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Introuduction
Tobacco is a thermophilic crop whose growth and 

development are in luenced by genetic factors, ecological 
environment, and cultivation measures. Genetic factors are 
internal factors that affect the growth of tobacco plants, and 
climatic conditions are essential aspects of the ecological 
environment. Different climatic factors such as temperature, 
precipitation, and illumination in different production areas 
modify the soil conditions and spatial environment for 
tobacco growth, and then affect the growth and development 
of tobacco plants and their yield and quality [1], if the 
temperature is overly low, the tobacco plant grows slowly, 
the plant is short, and it is easy to " lower early";  when the 
temperature is overly steep, the respiration of tobacco plants 
is accelerated, the dry matter in the body is consumed, and 
heat injury is easily caused, which has adverse effects on the 
quality of tobacco leaves [2]. Cigar is a special tobacco product 
that features a strong, heavy aroma, and bitter and sweet taste 
and is less harmful to the human body than regular cigarettes 

due to less tar and nicotine. It is intensely loved by consumers 
at home and abroad and has great market potential [3]. 
Consumer groups and sales have continued to rise since cigars 
were introduced to China in the Qing Dynasty. Statistics show 
that production and sales of Chinese-style cigarettes have 
declined slightly, but production, sales, and sales of Chinese 
cigars have increased signi icantly, and cigars have become a 
new economic growth point for the Chinese tobacco industry 
[4]. However, the current shortage of raw materials for high-
quality cigar tobacco, both at home and abroad, is gravely 
hampering the development of the high-quality cigar tobacco 
industry. Climatic conditions are critical in determining the 
quality of tobacco leaves. Temperature, light, and rainfall not 
only affect the growth of tobacco leaves in the ield but also 
affect the appearance quality, physical characteristics, and 
chemical components of tobacco leaves [5]. However, the 
production of raw materials for different structural parts of 
cigars (wrapper, binder, and iller) has different and harsh 
ecological conditions [6]. For example, wrappers need to 
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To reveal the infl uence of ecological zones on the structure of microbial communities in cigar 
rhizosphere soils, Yunnan's cigar tobacco production region was fi rst divided into three ecological 
zones. Soil samples were collected at maturity and the community structure of fungi and bacteria 
in the rhizosphere soil was analyzed using 18S rRNA and 16S rRNA high-throughput sequencing 
techniques. The results showed that the dominant fungi were Ascomycota, Mortrellomycota, and 
Basidiomycota, and the dominant bacteria were Ascomycota and Proteobacteria. The dominant 
genera and relative abundances of fungi and bacteria diff er at the genus level. Ecoregions may 
aff ect the community structure and distribution of fungal and bacterial diversity in the rhizospheric 
soil of cigars at maturity, which may provide a theoretical basis for the selection of high-quality 
cigar-producing regions in the future.
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be planted under elevated temperatures, strong humidity, 
cloudy and less windy weather conditions, and different 
growth stages have different requirements for meteorological 
conditions [7,8]. For example, the temperature during the 
ield growth period is required to be around 20 °C, while the 

temperature during the harvest period is required to exceed 
22 °C and the relative air humidity is above 70% [9].

Soil microorganisms play an essential role in the 
ecosystem and are staple factors in soil quality, soil fertility, 
and productivity, and the diversity and community structure 
of soil microorganisms are directly related to soil-borne 
diseases and plant health [10]. The composition and structure 
of soil microbial communities in different ecological regions 
changed due to different biological and abiotic factors such as 
temperature, precipitation, and vegetation type [11]. In recent 
years, there have been preliminary studies on the variation 
of soil microorganisms under different ecological conditions 
using sequencing techniques. The results showed that there 
were signi icant differences in the structure construction, 
species composition, and driving factors of rice rhizosphere 
and non-rhizosphere bacterial communities in different 
ecological regions [12], different ecological types, climate 
types, and vegetation types affect the microbial community 
structure of soil in ecological areas, and it is found that the 
soil biological activity in Zhangjiajie tobacco-growing area 
of Hunan Province decreases with the increase of altitude 
[13,14].

Soil microorganisms are critical participants in ecosystem 
cycles, regulating the turnover of organic matter pools [15]. 
Using high-throughput sequencing technology to understand 
the unknown microbial groups and functions in soil, especially 
the diversity, community structure, and function of rhizosphere 
microorganisms, has played an essential role in the study of 
plant nutrient uptake mechanisms [16]. The ripening period 
of cigar tobacco is a critical period that affects the quality of 
the tobacco leaves, and rhizosphere soil microorganisms are 
one of the signi icant in luences. In this study, high-throughput 
sequencing techniques were used to analyze the community 
diversity and composition of rhizosphere soil microorganisms 
under different ecological conditions in the Yunnan cigar 
smoking region. By studying the regulation mechanism of the 
rhizosphere soil microbial community by the Ecoregion, we 
can further clarify the understanding of the distribution of 
the soil microbial community structure, which will facilitate 
better prediction and analysis of the rhizosphere soil microbial 
community structure in the mature stage of cigar tobacco, and 
also provide insights into different Ecoregions. To provide a 
theoretical reference for micro-ecological regulation of cigar 
tobacco rhizosphere soil.

Materials and methods
Overview of the test area

Yunxue No. 39 is provided by Yunnan Oriental Tobacco 

Baoshan Company. According to the meteorological data 
(ten-day temperature and ten-day rainfall) from 2017 to 
2022, cluster analysis is carried out by using SPSS 20.0, and 
the Yunnan cigar tobacco area is divided into three ecological 
points(Figure 1): Ecological A (Longyang District, Longling, 
Changning), Ecological B (Yingjiang, Ruili, Mang City), 
Ecological C (Tengchong).

DNA extraction, PCR amplifi cation and Illumina MiSeq 
sequencing

Fast DNA SPIN Kit for Soil (MP Biomedicals, LLC) was used 
to extract genomic DNA from a 0.5g soil sample, and then 1% 
agarose gel electrophoresis was used to detect the purity and 
concentration of DNA. A suitable amount of the sample was 
taken into a centrifuge tube. If the band is clear and complete, 
it can be used for subsequent testing.

Diluted genomic DNA was used as a template and PCR 
was performed using speci ic primers with Barcode and 
HiFi Hot Start Ready Mix high- idelity enzymes from Yunnan 
Qingke Biological Co., Ltd. to ensure ampli ication ef iciency 
and accuracy, depending on the selected sequencing region. 
PCR usage 50 μ L reaction system: 2 μL template DNA, 2 
μL forward primer (10 μmol L-1), 2 μL reverse primer (10 
μmol L-1), 4 μL dNTPs (2.5 μmol L-1), 5 μL 10 × Pyrobest 
buffer, 0.3 μL Pyrobest DNA polymerase (2.5 μL -1) and 34.7 
μL ddH2O. PCR ampli ication reaction of fungal ITS: The 
primers used ITS F: (5'-CTTGGTCATTTAGAGAGGAAGTAA-3') 
and R: (5'-GCTGTGTTCATCGATGCCC-3'). PCR ampli ication 
reaction of bacterial 16S: The primers used 16S: F: (5'- 
ACTCCTACGGGGGCAGCA-3') and R: (5'-GACTACHVGGTWTC
TAAT-3'). PCR reaction procedure: pre-denaturation at 95 
℃ for 5 minutes; 95 ℃ denaturation for 30 seconds, 56 ℃ 
annealing for 30 seconds, 72 ℃ extension for 40 seconds, 30 
cycles; extend at 72 ℃ for 10 minutes and detect PCR products 
by electrophoresis [17].

With reference to the preliminary quantitative results 
of electrophoresis, the PCR products were detected and 
quanti ied with Quanti Fluor™ -ST blue luorescence 
quantitative system (Promega, Madison, WI, USA), and 
then mixed in corresponding proportion according to the 
sequencing quantity requirements of each sample. Sequencing 
was performed using the Illumina Miseq sequencing platform 
(Illumina, San Diego, CA, USA) of Yunnan Qingke Biological 
Co., Ltd. The pooled DNA products were used to construct 
Illumina paired-end libraries following Illumina's genomic 
DNA library preparation procedures. The amplicon library 
was then subjected to paired-end sequencing (2x250) on the 
Illumina MiSeq platform according to standard protocols.

Processing and analysis of sequencing data

Quality control was performed on the raw sequencing 
sequences, including low-quality iltering and length iltering, 
to obtain top-quality sequences.  Clustering/denoising high-
quality sequences, dividing them into OTUs/ASVs (later 
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Figure 1: Cluster analysis of ecological regions according to meteorological data.

Ecozone A and inally Ecozone C, but the opposite is true for 
Mortierellomycota.

At the genus level, Mortierella, Fusarium, Penicillium, 
Saitozyma, and Chaetomium are the ive most abundant fungal 
genera (RA > 2%). Mortierella and Saitozyma have the highest 
proportions in Ecoregion C; Fusarium and Penicillium have 
the highest proportions in Ecoregion A; the proportion of 
Chaetomium is highest in Ecosystem B. It should be noted that 
different ecosystems have distinct effects on the structure 
of the fungal microbial community in the rhizosphere of 
cigar tobacco, which may provide a new theoretical basis for 
selecting suitable areas for cigar cultivation.

The phylogenetic relationships of the microbes detected 
by high-throughput sequencing indicated that the sum total 
of the cigar rhizosphere-associated microbial communities 
originated from various phyla (Figure 3). In order to further 
investigate which microorganisms are signi icantly enriched in 
the rhizosphere of cigar tobacco, LEfSe analysis was used. The 
results showed that Ascomycota was signi icantly enriched 
in Ecoregion A, while Arthopyreniaceae and Cladosporiaceae 
were signi icantly enriched in Ecoregion C. Westerdykella 
was signi icantly enriched in Ecoregion B. In conclusion, the 
observations in this paper suggest that different Ecoregions 
affect the enrichment of fungi in the cigar rhizosphere.

FUNGuild (Fungi Functional Guild) is a tool for taxonomic 
analysis of fungal communities through a microecological 
guild, a concept in microecology that refers to a group 
of species (whether closely related or not) that utilizes 
similar environmental resources in similar ways. Analysis 
of the function of rhizospheric microbial communities in 
different Ecoregions showed that groups with more than 
1% dominant OTUs were divided into 16 functional groups, 
and groups with less than 1% dominant OTUs were merged 

collectively referred to as Features), and obtaining their 
species classi ication based on the sequence composition of 
features; Based on the feature analysis results, a taxonomic 
analysis was performed on the samples at each classi ication 
level to obtain a community structure map for each sample 
at the taxonomic level of phylum, class, order, family, genus, 
and species. Species diversity within a single sample was 
studied through alpha diversity analysis, Ace, Chao, Shannon, 
and Simpson indexes of each sample were counted, and the 
sample dilution curve was drawn [18,19].

Results and analysis
Fungal community composition of cigar tobacco in 
diff erent ecoregions

The results of PCoA analysis of the rhizosphere soil fungal 
communities in the three Ecoregionis are shown in Figure 2a. 
The two principal coordinates account for 91.77% of the 
variation, with PC1 accounting for 20.97% of the variation and 
PC2 accounting for 18.00%. Furthermore, the PCoA analysis 
shows that the fungal taxa of the microbial communities in 
Ecozones A, B, and C share some similarities.

Metagenomic sequencing of three cigar soil samples 
revealed 896 fungal species belonging to 521 genera, 230 
families, 103 orders, 44 classes, and 14 phyla. Ecozone 
A detected 478 species, Ecozone B detected 560 species, 
Ecozone C detected 294 species, and 147 species were 
common to all three populations (Figure 2b). Among them, 
the dominant fungal phyla in different ecological regions of 
cigar was Ascomycota, Mortierellomycota, Basidiomycota and 
unclassi ied_k_Fungi (RA > 1%) (Figure 2c). The total number 
of this phyla accounted for more than 91% of the fungal group, 
of which Ascomycota and Mortierellomycota accounted 
for the largest proportion (85.3%). In addition, the highest 
proportion of Ascomycota is found in Ecozone B, followed by 
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Figure 2: The microbiome compositions of fungal taxa in three soil samples. (a) UniFrac-weighted PCoA plots of fungal communities at phylum level in three samples. (b) 
Venn diagram of exclusive and shared fungal species in three soil samples. (c) Fungal community structure at the level of phylum. (d) The composition of the fungal community 
at the level of genus. A, ecology1; B, ecology2; C, ecology3; (phyla and genera with average relative abundance (RA) < 1% were merged and indicated as "Others").

Bacterial community composition in diff erent eco-
logical regions of cigar

 The results of PCoA analysis of rhizospheric soil bacterial 
communities in EcoregionA, B, and C are shown in Figure 5a.
The two principal coordinates account for 91.77% of 
the variability, with PC1 accounting for 13.29% and PC2 
accounting for 12.88%. Moreover, the PCoA analysis shows 
that the bacterial populations of the microbial communities in 
Ecozones A, B, and C share some similarities.

Metagenomic sequencing of three cigar soil samples 
revealed 1535 bacterial species belonging to 40 phyla, 119 
classes, 264 orders, 417 families, and 813 genera. 538 species 
were detected in A, 654 species in B, 461 species in Ecozone C, 
and 324 species were common to all three populations (Figure 
5b). Among them, the dominant bacterial phyla in different 
ecological regions of cigar were Ascomycota, Proteobacteria, 
Chloro lexi, Acidobacteriota, Firmicutes, Patescibacteria, 
Bacteroidota, Gemmatimonadota, WPS-2 and other (RA >  
1%)( Figure 5c). The total number of these phyla accounted 
for more than 98.9% of the bacterial group, and the relative 
abundance of Ascomycota and Proteobacteria was the highest 
(59.92%). In addition, Ecozone C has the highest proportion of 
Ascomycota, followed by Ecozone B and inally Ecozone C, but 
with the opposite proportion of Proteobacteria.

At the genus level, Sphingomonas, norank_f_norank_o_

into others. Different functional groups can be distinguished 
in three distinct ecological regions (Figure 4). The dominant 
functional groups of Ecozone A were Unde ined Saprotroph 
(31.2%), Endophyte-Litter Saprotroph-Soil Saprotroph-
Unde ined Saprotroph (17.5%), unknown (11.3%), animal 
pathogen-endophyte- lichen parasite-plant pathogen-wood 
Saprotroph (8.2%), Fungal parasite-Unde ined Saprotroph 
(4.8%), animal Pathogen-Dung Saprotroph-Endophyte-
Epiphyte-Plant Saprotroph-Wood Saprotroph (3.8%). 
Ecozone B dominant functional group was Unde ined 
Saprotroph (38.3%), unknown (5.3%), Animal Pathogen-
Dung Saprotroph-Endophyte-Epiphyte-Plant Saprotroph-
Wood Saprotroph (4.0%), Endophyte-Litter Saprotroph-Soil 
Saprotroph-Unde ined Saprotroph (2.8%), Dung Saprotroph-
Unde ined Saprotroph (2.3%), Animal Pathogen-Endophyte-
Lichen Parasite-Plant Pathogen-Soil Saprotroph-Wood 
Saprotroph (2.2%), Fungal Parasite-Unde ined Saprotroph 
(1.4%); the dominant functional groups of Ecological Area C 
was Endophyte-Litter Saprotroph-Soil Saprotroph-Unde ined 
Saprotroph (31.4%), Unde ined Saprotroph (16.2%), Plant 
Pathogen (7.6%), Parasite-Unde ined Saprotroph (5.2%), 
unknown (3.6%), Fungal animal Pathogen-Dung Saprotroph-
Endophyte-Epiphyte-Plant Saprotroph-Wood Saprotroph 
(3.3%). There was no signi icant difference in the number of 
species in the fungal functional groups of the rhizosphere of 
cigar tobacco in the different Ecoregions, but the proportion 
of each functional group was considerably different in the 
case of fewer Ecoregions.
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Figure 3: Comparison of microorganisms and fungi in the rhizosphere of cigar tobacco in diff erent Ecoregions (a) Cladogram of 50 microbes (mean relative abundance) based 
on taxonomy. (b) LDA scores of biomarker fungal for each combination of cigar sites. LDA scores are shown as horizontal bars for the biomarker fungal with an LDA score > 
4.8 as listed on the left, Kruskal–Wallis rank sum test, p < 0.05. LDA, linear discriminant analysis. (c) LEfSe analysis revealed distinct taxa of cigar tobacco rhizosphere fungi 
in diff erent Ecoregions. Areas of diff erent colors represent diff erent components (red for Ecoregion 1, green for Ecoregion 2, green for Ecoregion 3), the diameter of each circle 
is proportional to the relative abundance of the taxa, and the inner circle to the outer ring corresponds to the phylum to the genus layer.

than that in Ecoregion A and Ecoregio n C. Among the top ive 
dominant genera, the proportion of Ecoregion C was lower 
than that of Ecoregion A and Ecoregion B. It should be noted 
that different ecological regions have obvious effects on the 
microbial community structure of cigar rhizosphere bacteria, 
which may provide theoretical support for selecting suitable 
cigar cultivation regions in the future.

Gaiellales, Bacillus and unclassi ied_f_Micrococcaceae were 
the ive most abundant bacterial genera (RA > 2%). Mortierella 
and Saitozyma have the highest proportion in Ecoregi on C; 
the proportions of norank_f_norank_o_Gaiellales, Bacillus, 
and Burkhola-Caballeronia-Paraburkholderia in Ecoregion 
A was signi icantly higher than those in EcoregionB and C. 
The proportion of Sphingomonas in Ecoregion B is higher 
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Figure 4: Variations in the composition of fungal functional groups inferred by FUNGuild.

a

b

Figure 5: The microbiome compositions of bacteria taxa in three soil samples. (a) UniFrac-weighted PCoA plots of bacteria communities at phylum level in three samples. (b) 
Venn diagram of exclusive and shared bacteria species in three soil samples. (c) Bacteria community structure at the level of phylum. (d) The composition of bacteria community 
at the level of genus. A, Ecology1; B, Ecology2; C, Ecology3; (phyla and genera with average relative abundance (RA) < 1% were merged and indicated as "Others")
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The phylogenetic relationships of the microbes detected by 
high-throughput sequencing indicated that the sum of the cigar 
rhizosphere-associated microbial communities originated 
from various phyla (Figure 6). In order to further study which 
microorganisms were signi icantly enriched in the rhizosphere 
of cigar tobacco, LEfSe analysis was used. The results showed 
that Proteobacterium was signi icantly enriched in Ecoregion 
A; Expectorate and Bacteroidota were signi icantly enriched 
in Ecoregion C; Firmicutes were signi icantly enriched in 
Region B. In conclusion, the observations presented in this 
paper suggest that different economies affect the enrichment 
of Eubacteria in the rhizosphere of cigars.

Discussion
The cigar is an economic crop that is easily affected by 

the ecological environment, and the ecological conditions 
in different regions can considerably affect or determine 
the lavor pro ile of tobacco. Among various environmental 
factors, previous studies have mainly focused on the effects 
of climate, soil fertility, altitude, and other factors on cigar 
growth in different Ecoregions. At present, there are few 
reports on the effects of rhizosphere soil microorganisms on 
cigar growth in different ecological regions [20]. This study 
discussed the effect of ecological region on the distribution 
of microbial community structure in cigar rhizosphere soil, 
because microorganism is an essential component of soil, and 
the soil environment with a large number of microorganisms 
and abundant diversity is bene icial to the growth of cigar and 
the stability of soil structure. Increasing the yield of cigars may 
also signi icantly affect the synthesis of cigar aroma [21]. In 
this study, we found that the diversity of bacteria and fungi in 
cigar rhizosphere soils in different ecological regions exhibit 
signi icantly different community structure distributions.

 Fungi are one of the leading members of the rhizosphere soil 
microorganisms, with a wide variety and wide distribution, the 
ability to adapt to a wide range of adverse conditions, and the 
ability to decompose a wide variety of organic substances and 
soil constituents, thus regulating the soil carbon and nitrogen 
balance [22-25]. However, 70% of diseases in soil are derived 
from soil fungi [26]. Modifying soil fungal diversity is therefore 
a particularly promising direction of development with 
potential applications in improving soil quality and enhancing 
agroecosystem productivity. Mechanisms of Ecoregion-driven 
microbial community shift have been an in luential line of 
research. The diversity and community structure of soil fungi 
shows a variety of patterns as ecological regions alter. In this 
study, the Simpson, Shannon, Ace, and Chao indices of soil fungi 
in three different ecological regions were different (Table 1). 
The Shannon, Simpson, Shannon, Ace, and Chao indices of soil 
fungi in ecological region C were higher than those in ecological 
region B and ecological region A, and there were signi icant 
differences between ecological region C and ecological region 
B. The results showed that Ascomycota, Mortierellomycota, 

Basidiomycota, and unclassi ied_k_Fungi were the dominant 
microorganisms in the rhizosphere of cigar tobacco in the 
three ecological regions. Studies have shown that the majority 
of Ascomycetes are saprophytic fungi that primarily act as 
major decomposers of organic matter in soil, with the ability 
to degrade decaying organic substrates [27]. The relative 
abundance of Ascomycetes is above 60%, which may be due 
to its strong asexual reproduction, which may produce a large 
number of conidia and rapidly increase, making it dominant 
in numbers. At the genus level, Fusarium and Penicillium are 
the dominant genera, with the highest relative abundance 
in Ecoregion A;  Chaetomium is the dominant genus and has 
the highest relative abundance in Ecoregion B;  Mortierella 
and Saitozyma are the dominant genera in Zone C, with the 
highest relative abundance. The reason for this may be that 
the fungal recruitment ability of the rhizosphere soil of the 
cigar is different in different ecological conditions.

Bacteria are an in luential component of soil 
microorganisms and play an essential role in promoting the soil 
nutrient cycle, organic matter formation and decomposition, 
fertility maintenance, plant nutrient absorption, and growth 
and development. Its diversity and community composition 
structure is affected by environmental factors, soil 
characteristics, plant species, and different planting methods 
[28-30]. Ecoregions affect crop distribution and bacterial 
community diversity in crop rhizosphere soils through 
various factors. Simpson, Shannon, Ace, and Chao showed 
that the bacterial community index in cigar rhizosphere soils 
varies across ecological regions, as does the richness and 
diversity of bacterial communities. The Simpson, Shannon, 
Ace, and Chao indices are higher in Ecoregion A than in 
Ecoregion B and C, with signi icant differences. The diversity 
of rhizosphere soil bacteria in different ecological regions may 
be different because the different environmental factors such 
as soil temperature and humidity in ecological regions alter 
the soil micro-ecological environment for crop growth, such 
as the difference of root exudates, agro-chemicals, and other 
substances affect the microbial activities in rhizosphere soil, 
thus leading to the difference of bacterial community structure 
and diversity in different ecological regions [31,32]. In this 
study, the dominant  microbial  phyla in the three ecological 
regions were Ascomycota and Proteobacteria (≧ 59.92%), 
but the relative abundance of the dominant bacterial phyla in 
each ecological region was different. Among them, the relative 
abundance of the dominant bacterial phylum Ascomycota is as 
follows: C>B>A and the relative abundance of Proteobacteria 
was in the order of A>B>C. At the genus level, the dominant 
genera were Other, Sphingomonas, norank_f_norank_o_
Gaiellales, Bacillus, and unclassi ied_f_Micrococcaceae 
(RA > 2%). The dominant genera with the highest relative 
abundance in Ecological A rea A is Burkholderia-Caballeronia-
Paraburkholderia; Sphingomonas is the dominant genus with 
the highest relative abundance in Ecological Area B. The 
dominant genus with the highest relative abundance in the 



 Analysis of Microbial Diversity and Community Structure in the Rhizosphere of Cigar Tobacco in Diff erent Agroecological Zones

www.plantsciencejournal.com 104https://doi.org/10.29328/journal.jpsp.1001113

a

 

c

b

Figure 6: Comparison of microorganisms and bacteria in the rhizosphere of cigar tobacco in diff erent Ecoregions a Cladogram of 50 microbes (mean relative abundance) 
based on taxonomy. (b) LDA scores of biomarker bacteria for each combination of cigar sites. LDA scores are shown as horizontal bars for the biomarker fungal with an 
LDA score > 4.8 as listed on the left, Kruskal–Wallis rank sum test, p < 0.05. LDA, linear discriminant analysis. (c) LEfSe analysis revealed distinct taxa of cigar tobacco 
rhizosphere bacteria in diff erent Ecoregions. Areas of diff erent colors represent diff erent components (red for Ecoregion 1, green for Ecoregion 2, green for Ecoregion 3). 
The diameter of each circle is proportional to the relative abundance of the taxa, and the inner circle to the outer ring corresponds to the phylum to the genus layer.
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Ecological Area C region is Norank_f_norank_o_Gaiellales. 
The results suggest that different Ecoregions may affect the 
distribution and diversity of bacterial communities in cigar 
rhizosphere soils.

Relevant studies have shown that tobacco quality is the 
result of the joint action of genetic factors, ecological factors, 
and cultivation techniques, and the synergy of the three is the 
basis for producing high-quality tobacco leaves [33,34]. Genetic 
factors are the internal causes, and cultivation techniques can 
be arti icially adjusted and controlled according to different 
ecological conditions and varieties. While some factors can 
be modi ied to some extent through science and technology, 
in most cases it is dif icult to modify ecological factors. Due 
to the relative stability of the ecological environment, the 
style and quality of tobacco leaves produced in different 
ecological regions have obvious and irreplaceable regional 
characteristics and ecological advantages [35-37]. According 
to relevant studies, the contribution rates of ecological 
environment, planting varieties, and cultivation techniques 
to tobacco quality are about 58%, 32% and 10% respectively 
[38-40]. It can be seen that ecological conditions are the most 
in luential and basic factors determining the quality of tobacco 
leaves, and are the basis and premise for the formation of 
excellent quality [41,42]. However, the de iciency of this 
study is that we only focus on the effect of different ecological 
zones on the structure of the microbial community in the soil 
of the cigar rhizosphere and do not incorporate a multi-factor 
analysis of cultivation techniques, cultivars, and cigar quality. 
In the following, we examine the effect of different ecological 
zones, cultivation techniques, and cultivars on the microbial 
community structure of cigar tobacco rhizosphere soils. 
The mass of cigar tobacco was analyzed to explore the mass 
formation mechanism of cigar tobacco. Different cultivation 
techniques, ecological environments, and varieties grown 
in different production areas are completely considered 
to determine the optimal cultivation techniques for each 
production area.

Conclusion
In this study, the effect of different ecological environments 

on the structure of the fungal and bacterial communities in 
the rhizosphere of cigar tobacco at maturity was investigated 
using high-throughput sequencing. The results showed that: i) 
The diversity of the fungal community in the rhizosphere soil 
of cigar tobacco in ecological region C was higher than that in 
ecological region B and ecological region A, while the diversity 

of the bacterial community in ecological region A was higher 
than that in ecological region B and ecological region C; ii) The 
dominant fungi in the rhizosphere soil of cigar tobacco in three 
different ecological regions mainly included Ascomycota, 
Mortierellomycota and Basidiomycota, but the dominant 
fungi genera were different in different ecological regions;  the 
dominant microbial in the rhizosphere of cigar tobacco in the 
three different ecological zones are mainly Ascomycota and 
Proteobacteria, and the dominant microbial in the rhizosphere 
are mainly Othere, Sphingomonas, norank_f__norank_o__
Gaiellales, Bacillus and unclassi ied_f__Micrococcaceae  iii) 
Different ecological environments affected the fungal and 
bacterial communities in the rhizosphere soil of cigar tobacco.
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