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Abstract: Soil microbial communities and enzyme 
activities play key roles in soil ecosystems. Both are 
sensitive to changes in environmental factors, 
including seasonal temperature, precipitation 
variations and soil properties. To understand the 
interactive mechanisms of seasonal changes that 
affect soil microbial communities and enzyme 
activities in a subtropical masson pine (Pinus 
massoniana) forest, we investigated the soil microbial 
community structure and enzyme activities to identify 
the effect of seasonal changes on the soil microbial 
community for two years in Jinyun Mountain 
National Nature Reserve, Chongqing, China. The soil 
microbial community structure was investigated using 
phospholipid fatty acids (PLFAs). The results 
indicated that a total of 36 different PLFAs were 
identified, and 16:0 was found in the highest 

proportions in the four seasons, moreover, the total 
PLFAs abundance were highest in spring and lowest 
in winter. Bacteria and actinomycetes were the 
dominant types in the study area. Seasonal changes 
also had a significant (P < 0.05) influence on the soil 
enzyme activity. The maximum and minimum values 
of the invertase and catalase activities were observed 
in autumn and winter, respectively. However, the 
maximum and minimum values of the urease and 
phosphatase acid enzymatic activities were found in 
spring and winter, respectively. Canonical 
correspondence analysis (CCA) analysis revealed that 
the seasonal shifts in soil community composition and 
enzyme activities were relatively more sensitive to soil 
moisture and temperature, but the microbial 
community structure and enzyme activity were not 
correlated with soil pH in the study region. This study 
highlights how the seasonal variations affect the 
microbial community and function (enzyme activity) 
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to better understand and predict microbial responses 
to future climate regimes in subtropical area. 
 
Keywords: PLFA analysis; Soil microorganisms; soil 
enzymes; Seasonal shifts; Soil moisture; Soil 
temperature 

Introduction  

Soil microorganisms play critical roles in 
global carbon sequestration and nutrient cycling in 
forest ecosystems (Grosso et al. 2018). 
Microorganism have the ability to recognize and 
respond to environmental changes on a shorter 
time scale than flora and fauna; moreover, 
microbes are exposed to complicated physical 
structures and geochemical conditions and 
undergo a combination dynamic seasonal shifts in 
temperature, moisture, and nutrient availability at 
microscales (Schmidt et al. 2007). Soil enzymes are 
important components that participate in various 
biochemical reactions in soil ecosystems (Burns et 
al. 2013). In addition, soil microbial communities 
can affect soil organic matter decomposition via 
various extracellular enzymes (Puissant et al. 2015). 
Environmental conditions can greatly affect soil 
microbial activities. Previous studies have shown 
that soil microbial communities perform important 
ecosystem processes, including facilitating plant 
growth and sustaining the cycling of carbon and 
other nutrients (Jansson and Hofmockel 2018; 
Nannipieri et al. 2003). Furthermore, soil 
microorganisms and enzymes mitigate the cycling 
of nutrients between soils and plants by 
depolymerizing organic substrates (Xu et al. 2017). 
Many beneficial functions of the soil microbiome 
are stimulated by climate change, such as increased 
precipitation, increasing temperature, decreasing 
soil moisture and other factors (Amundson et al. 
2015). 

Temperature and precipitation are pivotal 
climate change indicators that affect the soil 
microbial communities and soil enzymes in 
terrestrial ecosystems (Li et al. 2018). Fluctuations 
in soil temperature and soil moisture occur 
seasonally; moreover, the seasonal dynamics of soil 
microbial composition are highly correlated with 
seasonal shifts in soil temperature and moisture 
(Rasche et al. 2010). Soil moisture has a significant 

effect on soil microbial community composition by 
mediating available substrates in soil and soil 
properties, which affect microbial populations and 
activities (Chen et al. 2007; Xiang et al. 2008). 
Previous studies found that there were different 
soil microbial community structures and enzyme 
activities in different forest soils that corresponded 
to regional climate factors (Brockett et al. 2012). 
Variation in microbial community composition is 
heavily associated with seasonal and spatial 
changes in typical microbial processes, especially in 
arctic and alpine tundra ecosystems (Nemergut et 
al. 2005; Zinger et al. 2009). The literatures also 
showed that the influences of tree species on 
microbial community composition and enzyme 
activities vary greatly in different seasons (Li et al. 
2015; Wu et al. 2016). Zi et al. (2018) found that 
short-term climate changes could improve plant 
nutrient mineralization and alter soil enzyme 
activities in alpine meadow ecosystems. However, 
there have also been studies showing that climate 
change did not have a significant influence on soil 
bacterial diversity or microbial community 
composition (Fu et al. 2018; Zi et al. 2018). 
Additionally, some studies found relatively higher 
soil enzyme activities in colder environments 
(Galloway et al. 2004; Jing et al. 2014); however, 
other studies found higher potential soil enzyme 
activities in warmer periods (Baldrian et al. 2013; 
Löffler et al. 2008; Jing et al. 2014). Therefore, the 
relationships may vary in specific climate zones 
and by vegetation pattern. 

To date, several studies concerning the 
temporal and spatial variations of soil microbial 
community structure and enzyme activities have 
mainly focused on nonsubtropical forest areas, 
such as the arctic (Deslippe et al. 2012), the north 
temperate zone (Puissant et al. 2015) and cold 
temperate zones (Zi et al. 2018). The relationships 
among soil microbial community composition, 
enzyme activity, vegetation types and seasonal 
shifts remain poorly understood, particularly in 
subtropical forest regions. The carbon stock of 
forests, including soils and plants, is approximately 
40% of the total carbon storage in tropical forests 
and subtropical forests (Dixon et al. 1994). Masson 
pine is a vital tree species for afforestation and 
reforestation, which is distributed on half of the 
land area, is the most widely distributed species of 
pinus in China (Wu 1980). In addition, the study 
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area is in Jinyun Mountain National Nature 
Reserve, masson pine is one of the main typical 
zonal vegetation in Jinyun Mountain. Masson pine 
could sequester carbon, decrease soil erosion, 
regulate surface runoff, sustain biodiversity, and 
improve soil fertility and other ecosystem services 
in Southwest China. Soil microbial activities play a 
crucial role in biogeochemical cycles in this 
important ecosystem as well as provide critical 
ecosystem services such as improving soil fertility 
and increasing carbon sequestration. However, 
these ecological processes and critical ecosystem 
services are significantly influenced by nutritional 
conditions, temperature and water availability 
(Schloter et al. 2003). Therefore, it is an urgent 
issue to fully understand the effects of seasonal 
shifts in the soil microbial community and enzyme 
activity in Masson pine (Pinus massoniana Lamb.) 
forests. The study tries to provide some 
information combined with environmental 
protection on achieving the sustainable 
development goals of the United Nations and also 
accomplishing the land degradation neutrality 
challenge (Keesstra et al. 2016; Keesstra et al. 2018; 
Rodrigo-Comino et al. 2018). Moreover, such 
information is essential for better conserving and 
managing of the Nature Reserve under climate 
change. 

The objectives of this study were to identify the 
seasonal variation characteristics of soil microbes 
and enzyme activity in subtropical forests. Our 
main aims were to assess (i) changes in soil 
microbial abundance and diversity with seasonal 
succession; (ii) alterations in enzyme activities with 
seasonal succession; (iii) 
the relationships between 
soil microbial community 
and function (enzyme 
activity) and environmental 
factors under seasonal 
shifts. 

1     Materials and 
Methods 

1.1 Study sites  

The study was 
conducted in Jinyun 

Mountain National Nature Reserve, which is 
located in Chongqing city, South China (106°22'E, 
29°45'N) (Figure 1). The study area has a typical 
subtropical warm humid monsoon climate, with a 
mean annual temperature of 13.6°C. The annual 
average relative humidity is 87%. The annual 
precipitation is 1161.8 mm, and most precipitation 
occurs from April to September. July and August 
usually have low rainfall amounts but high 
temperatures. The average annual sunshine hours 
are 1293 h (Li et al. 2009). The soil types are 
mainly yellow soil (termed Haplic Acrisol in FAO) 
with a small amount of purple soil (termed Regosol 
in FAO) (IUSS Working Group WRB 2006). The 
dominant tree species in the study area is Pinus 
massoniana Lamb. The dominant shrubs include 
Cunninghamia lanceolata (Lamb.) Hook, Rhus 
chinesis Mill., Symplocos setchuensis Brand, Ficus 
heteromorpha Hemsl. Cyclobalanopsis glauca 
(Thunb.) Oersted, Mallotus japonicus (Thunb.) 
Muell. Arg. Var. floccosus S. M. Hwang, Mallotus 
barbatus (Wall.) Muell. Arg., Celtis sinensis Pers., 
Quercus fabri Hance and Neosinocalamus affinis 
(Rendle) Keng f. The dominant herbaceous species 
include Microlepia marginata (Houtt.) C. Chr., 
Diplopterygium chinense, Setaria palmifolia 
(Koen.) Stapf, Smilax china Linn., Millettia 
dielsiana Harms, Sabia swinhoei Hemsl. ex Forb. 
et Hemsl, and Rubus corchorifolius Linn. f. 

1.2 Soil sampling and laboratory analysis 

Three standard experimental plots that were 

Figure 1 Map of the location of the study area, masson pine forest, Chongqing, 
China. 
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20 m × 20 m (no fertilization) were selected as the 
sampling areas in a Masson pine forest with 
altitudes between 350 and 500 m. Soil samples 
were collected from 0 to 20 cm in summer (August 
1, 2014), autumn (November 14, 2014), winter 
(February 8, 2015) and spring (May 7, 2015). Three 
small sample plots (1 m × 1 m) were established. 
Additionally, each sample was collected from five 
random points along the diagonal line in each 
sampling plot. Moreover, each sample was taken 
and mixed thoroughly to obtain a composite soil 
sample, which was stored at -20°C and 
immediately returned to the laboratory. The 
samples were sieved through a 2-mm sieve to 
remove residues and stones before analysis. All 
samples were stored in a refrigerator at 4°C and 
analyzed for soil organic matter, soil microbial 
biomass and community analyses. The enzyme 
activities assay was measured in one week. In 
addition, the other samples were air-dried and 
analyzed for their soil physical and chemical 
properties. Soil moisture was obtained by oven 
drying (105°C). The soil pH was measured with an 
extraction pH meter using a soil to distilled water 
ratio of 1:2.5. The soil organic matter was 
measured with the sulfuric acid-potassium 
dichromate outside heating method. The properties 
of the soil samples are given in Table 1. 

1.3 Phospholipid fatty acid (PLFA) analysis 

The soil microbial community composition 
and soil microbial biomass were analyzed with the 
PLFA method. The PLFA method is a rapid and 
quantitative detection technique with high 
sensitivity and repeatability (Kaur et al. 2005). 
Lipids in the soil were extracted with a modified 
Bligh-Dyer method (Zelles et al. 1994). A fresh soil 
sample of 8 g was added to a buffer solution 
(methanol: chloroform: phosphate buffer, 2:1: 0.8). 
The mixture was shaken for 16 hours and then 
centrifuged, and phospholipids in the extract 
solution were fractionated by column 
chromatography. The contents of various fatty 

acids (C5 - C20) were determined by Agilent 6850 
gas chromatography (GC) after methyl 
esterification. C19: 0 was used as an internal 
standard to convert the absolute contents of PLFAs. 
The identification of the fatty acid composition in 
the PLFA profiles was carried out with a MIDI 
Sherlock microbial identification system (Version 
6.1, MIDI, Inc., Newark D.E.). Fatty acid methyl 
ester (C5 - C20) purchased from the MIDI 
company was the standard material in the analysis. 

1.4 Soil enzyme assays 

Soil enzyme assays were used to investigate 
the functional potential of the soil microbial 
community at each sampling site. Soil enzymes 
were extracted from the soil samples with 100 ml of 
phosphate buffer. Urease activity was measured by 
indophenol-blue colorimetry, the invertase activity 
was tested using the 3,5-dinitrosalicylic acid 
colorimetric method, the catalase enzyme activity 
was determined using the KMnO4 titration method, 
the acid phosphatase activity was determined using 
the pyrophosphate disodium method (Guan et al. 
1986). The determination of absorbency during the 
enzyme assays was measured by a UV 
spectrophotometer (UV-2550; Shimadzu Corp., 
Japan). 

1.5 Statistical analysis 

The statistical analyses were performed in 
Origin (version 9.3, OriginLab) and SPSS (version 
18.0, IBM). The sampling data were measured for 
normality using a Kruskal Wallis test (version 12, 
Statistica). Significant differences among soil 
samples were identified by one-way analysis of 
variance (ANOVA) to determine differences in soil 
microbial biomass, soil microbial community 
structure and enzyme activity in different seasons 
followed by least significant difference (LSD) tests 
(P < 0.05). 

The relationships between microbial 
community structure, enzyme activities and 

Table 1 Forest characteristics and soil properties of the study plots
Forest characteristics Soil properties (Unit: g kg-1) 

Age 
(a) 

Canopy 
density (%) 

Mean DBH
(cm) 

Mean 
height (m) 

Herb 
coverage(%) pH TN  TP AP SOM  

45 80±1.73 Ф(18.6±0.10) 14.1±0.26 50±4.62 4.34±0.11 3.18±0.23 0.13±0.02 0.32±0.06 23.64±2.25
Notes: Ф represents DBH (the diameter of the tree at 1.3m from the rhizome), total nitrogen (TN), total phosphorus 
(TP), available potassium (AP), soil organic matter (SOM). 
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environmental variables were analyzed by 
canonical correspondence analysis (CCA) using 
CANOCO software (version 4.5, Microcomputer 
Power, Inc.). The PLFA profiles were analyzed by 
CCA in relation to the environmental variables. In 
addition to all soil parameters, the soil microbial 
community structure and soil sampling in four 
seasons were measured for significant 
contributions to the explanation of the variation in 
the PLFA data with Monte Carlo permutations 
related to the forward selection subroutine in 
CANOCO. All tests were considered significant at P 
< 0.05.  

The richness index (R), Shannon diversity 
index (H'), Pielou uniformity (J) and Simpson’s 
degree of dominance (D) were 
calculated based on the contents 
and species of fatty acids to 
assess the microbial diversity.  

2    Results 

2.1 Seasonal variations in 
soil microbial PLFAs and 
microbial community 
structure 

A total of 36 different PLFAs 
were detected from all samples 
(Figure 2). The bacterial, 
including G- (Gram-negative) 
bacteria and G+ (Gram-positive) 
bacteria, fungal, actinomycetes, 
and saprophytic fungal PLFAs, all 
varied seasonally. In four seasons, 
the highest content of PLFAs was 
16:0. Additionally, the 16 
common contents of PLFAs 
(namely i15:0, a15:0, i16:0, 16:0, 
16:1 2OH, i17:0, a17:0, cy17:0, 
10Me 17:0, 18:1ω9c, cy19:0ω8c, 
18:0, Summed Feature 3, 
Summed Feature 5, Summed 
Feature 8, Summed Feature 9) 
were measured throughout all 
four seasons. The specific 
biomarkers of the phospholipid 
fatty acids are listed in Table 2. 
The common contents of PLFAs 
were measured in the spring, 

summer, autumn and winter, which accounted for 
70.33%, 52.24%, 81.66% and 59.46% of the total 
PLFAs, respectively (Figure 2). The sum of linear 
saturated and branched saturated PLFAs 
accounted for more than 56% of the total PLFAs in 
the four seasons (Table 3). The other PLFAs 
accounted for approximately 10% of the total 
PLFAs. The content of hydroxy fatty acid in 
autumn was lowest, accounting for 1.70%. 

The seasonal difference in the soil microbial 
community composition showed that the highest 
proportions of PLFAs were bacteria, followed by 
fungi, saprophytic fungi and actinobacteria (Figure 
2). The peak value of the total soil PLFA 
concentration was in spring, followed by autumn, 

Figure 2 Seasonal variations of soil microbial phospholipid fatty acids 
(PLFAs) profiles in a masson pine. Summed Feature 2 indicates 12:0 
aldehyde and unknown 10.928; Summed Feature 3 indicates 
16:1ω7c/16:1ω6c and 16:1ω6c/16:1ω7c; Summed Feature 5 indicates 
18:2ω6, 9c/18:0 ante and 18:0 ante/18:2ω6, 9c; Summed Feature 7 
indicates unknown 18.846/19:1 w6c and 19:1 w6c/.846/19cy; Summed 
Feature 8 indicates 18:1ω7c and 18:1ω6c; Summed Feature 9 indicates 17:1 
isoω9c and 16:0 10-methyl. 
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summer and winter (Figure 3). 
The results showed that the 
variation in PLFA biomarkers 
of the bacterial, G- bacterial, G+ 
bacterial, fungal, saprophytic 
fungal, arbuscular mycorrhizal 
fungal and actinobacterial 
PLFAs were similar. The 
concentrations of bacterial and 
fungal PLFA were higher in 
spring and autumn than in 
summer and winter. Similar to 
the bacterial and fungal PLFA, 
the PLFA concentrations of G- 

bacterial, G+ bacterial, 
saprophytic fungal, arbuscular 
mycorrhizal fungal and 
actinomycetes appeared to the 
similar variation in the four 
seasons.  

2.2 Seasonal variation in 
the soil microbial 
community diversity 

The functional diversity 
indexes also showed significant 
(P < 0.05) seasonal differences 
(Table 4). The richness index 
(R) showed that the highest 
values appeared in spring, 
followed by summer, and the 

Table 2 Phospholipid fatty acid (PLFA) characterizing microbes
Microbial group Phospholipids fatty acids signatures
Bacteria in general i14:0, i15:0, a15:0, i16:0, i17:0, a17:0, 16:1 ω5c, 16:0, cy17:0, 18:0, cy19:0 ω8c etc.
Gram-positive (G+) bacteria i14:0, i15:0, a15:0, i16:0, i17:0, a17:0 etc.

Gram-negative (G-) bacteria i11:0 3OH, 12:0 3OH, 15:0 3OH, 16:1ω9c, 16:0 2OH, 16:1 2OH, i17:0 3OH, 17:0 2OH, 
cy17:0, 18:0, cy19:0ω8c etc. 

Fungi 18:3 ω6c (6,9,12), 18:1 ω9c, 16:1 ω5 etc.
Saprotrophic fungi 18:1 ω9 etc. 
Arbuscular mycorrhizae fungi 16:1 ω5 etc. 
Actinomycete 10Me17:0, 10Me18:0 etc.
Notes: i, a, cy and Me refer to iso, anteiso, cyclopropy land methyl branching fatty acids, respectively; ω refers to the 
aliphatic end, c is configuration and trans-configuration, respectively. 
 
Table 3 Soil microbial phospholipid fatty acid (PLFA) content in different seasons (unit: nmol g-1) 
PLFA Spring Summer Autumn Winter 
Linear saturated PLFA 5.25 ± 0.05a 4.26 ± 0.02b 3.30 ± 0.06d 3.76 ± 0.01c
Linear monounsaturated PLFA 1.06 ± 0.04a 0.48 ± 0.01d 1.04 ± 0.03b 0.55 ± 0.01c
Branched saturated PLFA 2.49 ± 0.06b 1.33 ± 0.04c 2.65 ± 0.01a 1.21 ± 0.02d
Cyclopropane PLFA 1.00 ± 0.01b 0.51 ± 0.01d 1.06 ± 0.01a 0.54 ± 0.01c
Hydroxy PLFA 0.46 ± 0.03c 0.55 ± 0.05b 0.18 ± 0.01d 0.85 ± 0.02a
Notes: Data are expressed as mean ± SD (n=3), different letters indicate significant differences (P < 0.05). 
 

 

Figure 3 (a) Soil bacterial Phospholipid fatty acids (PLFAs) and (b) soil fungal 
PLFAs of masson pine in four seasons during 2014 and 2015. 
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lowest values appeared in winter and autumn. The 
diversity index (H'), evenness index (J) and 
dominance index (D) all showed relatively higher 
values in spring and autumn. Table 4 showed that 
the functional diversity index of the soil microbial 
community in spring was significantly higher than 
those in the other seasons. These results proved the 
effect of seasonal shift changes on soil microbial 
diversity and microbial community structure. 

2.3 Seasonal variation in soil enzyme 
activities 

Seasonal changes also had a significant (P < 
0.05) effect on soil enzyme activities (Figure 4). 
The activity of soil urease was highest in spring 
(1.505 ± 0.196 mg g-1) and lowest in winter (0.449 
± 0.022 mg g-1). The activity of soil invertase was 
highest in autumn (8.402 ± 0.779 mg g-1) and 

lowest in winter (2.675 ± 0.020 
mg g-1). The activity of soil 
catalase was highest in autumn 
(29.531 ± 2.134 ml g-1) and 
lowest in winter (20.958 ± 1.341 
ml g-1). The activity of soil 
phosphatase acid enzyme was 
highest in spring (4.106 ± 0.248 
mg g-1) and lowest in winter 
(1.153 ± 0.114 mg g-1). The results 
showed that the activities of all 
microbial enzymes were higher 
in spring and autumn than in 
summer and winter, except for 
urease. This seasonal variation 
was similar to the variation in the 
soil microbial community 
structure.  

2.4 Correlations between 
soil microbial community 
composition, enzyme 
activities and environmental 
factors 

The canonical correspondence 
analysis (CCA) biplot showed 
that the microbial communities 
and enzymes shifted with 
sampling date along the first axis 
and the second axis, respectively. 
Among all the tested 

environmental factors, the soil moisture and 
temperature substantially affected the microbial 
community composition and enzyme activities in 
the spring and summer sampling. Seasonality was 
the main environmental variable influenced on 
microbial community composition and enzyme 
activities. Besides, the soil pH was not the main 
environmental factor affecting the soil microbial 
community composition and enzyme activities 
across the four sampling dates (Figure 5). 

3    Discussion 

3.1 Effects of seasonal variations on 
microbial community structure 

Our findings also proved that seasonal 
variation significantly affected the PLFAs of soil 

Table 4 Difference of soil microbial phospholipid fatty acid (PLFA)
community’s diversity in different seasons 

Season Richness(R) Diversity (H′) Evenness(J) Dominance(D) 
Spring 31 (a) 2.93 (a) 0.85 (b) 0.92 (a) 
Summer 28 (b) 2.68 (c) 0.80 (d) 0.87 (c) 
Autumn 22 (c) 2.75 (b) 0.89 (a) 0.92 (a) 
Winter 22 (c) 2.59 (d) 0.84 (c) 0.88 (b) 

Notes: Lowercase letters in same column indicate significant difference 
between different seasons at P < 0.05. 
 

Figure 4 Seasonal changes of soil urease, invertase, acid phosphatase and 
catalase in a masson pine during 2014 and 2015. 
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microbes in the masson pine forest. Griffths et al. 
(2003) found that the soil microbial biomass and 
activity were higher in the growing season, which 
was closely linked to an increase in carbon source 
availability due to root growth. For this reason, 
more PLFAs were observed in spring and summer. 
Our result showed that the microbial PLFAs were 
higher in spring and autumn, lower in summer and 
winter. Seasonally, runoff sediment was highest in 
autumn, reducing in winter and spring, due to the 
exhaustion of erodible soil and the plant growth 
(Cerdà 1998). In addition, the infiltration rates 
usually depend on the soil moisture, suggesting 
that seasonal shift plays an important role for 
infiltration rates in semiarid environments 
(Cerdà1997). Soil moisture is important to plant 
growth as well as microbial community. A similar 
study conducted by Wu et al. (2016) that the total 
bacterial PLFAs, actinomycetes and fungal PLFAs 
in the Wuyi Mountains of eastern China had the 
higher values in summer. However, our findings 
indicated that the total PLFAs, bacterial PLFAs and 
G- bacterial PLFAs were greatest in spring. The 
changes in bacterial PLFAs were due to the 
differences of soil moisture content that is crucial 
factor for affecting the abundance of soil biota. Soil 
moisture is a critical resource for plant growth and 
microbial activity (Williams and Rice 2007; Yang et 

al. 2014). Changes in soil moisture influence the 
functions and compositions of the soil microbial 
community via their effects on osmotic potential, 
the transmission of nutrients and energy, cellular 
metabolism and competitive interactions between 
microbial species (Kempf and Bremer 1996). Soil 
microorganisms are greatly influenced by 
precipitation which is also affected by local climate 
conditions and ecosystem types (Blankinship et al. 
2011). In addition, the soil moisture was relatively 
high in spring and summer because the study area 
has a typical subtropical monsoon climate and 
precipitation occurs frequently. The lower 
microbial biomass and community in winter were 
owing to a reduction in root growth caused by the 
substrates released from roots (Liu et al. 2012). A 
similar finding was also observed in the studies by 
Jefferies et al. (2010) and Zhang et al. (2015) who 
indicated that soil microbial growth was limited in 
winter but an increase in soil microbes occurred in 
summer due to warming, which can greatly affect 
the microbial community structure and biomass. 
The reason was that substrate availability allowed 
for a greater response to temperature, and root 
production increased during spring. Temperature 
directly affects the reaction rate and extent of 
biological and chemical processes. Thus, our 
observations agreed with the results of Li et al. 

 
Figure 5 Canonical correspondence analysis (CCA) ordination biplot of (a) the relationships between soil microbial 
community composition and environmental factors and (b) the relationships between soil enzyme activities and 
environmental factors under four different seasons. 
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(2018) that temperature and precipitation are the 
most vital factors of climate change that trigger 
alterations in the soil microbial community 
structure in terrestrial ecosystems.  

3.2 Effects of seasonal variation on enzyme 
activity 

Our results showed that the higher activities of 
urease and acid phosphatase appeared in the 
spring and summer, and lower values occurred in 
autumn and winter (Figure 4). One possible 
explanation may be that decreasing soil moisture 
during the dry season inhibited microorganism 
access to edaphic resources and stimulated 
enzymatic production (Alster et al. 2013). 
Precipitation can increase or decrease soil enzyme 
activities by changing the soil moisture conditions. 
These changes control the diffusion rates of 
substrates and inhibitory compounds (Xu et al. 
2015). Furthermore, the activities of urease and 
acid phosphatase were highest in spring. These 
results are consistent with an increase in enzyme 
pool size that was observed in spring (Puissant et al. 
2015). Substrate availability and quality are vital 
drivers for mediating enzymatic production 
(German et al. 2011). Additionally, invertase and 
catalase were found to be sensitive to warming 
when soil moisture was relatively high due to a 
large amount of precipitation occurring in autumn. 
Low soil moisture can limit substrate diffusion, 
reduce microbial enzyme production and restrict 
the positive functions of temperature on enzymatic 
activity (Steinweg et al. 2013). Previous studies 
have shown that the specific soil microclimate was 
correlated with seasons as well as soil microbial 
substrate quality and the exudation of plant roots 
and different plant activities (Stevenson et al. 2014; 
Tan et al. 2014). Thoms and Gleixner (2013) found 
that plant litter provided a mass of nutrients and 
energy for soil microbes in the topsoil; in addition, 
nutrients and energy are closely interrelated with 

the amount of litter input. The results also indicate 
the importance of root exudation and forest litter 
in autumn. In addition, lower values of the 
activities of urease, invertase, catalase and acid 
phosphatase occurred in summer because warm 
conditions can increase plant transpiration and 
decrease soil moisture, which can inhibit microbial 
enzyme activities (Allison and Treseder 2008; 
Henry 2012; Xu et al. 2010). In a previous study, 
soil pH had a crucial effect on soil enzyme activity 
(Kivlin and Treseder 2013). However, our findings 
showed that there was a negative relationship 
between soil pH and soil enzyme activity (Figure 
5b). A possible explanation is that soil moisture 
and seasonality are the most important influences 
on soil enzyme activity, which are two important 
climate factors that affect soil enzyme activities by 
altering the microbial nutrient demand and soil 
nutrient availability (Xu et al. 2017). 

A previous study demonstrated that seasonal 
change greatly influenced enzymatic activity 
(Toberman et al. 2008). Seasonal shifts in soil 
temperature and moisture also influenced the 
activities of urease and acid phosphatase (Boerner 
et al. 2005). The possible explanation is that the 
highest enzymatic activities usually occur during 
the snowmelt period in mountain ecosystems 
(Weedon et al. 2011). In the results, the seasonal 
changes in acid phosphatase were similar to the 
changes in urease (Figure 4). The possible reason is 
that soil temperature sensitivity caused by seasonal 
variations contributed to the diverse temperature 
sensitivities of the soil enzyme activities, which 
were likely induced by changes in the soil microbial 
communities (Wallenstein and Weintraub 2008). 
Soil moisture impacts the physiological conditions 
of soil microorganisms, which may limit their 
ability to decompose organic substrates (Chen et al. 
2007). The soil moisture and temperature in 
summer were relatively higher in the study area 
(Table 5), which due to the typical forest climate 
conditions, the microbial biomass in summer was 

Table 5 Soil temperature, moisture content and pH of each sampling time 
Parameter Spring Summer Autumn  Winter 
Soil temperature (°C, field measurements 
at 10 cm) 

20.194 ± 0.939c 27.773 ± 1.575a 21.482 ± 0.928b 13.765 ± 0.429d

Soil moisture (%, field measurements at 
10 cm) 27.716 ± 4.958a 27.229 ± 3.783b 13.221 ± 1.250d 17.135 ± 0.969c 

pH [in H2O] 4.62 ± 0.24a 4.21 ± 0.11b 4.43 ± 0.32a 4.55 ± 0.25a
Note: Values stand for the Mean (n=4) with standard error (SE). HSD tests are represented with different bold 
letters to indicate significant differences (P < 0.05). 
 



J. Mt. Sci. (2020) 17(6): 1398-1409 

 1407

obviously higher than that in winter. Furthermore, 
the result can be explained by high variability in 
enzyme activity due to high soil microsite diversity 
(Smith et al. 2015). Based on the above discussion, 
we can conclude that the soil moisture and 
temperature varied with season and played pivotal 
roles in determining the microbial community and 
function in the subtropical forest regions. 

3.3 Effect of environmental factors on the 
microbial community and function 

In the CCA biplot, the soil microbial  
community compositions mainly affected the 
changes in hydrothermal conditions (soil moisture 
and temperature) due to seasonal shifts. This result 
indicated that the dynamics of soil moisture under 
seasonal variations resulted in soil microbial 
biomass and microbial community structure 
differences. Soil moisture is highly affected by soil 
properties, soil structure, plant communities, and 
topographic features (Brockett et al. 2012; Yang et 
al. 2015; Yang et al. 2018). In this study, all the 
sampling plots had the same plant communities, 
the same slope aspect, and the same slope positions. 
In this case, regardless of these influencing factors, 
the differences in soil moisture and temperature in 
different seasons contributed to the large 
differences in microbial biomass and community 
structure. In addition, the substrate availability was 
highest in spring, allowing for a greater response to 
temperature variation (Machmuller et al. 2016). 
The finding is consistent with the viewpoint that 
plant-induced variation in resource availability 
could result in seasonal variations in microbial 
community structure and the physiological 
adaptations of microorganisms (Koranda et al. 
2013). Climatic variation mediates alterations in 
plant communities, which may result in changes in 
microbial community structure (Gray et al. 2011). 
However, the correlation between soil pH, 
microbial community structure and enzyme 
activity were negative in the study, but is positive in 
previous reports (Shen et al. 2013). In this study, 
soil pH was not the main factor from many soil 
variables to affect microbial community structure 
and enzyme activity via CCA analysis. This 
phenomenon primarily due to soil moisture could 
be an important factor affecting soil microbial 
community and function by regulating the 

diffusion of available nutrients and interacting 
moisture-dependent processes (Li et al. 2018). 
Meanwhile, the temperature and precipitation 
could regulate the soil microbial communities and 
extracellular enzyme activities in study area, 
caused by the temperature and precipitation were 
highest in summer in the study region. From CCA 
results, it showed that the soil microbial 
communities had a close relationship with soil 
moisture in spring and summer (Figure 5a). In the 
results, it also showed positive correlations 
between soil moisture and enzyme activities. 
Moreover, soil processes are closely related to both 
the soil microclimate (temperature and moisture) 
and the extracellular enzyme pool size, which is 
regulated by the complicated strategies of soil 
microbial communities (Allison and Treseder 2008; 
Steinweg et al. 2013). Additionally, the soil 
moisture and temperature in spring are relatively 
more suitable for soil microbial growth. The 
activities of invertase and catalase were highest in 
autumn and lowest in winter. A previous study also 
showed that soil enzymes were strongly affected by 
soil properties, including soil moisture, soil 
temperature and soil nutrient availability (Noe et al. 
2012). Furthermore, the soil oxygen levels were 
reduced consistent with soil moisture, creating an 
environment that was beneficial for obligate 
anaerobic bacteria (Ma et al. 2015). 

In this study, the factors affecting microbial 
community structure and enzyme activities were 
not clearly identified in autumn and winter. Soil 
physicochemical conditions may be the main 
factors affecting microbial community structure 
(Luo et al. 2020) and enzyme activities, such as 
porosity, oxygen concentrations, soil organic C, 
nutrient contents, litter inputs and root exudates. 

4    Conclusion 

In this study, PLFA analysis coupled with 
statistical methods was used to analyse the effects 
of seasonal dynamics on microbial communities 
and enzyme activities. The results indicated that a 
total of 36 different PLFAs were identified, and 
16:0 was found in the highest proportions in the 
four seasons, additionally, the total PLFAs 
abundance were highest in spring and lowest in 
winter. Our results provide some insights into the 
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effect of climate change on soil microbial 
community structure, enzyme activities and soil 
properties in subtropical forest regions. 
Furthermore, clearly understanding the driving 
mechanisms of seasonal variations in microbial 
community structure and enzyme activities will be 
helpful in exploring the functions of soil ecosystem 
services in subtropical areas. 
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