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ABSTRACT

To further study saline-alkali soil cultivation, the terminal-restriction fragment length polymorphism (T-RFLP) was used
to analyze the effects of different salt concentrations on the denitrification functional genes nirS and nosZ after collecting
different soil samples and extracting total soil DNA. The results showed that the variation range of nirS gene abundance
was concentrated in 14 segments, the nosZ gene abundance was concentrated in 9 segments. The abundance of nirS gene
in paddy soil of different concentrations was higher than nosZ, and the activity of the nirS gene was higher. Diversity
index analysis showed that sample Ⅰ was significantly different from Ⅲ and Ⅴ in the Shannon index of the nirS. Sample Ⅰ
and Ⅳ were significantly different from Ⅲ in Simpson index. Except for the significant difference between Ⅲ and Ⅰ, Ⅱ,
Ⅳ, and Ⅴ, there was no difference between the other four samples significant in Pielou index. The difference between
sampl Ⅰ and Ⅴ was extremely significant in Brillouin index. The Shannon index, Simpson index and Pielou index of nosZ
gene were not significantly different, sample Ⅱ and Ⅲ, Ⅳ, Ⅴ were significantly different in Brillouin index. The
diversity of nirS gene was more affected by the salt concentration, and the nirS gene was more widely distributed than
nosZ in soil with different salt concentrations. It indicated that nirS -mediated nitrite reductase played an important role
in salinity affected soil environment.

Keywords: Denitrifying bacteria, Functional denitrification gene, Salt concentration, Diversity, Soil
This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (https://creativecommons.org/licenses/by/4.0/).
Published first online December 18, 2022 Published final March 24, 2023

INTRODUCTION

Denitrification of soil microorganisms was one of
the main ways of nitrous oxide emission in nature, and
the process led by microorganisms made an important
contribution to the whole nitrogen cycle (Kool et al.
2011). Denitrification was a microbial process in which
nitrate or nitrite was reduced to nitrogen-containing gases
such as nitric oxide, nitrous oxide or nitrogen, which
were mediated by nitrate reductase (Nar or Nap),
cytochrome cd1-type (NirS) or copper-containing type
(NirK) nitrite reductase, nitric oxide reductase (Nor) and
nitrous oxide reductase (Nos) (Han et al. 2021). Nitrous
oxide reduction to nitrogen by the nitrous oxide reductase
encoded by nosZ gene, which was acting as the sole sink
of atmospheric nitrous oxide. The key genes that
distinguish denitrifying microorganisms from other
microorganisms were nirS and nosZ genes, which were
usually used as marker genes for denitrifying
microorganisms to study the denitrifying process in soil
(Kuypers et al. 2018; Han et al. 2021).

With the continuous development of coastal areas,
the land had been immersed in sea water for a long time,
which resulting in a high salinity of the land (Tester et al.

2003). High temperature also made the land desalination,
the formation and accumulation of salt in the soil, and
salinization, which further affected the biological process
of microorganisms in the soil (Li et al. 2015).The effects
of salt water on ecology were receiving increasing
attention from scientists (Wang et al., 2021). The use of
salinized land was particularly important.

Soil salinity affected approximately 800 million
hectares of arable lands worldwide (Yuan et al. 2016;
Jose et al. 2017; Ghassemi et al. 1995).Total saline land
was about 1125 million hectares in the world (Hossain,
2019). Saline-alkali land had seriously affected the arable
land area and food security of all countries. Australia
(Stein et al. 2019), India (De Deckker et al. 2019; Singh
2018), Egypt (Minhas et al. 2019) and other countries
had carried out research and obtained good results since
the 1930s. Developing strategies to make use of saline
land would be crucial for addressing the problem of
insufficient cropland and meeting the challenge of
providing food security for the projected global
population of 9.3 billion people by 2050 (Liu et al.,
2021). The efficient exploitation of coastal saline-alkali
land in agricultural production was one of the main
contents of coastal saline-alkali land research for years
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(Salwan et al. 2019).The resource utilization of saline-
alkali land could be improved by improving and
screening the crops suitable for growing in saline-alkali
land. In recent years, the development and utilization
technology of saline-alkali land had become increasingly
mature. Improving saline-alkali land by physical (Li et al.
2008) and chemical (Zhao et al. 2020) ways, as well as
biological comprehensive improvement methods such as
the "saline-alkali tolerant rice" project led by
academician Yuan Longping of the Chinese Academy of
Engineering (Virto et al. 2015; Salwan et al. 2019).
Popularizing and planting saline-alkali tolerant rice could
increase grain yield and improve coastal saline-alkali
land. Studies had shown that salt stress could inhibit
denitrification rate and denitrifying enzyme activity (Cao
et al.2008), and reduce the number of denitrifying
microorganisms in soil (Li et al. 2009). Wang et al.
(2018) found that the gene abundance of nirS and nosZ
genes could also be inhibited by salt. Santoro et al.
(2006) also found a significant negative correlation
between the diversity of nirS gene and salt content in the
coastal aquifer. However, some studies had found that the
number of denitrifying bacteria in tidal wetland increases
with the increase of salt content (Franklin et al. 2017). It
can be seen that denitrifying microorganisms had
different responses to salinity. Some studies had
confirmed that salinity was one of the main factors
affecting microbial community structure and diversity
(Chen et al. 2022).

In this study, total DNA was extracted from 5
different paddy field soil samples irrigated by sea water.
The denitrifying function genes nirS and nosZ were
amplified and digestible. The T-RFLP was used to
analyze the restriction fragment length products to
explore the influence of soil environment with different
salt concentrations on the abundance of denitrifying
bacteria and the diversity of denitrifying functional genes.

MATERIALS AND METHODS

Collection of soil samples: Soil samples were collected
from saline-alkali tolerant rice field (0cm-20cm below
the surface layer) at Buchao Village in Zhanjiang City（
21º8'N，110º7'E） . Fresh soil was collected from 5
different fields, 5 samples were collected from each field
and dried in the shade. The soil was filtered through a
4mm-sieve after removing impurities, roots and leaves,
and the physical and chemical properties were
determined.

Amplification of nirS and nosZ genes: Total Soil
microbial DNA was extracted from all samples using the
Omega E.Z.N.A.® Soil DNA Kit. The extracted DNA
was stored at -20℃. nirS and nosZ genes were amplified
by PCR. The primers were synthesized by GENEWIZ
Biotechnology Co., LTD. The primers were used
(Throbck et al. 2004; Henry et al. 2006), nirS-F:5’-
GTSAACGTSAAGGARACSGG(5’-FAM), nirS-R: 5’-
GASTTCGGRTGSGTCTTGA. nosZ-1211:5’-CG(C/T)T
GTTC(A/C)TCGACAGCCA (5’-FAM), nosZ-1917: 5’
-CATGTGCAG(A/C/GT)GC(A/G)TGGCAGAA. A total
of 25μL reaction including Taq polymerase 12.5 μL,
primers 1 μL for each, DNA 2 μL and water 8.5 μL was
set up with the reaction parameters of 94℃ 2 min, 36
cycles of 94℃ 30 sec, 56℃ 30 sec, and 72℃ 1 min,
followed by extension for 10 min to augment nirS gene.
Except that the annealing temperature of nosZ gene was
58℃, the other conditions were the same. PCR product (8
μL) was visualized after electrophoresis.

Digestion of the PCR product: Restriction enzyme
HaeⅢ was used for the digestion of the PCR product
with the following reaction: PCR product 30 μL, HaeⅢ 2
μL, 10×buffer 2 μL and ddH2O 6 μL. After incubation at
37℃ for 4 hours, the digestion products were sequenced
T-RFLP at Shanghai Sangon Technology Co., Ltd.

Data statistics and analysis: GeneMarker software was
used to analyze the results of T-RFLP, the peaks with
fluorescence signal less than 100RFU was removed, the
peaks that all appeared in replicas were counted. BioDAP
software was used for diversity index analysis of enzyme
digestion map, and R language was used for variance
analysis of diversity index.

RESULTS

Physical and chemical properties of soil: Test results of
physical and chemical properties of soil in 5 different
fields were shown in Table 1. Soil salinity varied from
high to low in paddy fields, the salinity of sample Ⅰ was
obviously higher than that of the other fields, while the
difference of salinity among the others was not
significant. With the increase of salinity, soil organic
matter, total N and available N increased in different
degrees, the growth rates were 131.7%, 132% and
107.3%, respectively. Sample Ⅰ was also significantly
higher than others. The content of available P decreased
by 34.5% with the increase of salinity, while the content
of available K had no significant change.
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Table 1 Analysis of soil physical and chemical properties.

Sample
field

pH Available N
/mg·kg－1

Total N
/mg·kg－1

Available P
/mg·kg－1

Available K
/mg·kg－1

Organic
matter
/g·kg－1

Salinity
/us·cm－1

Ⅰ 5.15±0.77BC 184.33±1.17A 4.27±0.29A 65.32±10.99AB 112.14±14.84B 82.94±6.39A 1394±986A

Ⅱ 6.28±0.38A 75.05±3.56D 1.47±0.03C 56.93±13.58AB 117.99±3.9B 28.69±0.26C 282±56.43B

Ⅲ 5.83±0.25AB 111.76±19.13C 2.24±0.17B 24.38±15.66C 81.65±15.69B 42.87±3.76B 261.8±101.56B

Ⅳ 5.58±0.3AB 88.9±6.36CD 1.84±0.29BC 99.69±26.54A 117.32±57.65B 35.79±5.62BC 199.4±77.86B

Ⅴ 4.71±0.33C 140±13.51B 2.03±0.1B 91.31±20.89A 266.38±24.09A 39.01±2.42B 229.4±50.35B

Note: In the same column, different capital letters indicate significant difference (P<0.01); the same or no letter superscripts indicate
no significant difference (P>0.05).

Amplification of nirS and nosZ genes and T-RFLP
analysis: In the electrophoretogram of enzyme digestion
products, a restriction fragment (T-RFS) was defined as
an Operational Taxonomic unit (OTU), the peak area
corresponding to each fragment was defined as the
relative number of this species (Clare et al. 2016), and the
relative abundance value of OTU was calculated. The
results obtained by calculation excluded fragments less
than 50 bp and relative abundance value less than 1%,
and defined the abundance value greater than 4% as
dominant bacteria, less than 1% as occasional bacteria,
and the rest as non-dominant bacteria (Zhang et al. 2010).

The size of the denitrifying function gene nirS was
about 490 bp, and that of the nosZ gene was 750 bp. The
partial scan electrophoresis of the enzyme digestion
products of nirS and nosZ gene with fluorescence
intensity on the vertical axis and fragment size on the
horizontal axis was shown in Figure 1 and 2.The total
number of OTU and dominant bacteria in different

groups were shown in Table 2. The dominant bacteria of
ranged from 1 to 5 species in each group, and the
difference was not significant in nirS and nosZ gene. The
distribution of dominant bacteria was shown in Figure 3
and 4. It was mainly concentrated in 104, 113, 116, 247
bp and other 10 fragments. Most of the species outside
the 104-247 bp range were occasional bacteria in Fig3.
They accounted for a large proportion at 52, 63, 74, 100,
105, 112, 115, 176 and 279 bp, most of the species
outside the 52-279 bp range were occasional bacteria in
Fig4. In addition, there was no significant difference
between sample Ⅰ and other samples at the total OTU
number both of nirS and nosZ gene (P > 0.05).There was
significant difference in the number of dominant bacteria
of nirS gene between the sample Ⅰ and Ⅲ, Ⅴ (P < 0.05),
while significantly different of nosZ gene between the
sample Ⅲ and others (P < 0.01), no significant difference
in the other samples (P > 0.05).

Table 2. Total OTUs and dominant bacteria of nirS and nosZ gene.
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nirS

Ⅰ 21 5 30 3 22 3 13 6 16 8 20.40±6.50a 5.00±2.12a

Ⅱ 23 3 32 3 17 4 19 4 23 4 22.80±5.15a 3.60±0.49a

Ⅲ 20 2 31 3 14 1 15 1 24 3 20.80±6.24a 2.00±0.89b

Ⅳ 16 4 30 4 21 4 25 2 19 3 21.20±7.49a 2.60±1.02ab

Ⅴ 15 1 14 2 35 3 21 4 21 3 22.20±4.87a 3.40±0.80ab

nosZ

Ⅰ 17 5 14 4 16 4 15 2 10 4 15.60±4.39ab 3.60±1.14a

Ⅱ 15 4 18 5 16 4 17 3 17 4 16.60±1.14a 4.00±1.00A

Ⅲ 13 2 18 2 6 1 12 3 5 1 10.80±5.36b 1.80±0.83B

Ⅳ 15 2 16 3 15 4 22 3 15 3 10.80±3.90b 3.00±0.71AB
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Ⅴ 11 3 7 3 11 3 17 2 8 4 16.60±3.05a 3.00±0.71AB

Note: In the same column, different small letter superscripts indicate significant difference (P<0.05); the same or no letter superscripts
indicate no significant difference (P>0.05).

Diversity index analysis: The diversity index results of
nirS were shown in Table 3.The sample Ⅰ were
significantly higher than other samples in the Shannon,
Simpson and Pielou index (P < 0.01). Sample Ⅰ had
significant difference with sample Ⅴ in the Margalef
index (P < 0.01). In this study, except that the salinity of
sample Ⅰ was significantly higher than others, it was
suggested that the salinity increased, and the diversity
and richness of nirS denitrifying bacteria were in a

fluctuation range of first decreasing and then increasing,
while the uniformity showed a decreasing trend.

The diversity index results of nosZ were shown in
Table 4.The sample Ⅰ were significantly higher than other
samples in the Shannon and Margalef index , and had
significant difference with sample Ⅲ in the Simpson
index, difference with sample Ⅲ to Ⅴ in the Pielou index.
It was suggested that the diversity, evenness and richness
of nosZ type denitrifying bacteria were increased within a
fluctuation range with the increase of salinity.

Table 3 Diversity index of nirS gene

Sample field Shannon index Simpson index Pielou index Margalef index
Ⅰ 2.94±0.48A 0.14±0.12B 0.67±0.12A 6.20±1.74A

Ⅱ 2.27±0.09B 0.28±0.05A 0.28±0.02B 5.89±0.82AB

Ⅲ 1.83±0.34B 0.37±0.07A 0.44±0.05B 4.98±1.67AB

Ⅳ 2.18±0.12B 0.27±0.03A 0.53±0.01B 4.73±1.08AB

Ⅴ 1.87±0.17B 0.29±0.05A 0.49±0.04B 3.52±1.04B

Table 4 Diversity index of nosZ gene

Sample field Shannon index Simpson index Pielou index Margalef index
Ⅰ 2.40±1.36a 0.54±2.47b 0.55±0.28a 5.94±5.21a

Ⅱ 1.32±0.44b 0.50±0.19ab 0.35±0.11ab 2.91±0.57ab

Ⅲ 0.91±0.41b 0.66±0.18a 0.27±0.11b 2.12±0.44b

Ⅳ 1.01±0.29b 0.58±0.17ab 0.30±0.08b 2.02±0.39b

Ⅴ 0.97±0.50b 0.64±0.23ab 0.29±0.14b 2.04±0.36b

Figure 1. T-RFLP profiles of nirS gene (part).
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Figure 2. T-RFLP profiles of nosZ gene (part).

Figure 3. Relative abundance of T-RFs of nirS gene dominant flora.

Figure 4. Relative abundance of T-RFs of nosZ gene dominant flora.
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DISCUSSION

In this study, the effects of salinity on soil microbial
denitrifying bacteria were studied by irrigating paddy
fields with seawater of different salinity concentrations.
Soil microorganisms played an important role in the
process of material and energy exchange in coastal
ecosystems, which mainly reflected in the decomposition
and synthesis of soil organic matter, as well as the
cycling and transformation of nutrients (Steenwerth et al.
2002)..The microbial abundance in saline-alkali land will
be correspondingly reduced (Yang et al. 2016), while the
microorganisms adapted to coastal saline-alkali soil
environment would be more saline-alkali tolerant. They
influenced and promoted to change each other. Therefore,
this study conducted the effects of soil salinity changes
on the gene diversity of denitrifying bacteria nirS and
nosZ.

The denitrifying microbial communities with
different genotypes had different responses to
environmental factors. In this study, T-RFLP technology
was used to analyze the nirS and nosZ genes of
denitrifying bacteria. It was found that the total number
of OTU of nirS gene was higher than that of nosZ in soil
with different salinity. When the soil salinity reached
sample Ⅱ, the content of total N and available N and
organic matter were the lowest among all the soil
samples, while the abundance and dominant bacteria of
nirS and nosZ were higher in the soil samples with
similar salinity. This indicates that the increase in the
number of denitrifying microorganisms leaded to the
decrease of nitrogen content in the soil, that is,
denitrifying bacteria consumed nitrogen such as nitrite in
the soil through the denitrification. The variation range of
nirS gene abundance was concentrated in 14 segments,
which was larger than the variation range of nosZ gene in
9 segments at 5 different groups of the same salinity
sample, while there was no significant difference in the
dominant bacteria of the two genes.

In this experiment, taking the sample Ⅰ with the
highest salinity as an example, the abundance of nirS
gene was significantly higher than that of nosZ gene,
indicating that the distribution of nirS gene was more
extensive than that of nosZ gene in the high salinity
environment, and the activity of nirS gene was higher
(Mosier 2010). The study of Jones suggested that the
nosZ gene was relatively stable (Jones et al. 2008).The
abundance of nirS-type denitrifying bacteria may also be
controlled and regulated by pH, nitrite, nitrate, and
anaerobic microorganisms in the soil (Li et al.
2016;Wang et al. 2012).

The genetic diversity of denitrifying bacteria was
also affected by different soil environment (Lucas et al.
2020). The genetic diversity of nirS-type denitrifying
bacteria showed a slight turning point with the increase of
soil salinity, which was also consistent with the results of

soil physical and chemical properties analysis. The
contents of total N and organic matter in the soil
increased with the soil salinity, while the salinity was
higher than 261.8±101.56 us·cm-1, the contents of total N
and organic matter began to decrease. At this time, the
genetic diversity of nirS type denitrifying bacteria began
to increase. It is suggested that soil salinity may have a
certain threshold for the effect of nirS-type denitrifying
bacteria. Microbial growth is inhibited below the
threshold, than the microbes develop tolerance and
multiply. Except for the effect of salinity, pH or local
fertilization conditions may have an impact on the genetic
diversity of nirS. Studies had pointed out that the
genotypes of nirS genes in different environmental types
were different (Prieme et al. 2002), which may be one of
the factors affecting the genetic diversity of nirS-type
denitrifying bacteria. The increase of salinity enhanced
the genetic diversity of nosZ denitrifying bacteria. Yang
(Yang et al. 2015) also found that nosZ gene was
positively correlated with salt content. Studies have
shown that salinity changes the soil environment due to
long-term exposure to high salinity, leading to adaptive
changes of nosZ denitrifying bacteria (Piao et al. 2012).
Rich et al. (2003, 2004) found that nosZ gene was
relatively stable in soil and little changed under the
influence of environmental conditions. Similar results
were obtained in this experiment. The community
structure composition of nirS and nosZ denitrifying
bacteria responded to soil salinity to different degrees
with the increase of salinity, and the community structure
composition of nirS responded more significantly than
that of nosZ .

Based on the analysis results of gene abundance and
diversity index of the two genes, it can be concluded that
the community structure and gene diversity of
denitrifying microorganisms will be changed with soil
salt concentration, while the response results of
denitrifying microorganisms with different genotypes are
also different.

Conclusion: In this study, soil organic matter, total N
and available N increased in different degrees with the
increase of salinity, while the content of available P
decreased, the content of available K had no significant
change. The dominant bacteria of ranged from 1 to 5
species in each group, and the difference was not
significant in nirS and nosZ gene. The diversity and
abundance of denitrifying bacteria nirS gene were in a
fluctuation range of first decreasing and then increasing,
while the evenness showed a decreasing trend. The
diversity, evenness and abundance of denitrifying
bacteria nosZ gene were increased within a fluctuation
range with the increase of salinity. The diversity of nirS
gene was more affected by the salt concentration, and the
nirS gene was more widely distributed than nosZ in soil
with different salt concentrations. It indicated that nirS -
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mediated nitrite reductase played an important role in
salinity affected soil environment.
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