{EEE * R K &t i%/(*éﬁ?ik% SRR 2’%&%%% A _1‘3‘2?&_ ﬁ%‘?_
Time/d Imggtpn :and Actual/potfennal Ac{ual' Pote'nlla] Leakage Simulation Calculation
precipitation evaporation transpiration transpiration AW AW
1 214 -1.35 -0.18 -5.78 -4.48 183.7 207.99
2 4.3 -0.56 -2.49 -2.49 -4.52 19.9 -3.27
3 0 -0.93 -4.23 -4.23 -4.48 -9.3 -9.64
4 0 -1.36 -6.37 -6.37 -4.44 -11.5 -12.18
5 11.2 -1.07 -5.15 -5.15 -4.41 0.6 0.57
6 0 -0.99 -4.86 -4.86 -4.46 -10.4 -10.31
7 0 -1.27 -6.35 -6.35 -4.64 -11.4 -12.26
8 0 -1.60 -8.12 -8.12 -5.24 -13.9 -14.96
9 0 -1.52 -7.87 -7.87 -6.20 -15.9 -15.59
10 0 -1.64 -8.67 -8.67 -7.10 -16.6 -17.42
1 3.4 -1.36 -7.33 -7.33 -7.9 -12.8 -13.26
§5SaN 232.9 -13.66 -61.62 -67.21 -57.94 102.4 99.68
e+ FRMA, - Foniit. TR
Note: + inflow, — outflow. The same below.
x4 ZNZHEHPRTEASBEZFETESER/ (mm-d™")
Table 4 The balance calculation of soil water during winter wheat experiment periods
- F%;%E * KK &t %’Fﬁ/(*é?ﬂ?%/kg bR 2’%?%%%; A } *;%TH_ il‘%_
Time/d mga'llfm :and Actual// pol'emlal Acl‘ual' Pole'nlla‘l Leakage Simulation Calculation
precipitation evaporation transpiration transpiration AW AW
1 141 -0.84 -2.63 -4.06 -0.295 132.8 137.23
2 0 -0.45 -2.20 -2.20 -0.296 0.2 -2.94
3 0 -0.50 -2.48 -2.48 -0.297 -3.2 -3.27
4 0 -0.35 -1.78 -1.78 -0.296 -2.8 -2.43
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8 0 -0.76 -3.95 -3.95 -0.292 -3.7 -4.99
9 0 -0.94 -4.97 -4.97 -0.29 -5.2 -6.21
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St 141.1 -6.53 -32.04 -33.47 -3.22 101.1 99.31
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