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* Core taxa play an important role in regulating
soil carbon metabolism.

« Ecological cluster with oligotrophic made key
contributions to soil carbon metabolism.

* Microbial cluster characteristics link microor-
ganisms to carbon metabolism.

Characterizing the ecological roles of core soil
microbial species in soil carbon metabolism is
critically important for enhancing carbon seques-
tration in agricultural systems; however, no stud-
ies to date have determined the effects of core
soil microbial taxa on carbon metabolism under
various long-term fertilization practices. Here, we
collected soil samples from field plots that had
been subjected to different fertilization practices
for nearly 30 years and examined the long-term
effects of fertilization on the preferences of core
soil bacterial taxa for different carbon sources.
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We also examined the relative contribution of core soil bacterial taxa in utilization of different carbon source types in Biolog Eco microplates.
Long-term fertilization treatment had a significant effect on soil properties and bacterial community structure. The core taxa were closely related
to soil carbon source utilization. The co-occurrence network showed that the major ecological clusters containing core taxa made key contributions
to soil carbon source utilization. The organic fertilization increased the abundance of a core cluster with a low weighted average rrm copy number.
This ecological cluster was the most important factor affecting soil carbon source utilization even among soil physicochemical factors considered.
Our findings indicate that core taxa characterized by oligotrophic bacteria have a major effect on carbon source utilization in Ultisols.

Keywords core taxa, long-term fertilization, life-history strategy, agricultural ecosystems, sequencing

1 Introduction

Soil carbon (C) pools are crucial components of the global C
cycle, ensuring the sustainability of agroecosystems and
serving as a key indicators of soil fertility (Lal, 2004; Stock-
mann et al., 2013). Concurrently, soil microorganisms are

Cite this: Soil Ecol. Lett., 2024, 6(4): 240241

essential contributors to the complex processes of soil C
metabolism (Schimel and Schaeffer, 2012; Liang et al.,
2017). Research on soil microbial communities can provide
valuable insights to enhance soil C sequestration and agri-
cultural production. However, soil microbes are sensitive to
various environmental variables, and several factors influ-
ence their C metabolism activity (Hartmann and Six, 2023).
For example, fertilization, which is commonly used to
increase the yields of crops, has a major effect on soil
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microbial communities (Leff et al., 2015). Fertilization affects
the ecosystem functions performed by microorganisms and
their metabolic activities in various ways. The effects of
fertilizer application on the properties of soil organic matter,
nutrients, and pH vary depending on the type of fertilizer
applied, which can have implications for microbial C
metabolism in arable systems (Xiao et al., 2021; Wang et al.,
2022a). Previous studies have shown that manure fertilization
increases the abundance of bacterial taxa related to C
metabolism, as well as net soil C gain (Abdalla et al., 2022);
manure fertilization can also have more impact on soil C
source metabolic activity than chemical fertilizers (Hu et al.,
2022). Comparing the effects of organic and chemical fertil-
izers on the soil microbiome can provide useful information
for optimizing soil C sequestration and cropland quality.
Studying the role of fertilization in microbiota-mediated C
cycling is essential for developing accurate estimates of soil
C stocks and changes in nutrient dynamics in agricultural
ecosystems.

The abundance and diversity of soil bacteria poses a
major challenge for studies aimed at identifying the key
factors driving ecosystem function (Fierer, 2017). However,
an increasing number of studies have demonstrated that
some specific microbial taxa have greater effects on ecosys-
tem function than the entire community (Wertz et al., 2007;
Louca et al., 2018). The composition of abundant and ubig-
uitous core taxa, which are key components of ecosystems,
greatly contributes to shaping community structure and envi-
ronmental functions (Shade and Handelsman, 2012;
Delgado-Baquerizo et al., 2018). Previous studies have indi-
cated that core taxa are strongly linked to enhanced habitat
resistance, ecological versatility, and nutrient cycling (Jiao
et al., 2019, 2022a, 2022b). Being part of a narrowed "most
wanted" list of the entire microbial taxa is essential for
understanding the relative contributions of microbial commu-
nities to ecosystem functioning (Delgado-Baquerizo et al.,
2018). Recent studies have shown that microbial interactions
and organize into well-established ecological clusters that
contain microbes with similar ecological preferences, and
these ecological clusters have a major effect on ecosystem
functioning (Wang et al., 2022b; Yang et al., 2022; Fan et al.,
2023). Ecological clusters comprise the core microbial taxa,
which are essential for maintaining functional stability, and
they explain most of the observed changes in soil organic C
under a ridge-furrow with plastic mulching system (Du et al.,
2023; Li et al., 2023). Thus, identification of the core microbial
clusters can enhance our understanding of the roles of
microbes in soil C cycling in agroecosystems and provide
insights with implications for soil ecosystem conservation
and management.

Ultisol is a major soil type in southern China. However,
Ultisol is fragile and barren due to its strong leaching and
weathering properties, which severely constrain crop

productivity (Xiang et al., 2021). Thus, long-term fertilization
is necessary to maintain crop yields in Ultisol areas (Zhang
et al., 2014). Ultisol comprises 21% of the soil area in China,
and 40% of the food produced for the Chinese population is
derived from areas with Ultisols (Xiang et al., 2021). Charac-
terizing the effects of different fertilization treatments on core
taxa involved in C source utilization in Ultisols is essential
for optimizing fertilizer allocation; the results of such studies
can also provide insights that could be used to increase crop
yields under acidic conditions and promote the sustainability
of agroecosystems. However, few studies have investigated
the effects of microbial taxa on soil C source utilization in
acidic soils. Here, we conducted a long-term field experiment
in which plots of maize grown on Ultisol were subjected to
different fertilization treatments. Specifically, we evaluated
(1) the importance of core bacterial taxa in regulating soil C
source utilization and (2) the C source preferentially utilized
by different ecological clusters. We identified core bacterial
taxa from Ultisol soil samples using high-throughput
sequencing technology. The utilization profiles of various C
substrates on Biolog Eco microplates serves as an indicator
for evaluating microbial C sources utilization. The aim of this
study was to elucidate the links between bacterial communi-
ties and soil C source utilization under long-term fertilization
conditions.

2 Materials and methods

2.1 Experimental site and soil sampling

The long-term fertilization experiment was initiated in 1986
at the Jiangxi Institute of Red Soil in Jinxian County,
Nanchang, Jiangxi Province, China (28°37' N, 116°26' E).
The average annual precipitation and temperature of this
experimental area are 1,549 mm and 18 °C, respectively.
The region experiences a typical subtropical climate. The
soils in the field experiment were derived from Quaternary
red clay and identified as Ultisol. The cropping system
consisted of a spring and autumn maize (cv. Yedan 13)
—winter fallow rotation. Spring maize was planted in early
April and harvested in late July, and summer corn was
planted at the end of July and harvested at the beginning of
November; the winter fallow period was from the beginning
of November to the beginning of April. Plots (22.22 m?;
5.555 m X 4 m) were arranged in a completely randomized
block design with three replications.

We collected eight soil samples from all the treatments,
and these were divided into the following three groups
based on their chemical substrates: (1) non-fertilizers (NF,
i.e., CK); (2) chemical fertilizers (CF), including mineral nitro-
gen (N) fertilizer (N), mineral N and phosphorus (P) fertilizer
(NP), mineral N and potassium (K) fertilizer (NK), mineral N,
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P, and K fertilizer (NPK), and dual mineral N, P, and K fertilizer
(HNPK); and (3) organic fertilizers (OF), including pig
manure alone (M) and mineral N, P, and K fertilizer plus pig
manure (NPKM). Urea was used for the N fertilizer, calcium-
magnesium phosphate was used for the P fertilizer, and
potassium chloride was used for the K fertilizer. P fertilizer,
K fertilizer, and pig manure were applied as base fertilizers.
Two-thirds of the N fertilizer dose was used as the base
fertilizer, and one-third was used as a top dressing.

Soil samples were collected in May 2015. Four soil cores
were collected from the four corners of each sample plot
(0—10 cm depth) and mixed thoroughly as a composite
sample. The basic chemical properties of the original soil
are shown in Table 1. All soil samples were sealed and
immediately transported to the laboratory on dry ice. Each
soil sample was completely mixed and sieved through a
2 mm sieve. For each sample, one part was stored at
—80 °C for DNA extraction, and one part was stored at 4 °C
for soil physicochemical analysis.

2.2 Soil chemical properties

Soil pH was measured using a pH meter (FE20, Mettler
Toledo, Switzerland) in a 1:2.5 mass/volume soil-water
suspension for 30 min. Automated segmented flow analysis
was used to measure the concentration of ammonium (NH,*)
and nitrate (NO;7) (Bran + Luebbe AAIlll, Germany). The
Kjeldahl digestion-distillation procedure was used to deter-
mine the total N (TN) concentration, and the molybdenum
blue colorimetric method and flame photometry were used
to measure the total P (TP) and total K (TK) concentration,
respectively. In addition, alkali hydrolysis was used to deter-
mine the available N (AN) concentration, the available P (AP)
concentration was determined using Bray's method, and the
available K (AK) concentration was determined using flame
photometry. The SOC concentration was determined using
the potassium dichromate oxidation method.

2.3 DNA extraction and MiSeq sequencing

DNA was extracted from fresh soil samples (0.5 g) using a
FastDNA® SPIN Kit (MP Biomedicals, Santa Ana, CA). The
DNA was then dissolved in 60 pyL of TE buffer, and a
NanoDrop ND-1000 spectrophotometer (Thermo Scientific,
USA) was used to measure the DNA concentration. The
DNA was stored at —20 °C.

The F515/R907 primer was used as a template for ampli-
fying the V4-V5 highly variable region of the bacterial 16S
rRNA gene fragment. The lllumina MiSeq platform (300
paired-end sequencing) at Majorbio (Shanghai, China) was
used to sequence the amplicon libraries. The original fastq
fles were merged using FLASH software. QIIME v.1.9.0
software was used to remove low-quality sequences, and

UCLUST software was used to classify the remaining
sequences into operational taxonomic units (OTUs) with 97%
sequence similarity (Caporaso et al., 2010). The sequences
were annotated via comparison against the SILVA v.132
database. The SILVA (available at the website arb-silva.de)
database was used to assign taxonomic designations to
bacterial OTU. To standardize the sequencing effort, the
OTU matrix of each sample was extracted to 29107
sequences.

2.4 Utilization of different carbon source types by soil micro-
bial in Biolog Eco microplates

The capacity of soil microbial communities to utilize various
C sources was evaluated using Biolog Eco Plates™ (Biolog
Inc., USA). The Biolog Eco Plates™ contained 31 different
C sources, and these could be divided into six substrate
groups depending on their properties, including carbohy-
drates, amino acids, carboxylic acids, phenolic acids, poly-
mers, and amines. First, fresh soil samples (5 g) were mixed
with 45 mL of pre-sterilized 0.85% (w/v) sodium chloride
solution, shaken vigorously at 200 rpm for 30 min, and
allowed to settle for 10 min. The supernatant was diluted 10-
fold and inoculated into the Biolog Eco microplates with a
spiking volume of 150 pyL per well. The plates were then
incubated at 25°C for 10 d, and the absorbance was
recorded every 24 h at 590 nm and 750 nm. The average
well color developed (AWCD) was calculated by the differ-
ence between the absorbance at 590 nm and the
absorbance at 750 nm. Finally, the absorbance at 120 h was
used.

AWCD = Z(C—R)Bl

where C is the absorbance value of each well based on the
subtraction at two wavelengths, and R is the absorbance
value of the control wells based on the subtraction at two
wavelengths.

2.5 Statistical analyses

All statistical analyses were conducted in R Studio (version
4.2.1), and the “ggplot2” package was used to make figures
to visualize the results. The “picante” package was used to
calculate the a-diversity of the bacterial community. To clarify
differences in bacterial B-diversity and C source utilization
under different treatments, we conducted principal coordinate
analysis (PCoA) and principal component analysis, respec-
tively, based on the Bray—Curtis distance using the “vegan’
package. ANOVA and Tukey’s HSD test were used to deter-
mine the significance of differences in several variables,
including soil chemistry, a-diversity, rrn copy number, and
relative abundance, among fertilization treatments; these
tests were carried out using the “TukeyHSD” function in the
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“stats” package.

To identify core taxa, we selected the most abundant taxa
(>10% relative abundance) as well as taxa that were preva-
lent in all soil samples (Jiao et al., 2022a). The rrn copy
number in OTUs was determined via comparison of the rrn
sequences against the DB database (Stoddard et al., 2015).
Following previous studies, the known rRNA copy number
starting at the lowest level of classification was multiplied by
the relative abundance of each OTU to calculate the
weighted average rrn copy number. Due to microbial growth
characteristics, copiotrophs often possess multiple rrn copy
number to sustain rapid growth and resource acquisition,
whereas oligotrophic bacteria on the contrary (Dai et al,
2022; Lin et al., 2022).

Random forests were predicted using decision trees
based on bootstrap samples of the dataset. The bacterial
taxa with relative abundance >0.001% as predictors of C
sources utilization. Three-quarters of the entire dataset was
randomly selected as the training set, and the rest of the
data was used as the test set. After 999 iterations, the algo-
rithm calculates the increase in mean squared error
(%IncMSE), which is used to determine the importance of
the variable; This was determined using the “rfPermute”
package. This variable indicates the importance of the
model predictors, with larger values indicating higher variable
importance. We used 24 soil samples to construct a co-
occurrence network of core taxa according to Spearman
correlation coefficients between different OTUs using the
“igraph” package. p-values were corrected using the false
discovery rate. Finally, the Gephi tool was used to visualize
the network using the following criteria: Spearman’s r > 0.75
and p,q < 0.05. The number of co-occurring nodes and
modules (ecological clusters) was calculated using the
Gephi tool.

3 Results

3.1 Effects of fertilization treatments on soil physicochemical
properties and utilization of different types of carbon sources
by microbial

Fertilization treatment had a major effect on soil physico-
chemical properties. Soil pH was significantly higher in the
OF treatment than in the other treatments. The concentration
of SOC, TP, AP, and TN was also significantly higher in the
OF treatment than in the other treatments (Table 1). The C
source utilization of the soil bacterial community was char-
acterized using the community-level physiological profile
method. Our results revealed that long-term fertilization had
a major effect on C source utilization (Fig. S1). C source
utilization in soil microorganisms was altered to a greater
degree in the fertilizer application treatments than in the NF

treatment, and the largest difference was observed in the
OF treatment. The AWCD value was significantly higher in
the OF treatment than in the NF and CF treatments (p <
0.05) (Fig. 1A). No significant differences in the AWCD
value were observed among the NF and CF treatments.
Furthermore, the degradation of the six categories of C
sources among the treatments was the same as the pattern
of variation in AWCD among treatments, with the highest
AWCD value in OF treatment and without differences of
AWCD values between the NF and CF treatments (p < 0.05)
(Fig. 1B).

3.2 Effects of fertilization treatments on bacterial diversity
and community composition

No significant differences in the bacterial richness index
were observed among the different fertilization treatments;
however, the bacterial Shannon index was significantly
higher in the OF treatment than in the other treatments (p <
0.05) (Fig. 2A; Table S1). In addition, the bacterial Shannon
index was significantly lower in the N treatment than in the
other treatments. The PCoA revealed significant changes in
the composition of the soil bacterial community following
long-term fertilization (Fig. 2B). And we observed the relative
abundance of bacterial communities in each treatment
exhibit differences at the phylum level (Fig. 2C). The microbial
communities are mainly composed of Acidobacteria
(27.26%), Proteobacteria (23.68%), Chloroflexi (13.61%),
Bacteroidetes (8.70%). Further analysis was performed at
the number of OTUs in the phyla level between CF and OF
treatments. The number of OTUs in the phyla Bacteroidetes,
Firmicutes, and Proteobacteria was higher and the number
of OTUs in the phyla Acidobacteria, Actinobacteria, Chlo-
roflexi, and Planctomycetes was lower in the OF treatment
than in the CF treatment (Fig. S2).

3.3 Relationships between core taxa and microbial carbon
source utilization activity

A total of 163 OTUs were identified as the core taxa, and
they primarily included Proteobacteria, Acidobacteria, and
Actinobacteria (Fig. 3A). We used a random forest model to
evaluate the effect of core taxa on soil C source utilization
and found that the core taxa made a large contribution to
soil C utilization (p < 0.001) (Fig. 3B).

We constructed a correlation-based co-occurrence net-
work of the core taxa to clarify potential interactions among
them. The network comprised 153 nodes and 2376 edges
(Fig. 3C). We identified three major ecological clusters.
Analysis of the relationship between the ecological clusters
and AWCD using ordinary least squares regression revea-
led a positive correlation between the relative abundance of
Module 3 and AWCD (R? = 0.64, p < 0.001); however, a
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negative correlation was observed between the abundance
of Module 4 and AWCD (R2 = 0.37, p < 0.05) (Fig. 3D).

3.4 Relationships between ecological clusters and the
carbon source utilization activities of microbes

The relative abundance of Module 3 was significantly

higher in the OF treatment than in the CF treatment
(p < 0.001); the relative abundance of Module 4 was
significantly lower in the OF treatment than in the CF
treatment (p < 0.001) (Figs. 5A and 5B). We also analyzed
the correlations between network ecological modules and
characteristic C sources using Biolog Eco microplates.
Module 3 was positively correlated with the metabolism of
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phenylethylamine, L-serine, and a-cyclodextrin and nega-
tively correlated with the metabolism of D-glucosaminic
acid. The opposite correlations were observed for Module 4
(Fig. 4A and Fig. 4B). A random forest model was used to
identify the key factors affecting soil C metabolism. Module

3 was the most important factor affecting AWCD, followed
by key chemical factors such as pH and TP (Fig. 3E). In
addition, the weighted average rrn copy number was signifi-
cantly higher in Module 4 than in Module 3 (p < 0.001)
(Fig. 5C).
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to random forest analysis. The increase in mean squared error (%IncMSE) of the variables was used to estimate the significance
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4 Discussion

The Biolog analysis showed that organic fertilizer significantly
increased the AWCD value and had a positive effect on C
source utilization activity (Fig. 1). We observed different
patterns of C source utilization in different fertilization treat-
ments. Compared with inorganic fertilizers, organic fertilizers
have a more complex matrix composition, and extensive
research has shown that most of them have an improvement
effect on soil environment such as pH (Kumar et al., 2017;
Liuetal., 2018; Bian et al., 2022). The application of inorganic
fertilizer accelerates the acidification of Ultisol; however, the
application of organic fertilizers can increase soil pH,
thereby preventing acidification (Francioli et al., 2016; Xiao
et al., 2021). The pH is critically important for limiting the
decomposition of C sources by microorganisms and affects
metabolic activity (Sheng et al., 2016). The entry of inorganic
fertilizers, especially N fertilizers, into the soil causes soll
acidification (Raza et al., 2020) and can trigger heavy metal
toxicity (Wang et al., 2022a), which can restrict the activity of
soil microbes. Severe soil acidification can induce strong
niche-based filtering and lead to a decrease in a-diversity. In
addition, soil acidification reduces the availability of P (Xun
et al., 2016), which is often a limiting nutrient in agroecosys-
tems. Previous research has shown that the availability of P
in soil affects soil microbial activity (He et al., 2022) and
increases the microbial demand for C (Ma et al., 2023).
Organic fertilizers application is superior to inorganic fertiliz-
ers for promoting increases in nutrients such as TP.

The application of exogenous fertilizers has a major effect
on the structure and composition of topsoil microbial
communities (Xiang et al., 2020). The results of our study
indicate that the application of inorganic and organic fertilizers
induces major changes in bacterial community structure
(Fig. 2). This can be attributed in large part to variation in the
concentration of soil nutrients and the soil environment

among fertilization treatments (Cai et al., 2019). Additional
investigation of the bacterial community revealed that OTUs
in the phyla Bacteroidetes, Firmicutes, and Proteobacteria
were more abundant in the application of organic fertilizers
(Fig. 2C). Both resource availability and soil pH play key
roles in shaping the structure of microbial communities
(Rousk et al., 2010; Wei et al., 2017). The application of
organic fertilizers can enhance the fertility of soil to a greater
degree than inorganic fertilizers application; this can
promote a more copiotrophic soil environment, improve soil
pH, and create a more favorable habitat. These factors
affect the C source utilization activity and diversity of soil
microbial communities.

Characterizing the effect of core taxa on C source utilization
can enhance our understanding of the roles of microbial
communities in soil C sequestration and agricultural devel-
opment (Toju et al., 2018; Li et al., 2023). We found that
core taxa had the greatest effect on soil C source utilization
compared with other taxa (Fig. 3B). The abundant and ubig-
uitous core taxa occupy wide ecological niches and can effi-
ciently utilize resources (Barberan et al., 2014; Jiao et al.,
2022a); they also play key roles in the maintenance of multi-
ple ecosystem functions and are closely tied to specific
community functions (Philippot et al., 2010; Shade and
Handelsman, 2012; Yeoh et al., 2017). Although core taxa
were widely present between treatments, their bacterial
biomarkers differed slightly under different fertilization treat-
ments (Fig. S3), which may be a key factor contributing to
differences in C source utilization. Therefore, we classified
the core taxa and found that ecological clusters formed by
core taxa with similar ecological preferences were signifi-
cantly correlated with soil C source utilization. We found that
the relative abundance of Module 3 and 4 was significantly
affected by different fertilization treatments and that different
modules had opposite C source utilization preferences. The
relative abundance of Module 3, for example, was signifi-
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cantly and positively correlated with the metabolism of the
relatively recalcitrant C source a-cyclodextrin. These under-
line the effects of different fertilization on soil C source
utilization, possibly through influencing patterns of community
clustering (Li et al., 2023). Some critical soil functions are
often performed primarily by specific soil microbials (Zhu et
al., 2021). Module 3 serves as the most significant predictor
of C sources utilization. The increased abundance of these
taxa may affect functions related to utilization soil C sources.

We attempted to use life-history strategy to look for differ-
ences between the two ecological modules. Some current
studies tend to simply classify life-history strategies based
only on the relative abundance of bacterial phyla (Dai et al.,
2021). Different functional groups OTUs exist under the
same phyla, and a higher level of precision is needed to
describe life - history (Ho et al., 2017; Delgado-Baquerizo et
al., 2018; Li et al., 2023). Empirical studies have shown that
it is feasible to use rrn copy number to predict the growth
rate of individual bacteria with higher precision than microbial
phylum relative abundance (Roller et al., 2016; Dai et al.,
2022). And the results further showed that the rrn copy
number in Module 3 was lower than the rrn copy number in
Module 4 (Fig. 5C). This implies that Module 3, the most
important predictor of C sources utilization, consists mainly
of oligotrophic bacteria. Whereas the presence of a large
number of low rrn copy number OTUs in Module 3, probably
from the phylum Proteobacteria and Actinobacteria,
increased with organic fertilization and was significantly and
positively correlated with AWCD (Fig. S3). Organic fertiliza-
tion increases the Module 3/Module 4 ratio in core taxa, i.e.,
the Oligo/Copio ratio, to influence the positive impact of soil
microorganisms on soil C source utilization. We thus specu-
late that this could be due to the fact that in the native Ultisol
system, which is characterized by soil acidification, nutrient
deficiencies, and harsh environments (Xiang et al., 2021), its
selection through natural selection has filtered out some of
oligotrophic bacteria that are able to utilize C sources effi-
ciently and have well-adapted. Oligotrophic bacteria have a
broad substrate utilization spectrum (Chen et al., 2021).
With the input of organic fertilizers, which introduced high-
quality nutrient sources and improved microbial habitats,
Module 3, as part of the core taxa, can still play an active
role in copiotrophic environment. In addition, recent studies
have shown that the application of pig manure recalcitrant
organic C and can reduce the content of labile C (Wu et al.,
2020), as well as that the application of organic fertilizers
leads to a microbial community in the topsoil that prefers the
utilization of recalcitrant C (Liu et al., 2022). This condition
could make these oligotrophic bacteria are more effective in
degrading these recalcitrant C sources, significantly affecting
C uutilization in the soil. In contrast chemical fertilization
reduces the Module 3/Module 4 ratio, and although there is
a risk of soil acidification, the long-term stabilization inputs of

exogenous inorganic fertilizers can still lead to a certain
dominance of copiotrophic bacteria (Dai et al., 2018; Feng
et al., 2022) and may affect the competitiveness of cluster 3.
This results maybe in a limited contribution to AWCD
increase.

It is also notable that co-occurrence network analysis does
have some limitations. Thus, further experimental evidence
would be required to support and verify in this study. In addi-
tion, although the effects of core bacterial clusters on C
source utilization were intensively studied. However, due to
limited sample availability, some other biological factors that
may contribute to these processes were not included, e.g.,
the effects of fungi, archaea, protists, and other bioturba-
tions, which need to be further investigated. Future research
may focus more on specific microorganisms in these ecolog-
ical clusters, and use cultivation experiments to provide
more reliable evidence to support conclusions. This could
help to find “dominant bacteria” that contribute to ecosystem
function.

5 Conclusions

We examined the effects of different exogenous fertilizer
inputs on soil microbial C source utilization under long-term
fertilization and found that organic fertilization promoted soil
C source utilization. This was likely caused by a series of
changes in environmental variables, such as pH, TP, and
SOC, associated with organic fertilizer application. We also
found that core microorganisms had a major effect on soil C
source utilization and identified microbial ecological clusters
related to soil C source utilization. Module 3, in which clusters
are characterized as oligotrophic bacteria, is the most impor-
tant factor influencing C source utilization. Overall, our resu-
Its enhance our understanding of the effects of core clusters
on soil ecosystem functioning and provide new insights that
could aid the development of improved fertilization strate-
gies, as well as the sustainable management of Ultisol.
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