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Effects of saline water irrigation on soil quality and crop production: a review’
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Abstract: Fresh water is a basic natural and important strategic resource. Most salt-affected soils are distributed in arid and semi-arid
areas, and a shortage of freshwater resources is the most important limiting factor for sustainable agricultural development. However,
the relatively rich saline water, land, solar, and thermal resources in saline-alkali areas provide sustainable regional agriculture devel-
opment potential. To address challenges of soil quality decline and crop yield reduction induced by saline water irrigation, this study
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summarizes the factors affecting the safe utilization of saline water and the impact mechanism of saline water irrigation on soil hy-
draulic characteristics, soil physicochemical properties, crop growth, grain yield, and quality. First, freshwater, brackish water, and sa-
line water classifications were as previously described. Factors affecting the safe utilization of saline water include saline water qual-
ity, irrigation amount, irrigation methods, and the groundwater table. Second, saline water irrigation has negative effects on soil qual-
ity, which increases the salinity of the surface soil, destroys the soil structure, and further affects the soil hydraulic characteristics, wa-
ter infiltration, and salt distribution, affecting greenhouse gas emissions. Third, crops grow slowly and die because of the lower photo-
synthetic rate after saline water irrigation. However, most of the treatments irrigated using saline water improved the grain yield com-
pared with the rainfed treatment and improved the grain quality under optimal salinity water. Furthermore, based on field experi-
ments, most crops have optimal saline water thresholds. Finally, we analyzed the regulatory effects of agricultural practices such as
organic fertilizer application, straw mulching, tillage, saline water irrigation schedules, cropping systems, and salt-tolerant crop plant-
ing. In the future, to ensure food and water security, it is necessary to conduct the mechanism process and technology research, and
develop model to demonstrate the effects of saline water deficit irrigation and water-fertilizer-salt comprehensive regulation on the
change in soil quality after saline water irrigation, and the effects of saline water precision irrigation on crop production and the eco-

system, which will provide a theoretical basis and technical support for the sustainable development of agriculture in water-deficient

and saline areas.
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Table 1 Relationship between the anionic type mineralization and electrical conductivity of saline water
D K7 R iU Sl 7 72 RS

Anionic type Number of samples Equation Correlation coefficient
HFER Bicarbonate type 144 M=0.882xEC+21.45 0.967
R ALY BRAR Y Bicarbonate chloride sulfate type 115 M=0.818xEC—15.39 0.971
FERRIR A L% Bicarbonate chloride type 125 M=0.77TxEC+76.77 0.927
TERRIRER LMY Bicarbonate sulfuric acid type 36 M=0.888xEC—20.39 0.992
TR ALY FEBRIR A Sulfuric chloride bicarbonate type 19 M=0.805xEC+6.759 0.880
FALY) ERFRBRFRA! Chloride bicarbonate sulfuric acid type 46 M=0.792xEC—47.43 0.990
AR FHRERTY Chloride sulfuric acid bicarbonate type 35 M=0.854xEC—231.82 0.979
S E R Chloride bicarbonate type 27 M=0.725xEC+49.16 0.961
IR AR (L7 Bicarbonate sulfate chloride type 72 M=0.864xEC—54.52 0.986
“F-#4) Mean 626 M=0.766xEC+109.89 0.982

S, MAT AL (mg L), ECHHL 3 (uS-cm ") In the equation, M is mineralization degree (mg-L™), EC is electrical conductivity (uS-cm ).

T2 RAKKREIDE

Table 2  Classification of natural water g-Lfl

0. A. Alekens325(1970)
O. A. Aleken (1970) classification

RIK Freshwater <1
#UBK Brackish water 1~25
Ja7K Saline water 25~50
+h7K Brine >50

7K Bittern

F 5K (1970) 72 #FRAIR I
American classification (1970) Chinese classification Shukalev classification
<1 <1.0 <L.5
1~10 1.0~3.0 1.5~10.0
10~100 3.0~10.0 10.0~40.0
>100 10.0~50.0 >40.0
>50.0
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Table 3  Salt tolerance of main field crops based on the relative yield and electrical conductivity

RO U 1E¥) SR U

Salinity sensitivity Crop Threshold of electrical conductivity (dS-m ') Sensibility [%-(dS'm ") ']

Uk 3Z T Beans 1.0 17.0

Sensitive K7 Rice 3.0 12.0

K Maize 1.7 12.0

rh AR E7E Alfalfa 2.0 73

Moderate sensitive

H AT % /INF Wheat 6.0 7.1

Moderate tolerance K ¥ Soybean 5.0 20.0

% Sorghum 6.8 16.0

[IEAN Hi4E Cotton 7.7 52

Tolerant K Oats 8.0 5.0

R : Maas™ 1 Tanji ", 2 PEHEARIE A 2 Y7Y0=100-b(EC—)T15T . Horh /Y0 it 7= fit; bl b iusedt, R MECAE LA [HE AYARRT = B AI%
MR % (dS'm™")'; A H SREC)H RME, EC<t, SHAIXT =B ¥AH I, EC>t, AN B, Source: Maas (1984)'FlTanji (1990)". The data are
calculated with the formula ¥/Y0=100—b(EC—?). In the formula, ¥/Y0 is the relative yield; EC is electrical conductivity. b is the crop sensitity to salinity,
inidcating decreasing of relative yield when EC increase [%-(dS'm ") ']. ¢ is the threshold of EC (dS'm ™). There isn’t impact of EC on relative yield when EC is

below ¢ The relative yield will decrease when EC is higher than 7.
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