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Highlights:

What are the main findings?

• Nitrogen fertilizer (urea) application ameliorated salt damage and promoted the growth of wheat;
• 270 kg/ha nitrogen was the optimal dosage for wheat cultivation in soils of typical agricultural

areas of the Yellow River delta.

What is the implication of the main finding?

• The finding is useful for rational utilization of nitrogen fertilizer and coastal saline agriculture
development.

Abstract: Salt-affected soils is an important soil resource. Understanding fertilizer and salinity
interaction are of great economic importance for improving crop yield and fertilizer use efficiency. A
pot experiment was carried out to study the application of nitrogen (N) for ameliorating salt stress in
wheat grown in the coastal saline soil of the Yellow River delta. Several controlling levels of salinity
and nitrogen (0.7, 1.7, 2.7 g/kg, and 135, 270, and 405 kg/ha) were designed in a pot experiment in
a stable water content state to investigate the N and salt interaction on soil properties and winter
wheat growth characteristics. The results showed that the dry weight of winter wheat was promoted
by salinity in the early growth stage (20 days), then it was gradually inhibited by nitrogen fertilizer.
When winter wheat was grown by 54 days, the N and salinity had significant effects on the biomass of
winter wheat. The nitrogen content of wheat shoot and root was mainly affected by N addition usage,
and the largest value was obtained in 270 kg/ha N dosage treatments. The higher the salt content
existed in the soil, the lower the growth rate shown in wheat cultivation. Under saline conditions,
the N fertilizer application amount should be controlled to no more than 270 kg/ha, so that it could
greatly promote wheat growth. Reasonable fertilizer usage could significantly contribute to crop
yield and food quality of the saline agriculture in the Yellow River delta.

Keywords: nitrogen; salt; wheat; the Yellow River delta

1. Introduction

With global climate change, soil salinization caused more and more attention [1]. At
present, more than 20% of the arable land in the world has been affected by salt, which
threatens global agriculture’s sustainable development [2]. The utilization of saline lands
for agricultural development has become a national strategy for ensuring food security in
China [3]. The high salinity of groundwater and the shallow water table in the Yellow River
Delta has caused soil salinization continued for a long time [4]. The toxic salt could inhibit
the germination of seed [5] and the absorption of nutrients while hindering photosynthesis
and reducing the metabolic rate [6]. Otherwise, soil salinity also causes crop yield to
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decrease and soil quality to decline [7]. The planting acreage of the winter wheat in the
Yellow River Delta area was reduced year after year for the salt existence [8]. The answer
to this question is going to need further study [9]. A great deal has been done to solve the
current difficult problem of soil salinity. Various physical, chemical, and biological measures
have been conducted to improve saline soil production [10]. For example, gypsum and
other chemical modifiers were also used to improve saline-alkali soil [11]. The development
of salt-tolerant varieties, such as biological and ecological measures, were also the means of
soil salinization improvement, such as salt tolerant plants [12] and microorganisms. The
interaction of water and salt makes it easier to regulate soil through water management [13].
However, the absorption of fertilizer mainly depends on the water, and the salt movement
is also dependent on the water. So, it is possible to optimize the regulation of water and
salt with the addition of fertilizer [14,15].

Nitrogen fertilizer, particularly urea, has been used to improve soil fertility for thirty
years in China. Although the application of fertilizer is beneficial to the growth of crops,
the use of much fertilizer also results in decreasing in quality and a series of serious envi-
ronmental problems [16]. Reasonable control of fertilizer application can not only reduce
resource waste but also increase crop yield and improve fertilizer use efficiency [17]. Nitro-
gen is the primary factor limiting crop growth and yield. It is an important component of
many organic compounds in crops. The addition of exogenous nitrogen is often achieved
by applying nitrogen fertilizer. Adding nitrogen fertilizer could not only increase the
content of chlorophyll and then affect photosynthesis [18] but also improve crop produc-
tivity [19] and grain quality [20]. Some studies have reported that nitrogen application
affected the accumulation and translocation of nitrogen content and biomass [21] and
increased the yield of the crop [22]. Salt could reduce fertilizer recovery and agronomic
efficiency [23], so taking reasonable steps to control salinity obstacles is necessary. Nitrogen
fertilizer application increases soil acidification [24], but it can be used for ameliorating
saline-alkaline soils.

Therefore, a pot experiment was conducted with three levels of soil salinity and four
levels of N addition content in saline soil of the coastal area of China. The purpose of
this study was to determine the variation of soil physicochemical properties and nitrogen
adsorption of winter wheat affected by salinity and nitrogen. Thereby providing the
optimal nitrogen fertilizer application amount for wheat production in saline soils. This
study could contribute to the goal of reducing the application rate of chemical fertilizer and
improving the fertilizer efficiency of agriculture in the Yellow River delta.

2. Materials and Methods
2.1. Sampling Site

The experimental soil was sandy loam collected at Bohai Farm in Lijin County, Shan-
dong province, China (37◦41′ N, 118◦36′ E). The sampling site is shown in Figure 1. The
sampling site is about 3.5 km from the Yellow River valley and 35 km from the Bohai sea.
The climate of the experimental area is warm temperate continental monsoon. The average
annual temperature, precipitation, and evaporation were 12.8 ◦C, 556 mm, and 1755 mm,
respectively. The frostless period was 206 d, and the average annual sunshine hours was
2702 h. The main characteristics of the soil are summarized in Table 1.

Table 1. Characteristics of the soil.

Parameter Value

Sand 67%
Silt 27%

Clay 6%
pH1:5 8.65

Total salt 0.7 g/kg
Bulk density 1.3 g/cm3
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Table 1. Cont.

Parameter Value

Organic matter 10.35 g/kg
Total N 0.957 g/kg

Available P 11.8 mg/kg
Available K 20 mg/kg
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Figure 1. The sampling site and experimental design.

2.2. Experiment Design

The experiment was conducted in the laboratory incubator of the Yantai Coastal
Zone Research Institute of the Chinese Academy of Sciences, and two control factors for
soil salinity and nitrogen application were set up (Figure 1). The sampling soil was air-
dried, removed the pebbles were, and then sieved to pass through a 2 mm mesh for the pot
experiment. The cultivar of winter wheat is Shannong 24. The experiment was conducted in
a plant growth chamber (Zhonglang RZH 500, Chengdu, China), with the control condition
of the temperature of 20/18 ◦C at day/night, the sunlight/dark time was 16 h/8 h, and the
humidity was 60% ± 5%. The nitrogen fertilizer is urea with a nitrogen content of 46%, and
the P2O5 in phosphate fertilizer is 15%. The pot for the wheat growth was a 5 cm radius
at the bottom and 11 cm height. Three levels of salt (0.7, 1.7, and 2.7 g/kg, referred to as
S1, S2, and S3, respectively) were regulated in the soil using NaCl solution. While four
levels of N application rates consisted of 0 (N0), 135 (N1), 270 (N2), and 405 (N3) kg /ha,
respectively. The additional amount of phosphate fertilizer was 105 kg (P2O5)/ha. The
total treatments were 12 with a randomized block design, and each treatment was repeated
9 times (Table 2).
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Table 2. The abbreviations of all treatments.

Number 1 2 3 4 5 6 7 8 9 10 11 12

Treatment N0S1 N0S2 N0S3 N1S1 N1S2 N1S3 N2S1 N2S2 N2S3 N3S1 N3S2 N3S3

Note(s): S1, S2, and S3 represent 0.7, 1.7, and 2.7 g/kg soil salt content, respectively; N0, N1, N2, and N3 represent
0, 135, 270, and 405 kg/ha N (urea 46%) addition content, respectively.

Each pot was filled with 850 g soil and covered the bottom hole with orchid stones.
The hole supplied air exchange and prevented anoxia of the soil. The different salt solutions
and fertilizers of all treatments were added to the soil and combined uniformly. The
wheat seeds were soaked in 100 mL/L NaClO solution for 10–15 min. After washing with
deionized water until the bleach’s smell disappeared, the seeds were placed in Petri dishes
to germinate for 20 min in the dark conditions at the temperature was 26 ± 1 ◦C. The
10 seedlings were transplanted at a depth of 2 cm in every pot. In order to maintain the
soil salinity at stable levels, the soil water holding capacity in each pot was maintained at
65% ± 5% by adjusting the whole weight with deionized water throughout the experiment.
Plants were grown in a glasshouse with the illumination setting parameters of 16 h/8 h
(Light/Dark) and the air humidity maintained at 55–65%. The temperature was set at
20 ◦C by day and 18 ◦C by night). Plant samples and soil samples were taken at 20, 33, and
54 days during the cultivation, respectively.

2.3. Data Collection

Basic parameters of the soil: The soil particle size composition was determined by
a laser particle analyzer (Mastersizer 2000, Malvern, UK). The soil pH was measured
in 1:5 soil-water suspension using a pH meter (Leici PHSJ-4F, Shanghai City, China) af-
ter 1 h shaking at 25 ◦C in an incubator shaker. The total salt was measured by the
oven-drying method. The bulk density was tested by cutting the ring. The soil organic
matter was determined by a total organic carbon analyzer (Thermo Fisher LH-SOC350,
New York, NY, USA).

Plant sampling: The whole winter wheat plant was removed from the pot at each
sampling time. Shoots were cut off then roots were washed with distilled water 3 times.

Chlorophyll content: In each pot, three leaves were cut and soaked in Anhydrous
ethanol, then determined the Chlorophyll by spectrophotometry (Puxi T6, Beijing, China).

Stem height, stem, and root weight: Pseudo stem height of winter wheat seedlings was
measured by a ruler. The fresh samples of the stem and root were baked in a dryer (DHZ-
9140A electrothermal constant temperature blast drying box, Shenxian, Tianjin, China) at
the temperature of 85 ◦C for 15 min. Then the samples were baked for 12 h at 70 ◦C. Finally,
they were weighed with High Precision Electronic Balances (with a precision of 0.1µg)
(Mettler Toledo XPR2U, Greifensee, Switzerland).

Total nitrogen of plant and soil: The dried samples were digested with the H2SO4-
H2O2 method (SH220 graphite digestion apparatus), then determined the N content was
by the Kjeldahl method (Huawei KDY-9840 Kjeldahl apparatus, Wuhan, China).

Soil inorganic nitrogen: The fresh soils were extracted with 2 mol/L KCl solution,
and the leaching solutions were measured by a continuous flow analyzer (German Seal
Company AutoAnalyzer III, Hamburg, Germany) for NO3

−. In addition, a part of the soil
samples was dried in the oven for water content measurement.

2.4. Statistical Analysis

All data were analyzed using SPSS (Statistical Product and Service Solutions) 19.0
(IBM Company, New York, NY, USA) for Windows software. Significant differences for all
data were tested with two-way ANOVA analysis followed by least significant differences
(LSD) at p < 0.05.
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3. Results
3.1. Soil pH

The N addition contents, and soil salt had significant effects on the soil pH1:5 (Table 3).
At the early growth stage of winter wheat (20 days), increased nitrogen fertilizer addition
content significantly reduced soil pH1:5, and the difference between N2 and N3 levels was
not significant. The higher the soil salinity, the lower the pH1:5. The sequence of pH value
in treatments was S1 > S2, S3. On the 33rd day of winter wheat growth, the soil pH1:5
decreased significantly with the increased addition of nitrogen and salinity. The sequence
was N0 > N1 > N2 > N3 and S1 > S2 > S3. When winter wheat grew after 54 days, N and
salinity addition significantly decreased soil pH1:5, and pH in treatments that included
N3 were significantly lower than other N addition levels (N0, N1, and N2). The order of
soil pH1:5 in different soil salinity was S1 > S2 > S3. The contribution rates of nitrogen
and salt to soil pH1:5 was various in different periods. The contribution rate of nitrogen
fertilizer was stronger than that of salt at 20 and 33 days, and the contribution rate of
salt was stronger than that of nitrogen fertilizer at 54 days. Although the application of
N significantly reduced soil pH1:5, the soil pH1:5 showed an overall increase during the
growth of winter wheat. The soil pH1:5 of N0S1 increased by 0.14, while the soil pH1:5 of
N0S3 increased by 0.14. In addition, the soil pH1:5 of N1S3 increased by 0.19, while the soil
pH1:5 of N3S3 increased by 0.11. Therefore, the amount of nitrogen and salt affected soil
pH1:5. They significantly decreased soil pH1:5. In the early stage of winter wheat growth
(33 days), nitrogen fertilizer was key influencing factor on soil pH. When the winter wheat
grew to 54 days, the nitrogen fertilizer affected little soil pH1:5, and it was mainly affected
by soil salinity. The lowest pH in the three levels of salinity was obtained in N3 treatments,
and there was no significant difference between N2 and N3 treatments.

Table 3. Effects of nitrogen application on soil pH1:5 at different growth stages of winter wheat in
various salinity level soils.

pH/Time N Rate
20 Days 33 Days 54 Days

S1 S2 S3 S1 S2 S3 S1 S2 S3

Soil pH

N0 8.45 a 8.407 ab 8.40 ab 8.60 a 8.46 bc 8.37 e 8.59 def 8.52 ef 8.43 f
N1 8.40 ab 8.33 bc 8.24 cd 8.48 d 8.42 cd 8.37 e 8.65 cdef 8.51 def 8.43 ab
N2 8.34 b 8.23 cd 8.18 d 8.40 de 8.36 e 8.29 f 8.64 ab 8.47 ab 8.41 cd
N3 8.32 bc 8.24 cd 8.22 d 8.37 e 8.30 f 8.28 f 8.56 bc 8.39 ab 8.33 cde

N rate 0.000 0.000 0.001
Salinity 0.000 0.000 0.000

N rate ×
salinity 0.556 0.003 0.601

Note(s): N0, N1, N2, and N3 represent nitrogen fertilizer amounts of 0, 135, 270, 405 kg (N)/ha, S1, S2, and S3
represent soil salt content of 0.7, 1.7, 2.7 g/kg. Different letters in the same column indicate significant differences
(p < 0.05) between the treatments.

3.2. Soil Total N and NO3
−

As shown in Table 4, the salt had no significant effect on soil total N during the 54 days
of cultivation of winter wheat, while the N addition rate had a significant effect on soil
total N before 33 days of growth and the interaction of them had a significant effect on
soil total N. The more N addition, the higher NO3

− in the soil. With the experiment going
on, the NO3

− decreased significantly until there was no difference between all treatments
after 54 days of cultivation. Soil salinity increased soil NO3

− at 33 days but showed no
significant effects at 20 days and 54 days. Nitrogen and salt showed obvious interaction on
soil N content. There was no significant difference between N2 and N3 treatments in the
three levels of soil salinity after 54 days of cultivation.
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Table 4. Effects of nitrogen application rates on soil total N and soil NO3
- in different growth stages

of winter wheat in various salinity level soils.

Soil N N Rate
20 Days 33 Days 54 Days

S1 S2 S3 S1 S2 S3 S1 S2 S3

Total N
(g/kg)

N0 0.92 cde 0.904 e 0.912 de 0.933 c 0.937 c 0.926 c 0.643 e 0.617 e 0.663 e
N1 0.94 c 0.930 cd 0.929 cd 0.941 bc 0.941 bc 0.972 ab 0.844 d 0.847 d 0.809 c
N2 1.00 b 1.04 a 1.02 ab 0.974 a 0.972 ab 0.974 a 0.659 c 0.844 b 0.861 b
N3 1.03 ab 1.03 a 1.02 ab 0.989 a 1.00 a 0.997 a 1.07 a 1.075 a 1.06 a

N rate 0.000 0.000 0.001
Salinity 0.000 0.595 0.033

N rate × salinity 0.556 0.520 0.005

NO3−
(mg/kg)

N0 13.6 d 11.5 d 12.4 d 1.99 e 2.68 e 3.89 d 1.25 a 1.91 a 1.95 a
N1 28.5 c 31.7 c 30.7 c 14.8 c 17.4 c 17.4 c 8.95 a 8.96 a 7.96 a
N2 54.53 ab 50.2 b 48.3 b 24.0 b 29.8 b 36.7 a 19.0 a 16.9 a 19.0 a
N3 66.8 a 70.8 a 60.5 ab 44.5 a 43.5 a 45.1 a 31.0 a 31.0 a 28.9 a

N rate 0.000 0.000 0.598
Salinity 0.642 0.001 0.775

N rate × salinity 0.771 0.132 0.998

Note(s): N0, N1, N2, and N3 represent nitrogen fertilizer amounts of 0, 135, 270, 405 kg/ha (N), S1, S2, and S3
represent soil salt content of 0.7, 1.7, 2.7 g/kg. Different letters in the same column indicate significant differences
(p < 0.05) between the treatments.

3.3. Wheat Chlorophyll Content

The chlorophyll content of winter wheat was significantly affected by salinity and
N application rate in different growth stages (Table 5). When winter wheat was grown
for 20 days, the chlorophyll content of winter wheat was significantly affected by salinity
and N application rate. The application of N increased the chlorophyll content, but there
was no significant difference between all levels of N application. The increase in soil
salinity simulated the generation of chlorophyll in winter wheat (S3, S2 > S1). There was a
significant interaction between the salinity and N application rate, and the contribution rate
of this interaction was greater than the main effect of soil salinity and nitrogen fertilizer. At
54 days, salinity and N rate had a significant effect on the chlorophyll of winter wheat, while
the interaction between the salinity and N rate was not significant. What’s more, chlorophyll
content was increased by 58.89% in N3S1 treated posts at 54 days. The application of
nitrogen fertilizer promoted the formation of chlorophyll, but there was no significant
effect between the various nitrogen application treatments. The chlorophyll content was
promoted by salinity (S3> S2 > S1). Therefore, the chlorophyll content of winter wheat
was affected by soil salinity and N rate, and both of them showed significantly promoted
effects. The contribution rate of salinity was less than that of nitrogen fertilizer. When
the salinity was higher than 1.7 g/kg, the salt hardly increased chlorophyll, and there
was no significant correlation between nitrogen usage and chlorophyll during the whole
cultivation period. N treatments increased Chlorophyll content compared to N0, and there
was no significant difference between all N treatments after 54 days of planting.

Table 5. Effects of nitrogen application rates with different soil salinity levels on chlorophyll content
in different growth stages of winter wheat.

Parameter N Rate
20 Days 33 Days 54 Days

S1 S2 S3 S1 S2 S3 S1 S2 S3

Chlorophyll
content
(mg/g)

N0 0.033 c 0.097 b 0.097 a 0.299 a 0.266 a 0.232 a 0.169 f 0.216 e 0.253 cd
N1 0.097 a 0.097 a 0.097 a 0.242 a 0.277 a 0.276 a 0.249 de 0.292 abc 0.329 a
N2 0.096 a 0.096 a 0.097 a 0.249 a 0.239 a 0.222 a 0.250 de 0.303 ab 0.305 ab
N3 0.097 a 0.096 a 0.096 a 0.2263 a 0.224 a 0.242 a 0.269 bcd 0.326 a 0.317 a

N rate 0.000 0.303 0.000
Salinity 0.000 0.844 0.000

N rate × salinity 0.000 0.659 0.255

Note(s): N0, N1, N2, and N3 show nitrogen fertilizer amounts of 0, 135, 270, 405 kg (N)/ha, S1, S2, and S3 show
soil salt content of 0.7, 1.7, 2.7 g/kg. Different letters in the same column indicate significant differences (p < 0.05)
between the treatments.
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3.4. N Concentration of Winter Wheat

As shown in Table 6, the N dosage had significant effects on the total N content of
the shoot of wheat at different growth stages (within 54 days). When wheat was grown
after 20 days, the N application significantly increased the total N in the shoot, but there
was no significant difference between the different N treatments. When winter wheat grew
to 33 days, the N levels showed significant differences, which showed N1 > N2, N3 > N0.
However, when winter wheat grew until 54 days, the N addition levels showed significant
differences among the treatments, showing a tendency of N2, N3 > N1 > N0. The amount
of N fertilizer merely had significant effects on the total N of the root when the winter
wheat grew up to 54 days (Table 6), with the sequence of N content N2, N3 > N1 > N0.
A similar variation tendency was found in N application on the total N of the shoot (54
days). During the cultivation period, soil salinity had no significantly improved effect on
the total N of shoot and root. At 54 days, the total N of the shoot was increased by 103.18%
in N3S1 treatment, and the total N of the root was increased by 122.06% in N2S1 treated
pots. After 54 days of cultivation, the highest total N in the shoot and root was obtained in
the N2 treatment.

Table 6. Total N of shoot and root in different growth stages of winter wheat.

Total N
(g/pot) N Rate

20 Days 33 Days 54 Days

S1 S2 S3 S1 S2 S3 S1 S2 S3

Shoot

N0 0.034 d 0.038 cd 0.038 cd 0.036 d 0.038 cd 0.040 bcd 0.016 e 0.018 de 0.020 cde
N1 0.042 abc 0.042 abc 0.040 bcd 0.050 abc 0.045 abc 0.043 bcd 0.025 abcd 0.027 abc 0.028 ab
N2 0.049 a 0.043 abc 0.044 abc 0.044 a 0.042 abc 0.041 abc 0.030 a 0.031 a 0.032 a
N3 0.046 ab 0.041 bcd 0.039 bcd 0.043 ab 0.043 bcd 0.040 bcd 0.032 a 0.032 a 0.022 bcde

N rate 0.679 0.622 0.000
Salinity 0.684 0.267 0.922

N rate × salinity 0.356 0.030 0.147

Root

N0 0.018 a 0.019 a 0.020 a 0.010 c 0.012 abc 0.011 bc 0.007 d 0.007 d 0.007 d
N1 0.019 a 0.020 a 0.018 a 0.011 bc 0.012 abc 0.012 abc 0.011 c 0.012 bc 0.014 ab
N2 0.020 a 0.016 a 0.017 a 0.0140 a 0.011 bc 0.011 bc 0.016 a 0.015 a 0.015 a
N3 0.019 a 0.016 a 0.020 a 0.013 ab 0.011 bc 0.010 c 0.015 a 0.014 ab 0.014 ab

N rate 0.679 0.622 0.000
Salinity 0.684 0.267 0.922

N rate × salinity 0.356 0.030 0.147

Note(s): N0, N1, N2, and N3 represent nitrogen fertilizer amounts of 0, 135, 270, 405 kg (N)/ha, S1, S2, and S3
represent soil salt content of 0.7, 1.7, 2.7 g/kg. Different letters in the same column indicate significant differences
(p < 0.05) between the treatments.

3.5. Plant Height of Wheat

The additional amount of N and salt had significant effects on the pseudo stem height
(PSH) of winter wheat, which showed different characteristics at different times (Table 7).
At the early growth stage of winter wheat (20 and 33 days), salt had a significant effect
on the pseudo stem height. While N application played its role in the growth of winter
wheat at 54 days, the PSH increased by 17.14% in N3S1 treatment. However, there were
obviously interactive effects between N rate and soil salinity. Salt inhibited the growth of
winter wheat in the early growth stage, and the inhibitory effect decreased as the plant
grew. On the 20-day, salt effects on PSH showed S1 > S2 > S3, while the values in the order
of PSH on the 33−day were S1, S2 > S3. The effect of adding N on the PSH in winter wheat
was later than that of salinity. The inhibitory effect of salt on wheat growth was mainly
shown at the beginning stage of the plant growth (33 days), and the N application on the
PSH was mainly presented after 54 days of growth. The interaction between salinity and
N application on winter wheat growth was mainly shown on the 54 days. N2 treatments
showed a higher PSH value than N3 treatment, which reflected the lower N addition with
the higher productivity.
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Table 7. Effects of nitrogen application rates with different soil salinity levels on Pseudo stem height
(PSH) in different growth stages of winter wheat.

Parameter N Rate
20 Days 33 Days 54 Days

S1 S2 S3 S1 S2 S3 S1 S2 S3

PSH
(cm)

N0 5.74 abc 5.08 cde 5.08 de 7.55 abcd 7.26 abc 7.02 abcd 7.12 def 6.99 ef 6.92 f
N1 6.13 a 5.51 abcd 4.728 e 7.24 abc 7.22 abc 6.85 bc 7.18 cdef 7.99 def 8.07 ab
N2 5.89 ab 5.34 bce 4.75 e 7.26 abc 7.18 abcd 6.58 d 8.09 ab 7.51 ab 7.63 cd
N3 5.67 abcd 5.43 cd 4.79 e 7.41 ab 7.07 abcd 6.71 cd 8.34 bc 7.46 ab 7.25 cde

N rate 0.85 0.43 0.000
Salinity 0.000 0.002 0.16

N rate ×
salinity 0.55 0.95 0.00

Note(s): N0, N1, N2, and N3 represent nitrogen fertilizer amounts of 0, 135, 270, 405 kg (N)/ha, S1, S2, and S3
represent soil salt content of 0.7, 1.7, 2.7 g/kg. Different letters in the same column indicate significant differences
(p < 0.05) between the treatments.

3.6. Wheat Weight

The results showed that salt and N application rate significantly affected shoot and
dry root weight in different growth periods (Table 8). While the salt and N addition rate
had no significant effect on the shoot dry weight, the salinity had a significant effect on the
root dry weight at 20 days. With the increase in soil salt, the dry weight of winter wheat
increased, and the root dry weight in S2 and S3 treatments was significantly higher than in
S1. At 33 days after wheat sawing, the salinity had a significant effect on shoot dry weight
(S1 < S2 < S3), while the N addition rate had no significant effect on the dry weight of
winter wheat. The interaction of N rate and salinity had a significant effect during this
period. The dry shoot weight of N2S1 was the highest, and the dry shoot weight of N2S3
was the lowest. When winter wheat grew up to 54 days, the amount of N and salinity
had significant effects on the shoot and root dry weight of winter wheat. The shoot dry
weight increased by 44.96% in the N2S1 treatment, and the root dry weight increased by
10.42% in the N2S1 treatment after the 54 days plant. The addition of N increased the shoot
and root dry weight, but the dry weight decreased as the dosage improved. The effect of
salt on the shoot and root dry weight was significant, and the root dry weight of S3 was
significantly lower than that of S1 and S2. Therefore, the dry weight of different parts of
the winter wheat was significantly affected by salinity and nitrogen fertilizer. However,
the nitrogen fertilizer exerted its influence after the salt effects. The different wheat parts’
weight was mainly affected by different factors, and the dry shoot weight of winter wheat
was affected by salt, which was stronger than the amount of nitrogen. The root dry weight
was principally impacted by the N dosage than the salt content. N2 treatments obtained the
highest shoot and root weight, and it was more than the higher N addition N3 treatment.
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Table 8. The dry weight of shoot in different growth stages of Winter Wheat under different salinity
and N application rates.

Dry
Weight
(g/pot)

N Rate
20 Days 33 Days 54 Days

S1 S2 S3 S1 S2 S3 S1 S2 S3

Shoot

N0 0.023 ab 0.020 bc 0.022 abc 0.079 abc 0.066 cde 0.076 abcd 0.176 de 0.195 bcde 0.179 cde
N1 0.023 ab 0.028 a 0.021 bc 0.080 abc 0.083 ab 0.067 cde 0.234 abc 0.225 abcd 0.176 cde
N2 0.026 ab 0.025 ab 0.021 abc 0.090 a 0.078 abcd 0.059 e 0.255 a 0.247 ab 0.204 abcd
N3 0.022 abc 0.021 bc 0.017 c 0.088 ab 0.074 bcd 0.064 de 0.226 abcd 0.213 abcd 0.136 c

N rate 0.069 0.918 0.019
Salinity 0.074 0 0.003

N rate × salinity 0.519 0.041 0.457

Root

N0 0.010 cd 0.012 abcd 0.009 d 0.041 a 0.031 a 0.035 a 0.097 abc 0.103 ab 0.106 a
N1 0.010 cd 0.013 abcd 0.013 abc 0.035 a 0.033 a 0.032 a 0.105 a 0.087 abcde 0.058 ef
N2 0.009 d 0.013 abc 0.014 ab 0.037 a 0.040 a 0.033 a 0.108 a 0.091 abcd 0.062 def

N3 0.010
bcd 0.0120 bcd 0.014 a 0.042 a 0.038 a 0.036 a 0.074 bcdef 0.070 cdef 0.045 f

N rate 0.175 0.501 0.001
Salinity 0.007 0.341 0.002

N rate × salinity 0.35 0.851 0.193

Note(s): N0, N1, N2, and N3 represent nitrogen fertilizer amounts of 0, 135, 270, 405 kg (N)/ha, S1, S2, and S3
represent soil salt content of 0.7, 1.7, 2.7 g/kg. Different letters in the same column indicate significant differences
(p < 0.05) between the treatments.

4. Discussion

Soil salinity adversely affects crop productivity and agricultural sustainability, and
plant growth can be inhibited by high salt concentrations through nutritional imbalance,
osmotic stress, and specific ion toxicity [25]. Understanding N-Salt relationships is of great
economic and social importance [26]. Many studies have been conducted to investigate
N and other nutrient application effects on saline soil [16,27–29]. The effects of salinity
and/or nitrogen on soil properties and plant growth have been recognized in many crops;
however, their interaction effect, especially in different addition levels of N and various
soil salinity levels, is still not fully understood. Our study has added a new perspective on
the common perception of the N rate, salt content or their interactions affected saline soil
properties and plant growth.

4.1. Effects of N Addition on Saline Soil Properties

Soil fertility is the capacity to support and coordinate plant growth. Long-term fertil-
ization might change the nutrient status of the soil, and soil N is essential for plant growth.
In saline soil, salinity has a negative effect on plant−the nutrient−salinity relationship.
In China, fertilizer application has been commonly used for improving crop production
and soil fertility in the last three decades [30]. Reports showed that overuse of nitrogen
fertilizer is poisoning the country’s air, soil, and water and that farmers could reduce its use
without compromising crop yields [31]. Otherwise, applying the N fertilizer could cause
soil pH to decrease and accelerate soil acidification [32]. The result of the study showed
that soil pH decreased with increasing N addition. Similar results have been reported in
many studies [33,34]. Although soil pH increased in the seedling stage, salinity and N
addition slowed down its rising trend. Effects of N addition are greater than salinity on
soil pH in 33 days, but salinity affected more when wheat grew to 54 days. The soil water
content was contained at 65% ± 5% in the experiment, and that reduced experimental
error to ensure the accuracy of the results. Soil total N is usually used to measure the
basal fertility of the soil. Proper N addition rate improved total N increasing, but greater
soil salinity caused marked inhibition of the early step of nitrification [35]. The increased
soil salinity could affect the nitrification process adversely, and nitrification of NH4

+ to
NO3

- was reduced by salinity treatments [36]. In our study, when N addition is lower than
270 kg/ha, soil total N increases with increasing N addition. N application rate had no
effect until 54 days. This may be caused by the fact that the soil total N was close to the
background value (0.957 g/kg) in all treatments. The lower content of NO3

- in soil was
mainly affected by salinity, and there should be greater NH4

+ accumulation in the soil at
the greatest salinity level. The more nitrogen added, the more NO3

- in the soil during the
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experimental cultivation (Table 4). The findings agree with those observed by Izsaki [37]
and Lu [38], who demonstrated that increasing the application of N fertilizer could increase
NO3

− content. So nitrogen application could change saline soil pH and then accelerate the
N fertilizer nitrification process in soil [39]. The moderate N application rate N2 treatment
not only decreased fertilizer consumption but also ameliorated the soil situation, which
was beneficial to improve resource utilization.

4.2. Effects of N on Wheat Growth and Plant Nutrition in Saline Soil

The pseudo stem height in the seedling stage is the distance between the plant’s basal
part and the top part of the expanded leaf sheath. It is one of the most basic indexes in
plant morphology [40]. Photosynthesis is an important basis for the synthesis of organic
compounds, and chlorophyll plays an important role in the absorption, transmission, and
transformation of light energy [41]. N application rate, nitrogen time, and N form all
affect plant growth. N exists in protein and chlorophyll in wheat, and the distribution
of nitrogen in plants is affected by N application rate and nitrogen time. The yield of
crops that grow in saline soil is significantly lower than that in Non-saline soil, so salinity
is harmful to crop growth. Winter wheat is a kind of plant which excludes salt while it
can adjust biomass distribution to adapt to salt stress [42]. Plant height, biomass, and
Morphological characteristics are affected by salinity [43]. Chlorophyll, Photosynthetic rate,
and root activity are limited by salinity [44–46]. The study showed that the addition of N
and salinity had a significant effect on the shoot and root dry weight, and the effects of
salinity accrued earlier than the N addition treatments. The influence of salinity on dry
shoot weight was more significant than N addition. While the effect of root dry weight
is the opposite. Salinity is the major factor limiting winter wheat growth in the seedling
stage (33 d). Similar results were reported by Ray [47], Ghafoor [48], and Liu [49]. The soil
water content also affects the yield, but the water maintained a constant content during the
experiment, so nitrogen and salinity were the main influence factors. The effect of the N
application rate played a key role in pseudo stem height after 54 days of cultivation. So,
the effect of salinity on pseudo stem height was earlier than the effect of the addition of N,
and the interaction between salinity and the addition of N was significant. Salinity and N
rate had a positive effect on chlorophyll improvement, and the chlorophyll content was
higher in N addition treatments, the same as that reported in [14,50]. When the soil salinity
was 1.7 g/kg, salinity decreased wheat leaf chlorophyll contents. N application rate had
no significant effect on chlorophyll content. N concentration in wheat increased with N
addition, but an excessive supplement of N might not improve N concentration in wheat.
Salinity had no significant negative effects on the total N of each part of the wheat (Table 8).
The lower N addition treatment N2 showed a better plant growth promotion effect than
the N3 treatment, so the proper utilization of fertilizer in saline soil planting is essential.

5. Conclusions

During the first 20 days of the wheat cultivation, root dry weight was promoted by
salinity, and the total N of the shoot was improved by the addition of N. After 33 days of
planting, the dry shoot weight of wheat was limited by salinity, and the total N of the shoot
was promoted by the addition of N. On the 54 days, shoot dry weight, total N of shoot and
root, and chlorophyll content were promoted by the addition of N, while shoot and root
dry weight and chlorophyll content were inhibited by different levels of salinity.

The shoot dry weight was increased by 44.96% in the N2S1 treatment, and the root dry
weight increased by 10.41% in the N2S1 treatment after 54 days of growth. The addition of
N was not only beneficial for reducing the harmful effects of soil salt but also for decreasing
soil pH. Soil total N increased gradually with the increase in N application rate when the N
rate was less than 270 kg/ha. During the experimental time (within 54 days), the interaction
between salinity and N application rates significantly increased shoot dry weight, and the
total N of the root lasted for 33 days. During the wheat seedling growth stage, 270 kg N/ha
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application was the optimal measurement for crop growth and soil regulation when the
salt content is less than 1.7 g/kg.

Consequently, it is necessary that how to apply fertilizer rationally and improve the
utilization ratio of fertilizer for the sustainable development of saline agriculture in the
Yellow River delta.
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