INTERNATIONAL JOURNAL OF AGRICULTURE & BIOLOGY
ISSN Print: 1560-8530; ISSN Online: 1814-9596
19F-062/2019/22-6-1553-1559

DOI: 10.17957/1JAB/15.1234
http://www.fspublishers.org

ull Length Article

Comparative Study on Soil Microbial Community Structure and
Diversity in Five Tea (Camellia sinensis) Cultivars

Songsong Gu*, Qiulong Hu', Zhonghua Liu*, Wenjun Xiao', Zhihua Gong®, Yugi Cheng", Ye Deng?, Kai Feng® and Lin
Tan”

'Hunan Agricultural University, Changsha 410128, Hunan Province, China
%Key Laboratory for Environmental Biotechnology, Research Center for Eco-Environmental Sciences, Chinese Academy of
§ciences (CAS), Beijing100085, China

For correspondence: hqltanlin@163.com

Abstract

The soil microbial community associates with plant cultivar. Soil microbiomes can largely contribute to plant growth, health
and agricultural production. However, the soil microbial community structure and diversity in relation to different tea
(Camellia sinensis) cultivars remains unknown. By utilizing high-throughput 16S rRNA gene Illumina sequencing, we
systematically studied and compared the microbial community and potential function in the bulk soils of 5 tea cultivars
cultivated in a tea plantation for 15 years in central south of China. The tea cultivars were Bixiangzao (BXZ), Zaofengchun
(ZFC), Rougui (RG), Maoxie (MX) and Baihaozao (BHZ). There were significant differences in soils communities for the
relative abundances of six dominant phyla Actinobacteria, candidate division WPS-2, Chloroflexi, Planctomycetes,
Proteobacteria and Thaumarchaeota between both of Bixiangzao and Baihaozao and the other three cultivars (P < 0.05).
Relative abundance of genus Nitrososphaera in soil of cultivar Bixiangzao was significantly higher than the soils of others
cultivars. According to Chaol and Richness diversity indices, the cultivar Bixiangzao had the highest soil microbial diversity
relative to other cultivars. The principal coordinates analysis (PCoA) of soil microbial communities based on weighted Unifrac
distances revealed a clear separation between Bixiangzao and other cultivars. Pearson relationship analysis showed that pH
and TOC contents were major soil factors to positively influence the microbial diversity of different tea cultivars. Functional
Annotation of Prokaryotic Taxa was adopted to predict that the percent relative abundances of aerobic ammonia oxidation,
nitrification and fermentation functional bacteria in the soils of cultivar Bixiangzao were significantly higher compared with
other cultivars. Our results indicated that the selection of cultivar Bixiangzao may support and foster a large number of
specific microbiota and a favorable microecological environment in tea plantation. This study provided theoretical basis for
future studies on rhizosphere effect guiding the tea plantation soil community influenced by different tea cultivars. © 2019
Friends Science Publishers
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Introduction

Tea (Camellia sinensis) is an evergreen perennial plant
found mainly in tropical and subtropical countries, including
China, India, Pakistan, Kenya, etc. The areas of tea
cultivation in China have been expanding due to its high
economic value and had covered 3,680 hectares by 2017,
accounting for about 60% of the world's total tea area and
over 40% of the world's total tea production. However, as
more countries establish tea plantations and the general
expansion of tea cultivation areas, the competitive
advantage of China's tea industry in the world is
declining, mainly due to the overall quality and the single
yield of tea being low (Yan et al., 2018). The single yield
reductions and decline in soil quality have become a major
problem for sustainable tea production (Han et al., 2007).

Soil microbiomes can largely contribute to plant
growth, health and agricultural production (Mendes et al.,
2013). Previous studies showed that soil microorganisms
played an essential role in soil fertility, plant stress
resistance, growth and development and productivity
(Eisenhauer et al., 2012). The nitrogen-fixing bacteria
such as Rhizobium and Frankia could increase crop yield
and enhance nitrogen uptake of plants (Adesemoye and
Kloepper, 2009).  Pseudomonas, Bacillus and
Agrobacterium could promote plant growth by producing
phytohormone or molecular signal, competing growth
sites, ferrum carriers and other pro-growth mechanisms
and enhancing resistance to pathogens (Richardson et al.,
2009; Jetiyanonal and Plianbangchang, 2012).

There appears to be intricate relationship between
plant cultivar and soil microbiome that are associated with
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promoting the plant growth and participating in the
nutrient cycle in agro-ecosystems (Pathan et al., 2015).
Different plant cultivars possessed specific phenotypic
characteristics, such as root properties (Czarnota et al.,
2003; Bais et al., 2006), which were key factors to influence
microbial assembly and community composition (Grayston
and Colin, 1996; Baudoin et al., 2003; Haichar et al., 2008).
Plants could regulate and influence the biomass, species and
ecological distribution of soil microorganisms through root
exudates (Mansouri et al., 2002). Direct selection of plant
genotypes for Promoting beneficial rhizobacteria might
confer protection against pathogens and the abiotic stress
resistance to plants (Schlemper et al., 2017). The plant-
microbial interaction could improve the growth of plant
through phytohormone production which can defense
against phytopathogens through competition, antagonism
and hyperparasitism and withstand extreme heat and other
abiotic stresses (Dong et al, 2018). Therefore,
characterization of soil microbial community of different tea
cultivars would contribute to further development of
rhizosphere effect for promoting plant growth and
improving the yield and quality of tea plantation (Ramu et
al., 2013).

In recent years, studies on the soil microbial diversity
and community of plants using bioengineering technology
at the molecular level have been extensively reported, but
most objects of studies were focused on crop and forest
(Gunina and Kuzyakov, 2015; Ren et al., 2018). Few
studies focused on the microbial diversity and community in
soils of different cultivars within the same species. Our
study was designed to determine whether there were
differences among microbial community diversity and
structure in soils with the same spatial position under similar
long terms agriculture management practices for five tea
cultivars that are widely cultivated in different regions of
south China. The objectives of this work were to (i)
demonstrate the differences of soil microbial diversity and
community structure for different tea cultivars; (ii) Show the
differences of soil microbial community composition for
different tea cultivars. (iii) analyze the correlation between
soil properties and microbial communities of different tea
cultivar; (iv) predict the potential function of microbial
community in soils of different tea cultivars.

Material and Methods

Site and Sample Collection

Different tea cultivars were all cultivated in a tea plantation

of Changsha city (28°11" N, 112°59’ E), Hunan Province,
southeastern China in 2003. The tea cultivars were
Bixiangzao (BXZ), Zaofengchun (ZFC), Rougui (RG),
Maoxie (MX) and Baihaozao (BHZ). Five tea cultivars
were cultivated in respective experimental plot with size of
larger than 667 m? in a tea plantation. The experimental
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plots were separated by a 1 m wide walkway. The
agriculture management practices for five tea cultivars
was the same since 2003. Soil samples were taken from
tea plantation at the soil depths of 0-20 cm. A total of 25
soil cores were taken from each experimental plot of tea
cultivars by using the checkerboard sampling method in
August 2017. Five soil cores were mixed to form a
composite sample, and a total of 25 soil samples were
collected and stored in the freezer at -80°C before DNA-
extraction. The soil samples were divided into two parts,
one part was assigned for detecting the physicochemical
properties while the other part was assigned for performing
molecular analysis.

Physicochemical Characteristics of Soils

The following physicochemical properties of collected soil
samples were determined as follows: pH, total organic
carbon (TOC), nitrate nitrogen (NOz-N) and ammonia
nitrogen (NH4-N), total nitrogen (TN), available phosphorus
(AP), moisture, total phosphorus (TP) (Viji and
Shrinithivihahshini, 2017). Soil analyses were performed by
the Laboratory of Soil Analyses of the Department of
Nanjing Institute of Geography, CAS, using standard
methods.

DNA Extraction and Amplicon Sequencing

Total DNA was extracted from 0.5 g soil samples with the
Fast DNA Spin kit (MP Biomedicals LLC, U.S.A.). DNA
quality and concentration were detected by a NanoDrop
Spectrophotometer (Nano-100, Aosheng Instrument Co
Ltd.). The extracted DNA was used as a template for
amplifying the V4 region of the 16S rRNA gene by using
the 515F (5-GTGCCAGCMGCCGCGGTAA-3)/806R (5'-
GGACTACHVGGGTWTCTAAT-3)  primers.  PCR
(polymerase chain reaction) amplification was performed in
a 50 uL reaction system containing 1 uL of template DNA
(20-30 ng/uL), 1.5 uL of both forward and reverse primers
(10 uM), 0.5 uL. Taqg DNA Enzyme, 5 uL 10 x PCR buffer,
1.5 uL dNTP mixture and 39 uL ddH,O. The thermal cycle
conditions were as follows: initial denaturation at 94°C for 1
min, followed by 30 cycles of 94°C for 20 s, 57°C for 25 s
and 68°C for 45 s, subsequently ending at 68°C with a final
extension step of 10 min and finally keep systems at 4°C
before purification on SelectCycler 11 (Select BioProduct).

The PCR products were purified by E.Z.N.A.™ Gel
Extraction Kit (Omega Bio-tek, Norcross, G.A., U.S.A)).
The purified amplicons were quantified with a Qubit
fluorometer (Life technologies Holdings Pte Ltd.,
Singapore) and constructed the library with VAHTSTM
Nano DNA Library Prep Kit for Ilumina® (Vazyme
Biotech Co., Ltd., Nanjing, China). The samples were
sequenced by Miseq sequencing machine (lllumina) at
Central South University, China.
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Sequence Preprocessing and Bioinformatics Approaches

The barcodes were used to assign the raw reads to samples
(with one mismatch allowed). After removal of barcodes
and primers, pair-ended sequences were quality-filtered by
using Flash program (Mago and Salzberg, 2011). UPARSE
algorithm (Edgar, 2013) was used to remove chimeras and
generate OTU (operational taxonomic units) table at a 97%
similarity level without any singletons being discarded. All
the sequence preprocessing was performed in an in-house
pipeline  (http://mem.rcees.ac.cn:8080) with series of
bioinformatics tools.

Ecological and Statistical Analysis

Two kinds of alpha-diversity Chaol values (Chao, 1984)
and Richness were calculated to assess the diversity of soils
microbial community associated with different tea cultivars.
Unweighted principal coordinate analysis (PCoA) based on
UniFrac matrix was performed for evaluating the microbial
community structure difference (Lozupone and Knight,
2005). The Pearson correlation approaches were applied to
correlate alpha-diversity and physicochemical
characteristics of soils (PCC: Pearson Correlation
Coefficient). The microbial ecological function profiles
were predicted by FAPROTAX (Functional Annotation of
Prokaryotic Taxa; (Louca and Doebeli, 2016). The
significant differences between each two groups and among
multiple groups were determined by two-tailed Student’s t-
test and one-way analysis of variances (ANOVA),
respectively.

Result

The Soil Microbial Community Composition Associated
with Different Tea Cultivars

A total number of 311, 981 valid reads and 9, 476 OTUs
were obtained from the 25 soil samples by using a high-
throughput sequencing analysis. Rarefaction curves (Fig.
S1) tended to approach a saturation plateau indicating that
the sequencing depths were sufficient for downstream
analysis. All the OTUs were assigned to 44 different
phyla (Fig. S2). Majority of sequences (84.23%) of five
cultivars soils were identified as seven phylum
Acidobacteria, Proteobacteria, Chloroflexi, Actinobacteria,
Thaumarchaeota, Firmicutes and Verrucomicrobia. In
addition, the low abundances of phylum Planctomycetes,
Bacteroidetes and candidate division WPS-2 were presented
in all samples (with relative abundance of 1.4-2%).

Relative abundances of dominant phyla within soil
microbial communities of different cultivars are shown in
Table 1. There were significant differences between both of
BXZ, BHZ and the other three cultivars (P < 0.05) for the
relative abundances of six dominant phyla, including
Actinobacteria, candidate division WPS-2, Chloroflexi,

Table 1: Relative abundances of dominant phyla within soil
microbial communities of different tea cultivars

Domain phyla Different cultivars and Relative abundances (%)
BXZ ZFC RG MX BHZ
Acidobacteria 2290a 26.75a 25.93a 19.20a 21.84a
Actinobacteria 6.49b 9.0lab 7.66b 8.77ab 12.65a
Bacteroidetes 2.10a 098a 1.38a 130a 252a
candidate division WPS-2 1.53a 204a 126a 220a 0.17b
Chloroflexi 10.78ab 16.72a 16.12a 20.06a 5.10b
Firmicutes 4.76a 6.74a 4.99a 694a 34la
Planctomycetes 1.12b 363a 1.71b 2.0lb 0.69
Proteobacteria 21.13b 1860b 21.63b 19.84b 37.98a
Thaumarchaeota 1543a 2.05b 252b 2.690 2.03b
Verrucomicrobia 1.46a 240a 296a 2.76a 1.90a
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BXZ (cv.Bixiangzao), ZFC (cv. Zaofengchun), RG (cv.Rougui), MX (cv.Maoxie) and
BHZ (cv. Baihaozao), similarly hereinafter

Planctomycetes, Proteobacteria and Thaumarchaeota. The
relative  abundance of most dominant phylum
Proteobacteria exhibited significant differences between
cultivar BHZ (37.98%) and others cultivars (less than
21.63%), however the lowest abundance of phylum
candidate division WPS-2 (0.17%) was observed in soil of
cultivar BHZ than soils of other cultivars (1.26% < relative
abundance < 2.20%). Additionally, the soil of cultivar BHZ
had a significantly lower abundance of Chloroflexi (5.10%)
than other cultivars (10.78% < relative abundance <
20.02%). the soil of cultivar BHZ had the highest
abundance (15.43%) of Thaumarchaeota than others
cultivar (less than 2.69%) and a lower abundance (6.49%)
of Actinobacteria than cultivar ZFC (9.01%) and MX
(8.77%) while the soil of cultivar BHZ (12.65%) had the
highest abundance. In addition, the soil of cultivar ZFC had
the most abundance of Planctomycetes than others cultivars
(P <0.05).

To provide deeper understanding of the effects of tea
cultivars on soil microbiomes, the dominant genera were
analyzed (Fig. 1a). A total of 434 genera were detected at
the genus level. And the relative abundances (> 1%) of the
top 10 identified microbial genera exhibited significant
differences among the soils of five tea cultivars. The soil of
cultivar BXZ had the highest abundance (43.04%) of the top
10 dominant genera, while cultivar BHZ had the lowest
abundance (28.43%). Additionally, the soil of cultivar BXZ
possessed the highest abundance of Nitrososphaera, which
was the fourth dominant genus observed in BHZ, RG, MX
and ZFC. In order to investigate the similarities and
differences among these composition of soil microbial
communities of five tea cultivars, the shared and specific
species was analyzed by using the Venn diagram (Fig. 1b).
The results exhibited that the shared species among the soils
of five cultivars accounted for different percentages of each
own microbial community, 28.80, 33.65, 38.37, 44.36 and
40% for BXZ, BHZ, RG, MX and ZFC cultivars,
respectively. The percentage of specific species for
microbial communities in soils of five cultivars were follow
as: 32.34, 27.13, 13.63, 17.62 and 13.49% for BXZ, BHZ,
RG, MX and ZFC cultivars, respectively. The soil of
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Fig. 1: OTU analyses of the different tea cultivar libraries. (a) The
relative abundances of the domain phyla in five tea cultivar soils
at the phylum level; (b) The venn diagram showing the unique
and shared OTUs (3% distance level). BXZ (C. sinensis cv.
Bixiangzao), ZFC (C. sinensis cv. Zaofengchun), RG (C. sinensis
cv. Rougui), MX (C. sinensis cv. Maoxie) and BHZ (C. sinensis
cv. Baihaozao), similarly hereinafter
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Fig. 2: The Chaol (a) and Richness (b) diversity indices for
microbial 16S rRNA genes of different tea cultivar soils. Different
letters indicate statistically significant differences (*P < 0.05)

cultivar BXZ had the highest proportion of specific species.
All the above results reveled that soil microbial community
composition was significant different in soils of different
cultivars.

The Soil Microbial Community Diversity and Structure
of Different Tea Cultivars

According to Chaol (Fig. 2a) and Richness (Fig. 2b)
diversity indices, the soil of cultivar BXZ had the highest
alpha-diversity than other tea cultivars while the soils of
MX and BHZ cultivars had the lowest diversity. The
heatmap analysis was conducted at the genus level for all
dominant genera (The relative abundances > 1%) from all
25 soil samples of five tea cultivars. The results indicated
that ZFC, RG and MX cultivars clustered together, whereas
the soils of BHZ and BXZ cultivars were separated (Fig. 3).
Moreover, soil microbial community of cultivar ZFC was
found to be similar to the cultivar RG. The principal
coordinates analysis (PCoA) of soil microbial communities
using weighted UniFrac distances based on the OTU
distribution across samples revealed a clear separation
between BXZ and other cultivars, and also showed the

I S Y .
[ A I G-
| [ ] Gpl

= e '

T Nitrososphaera 0

Burkholderia 1
*Ii» Conexibacter 2

Subdivision-3 genera incertae sedis l 3

Bradyrhizobium

Actinoallomurus

Skermanella

Gemmatimonas

Rhizomicrobium

Candidatus Solibacter

Gaiella

Phenylobacterium

Granulicella

Arthrobacter

Pseudolabrys

WPS-2 genera incertae sedis

Gemmata
Thermogemmatispora

Gp6

WPS-1 genera incertae sedis

o ® 3 N
2 ¥
N S & @ 3

Fig. 3: Hierarchically clustered heatmap of the microbial genera
detected across all samples. The microbial phylogenetic tree was
calculated by using neighbour-joining method and the relationship
among samples was determined by Bray-Curtis distance and
complete clustering method. The relative values for microbial
genus are indicated by color intensity with the legend at the right
of the figure

Weighted
0.15
. v BXZ
+ ZFC
0.10 % RO
® MX
;\? 0.05+ ' . BHZ
5 e
g:_i 0.00 :
51 i &Y
S -0.054 v Lx e
o v
o > 4
0.10
-0.15 T T T
0.05 0.10 0.15 0.20
PCoA1(29.11%)

Fig. 4: The PCoA plot of microbial community structure and
composition in five tea cultivar soils

partial overlaps among ZFC, RG, MX and BHZ cultivars in
spatial distribution (Fig. 4). Furthermore, the significant
differences in soil microbial communities between BXZ and
other four cultivars were also supported by the results of
dissimilarity test using the MRPP, ADONIS and
PERMANOVA algorithms (Table S1).

The Correlation between Soil Properties and Microbial
Community Diversity of Different Tea Cultivar Soils

The Pearson correlation approach based on both Jaccard and
Bray-Curtis distance was performed to assess the
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Table 2: The correlation between soil properties and microbial diversity based on Pearson analysis approach

Soil properties Shannon Inv-Simpson Richness Pielou-Evenness Chaol PD
PCC P PCC P PCC P PCC P PCC P PCC P

TP (mg kg™) 0312 0121 -0.370 0.062 -0.133 0518 -0.135 0.509 -0.011 0958 0.089 0.667
TN (mg kg?) -0.114 0581 0.129 0531 -0240 0237 0.153 0.456 -0.389° 0050 -0470°  0.015
NO:N (mg kg™) -0.079 0703 -0.010 0961 -0.154 0452 0.082 0.692 0198 0332 -0.259 0.201
NH,N (mg kg™) 0.011 0.957 0.137 0503 -0.067 0.746 0.070 0.735 -0.173 0398 -0.369 0.064
AP (mg kg™ -0.349 0080 -0.391" 0048 -0.040 0845 -0.274 0176  0.010 0.963 -0.029 0.890
TOC (%) 0.095 0643 0.112 0586 -0.194 0342 0.098 0.636 0352 0078 -0.603"  0.001
Moisture (%) 0458 0019 -0577" 0002 0114 0578 -0.486 0.012 0.391°  0.048 0.396 0.045
pH 0.396°  0.045 0436 0026 0023 0911 0311 0.122 -0.089 0666 0.102 0.619

PCC= Pearson correlation coefficient
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Fig. 5: Function predictions of microbial communities in five tea
cultivar soils by FAPROTAX

relationship between soil properties and the diversity of
microbial community diversity of five cultivars soils (Table
2). The results indicated that the soil moisture had a
significant negative correlation with Shannon (PCC= -
0.458, P= 0.019), Inv-Simpson (PCC= -0.577, P= 0.002)
and Pielou-Evenness (PCC= -0.486, P= 0.012) indices,
while had a significant positive correlation with Chaol
(PCC= 0.391, P= 0.048) and PD (PCC=0.396, P= 0.045)
indices; pH value showed significant positive correlation
with Shannon (PCC=0.396, P= 0.045) and Inv-Simpson
(PCC= 0.436, P=0.026) indices; AP showed a significant
negative correlation with Inv-Simpson (PCC= -0.391, P=
0.048) index; TN showed a significant negative correlation
with Chaol(PCC= -0.389, P= 0.05) and PD (PCC= -0.47,
P= 0.015) indices; TOC showed a significant negative
correlation with PD (PCC= -0.603, P= 0.001) index.
Therefore, pH value and TOC content were the key
physicochemical factors to positively influence the alpha-
diversity of soil communities of different tea cultivars.

Functional Prediction of Microbial Communities of
Different Tea Cultivars Soils

Functional Annotation of Prokaryotic Taxa (FAPROTAX
(Louca et al., 2016)) was conducted to predict micro-
ecology functions to the OTUs for bacteria in different tea
cultivar soils (Fig. 5). We loaded 90 functional groups
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derived form 7,700 members (4,668 unique members). The
dominant functional groups (> 1%) were belonged to
aerobic ammonia oxidation, nitrification, nitrogen fixation,
fermentation, aerobic chemoheterotrophy,
chemoheterotrophy, intracellular parasites. The correlations
between microbial classes and functional groups indicated
that most microbial classes possessed the functions of
fermentation, aerobic chemoheterotrophy, and
hemoheterotrophy with no significant different, and the
proportion of aerobic ammonia oxidation, nitrification and
fermentation functional bacteria in the soils of cultivar BXZ
were significantly higher than others cultivars (Fig. 5).
Discussion

In this study, there were significant differences for
microbial communities and physicochemical properties
among soils samples collected from five tea cultivars,
which indicated that different tea cultivar could shape
specific soil microbial communities following the
changes of soil properties after long-term growth with
the same spatial position under the similar agriculture
management practices. Previous research suggested that
plant cultivars, soil properties and different management
practices are the main factors to impact soil microbial
community (Griffiths et al.,, 2011). Soil properties
indirectly affect the diversity of soil microorganisms by
altering their population and species (Barberan et al.,
2012; East, 2013). The microbial community in
rhizosphere soil is recruited from the main reservoir of
resident microorganisms present in bulk soils (Li et al.,
2016). These opinions implied that the rhizosphere
effect of tea cultivar was the critical factor to determine
microbial community diversities. In addition, soil
microbial diversity and community play the essential
roles in soil quality and ecological functions (Kennedy
and Smith, 1995). Therefore, the selection of tea cultivars
for improving the soil properties and fostering the favorable
microecological environment is of great significance for the
sustainable development of tea industry.

The composition analysis results showed that the
relative abundances of dominant microorganisms in the five
tea cultivar soils were significantly different at phylum and
genus levels (Fig. 1). Proteobacteria, Acidobacteria and
Actinobacteria were the most dominant phyla in the all tea
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cultivars soils, which is supported by the previous study that
Acidobacteria and Proteobacteria are dominant soil
microbial taxa in tea plantation systems (Zhao et al., 2012).
However, the soil of cultivar BHZ had the highest relative
abundance of Proteobacteria (P <0.05) (Table 1), which was
associated with large amounts of available nutrients (Li et
al., 2016). In our study, BHZ cultivar soil possessed higher
soil nutrition contents of TN, AP, TOC and TP than other
cultivars through plant root-soil interactions under long term
cultivation with same management practices (Table S2). This
could be explained by the fact that the BHZ cultivar soil had
the highest relative abundances of Proteobacteria.

Plant cultivar can influence the shaping of soil
microbial community structure and function (Berg and
Smalla, 2009). Waid (1999) pointed out that plant cultivar
may be important factor to influence soil microbial
community diversities. In the study by Pfeiffer et al. (2017),
the stable key microbiome could be related to a similar
pattern of plant exudates over plant growth stages, whereas
dynamic core microbiome members may respond to the
changes in root exudates over plant development. These
studies highlight the possibility that selection of specific
functional plant cultivars can contribute to plant growth,
disease resistance, and bioremediation (Bell et al., 2014) for
the soil ecological system. In addition, root exudate of teas
contained appreciable quantities of oxalic acid, citric acid,
malic acid (Nagata et al., 1993), which was proved to be an
important factor that may lead to the soil acidification in tea
plantations (Jayman and Sivasubramaniam, 1999). This
might explain in part why the pH was the key soil factors to
influence the microbial diversity of different tea cultivars.
However, further work will be needed to confirm the effects
of root exudates of teas on soil microbial communities.

The proportions of aerobic ammonia oxidation,
nitrification and fermentation functional groups in the soil of
cultivar BXZ was significantly higher than others cultivar
(Fig. 5). Aerobic ammonia oxidation is thought to be driven
by ammonia-oxidizing bacteria that play important roles in
the process of nitrification and N cycling (Mundepi et al.,
2017). Fermentative bacteria play essential roles in
anaerobic degradation of organic matter in the soils
(Glissmann and Conrad, 2000). The presence of above
functional groups might be explained by the fact that a
significant enrichment of the genus Nitrososphaera was
observed in in soil of cultivar BXZ. Nitrososphaera is a
genus of ammonia oxidizing archaeon in the Order
Nitrososphaerales (Tournaa et al., 2011). Herlemann et al.
(2013) found that the high nitrification activity in the soil is
likely due to the fact that ammonia-oxidizing archaea can be
primely adapted to soil oxygenation and/or plant root
exudation (Herrmann et al., 2008). Soil pH greatly affect the
abundance and diversity of ammonia-oxidizing archaea
(Mundepi et al., 2017). In our results, lowest pH value was
observed in the soil of cultivar BXZ. Therefore, we
speculated that BXZ might be an acid-tolerant tea cultivar.
Overall, the predicted functions of soil microbial
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communities of different tea cultivars could be helpful to
select the favorable cultivar associated with particular
microbial taxa for increasing tea productivity.

Conclusion

In this study, the long-term cultivation of different tea
cultivars significantly impacted the soil properties,
microbial diversity and community composition and
structure. According to Chaol and Richness diversity
indices, BXZ soils possessed the highest level of microbial
diversity compared with other cultivar samples. There were
significant differences in soils community for the relative
abundances of six dominant phyla Actinobacteria,
candidate division WPS-2, Chloroflexi, Planctomycetes,
Proteobacteria and Thaumarchaeota between both of BXZ,
BHZ and the other three cultivars (P < 0.05). In addition,
the relative abundance of genus Nitrososphaera in soils of
BXZ cultivar was significantly higher than others cultivars.
PCoA plots of soils communities revealed a clear separation
between BXZ and other cultivars. The relationship analysis
between soil properties and microbial diversity showed that
pH and TOC content were key physicochemical factors to
positively influence microbial diversity in soils of different
tea cultivars. Percent relative abundances of aerobic
ammonia oxidation, nitrification and fermentation
functional bacteria in the soil of cultivar BXZ were
predicted to be significantly higher compared with other
cultivars. Finally, the selection of optimal tea cultivars for
sustainable agricultural measures are important to improve
soil microbial diversity, community and function
microbiomes in tropical and subtropical China, which will
be the focus of our future research.
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