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Abstract
The Hebei Low Plain suffers from a shortage of freshwater resources but is rich
in slightly saline water resources; the rational development and utilization of
slightly saline water has become one of the important approaches to alleviating
the water supply-demand conflict. This study was conducted from 2011 to
2015 at the Nanpi Eco-Agricultural Experimental Station, Chinese Academy of
Sciences, in Cangzhou City, Hebei Province, using a winter wheat and summer
maize double-cropping system as the research object to investigate the effects of
implementing slightly saline water irrigation in the Hebei Low Plain on the yields
of winter wheat and the subsequent summer maize crop, as well as the impact
of irrigation on the annual balance of soil salinity. During the 2013–2014 winter
wheat season, irrigation treatments included: rain-fed dryland treatment (CK),
one freshwater irrigation at the jointing stage (F1), one irrigation with 2 g・L−1,
3 g・L−1, 4 g・L−1, or 5 g・L−1 slightly saline water at the jointing stage (B21, B31,
B41, B51), freshwater irrigation at both jointing and grain-filling stages (F2),
3 g・L−1 slightly saline water at jointing stage plus freshwater at grain-filling
stage (B31F1), freshwater at jointing stage plus 3 g・L−1 slightly saline water at
grain-filling stage (F1B31), 3 g・L−1 slightly saline water at both jointing and
grain-filling stages (B32), and freshwater irrigation at jointing, heading, and
grain-filling stages (F3). In 2014–2015, based on the previous year’s results, the
experimental treatments were simplified to: CK, F1, B31, B41, B51, and B42
(4 g・L−1 slightly saline water at both jointing and grain-filling stages). The
results indicated that under normal annual conditions, two irrigations during
the winter wheat growth period could achieve high and stable yields, with an
average yield of 6,593.4 kg・hm−2. Using slightly saline water with salinity less
than 5 g・L−1 for irrigation did not reduce winter wheat yield compared with
freshwater irrigation; one slightly saline water irrigation increased yield by 10%–
30% compared with the rain-fed treatment, indicating that slightly saline water
could replace one freshwater irrigation. Under slightly saline water irrigation
conditions, soil salinity accumulated by winter wheat harvest, with surface soil
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salinity exceeding 1 g・L−1, which affected the emergence and growth of the
subsequent maize crop. However, applying 675–750 m3・hm−2 of freshwater
irrigation after summer maize sowing could satisfy the salt leaching requirement
of the tillage layer and reach the safety threshold for maize growth, resulting in
no yield reduction compared with the freshwater irrigation treatment. Utilizing
summer rainfall could leach soil salinity; when summer rainfall exceeded 300
mm, soil salinity under winter wheat slightly saline water irrigation reached
annual balance. In the Cangzhou region, summer rainfall exceeds 300 mm in
over 73% of years, creating conditions for soil salt leaching and ensuring the
safety of replacing one freshwater irrigation with slightly saline water.
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Abstract
The Hebei low plain suffers from freshwater shortages but possesses abundant
brackish water resources, making the rational development and utilization of
brackish water an important approach to alleviating water supply-demand con-
flicts. This study was conducted at the Nanpi Eco-Agricultural Experimental
Station of the Chinese Academy of Sciences in Cangzhou, Hebei Province from
2011–2015, focusing on a winter wheat-summer maize double cropping system to
investigate the effects of brackish water irrigation on crop yields and annual soil
salt balance in this region. During the 2013–2014 winter wheat season, irrigation
treatments included: rainfed control (CK), one freshwater irrigation at jointing
(F1), one brackish water irrigation (2, 3, 4, and 5 g・L−1) at jointing (B21,
B31, B41, B51), two freshwater irrigations at jointing and grain-filling (F2),
one 3 g・L−1 brackish water irrigation at jointing plus one freshwater irrigation
at grain-filling (B31F1), one freshwater irrigation at jointing plus one 3 g・L−1

brackish water irrigation at grain-filling (F1B31), two 3 g・L−1 brackish water
irrigations at jointing and grain-filling (B32), and three freshwater irrigations
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at jointing, heading, and grain-filling (F3). Based on the 2013–2014 results,
treatments were streamlined in 2014–2015 to: CK, F1, B31, B41, B51, and
B42 (two 4 g・L−1 brackish water irrigations at jointing and grain-filling). Re-
sults showed that under typical conditions, two irrigations during winter wheat
growth achieved high and stable yields, averaging 6, 593.4 kg・hm−2. Using
brackish water with salinity less than 5 g・L−1 did not reduce winter wheat
yield compared to freshwater irrigation. A single brackish water irrigation in-
creased yield by 10–30% over rainfed conditions, demonstrating that brackish
water can substitute for one freshwater irrigation. However, brackish water ir-
rigation caused soil salt accumulation, with topsoil salinity exceeding 1 g・L−1

at winter wheat harvest, affecting summer maize germination and growth. Ap-
plying 675–750 m3・hm−2 of freshwater irrigation after summer maize planting
satisfied leaching requirements for the cultivated layer, bringing salinity below
the safety threshold for maize growth without yield reduction. Summer rainfall
enabled soil salt leaching; when summer rainfall exceeded 300 mm, annual soil
salt balance was achieved. In the Cangzhou region, over 73% of years receive
more than 300 mm of summer rainfall, creating favorable conditions for salt
leaching and ensuring the safety of substituting one freshwater irrigation with
brackish water during winter wheat growth.

Keywords: Brackish water irrigation; Soil; Winter wheat-summer maize dou-
ble cropping system; Salt balance; Crop yield; Hebei low plain

Introduction
The Hebei low plain represents one of China’s important grain and cotton
production bases, where agricultural production has long relied on deep ground-
water extraction. This has caused severe groundwater level declines, creating the
world’s largest groundwater funnel area and posing a serious threat to sustain-
able agricultural and socioeconomic development [1]. To protect groundwater
resources, the government implemented groundwater overexploitation control
measures in this region (including Cangzhou, Hengshui, Handan, and Xingtai
cities in Hebei Province), essentially halting deep confined water extraction for
all uses except domestic supply by 2017. Meanwhile, the region possesses sub-
stantial shallow saline groundwater resources. In the Heilonggang area alone,
for example, brackish water with mineralization of 2–5 g・L−1 covers 67% of
the total area with reserves of approximately 2.3 billion m3, while current uti-
lization is only 0.2 billion m3 [2]. Therefore, developing and utilizing brackish
water resources represents an important measure to alleviate freshwater scarcity
and increase grain production in regions with limited freshwater availability [3].

Compared with rainfed farming, brackish water irrigation demonstrates certain
yield-increasing effects [4–6]. Research at the Hebei Academy of Agricultural
Sciences’Dryland Water-saving Agriculture Experimental Station showed that
winter wheat yields increased by 22.0%, 15.4%, and 0.1% when irrigated with 2,
4, and 6 g・L−1 brackish water, respectively, compared to rainfed conditions [2].
Experiments in Nanpi County, Hebei Province, revealed that single irrigations of
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2 and 4 g・L−1 brackish water at the jointing stage increased winter wheat yields
by 32.8% and 22.1% compared to rainfed treatments [6]. Generally, brackish
water irrigation produces yields comparable to or slightly lower than freshwater
irrigation, with yield reduction increasing as irrigation water salinity increases.
Shang et al. [7] analyzed 103 sets of experimental data on winter wheat irrigation
with brackish water nationwide and found a negative correlation between irri-
gation water mineralization and relative wheat yield under full irrigation condi-
tions. When irrigation water mineralization was 2–3 g・L−1, relative wheat yield
was 0.87–0.93, representing only 7–13% yield reduction compared to freshwater
irrigation. However, when using 3–5 g・L−1 saline water, wheat yield was more
substantially affected due to severe salt stress, with yield reductions of approxi-
mately 13–24% compared to freshwater irrigation [7–8]. The impact of brackish
water irrigation on crop yield depends not only on water salinity but also on
irrigation amount. As salt input per unit area increases, relative wheat yield
gradually decreases. Mao et al. [9] demonstrated at the Quzhou Experimental
Station of China Agricultural University that summer maize yield was not sig-
nificantly affected when soil solution electrical conductivity at 20–60 cm depth
remained below 8 mS・cm−1, but yield decreased significantly when conductiv-
ity was maintained at 10–15 mS・cm−1 for extended periods with relatively low
seasonal rainfall. When soil solution electrical conductivity at 20–60 cm depth
was maintained at 12–15 mS・cm−1, salt stress caused approximately 10% win-
ter wheat yield loss under high irrigation conditions. Previous brackish water
irrigation research has primarily focused on full irrigation conditions and single-
season crops. This study investigated the effects of brackish water irrigation
on crop yields and soil salt dynamics in a winter wheat-summer maize double
cropping system under limited irrigation conditions.

Previous research indicates that under monsoon climate conditions, pumping
shallow brackish groundwater for irrigation during the dry spring season low-
ers the groundwater level before the rainy season, creating underground stor-
age capacity and reducing shallow water evaporation, thereby preventing soil
salinization. Rainfall recharge during the flood season increases infiltration, re-
duces surface runoff, and promotes shallow groundwater freshening, improving
groundwater quality [10]. Extensive research on brackish water irrigation has
been conducted domestically and internationally. Compared with rainfed farm-
ing, brackish water irrigation can increase yields to varying degrees [11–12], and
under particularly dry conditions, it can reduce soil solution concentration and
osmotic pressure, controlling root-zone solution concentration within crop phys-
iological limits to meet crop water demands [13]. However, brackish water irri-
gation simultaneously increases salt input from irrigation water, causing soil salt
accumulation [14–16]. Therefore, it is essential to balance meeting crop water
requirements with controlling salt damage, maintaining root-zone soil salinity
below crop salt tolerance thresholds; otherwise, crop growth will be affected
and yields will decline with increasing salinity. Soil salt movement is strongly
influenced by evaporation and rainfall, which are important factors affecting salt
distribution in the soil profile. Salt accumulates during dry seasons with little

chinarxiv.org/items/chinaxiv-201711.01163 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01163


rainfall and is leached by rainfall during rainy seasons [14]. This study investi-
gated the effects of brackish water irrigation on crop yield and soil salt balance
to provide a scientific basis for rational brackish water resource utilization and
development, ensuring no crop yield reduction and no salt accumulation.

1.1 Experimental Design

Field experiments were conducted at the Nanpi Eco-Agricultural Experimen-
tal Station of the Chinese Academy of Sciences from 2013–2015. The station
is located at 38°00′N, 116°40′E, at an elevation of 11 m in a warm temper-
ate semi-humid monsoon climate zone with an average annual temperature of
12.3 °C and average annual precipitation of 480 mm. The 0–20 cm soil layer con-
tained 104.8 mg・kg−1 available potassium, 17.9 mg・kg−1 available phosphorus,
88.9 mg・kg−1 available nitrogen, and 14.0–19.0 g・kg−1 organic matter, with a
soil bulk density of 1.45 g・cm−3 and an average bulk density of 1.427 g・cm−3

for the 0–100 cm profile. Field water capacity was 24.1% (W/W). Initial soil
salinity levels are shown in ; the experimental soil was slightly saline. Shallow
groundwater was brackish, while deep groundwater was fresh.

The cropping system was winter wheat-summer maize double cropping. Since
winter wheat has a higher salt tolerance threshold than summer maize, different
irrigation frequencies and salinities were applied during the winter wheat growth
period, while summer maize received only freshwater irrigation to investigate
effects on winter wheat yield, subsequent summer maize yield, and soil salt bal-
ance. Winter wheat irrigation treatments varied by frequency (rainfed, one, two,
or three irrigations) and brackish water salinity (2, 3, 4, and 5 g・L−1) for one or
two applications. In 2013–2014, ten treatments were established: CK (rainfed),
F1 (one freshwater irrigation), B21 (one 2 g・L−1 brackish water irrigation),
B31 (one 3 g・L−1 brackish water irrigation), B41 (one 4 g・L−1 brackish water
irrigation), B51 (one 5 g・L−1 brackish water irrigation), F2 (two freshwater
irrigations), B32 (two 3 g・L−1 brackish water irrigations), F1B31 (one fresh-
water + one 3 g・L−1 brackish water irrigation), B31F1 (one 3 g・L−1 brackish
water + one freshwater irrigation), and F3 (three freshwater irrigations). In
2014–2015, treatments were streamlined to six: CK, F1, B31, B41, B51, and
B42 (two 4 g・L−1 brackish water irrigations). All treatments were flat-planted.
Single irrigation treatments were applied at jointing; two irrigation treatments
at jointing and grain-filling; and three irrigation treatments at jointing, heading,
and grain-filling. Plot size was 5 m×7 m with four replications in a randomized
arrangement. Freshwater irrigation used deep well water with mineralization of
1.05 g・L−1. Brackish water of different salinities was prepared by mixing shal-
low well water with coarse salt (purchased natural coarse salt from Huanghua
City, Hebei Province) in storage tanks.

Winter wheat was planted in 15 cm row spacing. Varieties were ‘Shixin 828’
in 2013–2014 and ‘Shixin 688’in 2014–2015, with sowing dates of October 13,
2013 and October 11, 2014, respectively. Seeding rate was 225 kg・hm−2, with
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harvest dates of June 6, 2014 and June 10, 2015. Basal fertilizer application
before sowing consisted of 450 kg・hm−2 diammonium phosphate (KH2PO4,
98%) and 150 kg・hm−2 urea (N: 46.4%). At jointing, 375 kg・hm−2 urea was
topdressed. Summer maize variety ‘Zhengdan 958’was mechanically planted
in 60 cm rows at a density of 52, 500–60, 000 plants・hm−2 immediately after
wheat harvest, with harvest on September 30.

1.2 Observation Items and Methods

Soil salinity: Soil samples were collected after wheat harvest (June) and maize
harvest (September) each year using soil augers at depths of 0–20, 20–40, 40–60,
60–80, and 80–100 cm, with three replicates per treatment. After air-drying, soil
total salt content and eight major salt ions (Ca2+, Mg2+, HCO−

3 , Cl
−, SO2−

4 ,
Na+ + K+) were determined using complexometric titration.

Winter wheat yield: Forty wheat spikes were randomly selected from each
plot for yield component analysis, including spike number, kernels per spike,
and thousand-kernel weight.

Summer maize yield: Plot harvest was conducted to determine plant density,
with ten random ears selected for kernel number and thousand-kernel weight
measurements.

1.3 Data Processing Methods

Experimental data were analyzed and graphed using SPSS Ver. 16.0 software
and Microsoft Excel.

2.1.1 Effects on Winter Wheat Yield and Yield Components

Results from 2013–2014 (Table 2 ) showed no significant difference in winter
wheat yield between one freshwater irrigation and one brackish water irrigation
(2–4 g・L−1). Similarly, no significant differences were observed among two
freshwater irrigations, two brackish water irrigations, or alternating freshwater
and brackish water irrigations. When one of two winter wheat irrigations used
3 g・L−1 brackish water, yield did not differ significantly from two freshwater
irrigations. Two 3 g・L−1 brackish water irrigations also showed no significant
yield difference compared to two freshwater irrigations. Therefore, substituting
one freshwater irrigation with 2–4 g・L−1 brackish water during winter wheat
growth did not reduce yield. Compared to rainfed conditions, one brackish or
freshwater irrigation increased yield by an average of 13.4%, while two brack-
ish water irrigations increased yield by 22.6%. Alternating one brackish and
one freshwater irrigation increased yield by 8.5% compared to one freshwater
irrigation.

In 2014–2015, based on previous results, higher salinity brackish water irriga-
tion experiments were conducted. Results showed no significant yield difference
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between one irrigation of 3–5 g・L−1 brackish water and one freshwater irriga-
tion. Two 4 g・L−1 brackish water irrigations also showed no significant yield
difference compared to two freshwater irrigations, indicating that 3–5 g・L−1

brackish water irrigation did not reduce winter wheat yield (Table 2).

Combined results from both years demonstrated that one brackish water irriga-
tion increased winter wheat yield by 10–30% over rainfed conditions. A single
jointing-stage irrigation with 2–5 g・L−1 brackish water showed no significant
yield difference compared to freshwater irrigation, indicating that brackish wa-
ter can substitute for one freshwater irrigation without affecting yield. Two
brackish water irrigations during winter wheat growth increased yield by over
40% compared to no irrigation, and two irrigations with 2–5 g・L−1 brackish
water at jointing and grain-filling stages showed no significant yield difference
from two freshwater irrigations, suggesting that brackish water can replace two
freshwater irrigations.

2.1.2 Effects on Summer Maize Yield

Brackish water irrigation introduces both water and salt into the soil, and accu-
mulated salt can affect subsequent crop growth. In winter wheat-summer maize
double cropping systems, summer maize has lower salt tolerance than winter
wheat, so salt remaining in the soil from winter wheat brackish water irrigation
can impact the following summer maize crop. Therefore, the impact on subse-
quent crops must be considered when implementing brackish water irrigation
for winter wheat.

Table 3 shows the effect of previous winter wheat brackish water irrigation on
summer maize yield. All summer maize plots received one freshwater irrigation
after sowing to reduce salt effects on germination and seedling growth. Results
indicated that winter wheat brackish water irrigation had some impact on sub-
sequent summer maize yield. In 2014, one 2–4 g・L−1 brackish water irrigation
during winter wheat growth reduced summer maize yield by an average of 15.9%
compared to one freshwater irrigation. Two 3 g・L−1 brackish water irrigations
reduced summer maize yield by 11.17% compared to two freshwater irrigations.
Under two irrigation events, replacing one freshwater irrigation with 3 g・L−1

brackish water reduced summer maize yield by an average of 2.19%. Specif-
ically, when 3 g・L−1 brackish water was applied at jointing and freshwater
at grain-filling, summer maize yield did not differ from two freshwater irriga-
tions. However, when freshwater was applied at jointing and brackish water at
grain-filling, summer maize yield decreased by 4.6% compared to two freshwater
irrigations.

In 2015, summer maize yield trends were similar to 2014. One 3–5 g・L−1

brackish water irrigation during winter wheat growth reduced summer maize
yield by an average of 9.5% compared to one freshwater irrigation. Summer
maize yield under two brackish water irrigations did not differ significantly from
two freshwater irrigations.
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2.2 Effects of Different Salinity Levels on Soil Salt Balance

After brackish water irrigation at winter wheat jointing stage, soil salt moved
upward with evaporating water as temperatures rose, increasing topsoil salinity.
Figure 1 [Figure 1: see original paper] shows soil salt content after three years of
brackish water irrigation (2013–2015) at winter wheat and summer maize har-
vest. Figure 1a indicates that 0–60 cm soil salinity was higher than pre-sowing
levels, increasing with irrigation water salinity. Salinity in the 60–100 cm layer
changed little, while two brackish water irrigations resulted in higher average
soil salinity than one irrigation. At summer maize harvest (Figure 1b), topsoil
(0–20 cm) salinity in brackish water treatments decreased compared to winter
wheat harvest, with salt accumulating mainly in the 40–80 cm layer.

Soil salt changes in 2014–2015 are shown in Figures 1c and 1d. Soil salinity un-
der rainfed winter wheat represented pre-sowing conditions. Soil salinity under
rainfed and one–two freshwater irrigations was essentially consistent at winter
wheat harvest, averaging 1.0 g・kg−1 in the 0–60 cm layer—lower than rainfed
conditions—indicating that one–two freshwater irrigations leached soil salt. Soil
salinity in the 0–60 cm layer increased significantly under 3–5 g・L−1 brackish
water irrigation, averaging 1.4 g・kg−1, with the highest salinity in the 0–20 cm
topsoil reaching 1.6 g・kg−1.

One freshwater irrigation after summer maize sowing leached salt below the
20 cm layer, and subsequent concentrated summer rainfall further leached salt.
By summer maize harvest, the 0–80 cm layer was in a desalinization state.
Salinity in all treatments decreased, with average 0–100 cm and 0–60 cm salinity
of 1.0 g・kg−1 and 0.9 g・kg−1, respectively—both lower than pre-sowing levels.

Results differed substantially between the two years due to different rainfall
amounts. Summer maize season rainfall (June–September) was 155.9 mm in
2014 and 451.3 mm in 2015 (Figure 6 [Figure 6: see original paper]). The
2014 drought resulted in minimal salt leaching and salt accumulation, while the
451.3 mm of concentrated rainfall in 2015 leached more salt than accumulated,
resulting in substantial desalinization.

2.3 Effects of Irrigation and Rainfall on Soil Salt Balance

In winter wheat-summer maize double cropping systems, brackish water irri-
gation at winter wheat jointing stage causes salt accumulation in the topsoil
through later evaporation, often exceeding summer maize salt tolerance thresh-
olds and affecting normal germination and seedling growth, resulting in yield
reduction. Mitigating salt accumulation effects on summer maize emergence is
crucial for safe and efficient brackish water utilization. Rainfall and increased ir-
rigation leaching can reduce topsoil salinity and alleviate impacts on subsequent
crops (Figure 3 [Figure 3: see original paper]).

Figure 4 [Figure 4: see original paper] shows the effect of different irrigation
amounts on 0–20 cm soil salinity after winter wheat harvest. Results indicated
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that with 70 mm surface irrigation, topsoil salinity decreased below the safe
threshold for maize growth (1.0 g・kg−1) within five days. Localized irrigation
measures could further reduce water requirements.

Figure 5 [Figure 5: see original paper] shows pre-sowing soil salinity in 0–100 cm
depth for 2013, 2014, and 2015. Average 0–100 cm salinity was 0.93, 1.12,
and 0.96 g・kg−1, respectively, while 0–60 cm salinity was 0.89, 1.12, and
0.84 g・kg−1. Pre-sowing 0–100 cm salinity was below 1.0 g・kg−1 in 2013
and 2015 but exceeded 1.0 g・kg−1 in 2014. Figure 6 [Figure 6: see original
paper] shows summer maize season rainfall for the three years: 543.7 mm in
2013, 155.9 mm in 2014, and 451.3 mm in 2015. The low rainfall in 2014 caused
salt accumulation in the soil.

The 0–20 cm layer is strongly affected by crop growth and field management,
showing large salt content fluctuations. Soil salinity at winter wheat harvest was
higher than at maize harvest because intense soil evaporation during late winter
wheat growth moved salt upward. Subsequent summer maize season rainfall
then leached the accumulated salt downward, reducing 0–20 cm salinity. This
cycle repeated annually. The 2015 rainy season had more rainfall than 2014,
resulting in stronger salt leaching. Compared with the 0–20 cm layer, 0–100 cm
soil salinity changes were more stable.

2.4 Winter Wheat Irrigation System Research

In the winter wheat-summer maize double cropping system of the Hebei low
plain, winter wheat grows during the dry winter-spring season when rainfall
cannot meet normal growth requirements, making supplemental irrigation es-
sential for yield. However, severe groundwater overexploitation and government
control measures have limited freshwater availability, making brackish water
the primary irrigation source. Research shows winter wheat has higher brackish
water irrigation thresholds than summer maize, and crops have different salt tol-
erances at different growth stages. Dividing winter wheat growth into sowing–
regreening, regreening–jointing, jointing–heading, and heading–maturity stages,
the salt impact indices are 0.1426, 0.3270, 0.0265, and 0.012, respectively. Salt
sensitivity is higher before and after regreening (low salt tolerance stage) and
lower after jointing (salt-tolerant stage, suitable for brackish water irrigation)
[17].

This study found that brackish water irrigation with salinity less than 5 g・L−1

at winter wheat jointing stage significantly increased yield, indicating that one
jointing-stage brackish water irrigation can substitute for freshwater irrigation
while ensuring high winter wheat yields. These results align with other reports
on brackish water irrigation effects on winter wheat [18–19].

However, soil salt accumulation from winter wheat brackish water irrigation
negatively affected the subsequent maize crop, reducing summer maize yield.
Findings from Ma et al. [1] and Pang et al. [3] in Hebei Province are consistent
with this study. This research further demonstrated that approximately 70 mm
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of freshwater irrigation after summer maize sowing could reduce 0–20 cm soil
salinity below summer maize thresholds, mitigating yield reduction caused by
winter wheat brackish water irrigation. This aligns with local agricultural man-
agement needs because intense soil evaporation and crop transpiration during
late winter wheat growth deplete soil moisture, requiring irrigation after sum-
mer maize sowing to ensure germination and seedling growth. This freshwater
irrigation thus satisfies both water requirements and salt leaching needs.

Chen et al. [20] showed that in Cangzhou, Hebei, soil salt accumulation from
brackish water irrigation is primarily leached by concentrated summer rainfall,
with leaching effectiveness depending on total summer rainfall and individual
rainfall events. Generally, single rainfall events exceeding 25 mm provide leach-
ing effects, and rainfall greater than 300 mm during June–September essentially
ensures soil salt balance. Analysis of rainfall patterns in Nanpi County, Hebei
from 1996–2014 (Figure 8 [Figure 8: see original paper]) shows average annual
rainfall of 533.4 mm and average summer rainfall of 395.3 mm, with summer
rainfall exceeding 300 mm in 73% of years and 400 mm in over 57% of years,
creating favorable conditions for soil salt leaching and desalinization.

Conclusion
Developing and utilizing brackish water resources for irrigation can alleviate
freshwater scarcity to some extent, but brackish water irrigation can cause soil
salinization. Therefore, ensuring the safety of brackish water irrigation for crops
and the environment is crucial for sustainable agricultural development. Based
on this research, the following conclusions are drawn:

In the winter wheat-summer maize double cropping system of the Hebei low
plain, two irrigations at jointing and heading-flowering stages generally achieve
stable, high yields. Using brackish water with salinity not exceeding 5 g・L−1

to replace one freshwater irrigation maintains crop yields without reduction,
with jointing-stage irrigation being more effective than heading-flowering stage
irrigation. After winter wheat brackish water irrigation, high water consump-
tion during growth causes obvious salt accumulation in the topsoil, exceeding
the salt tolerance threshold of the subsequent summer maize crop. Applying
675–750 m3・hm−2 of freshwater irrigation after summer maize sowing can leach
salt to below the safety threshold without affecting maize seedling growth. The
summer maize growth period coincides with the rainy season; when summer rain-
fall is less than 300 mm, salt accumulates, but when rainfall exceeds 300 mm,
leaching effects achieve annual salt balance and soil desalinization [16], provid-
ing technical support for safe brackish water irrigation and grain yield increases.
However, long-term monitoring is needed to assess the long-term impacts of
brackish water irrigation on soil and the environment.

References
[1] Ma W J, Mao Z Q, Yu Z R, et al. Effects of saline water irrigation on soil

chinarxiv.org/items/chinaxiv-201711.01163 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01163


salinity and yield of winter wheat-maize in North China Plain[J]. Irrigation
and Drainage Systems, 2008, 22(1): 3–18
[2] Zheng C L, Cao C Y, Li W, et al. Effects of saline water irrigation on
the yield of wheat and maize and soil salt movement[J]. Journal of Hebei
Agricultural Sciences, 2010, 14(9): 49–51
[3] Pang H C, Li Y Y, Yang J S, et al. Effect of brackish water irrigation
and straw mulching on soil salinity and crop yields under monsoonal climatic
conditions[J]. Agricultural Water Management, 2010, 97(12): 1971–1977
[4] Wang Q J, Xu Y M, Wang J D, et al. Application of saline and slight saline
water for farmland irrigation[J]. Irrigation and Drainage, 2002, 21(4): 73–77
[5] Wang W G, Wang X G, Shen R K, et al. Progress of research on light salt
water irrigation[J]. Water Saving Irrigation, 2003(2): 9–11
[6] Chen S Y, Zhang X Y, Shao L W, et al. Effect of deficit irrigation with
brackish water on growth and yield of winter wheat and summer maize[J].
Chinese Journal of Eco-Agriculture, 2011, 19(3): 579−585
[7] Shang W, Shi J C, Niu L A, et al. Statistical analysis of the relationship
between irrigated saline water’s mineralization degree/salt mass and the
relative yield of wheat[J]. Journal of Irrigation and Drainage, 2009, 28(5): 41–
44
[8] Qiao D M, Wu H Q, Qi X B, et al. Simulation and movement regularity of
soil water and soil salt by brackish water irrigation under condition of different
groundwater depth[J]. Journal of Soil and Water Conservation, 2007, 21(6): 7–
10
[9] Mao Z Q, Yu Z R, Ma Y L. Influence of brackish water on the soil salt
regime and yield of winter wheat and summer maize[J]. Journal of China
Agricultural University, 2003, 8(S1): 20–25
[10] Guo Y C, Liu W J. South-north water transfer project and develop and
use local salt-fresh water resources synthetically[J]. Hebei Water Resources and
Hydropower Technology, 2002(1): 12–14
[11] Fang S, Chen X L. Using shallow saline groundwater for irrigation and
regulating for soil salt-water regime[J]. Irrigation and Drainage Systems, 1997,
11(1): 1–14
[12] Chauhan C P S, Singh R B, Gupta S K. Supplemental irrigation of wheat
with saline water[J]. Agricultural Water Management, 2008, 95(3): 253–258
[13] Fang S, Chen X L, Fan Z D, et al. Comprehensive control of drought,
waterlogging, salinity and saline groundwater and good circulation of eco-
environment[J]. South-To-North Water Transfers and Water Science &
Technology, 2005, 3(S): 12–18
[14] Kiani A R, Mirlatifi S M. Effect of different quantities of supplemental
irrigation and its salinity on yield and water use of winter wheat (Triticum
Aestivum)[J]. Irrigation and Drainage, 2012, 61(1): 89–98
[15] Katerji N, van Hoorn J W, Hamdy A, et al. Salinity effect on crop devel-
opment and yield, analysis of salt tolerance according to several classification
methods[J]. Agricultural Water Management, 2003, 62(1): 37–66
[16] Ahmed B A O, Inoue M, Moritani S. Effect of saline water irrigation and
manure application on the available water content, soil salinity, and growth of

chinarxiv.org/items/chinaxiv-201711.01163 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01163


wheat[J]. Agricultural Water Management, 2010, 97(1): 165–170
[17] Guo Y C, Chen X L, Gao W. Strategy of conjunctive use of saline and
fresh water[J]. China Rural Water and Hydropower, 1992(6): 15–18
[18] Liu J, Gao Z Y. Advances in study and practice of brackish water irrigation
in China[J]. Water Resources and Hydropower Engineering, 2002(1): 12–14
[19] Wang X P, Yang J S, Liu G M, et al. Impact of irrigation volume and
water salinity on winter wheat productivity and soil salinity distribution[J].
Agricultural Water Management, 2015, 149: 44–54
[20] Chen X L, Guo Y C. Saline water irrigation technology[J]. China Rural
Water and Hydropower, 1993(7): 7–10

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201711.01163 Machine Translation

https://chinarxiv.org/items/chinaxiv-201711.01163

	Effects of Brackish Water Irrigation on Soil Salinity Balance and Crop Yield: Postprint
	Abstract
	Full Text
	Preamble
	Introduction
	1.1 Experimental Design
	1.2 Observation Items and Methods
	1.3 Data Processing Methods
	2.1.1 Effects on Winter Wheat Yield and Yield Components
	2.1.2 Effects on Summer Maize Yield
	2.2 Effects of Different Salinity Levels on Soil Salt Balance
	2.3 Effects of Irrigation and Rainfall on Soil Salt Balance
	2.4 Winter Wheat Irrigation System Research

	Conclusion
	References


