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ABSTRACT 
The better understanding of the relationship between soil physical and chemical properties and 

bacterial communities under different moisture contents has a potential contribution to improv-

ing the sustainability of forest peat swamp protection. In this study, we tested the 16sRNA genes 

of bacteria to study the physical and chemical characteristics of soil under three types of forest 

surface vegetation cover, with three different moisture contents (24.4 ± 2.6%, 48.4 ± 4.2%, 91.0 

± 2.7%). The results show that under different moisture contents conditions, microbial commu-

nity composition will change greatly. Proteobacteria (30.04%) and Acidobacteria (25.58%) are 

the dominant communities in forest peat swamps, and have little change in moisture contents , 

Chloroflexi abundance changes significantly in different moisture contents, the microbial com-

munity structure has a strong selectivity to water. As the moisture content of the forest peat 

swamp decreases, the soil microbial community structure will change, and soil enzyme activities 

(Invertase, Urease, Catalase) have different activities under different water contents, which im-

pact on deposition rate of C in the soil and the carbon sequestration of organic matter in forest 

peat swamps. 

 

Keywords: forest swamp; soil enzyme activity; bacterial community; global warming; soil mois-

ture content  
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1. INTRODUCTION 

Northern forests account for 22% of the global forest 

area. These small forests account for only 13% of 

global biomass carbon. Their peat-rich soil account 

for nearly half (43%) of the global peat reserve, 

which is equivalent to 455 Pg carbon pool1,2. The 

northern peat bog is a transition zone between terres-

trial aquatic ecosystems3. It has high resource devel-

opment value and environmental regulation functions, 

and has a lasting positive response to the global cli-

mate system2,4. With the change of climate, the fre-

quency and intensity of drought are expected to in-

crease in the 21st century5. As a transitional zone 

from aquatic to terrestrial, wetlands are more suscep-

tible to hydrological changes under the trend of glob-

al warming6. The impact of human activities has 

made the drying of wetlands increasingly apparent. 

Under the background of global warming, the evapo-

ration of forest peat swamp wetlands has risen, affect-

ing vegetation coverage in turn affecting soil enzyme 

activity and microbial distribution7. Soil microorgan-

isms, including protozoa, bacteria, fungi, and archaea, 

are important constituents of the soil. They play an 

important role in the biogeochemical cycle, especially 

in the processes of carbon cycling, ecosystem stabil-

ity, sustainable soil development and anti-interference 

ability8. The soil bacterial community structure is 

critical to the function of the wetland system, and 

they mediate the material cycle in the environment8. 

Many studies have focused on the spatial and tem-

poral differences in the structure of soil bacterial 

communities9. Forest peat swamps are important 

global ecosystems, and little known about their eco-

logical importance and biodiversity10. Northeast Chi-

na is one of the most important peat distribution areas 

in the world, but few studies have focused on the re-

lationship between the bacterial community structure 

in forest peat swamps and the physical and chemical 

properties of soil in peat wetlands11–13. 

 

The activity of microorganisms and enzymes usually 

changes with temperature, humidity, pH and other 

physical and chemical variables, as well as the utili-

zation of carbon and nutrients7. Alien microorganisms 

and their impacts on mineralization of organic matter 

and the global carbon and nutrient cycle play a deci-

sive role8,11. The most direct mediator of soil organic 

matter (SOM) decomposition is extracellular en-

zymes9. The presence of extracellular enzymes direct-

ly deconstructs the cell walls of plants and microor-

ganisms10. And the macromolecules are reduced to 

soluble substrates, to assimilate with microorganisms. 

Therefore, studying the metabolic relationship be-

tween microorganisms and enzymes in northern for-

est peat swamps has an important role in guiding the 

protection of forest peat swamps12. More and more 

scholars have begun to pay attention to the problems 

of microbial and enzyme activities in peat swamps13. 

The importance of changes in the composition of soil 

microbial communities to the ecosystem depends on 

whether environmental changes will affect changes in 

soil nutrients and carbon cycling in the soil14–17. Soil 

enzyme activity also has a corresponding change in 

the microbial community structure in the soil, so we 

also measured the enzyme activity in the soil to deter-

mine whether the composition of the microbial com-

munity could further explain the migration of soil 

carbon under different hydrological gradients18,19. 

 

The purpose of this study was to study the bacterial 

community structure and soil physicochemical prop-

erties of soil in three different moisture content rates 

in two typical forest-swamp wetlands in northeastern 

China. We hypothesized that different moisture con-

tent will cause significant changes in the soil microbi-

al community structure; the main reason for the dif-

ference in soil microbial community is the soil water 

content, and the enzyme activity is mainly regulated 

by soil nutrients; There is a relationship between 

structural changes. 

 

2. MATERIALS & METHODS 

2.1. In-situ sample collection 

Due to the strong metabolic activity of microorgan-

isms in summer, the experiment was conducted at the 

end of May 2019. The experimental research area is 

in Longwan Nature Reserve in Tonghua City, Jilin 

Province. Two typical secondary forest ecosystems in 

this area were selected for research20. The area is lo-

cated at the northern foot of Changbai Mountain, 

where is the middle section of the Longgang Moun-

tains belongs to a moderate-temperate continental 

https://www.siftdesk.org/article-details/Eco-friendly-decolorization-of-cationic-dyes-by-coagulation-using-natural-coagulant-Bentonite-and-biodegradable-flocculant-Sodium-Alginate/10648
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monsoon climate, with an average annual temperature 

of 4-5 ° C and an average annual rainfall of 800-

900mm. Gushantun (N 42 ° 18'36.5076 ", E 126 ° 

17'38.3856", 514m above sea level) Vegetation types 

are mainly white birch (Betula platyphyla) and poplar

(Populus davidiana),Hani (N 42 ° 8'24.3312 ", E 126 

° 18'54.7416", 912m above sea level) The vegetation 

type is dominated by deciduous pine forest (CBS). 

The forest plots in the study area are mainly dark 

brown forest soil, and valley valleys are mainly 

meadow soils21. Plateau lessive soil (white pulp soil) 

is dominant. Changbai Mountain is in the temperate 

coniferous forest-broadleaf forest belt and is one of 

the best-preserved virgin forests in China. In this ex-

periment, six sampling areas were selected for analy-

sis in three types of forest marshes with different soil 

moisture content. A sample plot of 10m ⅹ 10m was 

set, and three trees with substantially the same DBH 

were randomly selected in the plot, and 30cm from 

the trunk Take a soil sample at a depth of 0-10cm. At 

each sampling point, biomass was removed from the 

ground and soil samples were evenly mixed. The re-

covered soil sample was divided into two parts after 

removing visible roots and residues as soon as possi-

ble. One sample was air-dried and ground into a fine 

powder and stored through a 100-mesh sieve for en-

zyme activity and soil physical and chemical proper-

ties determination. Another sample was stored at -80 

° C until high-throughput sequencing. 

Figure 1 

 

 

2.2. Analysis of soil physical and chemical proper-

ties 

The soil pH was measured at a soil-to-water ratio of 

1: 2.5. The total carbon and total nitrogen (TC, TN) in 

the soil were determined using a C / N analyzer. 

Since these soils without carbonates, the total carbon 

content is equal to the organic carbon (SOC) content 

in the soil. The available phosphorus (AP) is deter-

mined by the molybdenum antimony phosphate col-

orimetric method. Soil nitrate nitrogen (NO3-N) and 

ammonium nitrogen (NH4
+ -N) are extracted from 5g 

fresh soil ) and analyzed in 2MKCl (soil: extractant = 

1: 5) using a flow injection automatic analyzer. 

 

Enzyme activity in soil, in short for invertase activity, 

mix 5 g soil with 15 ml 8% sucrose, 5 ml of phos-

phate buffer pH 5.5 and 5 drops of toluene, then incu-

bate at 37 ° C for 24 hours22. The released glucose 

was reacted with 3,5-dinitrosalicylic acid and meas-

ured by absorption spectrophotometry at 508 nm. For 

urease activity, 5g of fresh bulk soil (<2mm) was in-

cubated with 10mL of 10% urea, 1mL of toluene and 

20mL of PB buffer (pH 6.7) at 37°C for 24h23. The 

absorption spectrophotometry of indophenol at 578 

nm was measured. For catalase, 5g of fresh soil 

(<2mm) and 40mL of distilled water and 5mL of 

0.3% hydrogen peroxide solution were shaken for 

20min, and 5mL of 2mol / L sulfuric acid solution 

was added to terminate the enzyme reaction24. The 

potassium permanganate solution was used to titrate 

the hydrogen peroxide remaining after the catalase 

decomposition reaction. 

 

2.3. DNA Extraction and 16S rRNA Sequencing 

and Sequence Processing 

Bacterial communities on soil were detected by next-

generation amplicon sequencing of 16S rRNA genes. 

PCR was applied to amplify the V3-V4 hypervariable 

region of bacterial and archaeal 16S rRNA genes by 

using the forward primer, 5'-

CTTGGTCATTTAGAGGAAGTAA -3' and the re-

verse primer, 5'- GGACTACHVGGGTWTCTAAT-

3'. combined with adapter sequences and barcode 

PCR amplification was performed in a total volume 

of 50 μl, which contained 10 μl Bμffer, 0.2 μl Q5 

High-Fidelity DNA Polymerase, 10 μl High GC En-
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hancer, 1 μl dNTP, 10μM of Each primer and 60 ng 

genome DNA25,26. Thermal cycling conditions were as 

follows: an initial Denaturation at 95 °C for 5 min, fol-

lowed by 15 cycles at 95 °C for 1 min, 50 °C for 1 min 

and 72 °C for 1 min, with a final extension at 72 °C for 

7 min. The PCR products from the first step PCR was 

purified through VAHTSTM DNA Clean Beads. A sec-

ond round PCR was then Performed in a 40μl reaction 

which contained 20 μl 2×Phμsion HF MM, 8 μl ddH2O, 

10μM of Each primer and 10μl PCR products from the 

first step. Thermal cycling conditions were as Follow-

ing: an initial denaturation at 98 °C for 30s, followed by 

10 cycles at 98 °C for 10s, 65 °C for 30s min and 72 °C 

for 30s, with a final extension at 72 °C for 5 min. Final-

ly, all PCR products Were quantified by Quant-iTTM 

dsDNA HS Reagent and pooled together. High-

throughput Sequencing analysis of bacterial rRNA 

genes was performed on the purified, pooled sample 

using The Illumina Hiseq 2500 platform (2×250 paired 

ends) at Biomarker Technologies Corporation, Beijing, 

China. 

 

2.4. Data Analysis and Statistics 

Separate the data for each sample from the original data 

according to standard operating procedures based on the 

barcode and primer sequences27. Vsearch v2.4.4 is used 

to stitch the readings of each sample to obtain raw label 

data (raw labels). Sequences shorter than 150 bp and of 

low quality (quality score <20) were deleted from the 

original sequence data, and a classification operation 

unit (OUT) was defined according to the similarity be-

tween the sequences above 97%.Based on the SIL-

VA128 database, annotate representative OTU sequenc-

es with species, use QIIME software to estimate Alpha 

diversity for Chao 1, Simpson, and Shannon indices, 

and compare the OTU abundance and uniformity be-

tween samples, and then generate dilution curves. The 

principal component analysis (PCoA) based on Bray-

Curtis matrix distance was calculated using the Vegan 

package in R language, and the differences in the bacte-

rial community structure between two different in situ 

soil hydrological gradients (L, M, H) were compared. 

Based on the OUT data, Canoco 5.0 was used to explore 

the relationship between bacterial communities and en-

vironmental factors through redundant analysis. The 

one-way difference analysis (ANOVA) method using 

the SPSS 22.0 post hoc Tukey HSD test was used to test 

soil characteristics, various microbial composition rati-

os, and significant differences in enzyme activity corre-

sponding to different water contents. The image was 

drawn using Origin 2018 64Bit. 

 

3. RESULTS 

3.1. Soil physical and chemical properties 

The soil temperature in the two forest plots varied be-

tween 11.1-17.2 ° C. The pH changes between 5.47-

6.08, which belongs to slightly acid soil. The soil physi-

cochemical properties of Gushantun broad-leaved forest 

swamps under different moisture contents are quite dif-

ferent, among which organic matter (SOC) and total 

nitrogen (TN) are significantly different in broad-leaved 

forest (p <0.05) and increase with the increase of soil 

moisture content; In the Hani coniferous forest, the con-

tent of each nutrient element is low and there is not 

much difference between different moisture contents. 

There was no significant difference in soil nutrient 

availability (AP NH4-N NO3-N) between the various 

sites. 

Table 1. Soil physical and chemical properties of two forest types with different moisture content 
  Gushantun Hanni 

  L M H L M H 

pH 6.08±0.21a 5.59±0.33ab 5.47±0.08b 5.65±0.03a 5.71±0.09a 5.81±0.05a 

EC(mS/cm) 0.95±0.31b 1.14±0.25ab 1.62±0.21a 0.5±0.06a 0.46±0.04a 0.45±0.13a 

SOC（(g/kg)） 38.15±14.06c 67.77±13.86b 129.89±2.18a 37.41±8.82a 28.36±4.71a 42.79±12.26a 

Available P (mg/kg） 0.78±0.18a 0.68±0.37a 0.82±0.20a 0.39±0.05b 0.23±0.04b 1.21±0.21a 

NO3--N(g/kg) 1.19±0.16a 0.13±0.06b 0.48±0.33b 0.58±0.25a 0.24±0.03ab 0.21±0.01b 

NH4
+-N（g/kg） 1.78±0.11a 1.97±0.59a 2.39±0.49a 1.75±0.10a 1.79±0.15a 1.73±0.34a 

T5(℃) 14.83±0.55a 10.57±1.29b 14.53±1.17a 16.50±0.53a 17.20±0.3a 14.53±0.60b 

BD（g/cm-3） 0.70±0.05a 0.76a 0.63±0.09a 0.63±0.03b 1.04a 0.55±0.02c 

TN(g/kg) 4.16±0.73b 7.97±3.09b 13.20±1.38a 4.14±1.11a 2.32±0.67a 3.23±1.14a 

Note:H:Higher moisture content=91.0±2.7%，M:Medium moisture content=48.4±4.2%，L:Low moisture content=24.4±2.6%。Values 

indicate means with standard error (n = 3). Significant different water content is indicated by lower case letters (P < 0.05). EC: electrical 
conductivity.SOC: Soil Organic Carbon. T5℃: Temperature 5cm from the surface. BD:Bulk Density. Letters signify significantly differ-
ent mean rates as determined by Tukey's HSD test. 
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3.2 Soil enzyme activity 

The responses of enzyme activities to changes in 

hydrological conditions and forest vegetation 

cover showed different trends. Invertase activity 

decreased in two plots with decreasing moisture 

content. The difference in enzyme activity 

reached a statistically significant level (p <0.05). 

Urease did not change significantly in the Hani 

coniferous forest. The rate increases. It is worth 

noting that catalase is not sensitive to changes in 

water gradient in forest swamps, and only small 

differences can be observed in coniferous forests. 

 

3.3 Influence of environmental factors on the 

structure of bacterial communities in soil 

16S rRNA sequencing identifies the taxonomic 

composition of bacterial communities. All sam-

ples were sequenced to obtain 1,922,134 

Reads,Double end Reads splicing and filtering 

produced a total of 1,787,090 Clean tags. At least 

62,926 Clean tags were generated for each sam-

ple, and an average of 99,283 Clean tags were 

generated. According to the dilution curve pre-

sented by the sample, it was sufficient. Sequenc-

ing depth to explain most of the amplified taxa 

and ensure the accuracy of sequencing. Based on 

the analysis of Alpha diversity including Chao1, 

Shannon, and Simpson index in situ, it is worth 

noting that the diversity did not show significant 

differences in the two plots (ANOVA, p> 0.05). 

 

According to the OUT table of bacterial commu-

nities, PCoA was used to detect the differences in 

bacterial communities between different moisture 

contents. According to PCoA, it can be clearly 

seen that the bacterial communities on the H plot 

were significantly different from L and M 

(PERMANOVA, p <0.05) The bacterial commu-

nities in L and M plots were similar, and L and 

M almost coincided in Hani plots 

(PERMANOVA, p> 0.05). For the bacterial 

community species distribution, Proteobacteria, 

Acidobacteria, Chloroflexi, and Actinobacteria 

dominate the community in all samples (P 

<0.05), accounting for 70-80% of the total flora. 

The abundance of Proteobacteria and Actinobac-

teria in broadleaf forest marsh soil is greater than 

that of coniferous forest, while the richness of 

Chloroflexi in coniferous forest marsh is greater 

than that of broadleaf forest. The change trend of 

Chloroflexi with different water content is oppo-

site to that of Proteobacteria.  

Figure. 2 Changes in different enzyme activities under different moisture contents in the two forest types. Let-

ters signify significantly different mean rates as determined by Tukey's HSD test. 
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Figure 3 PCoA distribution of the difference index (Bray-Curtis) between bacterial communities. Low and me-

dium moisture content in Gushantun plot: A, medium moisture content: B, high moisture content: C; low and 

medium moisture content in Hani plot: D, medium moisture content: E, high moisture content: F. Figure 4 Clus-

ter analysis of Hani and Gushantun plots based on the Bray-curtis matrix. Relative abundance maps (n = 3) of 

bacterial communities (TOP10 of microbial species) at different moisture contents. 

 

The relationship between soil physical and chemical properties and soil microbial characteristics was analyzed 

by RDA. RDA1 explained 90.49% and 99.37% of the total interpretation rate. It mainly explained the relation-

ship between physical and chemical properties of soil and microbial groups. Controls microbial communities. In 

Figure 6-1, pH (p = 0.016) and MC (p = 0.024) have significant effects on soil microbial characteristics. In Fig-

ure 6-2, MC (p = 0.002) has a significant effect on the sudden microbial community. Compared with other envi-

ronmental factors, soil moisture is the decisive factor limiting the distribution of microbial communities. 

Figure 4.1 Gushantun forest transect  Figure 4.2. Hani forest transect  

Figure 4 Redundant analysis (RDA) of soil microorganisms and enzyme activities( Invertase, Urease, Catalase) 

based on two plots (Gushantun; Hani). Constrained by three hydrological gradients (SBD; pH; AP; NH4; MC; 

SOC). The first and second axes explain 90.49 and 0.10% in Gushantu forest marsh wetland, respectively. In 

Hani, the soil interpretation rate is 99.62%, black represents the population of microorganisms, and purple repre-

sents soil enzyme activity. 
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4. DISCUSSION 

The soil microbial composition between different 

forest peat swamps showed significant differences. 

The enzyme activity in the soil was affected by vege-

tation types, soil nutrients, and soil microorganisms, 

reflecting changes in soil microbial activity28,29. The 

role of bacteria in the soil is to maintain sustainable 

soil development and production, and it plays a huge 

role in maintaining soil health30. The results of this 

study can be clearly seen through the changes in soil 

moisture content of different forest land types. Under 

different moisture content conditions, the differences 

in soil enzyme activity and microbial community. 

 

Consistent with our hypothesis, soil moisture is high-

ly correlated with the functional potential of soil mi-

crobial communities. Soil microbial communities 

will be affected by changes in soil moisture, which in 

turn will affect enzyme activity in the soil. With the 

exception of catalase, soil enzyme activity appears to 

be strongly affected by soil moisture content. In the 

environment with more organic matter (broad-leaved 

forest), the activity of urease increased with the in-

crease of moisture content, and the activity of invert-

ase decreased in the environment with high moisture 

content. The transformation of material in the soil is 

the result of the comprehensive effect of various bio-

chemical reactions in the soil. The strength of soil 

enzyme activity is one of the important factors of the 

comprehensive effect of various biochemical reac-

tions in the soil. Invertase is used to catalyze the hy-

drolysis of sucrose into glucose and fructose, which 

is related to the content of microorganisms in the soil. 

In this study, we found that the activity of invertase 

in soil decreased with the decrease of moisture con-

tent, and the soil with low moisture content 

(23.2%) ,the activity of soil (92.4% MC) with high 

moisture content is lower than 15.3% -41.0%. The 

higher the moisture content in the observed soil plot, 

the higher the invertase activity. Urease is the hydrol-

ysis of urea-based substrates in soil. The main source 

of urease is the secretion of extracellular microorgan-

isms. We found that urease exhibits different activity 

trends in two different forest types. In broad-leaved 

forests, water in the soil can Stimulate the activity of 

urease (p <0.05). In the RDA ranking chart, we found 

that urease and other environmental factors except 

moisture content showed a significant negative corre-

lation. Pearson analysis showed that urease was not 

significantly related to other environmental factors. 

Studies have shown that urease is attached to clay 

and humus and is more resistant to environmental 

changes than other soil enzymes. Catalase can de-

compose hydrogen peroxide into water and oxygen 

molecules and protect cells from being affected by 

reactive oxygen species. In this study, we found that 

catalase activity did not change in different forest 

marsh soil moisture content(P> 0.05). This result is 

different from Zhang et al. finding that as the mois-

ture content increases, the effect on catalase is more. 

The microbial community in the soil drives the de-

composition and evolutionary adaptation of the or-

ganic matter in the soil. Although the soil moisture 

content is different, the bacterial community diversity 

index of the bacterial community in the door has not 

changed significantly. Comparing the composition of 

the community structure of the bacteria in the two 

forests shows that there are obvious differences be-

tween the microbial communities in the soils of the 

broad-leaved forest and the coniferous forest. β diver-

sity is significantly different between bacterial 

groups. In both plots, the soils with high moisture 

content showed significantly different soil microbial 

community distributions than those with low and me-

dium moisture content31. In all the samples, we found 

that the distribution of bacterial flora was mainly 

composed of Proteobacteria, Acidobacteria, Chlor-

oflexi, Actinobacteria, Verrucomicrobia, Gemmati-

monadetes, Nitrospirae, Rokubacteria, Bacteroidetes, 

Firmicutes29,32. These floras are resident in the soil. 

Many studies have shown that plant abundance, soil 

type, and soil use all affect the community structure 

of microorganisms33. Gushantun and Hani forest 

plots have different bacterial community structures. 

The relative abundance of the dominant phylum Pro-

teobacteria in the Gushantun plot is greater than in 

the Hani plot34. Chloroflexi changes significantly in 

abundance in different moisture contents. The results 

showed that soil moisture mainly affected the supply 

of soluble carbon and nutrients to soil microorgan-

isms, and soil matrix affected the physiological state 

of microorganisms. Therefore, the moisture content 
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in soil significantly changed the structure of domi-

nant flora. In soil, microbial communities play an 

important role in ecosystem functions, biogeochemi-

cal functions, and responses to environmental chang-

es. Changes in soil moisture may affect the biomass 

activity and composition of soil microorganisms35. 

Soil moisture also remained highly correlated with 

the microbial community structure in the ranking dia-

gram36–38. Our research found that in the same forest, 

the difference in soil moisture content caused by the 

topography did not largely cause changes in the 

structure of the bacterial community in the soil, 

which may be due to differences in soil and climate 

in the same forest community. When it is larger, the 

vegetation type greatly affects the distribution of mi-

crobial communities. Different concentrations of nu-

trients and different levels of anoxic environment 

showed significant differences in soil microbial flora 

distribution and enzyme activity. The microbial com-

munity was affected by hydrological conditions such 

as moisture and oxygen environment in the soil. 

However, we found that in the forest marsh soil, the 

biggest impact on the distribution of microbial com-

munity structure is not the soil moisture and the con-

ditions of the same period, but the type of vegetation 

covered by the marsh surface. Over time, microbial 

communities under different vegetation cover occur 

has differentiated. 

 

CONCLUSION 

This study shows that in forest peat swamps in north-

eastern China, the microbial community structure is 

greatly affected by hydrological gradients. Soil mi-

croclimate is an important driving force for the com-

position of microbial communities. Structure will 

have a more significant effect, and hydrological con-

ditions have a significant effect on soil enzyme activ-

ity. In the context of global warming, the differences 

in soil moisture content are increasingly significant.   
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