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Table 1 Periodicity range of precipitation, groundwater depth, and soil water content
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Fig.4 Linear regression relationship between precipitation, groundwater depth,

soil mass water content and 0~20 cm surface soil maximum conductivity in October
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Table 2  Discrepancy analysis of eight major ions in 0~20 cm soil layer mg/kg
izt ca® Mg** K* Na* HCO3 COs” S0 cr
2015 4 4044 1242 1443 7043 199416 48415 2345
2020 4 9446 7542 50426 209418 528417 846472 35847
t1H -7.557 -5.120 -1.399 -6.324 -14.114 -10.855 -18.746
Pl 0.000 0.006 0.232 0.000 0.000 0.000 0.000

E COZ AR o

2015. 2020 4FikZHFKH Ca®. Mg®. Na'.
HCO;. COs%. SO/ &EHEFEZE (P<0.05), 2020
EREH TR A ca®t. Mg¥. Na'. HCO;. SO.%.
CI&3 e T 2015 4F, 1M COZ MM (% 3). Mk
I FRKFHE T (NaBRAN BEERALEE, 2015

B TREIN Cca®'. Mg*>Na™>K', HHET&
F IR SO, >HCO3>CI>COs%; 2020 4EPHE FEH
WA Na>Ca®>Mg*>K', 1B 7+ & XMW H
HCO3>50,>CI'>COs%.

%3 TRFWRIAKRET=E

Table 3 Discrepancy analysis of eight major ions of water bodies in different years mg/L

KAk EizUin ca® Mg* K* Na' HCOy Cos* S0% cr
R K 2015 4 26+2b 25+7h 6+2a 4447B 130+16b 8+¥B 288+71b 269+60a
2020 4 177420a 174+18a 634a 369+100A 960439 0+DA 611+62a 453+473a
o 2015 4 40+420a 40+24a 3#a 35478 1684352 1527a 181+18a 145343a
MAHZAK 2020 4 45453 434523 5+a 99222A 2414352 1442a 201+28a 160220a

I RPARRNEFREOR 2 MEGHZE TRAE P<0.01 K TPZERES, NRAKNSFEEOR 2 MEHZE TR P<0.05 KV ERTE.

7 4 A%, #2130 HCOsy. SO~ . Ca*'.
Mg®. K*. Na'" 5¥&ZH Tk MR B T 1EARSE, Hr
HCO; . SO/, Ca?*. Mg®. Na'#& I K IEAH %

(P<0.05). Hi#tZTHEHREH /K ETRREY.

2015 FEHFE LHER R SR EH T K KR sy
TR T, A 2020 4 3 FluK b
HRAFL (B 7). 2015 4F, #HZ IR HBKIL:
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Table 4 Correlation between surface soil iron content and shallow groundwater iron content

IR K

R fabr COs* HCOs" S0” cr Ca? Mg?* K* Na*
Co# - - - - - - - -
HCO; -0.816** 0.967** 0.753* 0.529 0.879** 0.879** -0.003 0.663*
S0% -0.797** 0.973** 0.713* 0.501 0.854** 0.872%* 0.122 0.643*
e cr -0.846** 0.982** 0.720* 0.488 0.892%* 0.900** 0.009 0.674*
o ca® -0.783%* 0.905** 0.713* 0.548 0.882** 0.915%* -0.125 0.735%
Mg** -0.749* 0.841** 0.582 0.386 0.756* 0.801** 0.148 0.583
K* -0.369 0.52 0.392 0.354 0.418 0.447 0.047 0.322
Na" -0.837** 0.908** 0.655* 0.436 0.858** 0.805** -0.049 0.649*

T RORTE P<0.01 /K BEFMK; *FRRTE P<0.05 /KT LR #EHAM K.

A m 201509 CRRJZHL R/KD

~ ® 202009 (HJZEHh R KD

A 201509 Cishih#/K)

v 202009 CiishihEK)
201510 CHFZLHEE HH0O

< 202010 CBFJZ b D

<

10 08 06 04 02 0 0 02 04 06 08 1.0
Ca? cr

B 7 LEzBR, RERTKERIEEK Piper B
Fig.7 Piper diagram of soil leaching solution,

shallow groundwater, and surface flowing water
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Table 5 Organic content in 0~20 cm topsoil o/kg
2010 4F 2014 4 2015 4 2016 4 2017 4F 2018 4F 2019 4F 2020 4
3.540.2 49403 26.041.1 21.041.2 35447 26.942.0 22744 26.242.2
N 32 TERESHSIBFFHENXR
—e— MK T Seeboonruang®IHF ST MY, H R KRG /NG £
w020 cmh 2 LA 0 I 1 I3 5 2 I A T - M S A5
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B 8 #t &L B KK pH 1A
Fig.8 Dynamic change of pH in topsoil and two kinds of water
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Migration of Salt in Plough Layer and Its Determinants in

Farmlands in Eastern Henan Province
REN Wen'?, DING Dawei**3, LIU Anneng®?, CHEN Jinping*?, YONG Beibei*?,
LIU Chuncheng!, GUO Chengshi‘?, ZHANG Zhixin*, XIE Kun*?", LI Zhongyang"*"

(1. Farmland Irrigation Research Institute, Chinese Academy of Agricultural Sciences, Xinxiang 453002, China;

2. National Agro-ecological System Observation and Research Station of Shanggiu/National Agricultural Experimental Station for

Agricultural Environment, Shanggiu/National Long-term Agricultural Green Development Experiment and Observation Station,
Shanggiu 476000, China; 3. Graduate School of Chinese Academy of Agricultural Sciences, Beijing 100081, China;
4. College of Grassland Agriculture, Northwest A & F University, Yangling 712100, China)

Abstract: [Objective] Soil salinization due to shallow groundwater table is a main abiotic stress facing agricultural
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production in eastern Henan province. In this paper we analyze the migration of salt in the plough layer and its
relationship with geochemistry of both surface water and groundwater at different seasons. [ Method] The
experiment was conducted in areas adjacent to the National Agro-ecological System Observation and Research
Station of Shanggiu. We measured salt content, depth of groundwater table, as well as surface water runoff from
2010 to 2020. The relationship between salt content and these environmental factors was calculated using the
descriptive statistics and Piper figure analysis method. [ Result] The increased salt content in the top 0~20 cm soil
layer was mainly induced by the increased precipitation. The maximum electric conductivity of the topsoil layer
occurred between October and November, but it is linearly correlated to precipitation in August (y=0.794 3x+126.65,
R?=0.631 3, P<0.05). The content of Ca**, Mg?, Na*, HCO3, SO.%, CI" and electric conductivity of water in the topsoil
layer and the 0~100 cm soil layer, as well as depth of the shallow groundwater table in 2020 was significantly higher than
those in 2015 (P<0.05). We also found that the leachate from the topsoil was geochemically similar to that of the shallow
groundwater and the surface runoff in 2020, indicating that the soluble salt in the topsoil was related to both surface
water and subsurface water. [ Conclusion] The electric conductivity of water in the topsoil layer and the 0~100 cm-depth
soil layer in October was both positively correlated to precipitation and the depth of the groundwater table, suggesting
that salt in the topsoil was hydraulically connected to soluble salt in the surface water and the subsurface water.

Key words: salt migration; soil soluble salt; soil conductivity; topsoil; water environment
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Simulation Frost Heaving of Trapezoidal Channel and Optimization of Lining

Seam Design with Solar Radiation in Considerations
WANG Jianyou', LIANG Taili!, LU Linfang?, WANG Juan®, SHI Pengchao®
(1. School of Water Conservancy and Transportation, Zhengzhou University, Zhengzhou 450001, China;

2. Zhaokou Yellow Diversion Irrigation District Phase Il Project Construction Administration, Kaifeng 475008, China)

Abstract: [Objective] Frost and heaving are natural hazards faced by water channels in temperate and boreal
regions. In this paper we proposed a model to simulate frost and heaving of trapezoid channels by considering the
effect of solar radiation. The simulated results were used to optimize the lining seam. [ Method] The simulation was
based on the software ABAQUS. We first calculated the influence of angle and efficiency of solar radiation on the
temperature of the two slopes of the channel, and then used this to estimate the temperature change in the concrete
lining surface. This, combined with the lowest daily temperature, was used as a boundary condition of the
trapezoidal channel in numerical simulation. The model was applied to the trapezoidal channel in the Zhaokou
Yellow Diversion Irrigation district. The temperature, stress and deformation field simulated by the model were used
to optimize two kinds of lining joints, one was at the toe of the shadow slope and the other one was at a position 1/3
(of the slope length) from the toe.[ Result]1The simulated freezing depth and cracking position are in good agreement
with the measured data. The channel linings for mitigating frost swelling was more effective when the seam was 1/3
away from the slope foot.l Conclusion JUsing the temperature boundary condition calculated by the proposed method,
the model can accurately simulate the destruction of trapezoidal channels by frost heave. The simulation results are
in good agreement with empirical data, which can help channel design to mitigate the adverse effect of frost and
heave on trapezoidal channels in temperate and boreal regions.

Key words: trapezoidal channel; channel frost heaving; solar radiation; lining design
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