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Abstract: The nutrient utilization rate of salinized farmland soils is low, the nitrogen loss is high,
and soil salinity inhibits the hydrolysis of urea and the release of nutrients. In this work, the effect
of microbial fertilizer on the nitrogen transformation characteristics and nitrogen morphology of
salinized soils was studied using indoor constant temperature incubation tests with different nitrogen
application rates—without (A0) and with microbial fertilizer application (A1 (15 t/ha)) or nitrogen
application (N) of 0 kg/ha (N0), 97.5 kg/ha (N1), or 195 kg/ha (N2). The results show the following:
(i) When no microbial fertilizer was applied, an increased nitrogen application promoted nitrogen
fertilizer’s ammonification and nitrification reactions. Furthermore, the maximum net nitrification
rate with the high nitrogen fertilizer application decreased; the apparent ammonification rate and net
ammonification rate A0N2 increased by 26.1% and 24.6%, respectively, compared with A0N1 on the
first day of incubation; the maximum net nitrification rate of A0N1 was more than that of A0N2; and
A0N1 > A0N2 on day 3, while A0N2 > A0N1 on days 3 to 15. At 3 d, the nitrogen conversion process
of A0N1 was dominated by the nitrification reaction, while the ammonification reaction dominated
in A0N2. (ii) Microbial fertilizers significantly increased the ammonification and nitrification rates
under the low N fertilizer application. The intensity of ammonification and nitrification under the low
N fertilizer application was greater than that under the high N fertilizer application. The apparent
ammonification rate and net ammonification rate of A1N1 increased by 60.9% and 52.6% compared
with A0N1 and 21.9% and 21.7% compared with A1N2 on the first day of incubation, and the peak
net nitrification rates of A1N1 and A1N2 (28.19 mg/kg d and 11.02 mg/kg d, respectively) and net
nitrification rates of A1N1 and A1N2 were 113.7% higher than those of A0N1. The net nitrification
rates of A1N1 and A1N2 were 82.3% and 58.6% lower than the maximum net nitrification rates on
the 15th day of incubation, respectively. (iii) In saline soils, low-nitrogen microbial fertilizers led to
more ammonium nitrogen in the soil, and the high-nitrogen fertilizer application resulted in higher
nitrate nitrogen in the soil, leading to nitrogen leaching. Therefore, when applying microbial fertilizer,
choosing the most suitable period for reduced chasing is important for the efficient use of fertilizers,
the alternative role of biofertilizers, and the study of environmental pollution.

Keywords: soil salinization; culture trials; microbial fertilizer; nitrogen application; nitrogen conversion

1. Introduction

Nitrogen is one of the essential nutrients for plant growth and development. Nitrogen
in soil is transformed into two forms, NH4

+ and NO3
−, which are mainly absorbed by plants

through mineralization, nitrification, and denitrification promoted by soil microorganisms.
However, NO3

− is the main cause of N leaching [1,2]. To reduce N leaching, it is imperative
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to regulate the process of N conversion. The amount of nitrogen applied is one of the
main factors affecting the transformation of nitrogen by nitrogen fertilizers, which affects
the rate and process of transformation in the soil. In general, adding exogenous nitrogen
fertilizer can increase the soil urease and protease activities and promote mineralization
to form ammonium nitrogen, thus increasing the net nitrogen mineralization [3]. Wang
et al. [4] found that net soil ammonification was significantly higher in red loam soils
under nitrogen application than in non-nitrogen treatments, and high nitrogen application
inhibited soil nitrification. Tian et al. [5] showed that adding 250 mg/kg of exogenous N
significantly increased the net N mineralization of purple tillage soils. Luo et al. [6] reported
that low N treatment did not affect organic N mineralization in grassland soils, and high N
treatment significantly promoted the net nitrification, ammonification, and mineralization
rates. Nitrogen fertilizer increases the abundance and activity of soil ammonia-oxidizing
archaea (AOA) and ammonia-oxidizing bacteria (AOB), resulting in a significant increase in
the net nitrification rate with increasing nitrogen application; however, too much nitrogen
fertilizer inhibits nitrification [7]. Zhu [8] analyzed the trend characteristics of N fertilizer
on farmland in China, stating that ammonia volatilization losses accounted for 11% of
applied N, nitrification–denitrification losses accounted for 34% of applied N, and runoff
and leaching losses accounted for 7% of applied N. The losses were greater than crop
uptake. It has also been reported that high N addition increases the risk of leaching losses
of nitrate N and pollution of the environment [9]. Taken together, this suggests that the
response of nitrogen transformation processes to N application may vary depending on
soil type and N application level and that high N additions may not positively affect soil N
supply capacity.

Soil salinity, an abiotic factor that affects crop yield, exerts a substantial influence on
the efficiency of nitrogen utilization in crops through alterations in nitrogen transformations
within saline soils. The process of salinization affects the cycling of nitrogen nutrients and
the presence of inorganic nitrogen in the soil by modifying its physicochemical properties
and microbial distribution [10]. Various scholars have investigated the impact of salinity
on nitrogen transformations in soils, such as Wen [11], who analyzed the effects of salinity
on soil mineralization and nitrification through soil incubation experiments, showing that
a salinity at 2.9 g/kg significantly inhibited soil mineralization and nitrification processes,
while a salinity below 1.9 g/kg did not significantly inhibit soil mineralization and nitrifi-
cation processes. Reddy et al. [12] discovered that the mineralization of soil nitrogen was
increasingly inhibited with rising salinity levels. Similarly, Li et al. [13] concluded that low
salinity favors soil nitrogen transformations, whereas high salinity hampers it, with the
inhibition becoming more pronounced as salinity increases. Previous studies demonstrate
that salinization significantly affects soil nitrogen migration, transformation, and uptake,
with the degree of inhibition being closely tied to soil salinity levels.

The beneficial microorganisms in microbial fertilizer promote mineral absorption
through their own metabolism, enhance nitrogen fixation, improve the living environment
of crops, and reduce their dependence on chemical fertilizers [14,15]. Regarding microbial
fertilizers’ impact on salinity, they perform remarkably well in saline farmland by reducing
water evaporation from the soil surface layer and inhibiting salt accumulation in the
shallow soil layer affected by water flow. Consequently, this fosters a reduction in soil
salinity [16]. The selected microbial fertilizer in this study possesses an organic matter
content exceeding 60%, which enhances nutrient absorption and utilization by crops
while improving soil structure [17]. Duan et al. found that the application of different
microbial fertilizers could lower soil salinity and increase the nutrient content in the
soil. The effect of microbial fertilizers on nitrogen conversion was studied; applying
Bacillus subtilis biofertilizers reduced ammonia volatilization by 44% in alkaline soils,
reduced the conversion of nitrogen fertilizers to ammonium nitrogen, and accelerated the
nitrification process [18]. Using nitrogen-fixing cyanobacterial biofertilizers reduced ammonia
volatilization in red soil rice fields, increased the total soil nitrogen content, and increased
the residence time of nitrogen in the soil, thus increasing the efficiency of nitrogen fertilizer
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utilization [19]. The feasibility of replacing some nitrogen fertilizers with biofertilizers has
been noted in existing studies [20–22]. Xuan et al. also confirmed this in a study on the
effect of microbial fertilizers on the application of nitrogen fertilizer to sunflowers [15].
Previous studies have focused on the effects of biofertilizers on nitrogen fertilizer utilization
and loss in non-saline soils and the effects of nitrogen application on nitrogen conversion
in soils. This paper focuses on the effects of compound microbial fertilizers and different
nitrogen application rates on soil nitrogen conversion processes in moderately saline soils
to provide theoretical support for efficiently utilizing nutrients and reducing nitrogen loss
in saline farmland soils.

2. Materials and Methods
2.1. Overview of the Area Where the Soil Samples Are Located

The test soil was taken from Sandaoqiao Town, Hangjinhou Banner, Bayannur City.
The test area is located in the Loop Plain, a typical cold and arid area with an average
annual precipitation of 135.9 mm, decreasing from southeast to northwest, with the most
abundant precipitation in July and August. The local average annual temperature is 8.7 ◦C,
evaporation is 1984.3 mm, the frost-free period is about 152 d, annual sunshine hours are
over 3220 h, the cumulative temperature is over 3520 ◦C, and the sunshine rate is 73%. The
saline soils contain mainly chloride and sulphate, the surface soil (0~20 cm) is sandy loam
in texture, and the deep soil is mostly clay loam. The soil salinity ion composition is mainly
Na+, Cl−, and SO4

2−.

2.2. Test Materials

The test chemical nitrogen fertilizer was urea, with a N content of 46%. The test
commercial compound microbial fertilizer was Eubacterium 1 (Paul Timken Biotechnology
Ltd., Weifang, China); the main strains include mycorrhizal fungi 5%, nitrogen fixing bacteria
20%, Bacillus megaterium 10%, Bacillus subtilis 10%, Bacillus coli 15%, Bacillus licheniformis
5%, Streptomyces jingdaoensis 5%, beneficial live bacteria ≥ 5 × 108 CFU/g (actual bacteria
content 1 × 109 CFU/g), and organic matter ≥ 60%. The physical and chemical indexes of
the test soil are shown in Table 1.

Table 1. Soil physical and chemical indicators.

Bulk Density/
kg/cm3 pH Conductivity/

dS/m
Organic

Matter g/kg
Total N

g/kg

Available
Phosphorus

mg/kg

Nitrate
Nitrogen/

mg/kg

Ammonium
Nitrogen/

mg/kg

Inorganic
Nitrogen/

mg/kg

1.45 8.0 2.40 17.2 0.78 21.35 18.88 13.79 32.67

2.3. Experiment Design

The experiment was conducted on moderately saline soils, using an indoor constant
temperature culture. The experiment was set up with two factors: microbial fertilizer
(without (A0), with (A1 (15 t/ha)) and nitrogen fertilizer (0 kg/ha (N0), 97.5 kg/ha (N1)
(pure N), and 195 kg/ha (N2) (pure N)). The experiment was set up with six treatments,
each replicated 18 times, for a total of 108 treatments.

The test was carried out in 250 mL plastic cups; 150 g of soil and microbial fertilizer
were added to each cup, and the nitrogen fertilizer was added as an aqueous solution. The
tops of the cups were sealed with cling film, and 20 small holes were evenly made in the
cling film for ventilation, then the cups were placed in a constant temperature incubator at
25 ◦C. The soil was weighed and replenished daily to maintain the soil moisture content
at 50–60% of the field water holding capacity. The soil’s physical and chemical indicators
were sampled at 1, 3, 5, 15, 25, and 35 d. Three replicates of each treatment were randomly
taken at each time, and samples were taken at the end of the experiment to determine soil
nitrogen patterns.
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2.4. Measurement Methods and Calculations

The soil EC and pH were determined by the potentiometric method. The soil ammo-
nium nitrogen (NH4

+-N) content was determined using a 2 mol/L KCl leaching-indophenol
blue colorimetric method [23]; the soil nitrate nitrogen (NO3

−-N) content was determined
using a dual wavelength UV spectrophotometer method; the soil total nitrogen content
was determined using the semi-trace Kjeldahl method [24]; the soil organic matter was
determined by the potassium dichromate volumetric external heating method [25]; and the
available phosphorus in the soil was determined by the 0.5 mol/L NaHCO3 method [26].

The following equations were used to calculate each index [27,28]:

Inorganic N content(mg/kg) = NH+
4 − Ntn + NO−

3 − Ntn

Apparent ammonification rate(mg/(kg·d)) =
(
bn NH+

4 − Ntn+1 − bnNH+
4 − Ntn

)
/(tn+1 − tn)

Net ammonification rate(mg/(kggd) =
[
bn

(
NH+

4 − Ntn+1 − NH+
4 − Ntn

)
− CK

(
NH+

4 − Ntn+1 − NH+
4 − Ntn

)]
/(tn+1 − tn)

Apparent nitrification Rate(mg/(kg·d)) =
(
bnN0−3 − Ntn+1 − bnNO−

3 − Ntn
)
/(tn+1 − tn)

Net nitrification rate(mg/(kggd)) =
[
bn

(
NO−

3 − Ntn+1 − NO−
3 − Ntn

)
− CK

(
NO−

3 − Ntn+1 − NO−
3 − Ntn

)]
/(tn+1 − tn)

Note: NH4
+-N, soil ammonium nitrogen content; NO3

−-N, soil nitrate nitrogen con-
tent; bn, microbial fertilizer and nitrogen fertilizer dosage; CK, no fertilizer control; tn,
previous sample; tn+1, latter sample.

2.5. Data Analysis Method

Microsoft Excel 2016 was used for data calculation; Origin 2022 software was used for
plotting; SPSS 19.0 was used for statistical analysis; and Duncan’s method was used for
multiple comparisons.

3. Results
3.1. Effect of Microbial Fertilizer and Different Nitrogen Applications on the Ammonification
Process of Nitrogen Fertilizer

As seen from Table 2, the ammonification rates of both the microbial fertilizer and
the different nitrogen application treatments peaked on the first day of incubation and
then declined rapidly after reaching the peak, with the most apparent decrease in the
net ammonification rate from 1 to 3 d. Under the condition of no microbial fertilizer, the
apparent and net ammonification rates of A0N2 were more than those of A0N1 on the first
day of incubation; A0N2 increased by 26.1% and 24.6%, respectively, compared with A0N1.
On the third day of incubation, the nitrogen conversion process of A0N1 was dominated
by nitrification, while A0N2 was dominated by ammonification. Under the conditions of
microbial fertilizer application, A1N1 had the maximum apparent ammonification rate
and net ammonification rate, which were 21.9% and 21.7% higher than A1N2, respectively.
The nitrification reaction in A1N1 was dominant on the third day of incubation, while the
ammonification reaction in A1N2 remained dominant on the seventh day. The apparent
ammonification and net ammonification rates of the fertilization treatments at d 1 were
A1N1 > A1N2 > A0N2 > A0N1. The apparent ammonification rate and net ammonification
rate of A1N1 increased by 60.9% and 52.6% compared to A0N1, and A1N2 increased by
4.6% and 0.6% compared to A0N2.
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Table 2. Rates of soil ammonification by microbial fertilizers and different nitrogen application
treatments (mg/(kg·d)).

Indicator Incubation Time (d) A0N1 A0N2 A1N1 A1N2

Apparent ammonification rate

1 132.18 166.74 212.71 174.44
3 −22.16 4.93 −23.59 6.85
7 −11.20 −10.85 −16.92 1.58

15 −6.64 −8.63 −10.70 −8.48
25 −0.23 −7.41 −2.51 −13.89
35 −0.12 −0.35 −0.09 −0.15

Net ammonification rate

1 140.62 175.18 214.54 176.27
3 −20.99 6.10 −21.46 8.99
7 −10.54 −10.19 −16.50 2.01

15 −6.63 −8.61 −10.24 −8.03
25 −0.50 −7.68 −2.32 −13.71
35 −0.05 −0.28 −0.05 −0.11

3.2. Effect of Microbial Fertilizers and Different Nitrogen Applications on the Nitrification Rate of
Nitrogen Fertilizers

As seen from Table 3, the apparent nitrification rates for the microbial fertilizer and
different nitrogen application treatments peaked at d 1 and then declined rapidly, while the
net nitrification rates were very low or even negative, indicating that denitrification was
predominant at this time. In the absence of microbial fertilizer, the net nitrification rates
of A0N1 and A0N2 peaked at 10.85 mg/kg d and 8.96 mg/kg d at d 7 and 2.14 mg/kg
d and 2.76 mg/kg d at d 15, a decrease of 80.3% and 69.2%, respectively, compared to
d 7. Under the conditions of microbial fertilizer application, the net nitrification rate of
A1N1 and A1N2 peaked at 28.19 mg/kg d and 11.02 mg/kg d on the third and seventh
day of incubation, respectively. The net nitrification rates of A1N1 and A1N2 peaked at
23.19 mg/kg d and 11.02 mg/kg d at d3 and d7, respectively, and were 4.11 mg/kg d
and 4.56 mg/kg d at d15 of incubation. A1N1 and A1N2 decreased by 82.3% and 58.6%,
respectively, compared to the maximum net nitrification rates, and the nitrification reaction
process of A1N1 was nearly complete. When comparing the soil net nitrification rates, the
peak of A1 treatment was higher than that of A0 treatment, and the peak size of the net
nitrification rate was A1N1 > A1N2 > A0N1 > A0N2. A1N1 increased by 113.7% and A1N2
increased by 23.0% compared with A0N1.

Table 3. Microbial fertilizers and nitrification rates in soils treated with different nitrogen application
rates (mg/(kg·d)).

Indicator Incubation Time (d) A0N1 A0N2 A1N1 A1N2

Apparent nitrification rate

1 81.81 79.07 83.44 97.32
3 3.97 10.32 18.74 3.37
7 8.91 7.01 2.74 8.99

15 3.57 4.19 2.82 3.26
25 −0.62 −0.92 −0.46 −1.44
35 −0.82 −1.19 −1.03 −0.48

Net nitrification rate

1 −19.55 −22.28 −52.03 −38.15
3 1.67 8.02 23.19 7.82
7 10.85 8.96 4.77 11.02

15 2.14 2.76 4.11 4.56
25 −1.94 −2.25 −0.05 1.03
35 −0.05 −0.42 0.16 0.71
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3.3. Changes in Nitrogen Content of Salinized Farmland Soils as a Result of Microbial Fertilizers
and Different Nitrogen Applications
3.3.1. Effect of Microbial Fertilizer and Different Application Rates of Nitrogen on the
Change in Ammonium Nitrogen Content in Salinized Farmland Soils

As seen in Figure 1, the ammonium nitrogen content of the N1 application peaked on
the first day of incubation and then decreased rapidly. At the same time, the ammonium
nitrogen content of the N2 application showed a trend of increasing and then decreasing.
The soil ammonium nitrogen content of all the nitrogen fertilizer treatments decreased
to the lowest from 25 to 35 d with no difference from the control treatment. Under the
condition of no microbial fertilizer application, the ammonium nitrogen content of A0N1
treatment peaked on the first day of incubation, and A0N2 peaked on the third day of
incubation. The ammonium nitrogen content of all nitrogen treatments in saline soil was
significantly higher than the A0N0 treatment. Under the conditions of microbial fertilizer
application, the ammonium nitrogen content of A1N1 reached its peak on the first day of
incubation, A1N2 reached its peak on the seventh day of incubation, and the ammonium
nitrogen content of all the nitrogen fertilizer treatments was significantly higher than that
of A1N0. On d 1, the trend in soil ammonium nitrogen content was A1N1 > A1N2 > A1N0,
and on d 3–15, the trend in soil ammonium nitrogen content was A1N2 > A1N1 > A1N0. On
balance, the A1 treatment had a higher ammonium nitrogen content than the A0 treatment
from d 1–25 with the same amount of nitrogen fertilizer. By d 15 of incubation, the nitrogen
contents of A0N1 and A1N1 were 97.5% and 89.0% lower than their respective maximum
ammonium nitrogen content, and the nitrogen contents of A0N2 and A1N2 were 62.4%
and 32.6% lower than their respective maximum ammonium nitrogen content, with the
N1 treatment dropping to the lowest ammonium nitrogen content and the N2 treatment
maintaining a higher content. Comparing the maximum ammonium nitrogen content of
the applied nitrogen treatments, A1N1 had the maximum ammonium nitrogen content of
236.50 mg/kg, which was 62.0%, 14.0%, and 13.6% higher than A0N1, A0N2, and A1N2,
respectively, and A1N2 increased by 9.4% compared to A0N2.
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Figure 1. Changes in ammonium nitrogen content in saline soil during cultivation.

The results of an ANOVA between microbial fertilizer and nitrogen application on the
soil ammonium nitrogen content are shown in Table 4. The interaction between microbial
fertilizer and N application significantly affected the soil ammonium N content from 1 to
15 d of incubation.
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Table 4. Variance analysis of the effect of microbial fertilizer and N application on soil ammonium
N content.

Treatment
1 d 3 d 7 d 15 d 25 d 35 d

F p F p F p F p F p F p

A 191.001 <0.001 * 338.419 <0.001 * 306.779 <0.001 * 209.350 <0.001 * 15.421 0.002 * 1.611 0.228
N 2650.629 <0.001 * 4438.005 <0.001 * 1886.159 <0.001 * 1154.125 <0.001 * 3.923 0.049 * 0.981 0.403

A × N 114.332 <0.001 * 187.127 <0.001 * 57.575 <0.001 * 78.798 <0.001 * 2.113 0.164 0.815 0.466

Note(s): * indicates a significant linear correlation in soil nitrogen content at the p < 0.05 level.

3.3.2. Effect of Microbial Fertilizers and Different N Application Rates on Changes in
Nitrate N Content of Saline Farmland Soils

As shown in Figure 2, the nitrate–nitrogen content of the nitrogen fertilizer treatments
showed a higher level with treatment A1 than A0 during the 35 days of incubation. When
no microbial fertilizer was applied, the nitrate–nitrogen content of the soil in each nitro-
gen application treatment increased with increasing incubation time, reaching peaks of
144.24 (A0N1) and 180.21 (A0N2) on the 15th day of incubation, respectively, while the
nitrate–nitrogen content of salinized soil in the A0N0, A0N1, and A0N2 treatments was
134.10 mg/kg, 158.50 mg/kg, and 159.08 mg/kg on the 35th day of incubation, respectively.
Under the conditions of microbial fertilizer application, the nitrate–nitrogen content of
the soil in each nitrogen application treatment increased with increasing incubation time,
reaching peaks of 173.33 (A1N1) and 185.00 (A1N2) on the 15th day of incubation, and the
trends in nitrate–nitrogen content of the saline soil on the first day of incubation was A1N0
> A1N2 > A1N1, on the third day of incubation it was A1N0 > A1N1 > A1N2, and in the
remainder of the incubation time it was A1N0 > A1N2. A1N1 > A1N2. The rest of the time,
the trend in soil nitrate nitrogen content was A1N2 > A1N1 > A1N0.
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Figure 2. Dynamic changes in nitrate–nitrogen content in saline soil during cultivation.

Table 5 shows the significance of microbial fertilizer and nitrogen application on the
soil nitrate–nitrogen content. The results show that nitrogen application had a significant
effect on the soil nitrate–nitrogen content at 35 d of incubation (p < 0.05), and the addition
of microbial fertilizer had no significant effect on the soil nitrate–nitrogen content at 1 d
and 15 d of incubation (p > 0.05), and a significant effect at 3–7 d and 25–35 d (p < 0.05). The
interaction between microbial fertilizer and nitrogen application significantly affected the
soil nitrate–nitrogen content on 3 d and between 25 and 35 d.
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Table 5. Variance analysis of the effect of microbial fertilizer and nitrogen application on soil nitrate
nitrogen content.

Treatment
1 d 3 d 7 d 15 d 25 d 35 d

F p F p F p F p F p F p

A 0.289 0.600 56.671 <0.001 * 22.332 <0.001 * 0.289 0.600 7.392 0.019 * 10.245 0.008 *
N 208.775 <0.001 * 12.525 0.001 * 32.013 <0.001 * 208.775 <0.001 * 137.461 <0.001 * 219.571 <0.001 *

A × N 0.631 0.549 10.248 0.003 * 2.091 0.166 0.631 0.549 9.886 0.003 * 27.776 <0.001 *

Note(s): * indicates a significant linear correlation in soil nitrogen content at the p < 0.05 level.

3.3.3. Effect of Microbial Fertilizers and Different N Applications on Changes in the
Inorganic N Content of Saline Farmland Soils

From Figure 3, the inorganic N content of the soil under the N1 fertilizer dosage first
declined and then remained nearly unchanged, while the inorganic N content of the soil
under the N2 fertilizer dosage first increased, then decreased, and then remained nearly
unchanged. The trend in inorganic nitrogen content was A1N1 > A0N1, A1N2 > A0N2,
A0N2 > A0N1 from 1 to 15 d of incubation, and the difference in inorganic nitrogen content
was smaller between the nitrogen fertilization treatments from 25 to 35 d of incubation.
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Figure 3. Dynamic changes in inorganic nitrogen content in saline soil during cultivation.

Table 6 shows the significance analysis of the effect of microbial fertilizer and nitrogen
application on the inorganic nitrogen content of the soil. The results show that there is a
significant difference (p < 0.05) between nitrogen application and microbial fertilizer on the
inorganic nitrogen content of the soil in the 35 d of incubation, and the interaction between
microbial fertilizer and nitrogen application has a significant effect on the inorganic nitrogen
content of the soil from 1 to 35 d.

Table 6. Variance analysis of the effect of microbial fertilizer and N application on soil inorganic state
N content.

Treatment
1 d 3 d 7 d 15 d 25 d 35 d

F p F p F p F p F p F p

A 101.409 <0.001 * 207.978 <0.001 * 206.777 <0.001 * 101.409 <0.001 * 13.006 0.004 * 8.420 0.013 *
N 1009.699 <0.001 * 913.651 <0.001 * 957.147 <0.001 * 1009.699 <0.001 * 143.508 <0.001 * 127.711 <0.001 *

A × N 42.794 <0.001 * 73.259 <0.001 * 14.696 <0.001 * 42.794 <0.001 * 11.421 0.002 * 19.337 <0.001 *

Note(s): * indicates a significant linear correlation in soil nitrogen content at the p < 0.05 level.
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4. Discussion
4.1. Effect of Microbial Fertilizers and Different Nitrogen Applications on the Rate of
Ammonification of Nitrogen Fertilizers

As nitrogen fertilizer was added as an aqueous solution in this experiment, there
was no need for soil wetting to dissolve the nitrogen fertilizer’s active ingredients before
entering the soil. Hence, each treatment’s ammonification rate and net ammonification rate
were high and peaked on day 1 of incubation, after which the ammonification rate of each
treatment decreased rapidly. Fertilizer application significantly enhances the total soil ni-
trogen content, organic carbon content, and microbial mass carbon, thereby influencing the
intensity and timing of nitrogen transformation processes within the soil [29]. Introduction
of exogenous inorganic nitrogen promotes the accumulation of soil ammonium nitrogen,
primarily through a reduction in nitrification [30]. The microbial fertilizer utilized in this
study exhibits an organic matter content exceeding 60%. Consequently, its application leads
to an increase in soil organic matter content and exerts a regulatory effect on soil carbon and
nitrogen. Organic materials increase the growth rate of soil microorganisms, contributing
to an increase in total microbial biomass and, consequently, an increase in the accumulation
of microbial residues. In this study, without microbial fertilizer, the ammonification rate
was accelerated by increasing nitrogen application, and the high nitrogen application rate
prolonged the nitrogen conversion process, with ammonification as the main effect. The
application of microbial fertilizer significantly increased the ammonification rate in N1 ap-
plication and prolonged the nitrogen conversion process, with the ammonification reaction
as the primary role in N2 application. In a comprehensive comparison, the A1N1 treatment
had the maximum ammonification rate, and there was no significant difference between
A1N2 and A0N2. The ammonification rate of salinized soil with microbial fertilizer was
greater than without under the same amount of nitrogen application. The results of Chen
et al. [31] and Wang [29] showed that organic fertilizers had a significant slow-release effect
on soil nitrogen, and the addition of organic fertilizers significantly enhanced the intensity
of soil ammonification, which was similar to the results of this experiment. The study of
Wen et al. [32] found that the nitrogen application treatment showed a promoting effect
on the soil ammonification rate, and the soil ammonification increased by increasing the
amount of nitrogen application, which was consistent with the results of this experiment.
We also found that the promoting effect of microbial fertilizer on nitrogen ammonifica-
tion was related to the amount of nitrogen applied. The promoting effect decreased with
increased nitrogen application, which might be because adding microbial fertilizer in-
creased the type and number of microorganisms driving nitrogen transformations and
the organic matter content in the soil. However, chemical fertilizer also had an inhibitory
effect on microorganisms. Some studies showed [33] that soil salinity and application of
nitrogen fertilizer in moderately salinized soil inhibited the reduced promotion effect of
microbial fertilizers.

4.2. Effect of Microbial Fertilizers and Different Nitrogen Applications on Nitrification Rates of
Nitrogen Fertilizers

Nitrification is an essential part of the nitrogen cycle and is closely related to the
ratio of soil ammonium nitrogen to nitrate nitrogen, divided into the ammonia oxidation
process—in which ammonium nitrogen is converted to nitrite nitrogen—and the nitrite
oxidation process in which nitrite nitrogen is converted to nitrate nitrogen [34]. The net
nitrification rates were all negative on the first day of incubation when the soil was probably
dominated by denitrification, and the negative values were larger in the treatment with
the addition of microbial fertilizer, probably because the microbial fertilizer contained a
large amount of organic matter, which temporarily inhibited autotrophic nitrification. The
intensity of the reaction increased so that nitrification rates showed a significant decrease
and then an increase [35]. This study showed that under the condition of no microbial
fertilizer application, N2 application promoted the nitrification reaction process of nitrogen
fertilizer compared with N1 application, but the maximum nitrification reaction intensity
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decreased, and N2 application prolonged the nitrogen conversion process mainly by ni-
trification reactions. The application of microbial fertilizer increased the nitrification rate
of nitrogen fertilizer, and the nitrification effect of N1 application was stronger than N2
application, which prolonged nitrogen conversion dominated by the nitrification reaction
in N2 application. Jia et al. [36] showed that high nitrogen application promoted soil
nitrification more significantly, which is consistent with this paper. Yin et al. [37] showed
that the nitrification and mineralization of soil nitrogen were significantly enhanced from
days 3 to 35 of the culture period. It was found that treatments with microbial fertilizers
prolonged the nitrification reaction time and had a greater nitrification reaction intensity,
which may be due to the addition of microbial fertilizers, increasing the number of subni-
trifying and nitrifying bacteria in the soil and promoting the conversion of ammonium to
nitrate nitrogen in the soil.

4.3. Effect of Microbial Fertilizers and Different N Application Rates on Soil N Content

In this experiment, the ammonium nitrogen content of the soil peaked and then de-
creased rapidly with increasing incubation time, while the nitrate nitrogen then increased
rapidly. The ammonium nitrogen in the soil was converted to nitrate nitrogen by the
nitrification reaction process because the rapid increase in ammonium nitrogen as a sub-
strate for the nitrification reaction promotes the nitrification reaction and the associated
bacterial community. It has been shown that the amount of nitrogen fertilizer determines
the amount of mineral nitrogen in the soil [34,38,39]. The high N fertilizer application rate
in this study resulted in ammonium N retention in the soil, which was longer with the
addition of microbial fertilizer, consistent with the change in ammonification rate above.
The reason for the retention may be because high levels of ammonium N in the soil inhibit
microbial uptake and utilization of other N sources, which in turn inhibits the conversion
of ammonium N to nitrate N, keeping the ammonium N in the soil at a high level [40]. The
increase in ammonium N content in soil is the leading cause of ammonia volatilization [18],
so high N addition and application with microbial fertilizer may increase the loss of N
fertilizer through ammonia volatilization; the effect of N application on the soil nitrate N
content was greater for high N fertilizer application treatment than low N fertilizer applica-
tion treatment, which is consistent with the results of Qin et al. [7]. The nitrate–nitrogen
content of low nitrogen application with microbial fertilizer was higher than high nitrogen
application with microbial fertilizer and treatments without microbial fertilizer in the early
stage of culture, and there was no significant difference in the nitrate–nitrogen content
of all nitrogen application treatments in the late stage of culture. In general, the low N
fertilizer with microbial fertilizer promoted the conversion of N into more inorganic N
for plant uptake and use in the early stage of culture; the content decreased in the middle
of the culture but remained high, mainly in the form of nitrate N. The high N fertilizer
with microbial fertilizer maintained a high content of inorganic N in the early and middle
stages of culture, mainly in the form of ammonium N and nitrate N. All treatments had a
higher content of inorganic N in the late stage of culture. The inorganic nitrogen content of
all treatments did differ significantly at the later stage of cultivation and was dominated
by nitrate nitrogen. In the river loop irrigation area, nitrate–nitrogen is easily soluble in
water, so high nitrogen fertilizer addition maintains high nitrate–nitrogen and ammonium–
nitrogen contents in the soil for a long time, which will not only easily cause groundwater
pollution by leaching but also great fertilizer loss. Meanwhile, the ammonium–nitrogen
content in the soil is the highest with a low nitrogen fertilizer dosage, but it is present
for a shorter period. Therefore, this study concluded that it is feasible to replace part of
the nitrogen fertilizer with microbial fertilizer. The basis of its replacement is to choose
a suitable application period and carry out a reasonable reduction in fertilizer chasing
during the crop nitrogen demand period, which can provide sufficient nutrients for the
crop, improve fertilizer utilization efficiency, and reduce nitrogen loss.
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5. Conclusions

Both microbial fertilizer and nitrogen application in moderately saline soils have a
significant effect on nitrogen conversion:

(i) When no microbial fertilizer was applied, an increased nitrogen fertilizer application
promoted the ammonification and nitrification of nitrogen fertilizer and reduced
the maximum nitrification rate under high nitrogen fertilizer application. A high
nitrogen fertilizer application prolonged the process of nitrogen transformation, with
ammonification and nitrification reactions as the main effects. From the perspective of
fertilizer utilization and the ecological environment, reducing nitrogen application can
suppress the intensity and duration of soil nitrification reactions, thereby decreasing
the content of nitrate nitrogen in the soil and reducing nitrate leaching losses.

(ii) The application of microbial fertilizer significantly increased the rate of ammonifica-
tion and nitrification for the low N fertilizer dosage, the intensity of ammonification
and nitrification for the low N fertilizer dosage was greater than the high N fertilizer
dosage, and the application of microbial fertilizer prolonged the nitrogen transfor-
mation with ammonification and nitrification reactions as the main effects under the
high N fertilizer dosage. When microbial bacterial fertilizers are applied together
with low-nitrogen fertilizers, there is a higher presence of ammonium nitrogen in
the soil. Conversely, when high-nitrogen fertilizers are applied, the soil maintains a
consistently high level of nitrate nitrogen, significantly increasing the risk of nitro-
gen leaching.

(iii) In terms of nitrogen conversion, the use of microbial fertilizers as a substitute for a
portion of nitrogen fertilizers in salinized farmland effectively increases the nitrogen
nutrient content required by crops. To capitalize on this benefit, appropriate timing
of subsequent fertilization is crucial, allowing the substantial amount of ammonium
nitrogen produced by microbial fertilizers to be efficiently utilized. By doing so, the
risk of fertilizer loss and environmental pollution can be minimized.
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