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Abstract: [ Objective ] Soil salinization is of growing concern in China since it severely restricts agricultural development and
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poses ecological and environmental risks in arid and semi-arid regions. High soil salinity causes deterioration of soil physical and
chemical properties and inhabits plant growth. Given the wide distribution of brackish groundwater in arid and semi-arid regions,
brackish irrigation is an effective approach to mitigate the shortage of freshwater resources. In addition, the naturally low air
temperature in winter makes it possible to combine brackish irrigation and freeze-melt processes to enhance salt leaching and thus
help reduce soil salinity. [ Method ] To reveal the dewaterability of frozen brackish water, the melting rates and temporal changes
in water quality of ice blocks frozen from brackish water were compared under two air temperatures (10°C, 15°C) and four initial
salinity gradients (freshwater, 0.5 g¢'L™', 2 g'L ™!, and 4 g'L™"). Furthermore, to evaluate the salt leaching efficiency through saline
soil by melted brackish water, the HYDRUS-1D model was applied to simulate the one-dimensional soil water and salt transport
patterns under two scenarios: direct infiltration using brackish water and infiltration using desalinized water melted from brackish
ice frozen at different initial salinity gradients. [ Result ] Our results show that: (1) The amount of melting water per unit time of
brackish water ice body increased first and then decreased, and the melting rate was faster and peaked at higher value when the
initial salinity was greater; (2) Freeze-melt could effectively desalinize brackish water by selectively discharging brine with great
salinity at the early stage of melting, and the dewaterability was greater at lower initial salinity with an average dewaterability>
75%,; (3) The HYDRUS-1D simulations on saline soil illustrated a better leaching efficiency when infiltrated with water melted
from frozen brackish ice than directly applying unfrozen brackish water, and the leaching effect of brackish ice meltwater was
better at 10°C than at 15°C. [ Conclusion] These findings proved the applicability and effectiveness of combining brackish
groundwater with freeze-melt treatments, as a new water-saving and salt-controlling mode, to help mitigate freshwater shortage
and reduce soil salinization risk in the arid and semi-arid of China.

Key words: Salinization improvement; Brackish water utilization; Water and salt transport; HYDRUS-1D
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Fig. 1 Schematic diagram of ice melting experimental apparatus
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Table 1 Initial soil water and salt content and selected hydraulic characteristics
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. Oy [ n K, !
Soil texture Volumetric water content/ (cm*cm ™) Salt content of soil water/ (gL ™)
DAt
0.32 15.91 0.095 0.329 0.003 1.19 0.216 0.5

Silty clayey loam
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[ represents the pore connection coefficient.
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Table 2 Parameters of relative melting rate curves fitted by
exponential functions

B AR y=a(l-e™)
Temperature  Salinity/
b R N
/°C (gL™)
alivgrk
-16.854 -0.009 0.69 29
Fresh water
15 0.5 -0.844  —-0.059 0.85 30
2 -2.737  -0.067 0.96 19
4 —4.013  -0.047 0.94 23
alivgrk
—0.080 -0.073 0.94 39
Fresh water
10 0.5 -0.039  -0.091 0.98 39
2 -0.027  -0.094 0.97 39
4 -0.072  -0.088 0.98 36

TE: B a. b WIEBRECP AW B, RPOABIERIE
N HEEAE, Note: a and b are the fitting constants of the
exponential function; R is the fitting accuracy; N is the number of
data used for fitting.
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Table 3 Parameters of melt water salinity curves fitted by
exponential functions

B AR y=a-bc"
Temperature Salinity/
b c R N
/C (gL™h)
15 0.5 0228 -111.253 0.277 097 30

2 0.496 -166.638 0.406 098 19

4 0.394 -85.725 0.727 099 23
10 0.5 1.710 -93.742 0.821 096 39
2 2461 -131.425 0.646 0.88 39
4 0.501 -72.946 0.584 097 36

HE: RPa, by o HIEFREBCPHGE R, RIS
B, N NEEA%L. Note: a, b and c are the fitting constants of the
exponential function; R?is the fitting accuracy; N is the number of
data used for fitting.
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Fig. 6 Water salinity classification after melted from brackish ice at different temperatures and initial salinity gradients
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Fig. 7 Temporal changes of soil water salinity at different observation points of soil columns infiltrated by water melted from brackish ice and
by unfrozen brackish water at different temperatures and initial salinity gradients
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Table 4 Calculation of water-salt equilibrium in 50 cm soil columns under different treatments
Qb3
Treatment 12 h fiff K 2 A K 12 h fiffEh i At ) T R R
ABH B AL Water storage after  Final water Salt storage after  Final salt storage/  Section desalting
R
Way of Salinity/ 12 h/cm storage/cm  12h/ (mgem™?) (mg-cm™?) rate/%
Temperature/ °C
infiltration (gL™")
10 0.5 16.44 15.088 206.76 12.94 94.92
B . 10 2 16.39 15.084 256.12 26.93 89.42
il KA B
10 4 16.40 15.084 270.74 44.25 82.61
Melted water
15 0.5 16.44 15.029 174.76 26.92 89.42
infiltration
15 2 16.44 15.033 196.74 35.71 85.97
15 4 16.44 15.031 237.00 46.02 81.92
10 0.5 16.44 15.027 164.00 29.301 88.49
) . 10 2 16.44 15.027 173.50 49.135 80.69
HEAE
10 4 16.44 15.027 186.16 75.579 70.30
Direct
15 0.5 16.44 15.027 164.00 29.301 88.49
infiltration
15 2 16.44 15.027 173.50 49.135 80.69
15 4 16.44 15.027 186.16 75.579 70.30

F: AHT 50 cm HAPI G K= 16.00 cm, PI4AfEEE Y 254.50 mg-em . Note: The initial water storage capacity of 50

cm soil under each treatment was 16.00 cm, and the initial salt storage capacity was 254.50 mg-cm 2.
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Table 5 Parameters in the sensitivity analysis
JGBL] Dy Ak n Bk K, i
Treatment Variation in Dy /% Variation in n/% Variation in K/%
ABF e e
Way of  Temperatu Salinity/ -10 -5 5 10 -10 5 10 -10 -5 5 10
infiltration re/°C (gL™")
10 0.5 -0.89 -042 039 0.77 -4093 -36.21 14.19 15.87 19.75 2446 4127 -30.76
B . 10 2 0.52 025 -0.20 -0.39 7.84 1.78 235 -226 -l4.16 9.95 -1.24 -13.00
il KA B
10 4 089 042 -0.35 -0.68 -5.19 -12.04 -3.04 -28.56 3.08 4.71 2.18 -33.95
Meltwater
15 0.5 091 037 -0.37 -0.72 3.83 -2646 -2.55 -5.07 0.23 0.31 -0.03 -0.29
infiltration
15 2 1.01 1.83 -0.44 -0.81 3.95 2.81 -2.15 -5.00 0.58 -0.07 3.95 -0.41
15 4 1.83 0.86 -0.79 -1.51 1.21 329 232 421 0.38 25.29 13.17 18.44
10 0.5 0.67 032 -0.27 -0.52 431 -4.89 257 467 009 -033 -0.12 -0.37
) . 10 2 0.62 030 -0.25 -0.47 342 385 -203 -3.67 -0.05 -024 —0.11 —-0.30
HiEASB
10 4 0.52 025 -0.20 -0.39 2.51 -2.82 -148 -2.68 -0.01 -0.15 -0.07 -0.22
Direct
15 0.5 0.67 032 -0.27 -0.52 4.31 -4.89 257 467 009 -033 -0.12 -0.37
infiltration
15 2 0.62 030 -0.25 -0.47 342 385 -203 -3.67 -0.05 -024 —0.11 —-0.30
15 4 0.52 025 -0.20 -0.39 2.51 -2.82 -148 -2.68 -0.01 -0.15 -0.07 -0.22

TE - ZBUUEAE 3 H BT TSR Sy b S8 8 T foe )5 — I WL D R I e R R, R P BRSBTS B R 2 AR

1%7%, Note: The abbreviations of other treatments followed the same protocol. The data used for parameter sensitivity analysis is the soil salt

content at the lower boundary of the last time output point of the soil profile, and the data in the table is the root mean square error calculated

after parameter changes.
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