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Abstract: Establishing methods for scientific and rational use of brackish water resources is the key
to farmland irrigation in the Yellow River Delta region of China. In this study, we conducted
laboratory simulation experiments with soil columns and monitored the changes in water
infiltration and salt distribution under eight irrigation treatments, including four intervals (0, 30, 60,
and 90 min between irrigations) and two sequences (brackish-brackish-fresh water and brackishfresh-brackish water). The results showed that the duration of water infiltration into the soil was
higher under intermittent irrigation than continuous irrigation, with the highest value recorded at
the 90-min irrigation interval. There was no significant difference in the mean soil water content
between the brackish-brackish-fresh water (28.01–29.71%) and brackish-fresh-brackish water
(28.85–29.98%) irrigation treatments. However, the mean soil desalination rate of the brackishbrackish-fresh irrigation treatment (42.51–46.83%) was higher than that of the brackish-freshbrackish irrigation treatment (39.48–46.47%), and a much higher soil desalination rate was observed
at the 90-min irrigation interval, compared with the other intervals. In conclusion, brackishbrackish-fresh water irrigation at longer time intervals (e.g., 90 min between irrigations) is
conducive to reduce soil salt content in the surface soil in the study region.
Keywords: alternating irrigation; desalination rate; intermittent irrigation; sodium adsorption ratio;
soil water content

1. Introduction
There are large reserves of brackish water resources under the ground, which show great
application potential for farmland irrigation [1]. Salt leaching, with brackish water, plays a role in
reducing soil salt content [2]. However, the Na+ in brackish water can change soil physicochemical
properties and reduce soil permeability, leading to the formation of soil crust and posing a potential
risk of soil salinization [3,4]. How to make scientific and rational use of brackish water resources is
the key to farmland irrigation with brackish water in coastal regions.
Brackish water irrigation is often implemented through direct irrigation with brackish water,
mixed irrigation with brackish and fresh water, and alternating irrigation with brackish and fresh
water [5]. Some researchers [6-8] found that alternating irrigation with brackish and fresh water is a
better strategy than mixed irrigation for the improvement of crop yield in India. In addition, other
studies showed that improper time intervals between irrigations causes deep percolation of water or
increased salt accumulation in the surface soil [9,10]. Xue et al. [11]. This recorded higher cumulative
infiltration in clay soil after three irrigations with saline water (2–6 g/L salinity) at a 30-min interval,
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compared with 60- and 90-min intervals. However, only brackish water irrigation was tested in the
above study, while fresh water was not included for alternating irrigation.
In order to save fresh water resources, an increased proportion of brackish water can be used for
irrigation, e.g., a 2:1 ratio of brackish to fresh water. For example, Su et al. [12] applied alternating
irrigation to a clay loam soil with brackish (3 g/L salinity) and fresh water (0.5 g/L salinity) in different
sequences. They found that two brackish water irrigations did not markedly increase soil salt content
compared with one brackish water irrigation, while brackish-fresh-brackish water irrigation was
more efficient in soil desalination than fresh-brackish-brackish water irrigation. However, the
sequence of alternating irrigation with brackish and fresh water was incomplete in the above study,
as it lacked a comparison with brackish-brackish-fresh water irrigation. Studies that combine
different sequences and intervals of irrigation, with brackish and fresh, water can provide useful data
for the development of rational irrigation strategies.
In the present study, a 2:1 ratio of brackish to fresh water was used for simulated irrigation
experiments with a silty loam soil, collected from the Yellow River Delta region in Shandong
Province, China. The study region is characterized by low and flat terrain with high groundwater
level. This region is irrigated with Yellow River water, poorly drained, and prone to seawater
intrusion. These conditions have resulted in a high level of soil salinization, which seriously restricts
the economic development at a regional scale [13,14]. The aim of this study was to evaluate the effects
of different irrigation intervals (0, 30, 60, and 90 min) and sequences (brackish-brackish-fresh and
brackish-fresh-brackish) on the redistribution of soil water and salt in the Yellow River Delta region.
The results provide support for the rational use of brackish water resources for farmland irrigation
in the study region.
2. Materials and Methods
2.1. Experimental Soil and Irrigation Water
The experimental soil was taken from the Coastal Wetland Ecological Experiment Station of
Yellow River Delta (37°45’50” N, 118°59’24” E), Chinese Academy of Sciences. Plants are patchily
distributed at the sampling site. The composition of plant communities was simple, mainly
comprising salt-tolerant plants. The dominant species were Phragmites australis, Tamarix chinensis, and
Imperata cylindrica. In 2017, five soil samples were taken from a depth of 0–30 cm using a spade. After
removing impurities by hand, the soil sample was air-dried and mixed, then passed through a 2 mm
sieve before use. The basic physicochemical properties of the soil sample are shown in Table 1.
Table 1. Basic physicochemical properties of the experimental soil.

Particle size
Soil
Composition (%)
Texture
Gravel Silt Clay
Silty
loam

11.6

48.7

39.7

Field
Capacity
(%)

Initial
Water
(%)

28.04

1.04

Electrical
Total Cl− Ca2+ Mg2+
pH Conductivity Salt
(mS/cm)
(g/kg)
(g/kg)

Na+

7.4

2.90

1.88

4.50

0.27 0.57

0.30

Underground brackish water (~3 g/L salinity) resources, mainly containing Na+ and Cl-, are
widely distributed in the shallow subsurface of the Yellow River Delta region. To simulate the
underground water in this region, brackish water was formulated with NaCl and distilled water (3
g/L salinity). Whereas, fresh water was prepared using distilled water (0 g/L) [15,16]. The irrigation
amount was calculated from the field capacity using Equation (1) [17],
𝑀 = 𝐻 × 𝐴(𝜃

− 𝜃 )𝛾

/𝛾

(1)

where M is the irrigation amount (i.e., 412 ± 5 mL); H is the depth of the designed soil wetting layer
(cm); A is the irrigated area of soil (cm2); 𝜃𝑚𝑎𝑥 is the maximum allowable water content in designed
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soil wetting layer (%, on a dry soil basis), generally equal to the field capacity (i.e., 28.04%); 𝜃0 is the
initial water content in designed soil wetting layer (%, on a dry soil basis), 𝛾𝑠𝑜𝑖𝑙 is the bulk density
of soil (g/cm3); and 𝛾𝑤𝑎𝑡𝑒𝑟 is the density of water (𝛾𝑤𝑎𝑡𝑒𝑟 = 1.00 g/cm3 for both brackish water and
fresh water based on laboratory measurements).
2.2. Infiltration Experiments
The experimental setup consisted of a soil column and a water supply device (Figure 1). The soil
column (46 cm in total height) was assembled with 23 plexiglass tubes (6 cm in inner diameter and 2
cm in height). The tube was fixed by four screws, with small holes of 2 mm diameter evenly
distributed on the bottom board for ventilation. Vaseline was evenly spread onto the tube wall at
joints to minimize the effects of pores on the inner wall of the tube during infiltration. Water was
supplied using a Markov bottle with a cross-sectional area of 22.89 cm2 and a height of 60 cm. The
outer walls of the soil column and the Markov bottle were marked with scales, in order to monitor
the depth of wetting front migration in the soil column and the water level in the Markov bottle.

Figure 1. Experimental setup for one-dimension vertical water infiltration. (1) Soil column; (2) Water
pipe; (3) Intake tube; (4) Markov bottle; (5) Retort stand; and (6) Desktop.

Before the start of the experiment, two layers of quartz sand were filled at the bottom for
ventilation. Next, soil was filled into the column by layers (2 cm each layer) to give the bulk density
of 1.35 g/L and a total height of 40 cm. The soil surface was covered with a filter paper to prevent
scouring of the soil during irrigation. The soil column was allowed to sit for 12 h before
experimentation. The water head was controlled at 1–2 cm and time was recorded using a stopwatch.
Changes in the depth of wetting front and the water level in the Markov bottle were recorded at
different time intervals from dense to sparse.
Eight irrigation treatments were applied, including four intervals (0, 30, 60, and 90 min between
irrigations) and two sequences (brackish-fresh-brackish water (BFB); and brackish-brackish-fresh
water (BBF)). Each treatment had three replicates. For each irrigation cycle, an equal volume (137 ± 1
mL) of irrigation water (brackish or fresh) was applied three times in the indicated sequence with a
specific time interval between irrigations. For example, for the BFB treatment at the 90-min irrigation
interval, 137 ± 1 mL of brackish water was first applied; then, 137 ± 1 mL of fresh water was applied
90 min after the infiltration of brackish water was completed; subsequently, 137 ± 1 mL of brackish
water was applied again 90 min after the infiltration of fresh water was completed.
3
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Due to the stable supply of water, the water potential gradient at the wetting front was generally
large. Thus, when the irrigation was completed, the migration and redistribution of soil water were
driven continuously by the large water potential gradient. A study observed relatively stable soil
water content in a silty loam soil 20 h after the end of water infiltration [18]. Therefore, after irrigation
treatment, the soil column was allowed to stand for 20 h before sampling. Soil samples were taken
from different depths at 4 cm intervals. The content of soil water after redistribution was measured
by oven drying method (40 °C, 10 h). The electrical conductivity in soil extract (water: soil = 5:1, v/v)
was measured using a digital conductivity meter (DDS11A, Yoke, Shanghai, China) and then
converted to soil salt content. Soil Na+ content was measured by atomic absorption
spectrophotometer, while soil Ca2+ content and Mg2+ content were measured by EDTA titration.
3. Data Analysis
The cumulative infiltration refers to the total amount of water infiltrated into the soil per unit
surface area [19]. Here the cumulative infiltration was calculated using Equation (2):
I = ℎ × 0.81

(2)

where I is the cumulative infiltration (cm); h is the cumulative decrease of the water level in the
Markov bottle (cm); and 0.81 is the ratio of the cross-sectional area of the Markov bottle to the soil
column used in the experiment.
After the end of water infiltration, the distribution of soil water determines the extent of water
adsorption and utilization by the crops and the availability of soil water to the crops. Soil water
content was calculated using Equation (3) [20]:
𝜃

= 100% × 𝑚 /𝑚

(3)

where 𝜃 is the soil water content (%); 𝑚 is the mass of water contained in soil (g); and 𝑚 is the
mass of dry soil (g).
Soil salt content was calculated using Equation (4):
Soil salt content (g/kg) = 1.857 × 𝐸𝐶

:

+ 1.011

(4)

where 𝐸𝐶5:1 is the electrical conductivity in soil extract with a 5:1 ratio of water to soil at 24.5 °C
(mS/cm).
A higher soil desalination rate indicates a better salt leaching effect by water, which is beneficial
for the improvement of saline-alkali soil. Soil desalination rate was calculated using Equation (5) [21]:
Soil desalination rate (%) = 100% × (𝑆1 − 𝑆2)/𝑆1

(5)

where 𝑆1 is the initial salt content in the soil (S1 = 4.50 g/kg; Table 1) and 𝑆2 is the salt content at
specific soil depths after redistribution (g/kg).
A higher soil sodium adsorption ratio (SAR) poses a greater risk to soil. The SAR was calculated
according to Equation (6) [22]:
𝑆𝐴𝑅 =

[𝑁𝑎 ]
1
([𝐶𝑎 ] + [𝑀𝑔 ])
2

(6)

where [𝑁𝑎 ], [𝐶𝑎2+ ], and [𝑀𝑔2+ ] are expressed in mmol/L.
Statistical analysis was conducted using SPSS Statistics 19.0 for Windows (IBM SPSS, Somers,
USA). The analysis of variance (ANOVA) for a randomized block design was performed in order to
evaluate the significance of irrigation sequence and interval on the duration of water infiltration, soil
water content, desalination rate, and soil sodium adsorption ratio (Table 2). The data were checked
for the normality of the distribution using Shapiro–Wilk test and for homogeneity of variance using
Levene's test. The means were examined by a one-way ANOVA, followed by a post hoc test (e.g.,
Duncan or Tukey).
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Table 2. Mean water content (%) in the silty loam at depths of 0–32 cm under different irrigation
treatments (BBF, brackish-brackish-fresh water; BFB, brackish-fresh-brackish water).

Irrigation interval (min)
Treatment
0

30

60

90

BBF

28.01 ± 0.33a

29.24 ± 0.60a

28.47 ± 0.39a

29.71 ± 0.33a

BFB

28.85 ± 0.75a

29.66 ± 0.29a

29.36 ± 0.92a

29.98 ± 0.48a

Note: Different letters indicate significant differences (P < 0.05). Here, no significant difference was found.

4. Results
4.1. Effects of Irrigation with Brackish and Fresh Water on Water Infiltration
The cumulative infiltration of water in the silty loam increased as a function of time, but the
magnitude of increase gradually declined with different irrigation treatments. Within the same
period of time, the cumulative infiltration decreased with increasing irrigation interval. For example,
within the first 330 min of BFB treatment, the cumulative infiltration reached 14.01 cm at the 0-min
irrigation interval. As the irrigation interval increased to 30, 60, and 90 min, the cumulative
infiltration decreased by 20.14%, 31.39%, and 50.43% (P < 0.05), respectively. Concerning the
irrigation sequence, the BBF treatment increased the cumulative infiltration, compared with the BFB
treatment at each irrigation interval. For example, with irrigation applied at a 60-min interval, the
cumulative infiltration of BBF treatment was 10.94 cm, which was 10.17% higher than that of BFB
treatment (P < 0.05; Figure 2).
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Figure 2. Changes in cumulative infiltration of water in the silty loam under different irrigation
treatments (BBF, brackish-brackish-fresh water; BFB, brackish-fresh-brackish water).

Unlike the cumulative infiltration, the duration of water infiltration under different treatments
significantly increased with increasing irrigation interval (P < 0.05). Specifically, the infiltration of
water lasted 359 min under the BFB treatment at the 0-min interval. Whereas, an increase in the
irrigation interval, from 0 to 90 min, resulted in a 97.77% increase in the duration of infiltration.
Comparing different irrigation sequences revealed that the BBF treatment shortened the duration of
infiltration compared with the BFB treatment. Especially at the 90-min irrigation interval, the BBF
treatment resulted in 567 min of infiltration, which was 25.22% shorter than that of BFB treatment (P
< 0.05; Figure 3).
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Figure 3. Effects of different irrigation treatments (BBF, brackish-brackish-fresh water; BFB, brackishfresh-brackish water) on the duration of water infiltration in the silty loam. Different letters above
columns indicate significant differences (P < 0.05).

Similar to the duration of infiltration, the mean soil water content under different treatments
also increased with increasing irrigation interval (except for 60-min interval). Although, the
differences were not significant (P > 0.05). Additionally, the soil water content of the BFB treatment
was slightly, but not significantly, higher than that of the BBF treatment (P > 0.05).
4.2. Effects of Irrigation with Brackish and Fresh Water on Salt Distribution
Desalination occurred in the soil across depths of 0–32 cm under different treatments. The mean
desalination rate significantly increased with increasing irrigation interval (P < 0.05). Especially for
the BBF treatment at the 90-min interval, the mean desalination rate reached 49.07%, which was 1.15fold over the same treatment at the 0-min interval (i.e., 42.51%; Table 3).
Table 3. Mean desalination rate (%) in the silty loam at depths of 0–32 cm under different irrigation
treatments (BBF, brackish-brackish-fresh water; BFB, brackish-fresh-brackish water).

Treatment

Soil Depth (cm)

Irrigation
Interval (min)

0–12

12–32

0–32

0

63.82 ± 0.22c

29.72 ± 0.62e

42.51 ± 0.45d

30

65.19 ± 0.37b

33.01 ± 0.56d

45.08 ± 0.21c

60

63.95 ± 0.46c

36.33 ± 0.23c

46.69 ± 0.32b

90

66.98 ± 0.25a

38.32 ± 0.34b

49.07 ± 0.29a

0

51.60 ± 0.90f

32.21 ± 0.66d

39.48 ± 0.71e

30

51.88 ± 0.64f

35.71 ± 0.21c

41.77 ± 0.27d

60

55.68 ± 0.41e

38.92 ± 0.28b

45.21 ± 0.31c

BBF

BFB
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90

57.30 ± 0.37d

40.13 ± 0.27a

46.57 ± 0.26b

Note: Different letters in the same column indicate significant differences (P <0.05).

The mean desalination rate of BBF treatment was significantly higher than that of BFB treatment
(P < 0.05). However, changes in the mean desalination rate across different soil depths were
inconsistent between these two treatments. At the 0–12 cm soil depth, the desalination rate of BBF
treatment was higher than that of BFB treatment. For example, under irrigation at 30-min interval,
the desalination rate of the BFB treatment (51.88%) was 0.8-fold over the BBF treatment (65.19%; P <
0.05). However, the reverse was true at the 12–32 cm soil depth, with a higher soil desalination rate
recorded for the BFB over BBF treatment. With irrigation applied at the 0-min interval, the soil
desalination rate of BFB treatment (32.21%) showed an 8% increase over the BBF treatment (29.72%,
P < 0.05; Table 3).
The mean SAR in the soil significantly decreased with an increasing interval of intermittent
irrigation (P < 0.05). Taking the BBF treatment as an example, the mean SAR recorded at the 0-min
irrigation interval was 23.41, while a 21.04% decrease was observed under irrigation at the 90-min
interval (Table 4).
The mean SAR of BBF treatment was significantly lower than that of BFB treatment (P < 0.05).
The SAR at different soil depths showed inconsistent changes between BBF and BFB treatments. The
BBF treatment resulted in lower soil SAR than did the BFB treatment at depths of 0–12 cm. For
example, when irrigation was applied at the 60-min irrigation interval, the soil SAR of BBF treatment
was 15.55; by comparison, an increase of 39.68% was observed under the BFB treatment (P < 0.05).
However, at the 12–32 cm depth, the soil SAR of BBF treatment was higher than that of BFB treatment.
Still, taking the irrigation interval of 60 min as an example, the soil SAR of BBF treatment was 24.39,
with a 5.45% decrease observed under the BFB treatment (P < 0.05; Table 4).
Table 4. Mean sodium adsorption ratio in the silty loam at depths of 0–32 cm under different irrigation
treatments (BBF, brackish-brackish-fresh water; BFB, brackish-fresh-brackish water).

Treatment

Soil Depth (cm)

Irrigation
Interval (min)

0–12

12–32

0–32

0

20.04 ± 0.27c

25.43 ± 0.30a

23.41 ± 0.28b

30

17.21 ± 0.46e

24.82 ± 0.13ab

21.97 ± 0.24c

60

15.55 ± 0.14f

24.39 ± 0.22bc

21.08 ± 0.09d

90

13.10 ± 0.58g

23.08 ± 0.43d

19.34 ± 0.48e

0

23.19 ± 0.38a

24.95 ± 0.53ab

24.29 ± 0.19a

30

23.70 ± 0.59a

23.83 ± 0.12c

23.78 ± 0.15ab

60

21.72 ± 0.34b

23.13 ± 0.14de

22.60 ± 0.19c

90

18.26 ± 0.26d

22.72 ± 0.36e

21.05 ± 0.13d

BBF

BFB

Note: Different letters in the same column indicate significant differences (P < 0.05).

5. Discussion
The process of water and salt migration in the silty loam, during irrigation with brackish and
fresh water, were analyzed, and the optimal strategy was identified, which supports the scientific
and rational use of brackish water for farmland irrigation in the Yellow River Delta.
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5.1. Effects of Irrigation with Brackish and Fresh Water on Soil Water Content
Our results showed that the duration of water infiltration in the silty loam increased with an
increasing irrigation interval. Significant differences were observed in the duration of water
infiltration between continuous (0-min interval) and intermittent (30–90 min intervals) irrigation with
brackish and fresh water. During the intermittent irrigation process, we observed that the higher the
irrigation frequency, the greater the initial soil water content. Higher initial water content of the soil
can result in greater matric potential and hence lower soil water suction. Consequently, the matrix
potential gradient generated becomes smaller and soil water migration is slowed down [23].
Moreover, the soil is subjected to alternate drying-wetting under intermittent irrigation, which
changes the structural characters of surface soil and leads to the formation of a compact layer on it.
A longer irrigation interval is conducive to the formation of the compact layer, and thus, extends the
duration of water infiltration [24]. It was found by Wu and Wang [25] that, compared with continuous
irrigation, intermittent irrigation, with brackish water 3 g/L salinity, promotes water flow and
reduces water infiltration in a sandy clay loam, at depths of 0 edu cm. However, if soil salinity
increases, the salt ions brought into the soil by brackish water may alter the structural characteristics
of the soil and increase the soil macroporosity (3 and 5 g/L salinity). As the compact soil layer
contributes little to the reduction of infiltration, intermittent infiltration could increase the infiltration
[26]. Therefore, these inconsistent results are attributed to different soil types and irrigation water
quality [27].
In this study, we observed that the duration of water infiltration in the silty loam was shorter
under the BBF, compared with the BFB treatment. First, the BBF may cause an increase in soil
macroporosity, which could improve the soil permeability and lead to fast water infiltration [12].
Second, the BFB is conducive to the formation of effective pores, which could retain the infiltrated
water in soil, rather than sustaining rapid water flow [28]. These may explain the difference in the
duration of water infiltration between the two irrigation treatments with brackish and fresh water
applied in different sequences.
However, the irrigation sequence of brackish and fresh water did not significantly affect the
water content in the silty loam. The absence of significant differences in soil water content between
these two irrigation sequences may be explained by the similar experimental conditions, including
the volume and quality of irrigation water, the soil’s initial water content, and soil type. In addition,
evaporation in a short time (20 h) has little effect on water redistribution in the soil, which is
insufficient to change soil water content.
5.2. Effects of Irrigation with Brackish and Fresh Water on Soil Salt Content
The distribution of soil salt is susceptible to various factors, such as soil water content, soil
structure, and irrigation water quality [29]. Intermittent irrigation with brackish and fresh water can
improve the soil water and salt environment, and promote crop growth. Herein, we found that the
mean desalination rate in the silty loam was higher under intermittent irrigation at 30-, 60-, and 90min intervals, compared with continuous irrigation, while the reverse was true for the mean soil SAR.
Wu and Wang [25] also showed that intermittent irrigation can effectively reduce the occurrence of
local accumulation of soil salt, thus ensuring the sustainable use of soil. Moreover, we found that the
irrigation interval exhibited considerable effects on salt distribution in the silty loam; the higher
desalination rate and lower SAR were recorded in the soil at a longer irrigation interval. On the one
hand, as the frequency of irrigation increases, the frequency of salt migration, along with water flow,
increases, leading to more sufficient leaching of salt in the upper soil layer. On the other hand, the
effect of the irrigation interval on soil salt migration can be related to molecular diffusion,
hydrodynamic dispersion, and negative adsorption under saturated-unsaturated flow conditions
[23]. During intermittent irrigation, a longer time interval contributes to stronger unsaturated soil
conditions, and the water in non-conductive pores can be transported by diffusion, thereby
effectively removing the salt in the soil. Inversely, continuous irrigation receives continuous water
supply, in which the saturated soil conditions can be enhanced with increasing duration of irrigation.
Consequently, the migration of water in non-conductive pores may encounter difficulty, preventing
8
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the effective leaching of soil salt [23]. In summary, compared with continuous irrigation, intermittent
irrigation with brackish and fresh water can achieve a higher desalination rate, and a longer irrigation
interval is conducive to effective desalination of the soil tested in this study.
In this study, we found that BBF increased the mean desalination rate, while simultaneously
lowering the mean SAR in the silty loam, compared with BFB. This may be due to the fact that after
the first two irrigations with brackish water, the diffuse electric double layer is compressed toward
the surface of the clay particles, which reduces the repulsive force between soil particles and enhances
the flocculation of soil colloids, thereby forming soil aggregate structure and increasing soil water
conductivity [30]. These conditions are conducive to salt leaching in the soil through the last irrigation
with fresh water. Other studies have also demonstrated considerable effects of irrigation sequence on
salt content in different soils. Su et al. [12] found that, in using the same volume and quality of
irrigation water (3 g/L brackish water salinity and 0.5 g/L fresh water salinity), the change of FBB to
BFB increases the desalination rate in clay loam with secondary alkalization. In addition, Guan et al.
[31] used brackish (2 and 4 g/L salinity) and fresh water (0 g/L salinity) for alternating irrigation and
found that BBF markedly reduced the salt content in a silty loam, at depths of 0–22.5 cm, compared
with BFB.
6. Conclusions
Based on laboratory simulation experiments, this study revealed that the duration of water
infiltration into the silty loam increased with the increasing irrigation interval. By comparing
different irrigation sequences, we found a slight difference in the soil water content between BBF and
BFB. At different depths in the soil, the desalination rate and sodium adsorption ratio exhibited
inconsistent changes between the two treatments of alternating irrigation. Compared with
continuous irrigation, intermittent irrigation with brackish and fresh water performed better in soil
desalination. Taking into account soil salt content and SAR, brackish-brackish-fresh water irrigation
at a longer time interval (e.g., 90 min between irrigations) is conducive to reducing soil salt
accumulation in the surface soil in the study region.
Due to the limited study time and experimental conditions, the present study has been
conducted in the laboratory and our conclusions have yet to be verified through field trials. Further,
the effect of crops on soil water and salt migration should also be taken into consideration. When
using brackish water for farmland irrigation, farmers should give consideration to the salinity of
brackish water, the interval of intermittent irrigation, the sequence of alternating irrigation, the
frequency of irrigation, and the salt tolerance of crops in different growth stages.
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