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Abstract Peanut yield and quality are seriously affected by pod rot pathogens worldwide, especially in China in recent years.
The goals of this study are to analyze the structure of fungal communities of peanut pod rot in soil in three peanut cultivars and
the correlation of pod rot with environmental variables using 454 pyrosequencing. A total of 46,723 internal transcribed spacer
high-quality sequences were obtained and grouped into 1,706 operational taxonomic units at the 97% similarity cut-off level. The
coverage, rank abundance, and the Chao 1 and Shannon diversity indices of the operational taxonomic units were analyzed.
Members of the phylum Ascomycota were dominant, such as Fusarium, Chaetomium, Alternaria, and Sordariomycetes, followed
by Basidiomycota. The results of the heatmap and redundancy analysis revealed significant variation in the composition of the
fungal community among the three cultivar samples. The environmental conditions in different peanut cultivars may also
influence on the structure of the fungal community. The results of this study suggest that the causal agent of peanut pod rot may
be more complex, and cultivars and environmental conditions are both important contributors to the community structure of
peanut pod rot fungi.
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Plant growth and-crop quality are significantly affected
by microorganisms in the soil [1]. A wide range of soil
microorganisms are known to provide many functions in
an ecosystem [2], such as mineral nutrient cycling, organic
matter turnover, soil structure formation, and toxin removal
or accumulation [3]. Fungi are an important and diverse
group of these microorganisms. Soil fungi are critical to
the ecosystem functions of soil quality and plant health.
Because of their close relationships with plants, soil fungal

communities are shaped by a number of biotic and abiotic
factors [4]. Of particular note is that plant genotypes (different
genotypes, i.e., different plant species or even different crop
cultivars) also have been reported to have an impact on
the genetic diversity of fungi based on some preliminary
studies [5].

Peanut (Arachis hypogaea L.), an important oil and food
crop, widely grows in many different environments between
the 40th parallels [6]. China is the world’s largest peanut
producer, contributing one-third of overall production
[7]. Unfortunately, the production of peanut is seriously
threatened by pod rot pathogens worldwide and especially
in China in recent years. Furthermore, it appears that all
commercial cultivars of peanut are susceptible to pod rot
[8]. Management of pod rot has been difficult in part
because of the wide host range of the pathogens [9] and
limited cultivar resistance [10]. To date, there are few studies
on the diversity of fungi associated with peanut pod rot.
The complete fungal community structure and possible
impact factors, such as habitat environment and peanut
genotypes or cultivars on peanut pod rot, remain unexplored.

Recently, high-throughput DNA sequencing technologies,
particularly 454 deep amplicon sequencing, have been widely
used in determining the fungal community associated with
plants. These studies have shown that different environmental
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factors including climate, soil properties, plant genotypes,
and plant habitats, may have significant effects on their soil
fungi community structures [5]. Hence, the impact factors
of fungal communities in peanut pod rot need to be
further studied using high-throughput DNA sequencing
technologies.

In this study, we first assessed the genetic diversity of the
fungal community by 454 pyrosequencing of the internal
transcribed spacer (ITS) region amplified from soil samples
of three peanut cultivars, which was infected by pod rot
pathogens. Then, to evaluate the possible effects of peanut
cultivars and environmental factors on the fungal community
in the soil samples, we performed redundancy analysis (RDA)
using the operational taxonomic units (OTU) abundance
of each of the samples. This study aims to provide baseline
data about differences among fungal community structures
for different peanut cultivars affected by pod rot in soil in
China and the effect of physicochemical parameters.

MATERIALS AND METHODS

Site description and soil sampling analyses. Peanuts
are planted in May and harvested in October. Six soil
samples were collected from a peanut field at the Breeding
and Experimental Station of the Shandong Peanut Research
Institute in Qingdao, China (36.10oN, 120.41oE) during the
2013 cropping season. Three peanut cultivars with different
known levels of resistance to pod rot pathogens were
employed in the experimental field. HuaYu912 is the most
susceptible to peanut pod rot pathogens, followed by
HuaYu33 and HuaYu20 is the least susceptible peanut cultivar.
The soil samples (1L, 2L, and 3L) being contaminated with
pod rot were collected from root soils of the peanut
cultivars HuaYu33, HuaYu20, and HuaYu912, respectively.
The soil samples (1C, 2C, and 3C) are planted in the same
peanut field but not infected by pod rot pathogens, served
as the control soil samples respectively. The peanut cultivars
HuaYu33 and HuaYu912 are a large-pod cultivar, while
HuaYu20 is a small-pod cultivar. The soils were collected
by a soil probe (1.5 cm diameter) at depth of 5–10 cm.
Three replicates of each sample were mixed and filtered
together. Then, soil samples were frozen at −80oC in the
laboratory and were sent for fungal community analysis. A
total of five physicochemical soil parameters were analyzed,
including pH, organic material, total nitrogen (N), phosphorus
(P), and available potassium (K), by the College of Resources
and Environment Testing Group of Qingdao Agricultural
University.

Pyrosequencing of fungal ITS regions. Total soil DNA
was extracted from subsamples of soil was used to amplify
the ITS regions using the fusion primer pair ITS5 (5'-A
[6-bp MID] ACCCGCTGAACTTAAGC-3') and ITS4 (5'-B
TCCTGAGGGAAACTTCG-3'). After being purified, the
target PCR products were separated by electrophoresis
through a 0.8% agarose gel and then were quantified. The

product pool was sequenced in one quarter of a sequencing
plate on a Roche 454 GS-FLX sequencer (454-Life Sciences,
Basel, Switzerland) at Personal Biotechnology Co., Ltd.
(Shanghai, China).

OTU-based sequence analysis. Quality filtering and
analysis of the 454 ITS sequences were performed mainly
using mothur open-source software. In brief, raw sequences
containing ambiguous (N) bases, homo-polymers more
than eight bases, and those with a quality score lower than
20 and less than 150-bp nucleotides were removed. Then,
sequences were checked for chimeric sequences using the
Uchime algorithm implemented in mothur. The trimmed,
high-quality sequences were clustered into OTUs using the
QIIME (Quantitative Insights into Microbial Ecology, ver.
1.50; http://qiime.sourceforge.net/) implementation at a
threshold of 97% identity. Taxonomic assignment of the
representative sequences for the OTUs was done with the
mother command “classify.seq” applied to the Unite fungal
ITS reference database, version 6. To improve the taxonomical
resolution, the OTUs with abundance less than 0.001% of
the total raw sequences were removed. Then, the SILVA
database (v108, http://www.arb-silva.de/) was used to identify
representative sequences.

Sequence statistical analysis. A rarefaction analysis was
performed by the QIIME implementation. The mothur
software was utilized to calculate the pod rot fungal diversity,
using the Shannon and Simpson indices, and richness,
using the ACE and Chao 1 indices, of different samples. R
software (ver. 2.15.3) was used to plot the Venn diagrams
based on the number of OTUs. In order to analyze the
influence of cultivar on the pod rot fungal community
structure, Heatmap analysis was performed based on the
OTU abundance of each sample, by using the R software
data of all samples. The relevance of environmental parameters
in explaining the distribution patterns of fungal communities
between the pod rot and control soil samples was analyzed
by RDA using R software.

RESULTS

Soil environmental parameters of the samples. Six
soil samples of three peanut cultivars were collected from
the city of Laixi in Shandong province in China. We are
sampling peanut pod rot soil, general using agronomic
traits—the incidence of peanut pods as fundamental basis.
We took the soil within more than 70% of the incidence of
pod as soil sample contamination of the pathogens. We
took non incidence of peanut pod attaching soil as the
sample free from pathogens. Unfortunately, we do not
have image data. Table 1 summarizes the physiochemical
parameters measured. Compared with the control samples,
most of the physiochemical parameters showed differences
after peanut was infected by pod rot pathogens. The
susceptible soil samples showed that the pH value decreased
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a little in both three cultivars, whereas the content of total
N increased. The content of organic material in cultivar
1 susceptible soil showed a difference compared with the
two others. The content of available P and K increased
in cultivars 1 and 2, but decreased in cultivar 3. These
results showed that different peanut cultivars have different
environmental parameters, especially when peanut is infected
by pod rot pathogens.

Sequence data. Data the sequences obtained in these
experiments are available in the NCBI Sequence Read
Archive under bioproject (SRP066284) with sample
accession numbers SRS1165854, SRS1165881, SRS1165883,
SRS1165884, SRS1165885, and SRS1165886 for the six soil
samples 1C, 1L, 2C, 2L, 3C, and 3L, respectively. After
filtering and quality control processes were applied to the
sequences, 46,723 ITS high-quality full-length sequences
were obtained from six soil samples (Table 1), of which
98.36% had a hit in the NCBI. Of these hits, 98.03% were
assigned to fungi. Among these sequences, about 86.3%
had a length of > 400 bp, with most ranging between 450

and 600 bp. All the sequences were grouped into 1,706
OTUs at the 97% similarity cut-off level. Rarefaction analyses
showed that the number of recorded OTUs tended to
plateau at 6,000 sequences reads (Fig. 1). Further rank
abundance analyses showed that these soil samples had
high fungal community richness (data not shown).

Fungal community diversity. The OTUs coverage as
well as the Chao 1 and Shannon indices were used to
evaluate and compare the diversity of the fungal communities
among the six soil samples (Table 1). The OTUs coverage
ranged from 97% to 99%, which showed that 454
pyrosequencing captured the dominant phenotypes. The
Chao 1 (59.82–72.84%) and ACE (47.42–73%) indices, shown
in Table 1, indicated that the level of diversity varied among
the six soil samples. The number of OTUs as well as the
Shannon and Simpson indices of the six samples showed
high variation within each sample. At a genetic distance of
3%, the Shannon index showed lower fungal community
diversity of pod rot soil samples, ranging from 3.58 to
4.48, than that of the control samples, which ranged from
4.00 to 5.05 (Table 1). The same result was shown by the
Simpson index. The highest fungal community diversity
was found in control soil 2C, while the lowest fungal
community diversity was found in the pod rot soil sample
2L (Table 1). Taken together, the Chao 1 index, the Shannon
index, and the number of OTUs in both the three control
soils were higher than in the susceptible cultivar soils.

Fungal community composition. The fungal OTUs
were affiliated to six phyla: Ascomycota, 770 OTUs (45.13%
of all sequences); Basidiomycota, 189 OTUs (11.08% of
all sequences); Chytridiomycota, 49 OTUs (2.87% of
all sequences); Glomeromycota, 5 OTUs (0.29% of all
sequences); Zygomycota, 57 OTUs (3.34% of all sequences);
unidentified, 525 OTUs (30.77% of all sequences), 24 classes,
and 272 genera. The remaining 16 OTUs (0.94% of all
sequences) were affiliated to Ichtyosporea, and 95 OTUs

Table 1. Physicochemical property and information of sequences obtained and OTUs richness and diversity index for 454
FLX+ pyrosequencing in six soil samples

1C 1L 2C 2L 3C 3L
No. of high quality sequences 8,992 8,800 8,504 6,525 7,575 6,327
OTUs coverage (%) 99 98 97 97 97 97
Observed OTUsa 506 297 649 478 585 505
Chao1 766 425 891 799 847 805
ACE 869 497 889 1,008 987 909
Shannona 4 3.85 5.05 3.58 4.53 4.48
Simpsona 0.08 0.05 0.02 0.11 0.04 0.03
pH 7.06 6.68 6.94 6.72 6.23 5.55
Organic material (g/kg) 8.82 9.94 9.34 8.61 13.06 10.57
Total N (g/kg) 0.58 0.69 0.55 0.58 0.69 0.73
Available P (mg/kg) 26.20 63.76 17.99 48.29 40.09 36.30
Available K (mg/kg) 141.78 146.67 78.22 102.67 180.89 180.89

OTU, operational taxonomic units.
aData were calculated at 3% genetic level based on normalized sequences with mothur.

Fig. 1. Rarefaction curves showing the relationship between
sampling intensity and the number of recovered operational
taxonomic units (OTUs) from soil of a peanut pod rot field
at harvest time.
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(5.57% of all sequences) had no BLASTN hit against the
GenBank database. The relative abundance and structure
of the fungi observed among the three cultivars control
and susceptible samples showed high variation in each one.
The structures of the fungal communities in the control soil
samples and the susceptible soil samples at harvest time
were compared at the level of fungal classes (98.03% of all

sequences) (Fig. 2).
Compared to the control samples, the relative abundances

of Ascomycota and Basidiomycota significantly increased,
while the relative abundance of Fungal-unidentified
significantly decreased in the susceptible samples. The
relative abundance of Chytridiomycota detected from 2L
was sharply lower compared to 2C. The relative abundances
of Zygomycota detected in 1L increased, but decreased in
2L and 3L. The no blast hit OTUs in the pod rot samples
increased its abundance in 1L and 3L, but decreased in 2L.
Interestingly, the relative abundance of Ichtyosporea was
detected in 1C and 2C, but none were detected in 1L and
2L (Fig. 2). These results mean that fungi community
structures differ among the soil samples.

At the species level, according to the hits to the GenBank
database, the 20 most abundant OTUs accounted for 37%
of the total number of sequences and are listed in Table 2
in which the most abundance (> 2%) was Fusarium sp.
OreYA, followed by Chaetomium sp. UFGD NBt02, Alternaria
alternata, Mortierella, and Herpotrichiellaceae. In addition,
blasted in the GenBank database, the other abundant
OTUs (fungi-unidentified) accounted for 21% of the total
number of sequences that are not listed in Table 2.

The most abundant OTU belonged to the fungal species
Fusarium sp. OreYA, which had higher relative abundance
in 1L than 1C, as well as Chaetomium sp. UFGD NBt02,
Mortierella, and Fusarium oxysporum (Fig. 3A, 3B, 3D, and
3F). In contrast, lower relative abundance of Herpotrichiellaceae
and Helicoma was observed in 1L (Fig. 3D and 3E). The
relative abundance of Sordariomycetes and Alternaria alternata

Fig. 2. Relative abundances of the main fungal classes in the
six soil samples (1C, 1L, 2C, 2L, 3C, and 3L) collected from
Laixi, Shandong, China at harvest time. The relative abundances
of those fungal DNA sequences could be ascribed to a class
of fungal. Besides, many sequences were “unidentified.” The
“no blast hit and other” means operational taxonomic units
could not BLASTN hit against the GenBank database. Many
DNA sequences could be ascribed to a class of Ichtyosporea
but not fungi.

Table 2. Taxonomic affiliations of the 20 most abundant OTUs in six soil samples of three cultivars collected from Laixi,
Shandong, China

Pnylum Species ID/coverage
(%) Affiliations

Relative read number (%) Total No. of
sequences1O 1L 2O 2L 3O 3L

Ascomycota Fusarium sp. OreYA 099/100 KJ573079.1 1.25 8.10 4.05 73.95 7.71 4.95 2568
Ascomycota Chaetomium sp. UFGD NBt02 100/100 GU078643.1 11.07 49.29 20.29 5.25 9.37 4.73 2114
Ascomycota Alternaria alternata 100/100 KM215624.1 7.86 9.11 12.42 51.19 11.03 8.39 1514
Zygomycota Mortierella sp. 099/100 EU490152.1 0.25 96.62 0.76 0.51 1.35 0.51 1183
Ascomycota Herpotrichiellaceae sp. 100/100 DQ421065.1 58.38 6.92 15.98 4.19 5.95 8.58 1026
Ascomycota Sordariomycetes sp. 87/98 NR_120211.1 6.10 10.09 4.63 0.63 9.46 69.09 0951
Ascomycota Fusarium oxysporum 100/100 KM588224.1 6.25 33.10 18.06 25.00 10.30 7.29 0864
Ascomycota Helicoma sp. 94/98 JN802319.1 15.58 9.50 30.12 1.78 13.20 29.82 0674
Ascomycota Clonostachys rosea f. catenulata 099/100 HQ607798.1 6.36 51.06 1.06 26.36 5.30 9.85 0660
Ascomycota Exophiala equina 100/100 JX371919.1 50.15 9.73 8.36 1.98 10.03 19.76 0658
Ascomycota Penicillium levitum 99/99 HQ839782.1 17.56 14.20 35.11 6.41 19.39 7.33 0655
Basidiomycota Cryptococcus fuscescens 100/100 FN397322.1 16.08 26.21 19.13 6.43 15.59 16.56 0622
Ascomycota Monographella cucumerina 99/99 KP780285.1 4.09 63.99 14.40 14.40 2.78 0.33 0611
Ascomycota Monographella cucumerina 97/99 JF449551.1 15.31 25.34 17.86 9.69 19.56 12.24 0588
Ascomycota Cladosporium tenuissimum 099/100 JQ666373.1 24.78 10.77 12.93 32.32 10.23 8.98 0557
Ascomycota Colletotrichum chlorophyti 099/100 KC790962.1 90.67 1.12 1.31 0.00 5.41 1.49 0536
Ascomycota Penicillium brasilianum 100/100 JQ781748.1 73.51 9.86 4.72 0.62 3.08 8.21 0487
Ascomycota Hypocrea lixii 100/980 FJ442624.1 87.40 0.55 2.47 0.55 3.84 5.21 0365
Zygomycota Mortierella elongata 99/99 HQ630362.1 50.00 0.00 5.00 8.89 15.56 20.56 0360
Ascomycota Phoma macrostoma 99/99 DQ474069.1 2.35 62.35 24.12 3.53 6.47 1.18 0340

OTU, operational taxonomic units.
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had no difference between 1C and 1L (Fig. 3). The relative
abundance of species mentioned above, except for
Chaetomium, Mortierella, and Sordariomycetes, had similar
abundance in 2C and 2L (Fig. 3B, 3D, and 3G). Except for
the species of Sordariomycetes and Helicoma, the relative
abundance of other species had no significant difference
between 3L and 3C as shown in Fig. 3G and 3H. Interestingly,
the relative abundance of Mortierella increased significantly

only in 1L. In general, there were many differences of species
abundance among the six soil samples. Additionally, 30.77%
of all sequences could not be classified into any species,
which indicated that a large number of unknown fungi
existed during the peanut pod rot pathogens infection.

Fungal community similarity. Based on the Bray-Curtis
dissimilarity, hierarchical clustering was employed to analyze

Fig. 3. A–H, The eight species with the most abundant operational taxonomic units coverage in the six soil samples.
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the community similarities of fungi (Fig. 4). The results
showed that 1C and 1L clustered together, also together
with 2L, indicating that the fungi communities from 1C

and 1L were similar to 2L. In addition to the above group,
3L and 3C were grouped together, meaning that the fungal
communities of 3C and 3L were similar, but were different
from 1C and 1L. Particularly, 2C formed an independent
branch, which indicated that the fungi community from
2C was clearly different from the others. The possible
cause of this result is that peanut cultivar 2 may be a
disease resistant peanut cultivar, which is different with
other cultivars.

Fungal community correlation with peanut cultivars
and environmental parameters. To further understand
the correlation among fungi, samples, and environmental
parameters, RDA analysis was performed (Fig. 5). The
results showed that the fungal communities in cultivar 3
(3C and 3L) and cultivar 2 (2L) were clustered, whereas
the fungal communities in cultivar 1 (1C and 1L) and
cultivar 2 (2C) were separated from each other and from
those in cultivars 2 and 3. It was also shown that soil
environmental parameters (available P, total N, organic
materials) in cultivars 2 and 3 were more similar to each
other than to the ones in cultivar 1. At the same time, the
RDA analysis showed that the fungi Fusarium sp. OreYA
and Alternaria alternata were clustered, and significantly
related to available P and total N. The fungi Chaetomium

Fig. 4. Heatmap displaying the relative abundances of the
greatest 20 genera (> 0.1%), using the soft R (pheatmap).

Fig. 5. Redundancy analysis of sample-fungi-physicochemical factors correlations on abundance data of operational taxonomic
units. Arrows represent physicochemical factors. The different colors/symbols represent the most eight fungi species. Three
samples of cultivar 1, 2, and 3 are indicated by red, orange, and green dots, respectively.
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sp. UFGD NBt02 and Mortierella were clustered, having a
relationship with pH. The fungi Herpotrichiellaceae, Helicoma,
and Sordariomycetes were also clustered, while Fusarium
oxysporum and Mortierella were separated from each other
and from others. Furthermore, Fusarium oxysporum was
significantly related to available K. Sordariomycetes was
related to organic material. All the results demonstrated
that environmental parameters, samples, and fungi have a
complicated relationship with each other.

DISCUSSION

Fungal OTU characterization and diversity. The
significance of fungal communities in the susceptible soils
of the peanut cultivars is unclear, mainly because data on
fungal species in this habitat are limited. The goals of this
study were to analyze fungal communities in the soils of
the three peanut cultivars which experience pod rot and
find its correlation with environmental variables using
high-throughput sequencing within the city of Laixi in
Shandong province. The results of this study have provided
much more information on fungal diversity and distribution
patterns in soil in which peanut pod rot exists than previous
studies [11, 12]. By using the 454 pyrosequencing methods,
we obtained over 46,000 effective reads falling into 1,706
OTUs. As known before, the fungal ITS region varies
roughly between approximately 450 and 750 bp in length
and consists of three subregions: the variable spacers ITS1
and ITS2 and the intercalary 5.8S gene. The length of
sequences also showed that about 86.3% had a length of
> 400 bp, with most ranging between 450 and 600 bp,
which covered the ITS1 and most ITS2 regions. The results
of this study imply that this sequence depth and scale
should enable identification almost all possible fungi, and
can be sufficiently informative in the context of ecological
and microbiological studies [13].

In early studies, in the fungi associated with peanut
shells and seeds, 70 genera and 146 species of fungi were
identified [14], which was fewer than in the present results
of 272 genera. In recent years, researchers were mostly
focused on the separation of some known pathogenic
fungi [15, 16] due to peanut pod rot, while little study of
the fungi community and diversity and its impact factors
occurred. In this study, high levels of fungal diversity were
found, and the taxonomic classification revealed that there
were a lot of unknown taxa (8.628% unclassified sequences
at species level), implying that many novel fungi existed in
pod rot soils.

In analysis of the OTUs at the phylum level, in all of the
soil samplings, sequences of Ascomycotas were dominant,
followed by Basidiomycota in all six soil samples. This
result was the same as Xu et al.’s findings [17, 18], who
also used deep amplicon sequencing to detect soil fungal
communities. The low abundances of Zygomycota (3.34%
of all sequences), Chytridiomycota (2.87% of all sequences),
and Glomeromycota (0.29% of all sequences) were in

accordance with the results reported by Li et al. [19] in
peanut monocropping soils and also with the results of
Sugiyama et al. [20] in potato fields. These results mean
that fungal community structures at the phylum level
appear to be similar across soil types.

Among fungal genera detected in the present study, the
most abundant OTU belongs to the fungi Fusarium, including
Fusarium sp. OreYA and Fusarium oxysporum, which
cause wilt or root or pod rot. In particular, peanut pod rot
caused by Fusarium lead to a great loss in pod yield [21].
Its relative abundance significantly increased in susceptible
peanut soils, suggesting that this pathogen might be the
main causal agent of peanut pod rot in our study fields.

The relative abundance of Chaetomium, Alternaria,
Mortierella, and Sordariomycetes also significantly increased
in peanut susceptible soils, in contrast to Herpotrichiellaceae
and Helicoma. Among them, Chaetomium, a soft-rot fungi,
was found to be an endophyte fungi which could colonize
cotton [22]. Alternaria and Mortierella were separated from
the soils [23]. Sordariomycetes were important fungi associated
with plants [24]. Taken together, these results suggest that
the causal agent of peanut pod rot might be more complex
than recent reports have suggested.

In addition, previous studies have reported that the
fungi of Cylindrocladium, Rhizoctonia solani, and Pythium
could result in peanut pod rot [25]. But in this study, the
fungi of Cylindrocladium was not found, which was the
same result reported by Chen [26] in the same field for
peanut continuous cropping, and the fungi of Rhizoctonia
solani and Pythium were found in very low abundance. A
possible reason may be that these fungi are obligate parasites
and thus are predominately located in roots but not
necessarily in our study field.

Community correlation with peanut cultivars and
environmental variables. Studies on the soil microbial
communities of some crops have reported that microbial
communities differed between different pathogen-resistant
cultivars [27]. However, in this study, the three peanut
cultivars were all susceptible to pod rot pathogens. However,
the present results revealed remarkable differences among
the three peanut cultivars after pod rot pathogens infection
and conducted a comprehensive investigation of the genetic
diversity of peanut pod rot-related fungi with a high range
of Shannon’s diversity indices (H' = 3.58–5.05). The Chao 1
index and the number of OTUs in both the three control
soils were higher than in the susceptible cultivar soils
(Table 1). Therefore, the cultivation-based evidence gave
partial support to the result of the 454 pyrosequencing
analysis.

Furthermore, a distinct spatial distribution of fungal
communities in different susceptible cultivar samples was
observed in the present study. In the phyla level, the
abundances of Ascomycotas and Basidiomycotas were
higher in the control samples than in the susceptible cultivars
(Fig. 2). The relative read number of the eight most prevalent
fungi detected in each sample indicated that they had a
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distinct distribution in the fungal communities in different
cultivar samples (Fig. 3). The results of the heatmap and
RDA analysis revealed significant variation in the composition
of the fungal community among the three cultivar samples
(Fig. 4 and 5). All of the above results suggest that cultivars
did affect the soil fungal community diversity and abundance
which may affect the resistance to fungal soil-borne pathogens
[27]. In addition, the presence of Fusarium fungal pathogen
“Fusarium sp. OreYA” and “Fusarium oxysporum” in all soil
samples. The data can be explained in different way as
following: pathogen potential (density) is low enough not
to cause symptom or damage to peanut in 1L and 3L, not
just by cultivar sensitivity.

What led to this distinct spatial distribution of the
fungal community? It is conceivable that soil fungi may be
shaped not only by host cultivars or genotypes but also by
the habitat environment. Indeed, previous studies reported
that the structure of fungal communities can be driven by
many environmental factors, such as pH, organic matter
content [5], nutrient concentration, total N, phosphorus,
salinity, and temperature [23]. We thus collected basic
information on the soil during the peanut pod rot experiment
for all six samples. Interestingly, the lower pH value and
higher content of total N in the susceptible samples could
additionally explain the distinctness of the fungal community
as compared to those in the control samples. The results
on the effect of the soil pH are in line with a number of
reports, and had been mentioned by Alceklett and Hart
[28] in shaping fungal communities in soil ecosystems. Soil
from susceptible cultivar 1 had lower level of organic matter
content, but a higher level in susceptible cultivar 2 and 3.
Higher organic matter content had also been detected in
citrus AMF soil [5]. The environment conditions in different
peanut cultivars may also influence the structure of fungal
communities. In contrast to the cultivar 3 of the control
sample (e.g., higher content of P and K), cultivars 1 and 2
have similar conditions regarding the content of P and K.
These results suggest that environmental conditions may
significantly influence community structure of pod rot
fungi among different cultivars.

In summary, our data demonstrated the high diversity of
fungal communities on peanut pod rot soil and indicated
that the peanut cultivar is an important factors that harbors
many fungal taxa, most of which are possibly influenced
by environmental conditions. However, the study of ecological
roles of these fungi and their mechanism remain poorly
investigated. The mechanism of peanut resistance to pod
rot pathogens is unclear. Therefore, in future studies, more
information concerning the biogeography and the mechanism
of peanut resistance to pod rot may be generated at both
the taxonomic and the functional levels.
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