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Relationships between fungal
diversity and fruit quality of
Yuluxiang pear during low
temperature storage

Yaru Hou, Xiaoyu Zhang*, Zhenfeng Gao, Tian Chen and
Lixin Zhang

College of Food Science and Engineering, Shanxi Agricultural University, Taiyuan, China

Postharvest decay is an urgent problem that affects the storage of pears. Low
temperature storage is one of the most important methods to reduce the
prevalence of fruit diseases during storage. In this study, the microbial diversity
of postharvest Yuluxiang pear (Pyrus X michauxii “Yu Lu Xiang") fruits stored at
low temperature for different lengths of times was analyzed. Illumina MiSeq high-
throughput sequencing was used to analyze the composition and diversity of
fungal communities. The results showed that the fungi within fruit were classified
into 6 phyla, 18 classes, 40 orders, 72 families, and 92 genera based on the 97%
sequence similarity level. They belonged to 6 phyla, 18 classes, 40 orders, 72
families, and 92 genera. The highest richness of fungi was obtained after 30 d of
treatment. The p-diversity index showed that the fungal community composition
of these fruit was significantly different at the beginning of storage compared
with the different timepoints of samples at low temperature during storage. The
comparison of fungal composition at the phylum level indicated that Ascomycota
was dominant in the different timepoints of samples at low temperature,
while Alternaria was the primary fungus at the genus level. A correlation analysis
was used to further explore the correlation between fungi and fruit firmness,
titratable acid, and solid soluble contents at low temperatures during storage.
Aureobasidium and Didymella positively correlated with the soluble solids and
hardness. Phoma positively correlated with the titratable acid, and Aspergillus
positively correlated with titratable acid and hardness. This study can guide the
industrial production of Yulu pear and also provide a theoretical basis to prevent
and control diseases during the storage period of Yulu pear.

pear, high-throughput sequencing, fungal diversity, low temperature, diversity analysis

1. Introduction

Yuluxiang pear (Pyrus x michauxii “Yu Lu Xiang”) is the primary fruit grown in orchards
in Shanxi Province, China. It is also one of the few varieties that is grown independently of
China. Experts in the national pear industry system recognize it as China’s No. 1 pear (Ma et al.,
2019; Zhang et al., 2020). The Yuluxiang pear has an important place in reorganizing the planting
industry structure in Shanxi Province and serving as a strategic pillar industry to decrease the
poverty of growers. However, owing to its thin peel and natural richness in nutrients, some types
of pathogenic fungi and opportunistic pathogens can attach to its surface, and diseases, such as
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mold, can occur owing to improper temperature and humidity
settings during the harvesting and storage processes (Sun et al., 2017).
During the process of transportation and low temperature storage,
fungal infection can cause common diseases, such as pear pulp
browning disease, brown rot, and soft rot among others (Yu et al.,
2012; Lietal,, 2016). These conditions seriously affect the commodity
value of fruits. Thus, the study of fungal diversity of fruits under low
temperature storage has become an important issue.

In recent years, with the rapid development of molecular biology
techniques and the popularization of extensive data analyses, high-
throughput sequencing (HTS) technology is becoming an
indispensable tool to study microbial community structure and
composition (Xu et al., 2016; Dai et al., 2019; Abdel-Wahab et al.,
2021). It provides a convenient method to examine the diversity of
organisms in nature and enables researchers to more comprehensively
and accurately measure the relative abundance of various
microorganisms in the biological environment (Chen C. K. et al,,
2020). It is less labor-intensive and more efficient than previous
culture-based techniques, and it provides deeper insights into the
diversity of communities (Chen L. et al., 2020). A variety of fungi,
such as Alternaria, Fusarium, and Penicillium among others, were
mostly used in previous reports on Yuluxiang pear fungi based on
culture technology (Hou et al., 2022). As far as we know, they only
quantified the proportion of fungi that belonged to specific culturable
taxa based on the media used. However, fungal diversity can
be affected by differences in plant types, sample sizes, sampling time
points, and extraction methods. Now, HTS has been utilized to study
the community structure and microbial diversity on the surface of
fruits and vegetables (Burgos et al., 2017), including apple (Malus
domestica), grape (Vitis vinifera), lettuce (Lactuca sativa), corn meal,
peels, peach (Prunus persica), pepper (Capsicum spp.), spinach
(Spinacea oleracea), strawberry (Fragaria x ananassa), tomato
(Solanum lycopersicum), and pear (Pyrus spp.) among others (Leff
etal., 2013; Lopez-Velasco et al., 2013; Chen et al., 2019). In addition,
it is widely used in agriculture, industry, medicine, and other fields
(Salmaso et al., 2018; Zang et al., 2018).

Therefore, this study used Illumina MiSeq (Illumina, San Diego,
CA, United States) next-generation sequencing technology to analyze
the changes in fungal community structure and diversity at different
stages after harvest of Yuluxiang pear, which laid a foundation for
preventing postharvest disease and preserving Yulu pear, which is
crucial to promoting the development of a circular economy in
Yuluxiang pear.

2. Materials and methods
2.1. Materials

2.1.1. Sample collection and preparation

Yuluxiang pears were harvested in Zhaizi Township, Xixian
County, Linfen City, Shanxi Province, China, in September 2019.
Fruits of uniform size that no obvious diseases, pests, or mechanical
damage were selected. In addition, fruit with a soluble solids content
of 12.5 to 16.1%, total sugar of 8.7 to 9.8%, and titratable acid of 0.08
to 0.17% were transported to the laboratory in a refrigerated truck
within 24 h and stored in a cold storage facility at 4°C £ 0.5°C. Mixtures
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of the peels and pulp of pears that were stored in a cold storage at
4°C+0.5°C were cut into sections of approximately 1 cm x 1 cm every
30 d with a sterile knife and designated (A) for the initial 30 d sample
(A), and then 60 d (B), 90 d (C), and 120 (D). Each treatment was
conducted in triplicate.

2.2. Methods

2.2.1. Determination of hardness, soluble solids,
and titratable acid

The firmness of the pulp was measured with a GY-1 fruit firmness
tester (Shandong, China). PAL-BX/ACIDF5 (Beijing, China) sugar
and the integrated acid machine were used to determine the contents
of titratable acid and soluble solids in the pulp.

2.2.2. Genome extraction and PCR amplification

The samples were ground in liquid nitrogen to ensure uniformity.
DNA kits (MoBio Laboratories, Inc., Carlsbad, CA, United States)
were used to extract total DNA from the samples in the four storage
periods. Simultaneously, a Nanodrop spectrophotometer (ND-1000;
Thermo Fisher Scientific, Waltham, MA, United States) was utilized.
The DNA was quantified, and the quality of DNA extraction was
examined by 1.2% agarose gel electrophoresis (Zhao et al,
2020). The ribosomal ribonucleic acid (rRNA) gene ITS region
using ITSIF (5-CTTGGTCATAGAGAGTAA-3') and ITS2
(5-GCTGCGTTCTTCATC GATGC-3") were amplified by PCR
(Tang et al., 2022; Wang et al., 2022).

2.2.3. Library construction and onboard
sequencing

The sequencing libraries were created using Illuminas TruSeq
Nano DNA LT Library Prep Kit. The quality of library was tested on
an analyzer with a DNA kit before sequencing. The qualified
sequencing library was diluted in a gradient, mixed, and denatured by
NaOH to single-stranded DNA for sequencing. The optimal length of
the target fragment for sequencing was 200-450 bp.

2.2.4. Diversity analysis

Diversity analyses of the community composition were
conducted, including a-diversity and f-diversity. a-Diversity is
primarily used to analyze the diversity and abundance of fungal
communities in the samples (Xue et al., 2021). The Observed Species
and Chaol indices reflect the abundance of fungal flora between
different timepoints of samples at low temperature, and the Shannon
and Simpson indices reflect the diversity of fungi in each treatment.
Studies of the a-diversity index also included dilution curves, a
rarefaction curve, and coverage index to detect the degree of
sequencing coverage of the operational taxonomic units (OTUs)
(Zhang et al., 2019). The p-diversity analysis primarily included a
principal coordinates analysis (PCoA) and a P-diversity index
between-group difference analysis (Wang et al, 2019). The
operational taxonomic unit (OTU) classification table primarily
provided the distribution of OTU composition of each sample at the
taxonomic level (phylum, class, order, family, genus, and species),
which reflects the community structure of the models at different
taxonomic levels (Wang et al., 2017).
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2.2.5. Data optimization and clustering

The sequences were optimized with Trimmomatic (v 0.4), Flash
(v 1.2.11), USEARCH 10.0 and QIIME (v1.9.1) and a Perl program
that was developed by Shanghai Yuanxin Biologics (Shanghai, China)
that clustered the effective sequences according to 97% consistency
that then became operational taxa. QIIME (v 1.9.1) and an RDP
Classifier Bayesian algorithm performed classification analysis on
97% similar OTU representative sequences to calculate the index of
fungal diversity. The R (v 4.0.3) language Vegdist and Hclust were
used for community heatmap mapping, and Bray-Curtis distance
calculations (Bray and Curtis, 1957) were used to conduct a cluster
analysis. The R (v 4.0.3) language was used for the PCoA and
PERMANOVA analyses. The relationship between fungal diversity
and community structure and fruit hardness, titratable acid and
soluble solids content was studied by a Spearman correlation analysis.
The R language tool was used to create a correlation heatmap diagram.

2.2.6. Statistical analysis

A statistical analysis of the test data was conducted using
Microsoft Excel 2007 (Redmond, WA, United States) and SPSS 23.0
(IBM, Inc., Armonk, NY, United States), and Origin2021 (OriginLab,
Northampton, MA, United States) was used to draw the horizontal
distribution map of the phyla and genera. Duncans new complex
range method was used to test the significance of difference.

3. Results

3.1. Determination of the hardness, total
soluble solids, and titratable acid

The hardness, soluble solids, and titratable acid content of
Yuluxiang pear fruits during storage are shown in Table 1. The fruit
firmness, soluble solids, and titratable acid content decreased as the
storage period was extended. In early storage, the fruit hardness
decreased rapidly, and it then remained stable. The decrease in fruit
hardness could be related to the gradual degradation of cellulose and
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the decomposition of pectin and starch in the fruit. In addition, the
content of soluble solids also decreased as the time of storage was
prolonged, which could be related to the gradual consumption of
organic matter, such as soluble sugars, in the fruit that was converted
into CO, and H,O during the metabolic process. The titratable acid
content decreased rapidly, and there were significant differences in
different storage periods, which could be the result of ethanol
absorption by the fruits that interacted with the organic acids
(Table 1).

3.2. Analyses of the diversity indices

A total of 1,792,803 valid sequences were obtained for total
sequencing, with an average of 149,400 + 16,282 sequences per sample.
Based on the a-analysis of the sample, the rates of coverage of the 30
d(A), 60 d(B), 90 d(C) and 120 d(D) libraries were relatively high
(>99.9%), indicating that sequencing increased the coverage of this
species. The results were reliable, and the data met the sequencing
requirements. Observed species and Chaol were used to evaluate the
abundance of fungal flora in different timepoints of samples at low
temperature. Shannon and Simpson indices were used to assess the
diversity of microorganisms in each treatment. The Observed species
(78 +8.75) and Chaol (78.33+8.81) values at 30 d(A) were greater
than those at 60 d(B), 90 d(C), and 120 d(D), indicating that the 30
d(A) treatment had the most fungi, followed by the 60 d(B), 90 d(C),
and 120 d(D) groups. The Shannon and Simpson indices at 30 d(A)
were 3.98+0.04 and 0.089+0.002, respectively, followed by lower
values at 90 d(C), 60 d(B), and 120 d(D), indicating that the 30 d(A)
treatment had the highest degree of fungal diversity. The Shannon and
Simpson indices indicated there were specific differences in fungal
diversity among different timepoints of samples at low temperature.
Compared with other samples, the 30 d(A) samples exhibited a higher
richness and diversity of fungi, indicating that there were more species
in these samples, and the abundance and diversity of fungal flora in
Yuluxiang pear changed with the storage time (Table 2).

TABLE 1 Hardness, titratable acid, and solid soluble content of Yuluxiang pears in different storage periods.

Different treatments

Total soluble solids content/%

Titratable acid content/%

Hardness/(kg-cm=)

30d 4.67+0.47a 11.85+0.02a 0.64+0.03a
60d 4.43+0.18a 11.77+0.03ab 0.48+0.04b
90d 4.43+0.05a 11.61+0.02bc 0.26£0.05¢
120d 4.38+0.33a 11.5+0.15¢ 0.13+0.07d

Lowercase letters indicate significant differences between storage periods (p <0.05).

TABLE 2 Alpha diversity index of different treatments.

Diversity index

Treatment

Chaol 78.33+8.81 28+7.79 24+2.82 15.66£1.69
Observed_species 78.£8.75 27+8.24 224273 14+1.79
Shannon index 3.98+0.04 0.07+0.03 0.32+0.01 0.04+0.02
Simpson index 0.089+0.002 0.013+0.006 0.112+0.098 0.007 £0.005
Coverage 0.99999 0.99999 0.99999 0.99999
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3.3. p-Diversity analysis

The fungal community composition of four groups of pear fruit
samples was compared and analyzed. The diversity of four groups of pear
fruit fungi was analyzed by a PCoA using the Jaccard distance algorithm
to evaluate the similarity and difference of community composition. As
shown in Figure 1, the fungal communities in the samples of the same
treatment group were clustered, while the fungal communities in the
samples of different treatment groups could be significantly separated,
indicating that there were obvious differences between the fungi in the
samples of different treatment groups. A PERMANOVA experimental
analysis showed that the overall p-value was greater than 0.05, indicating
that there were significant differences in OTU composition and relative
abundance (Figure 1).

3.4. Venn diagram analysis of OTUs

A Venn diagram can intuitively reflect the differences and similarities
of the OTU composition of the fungal community in different Yuluxiang
pear treatment groups. There were 46.57% (95) and 15.2% (31) of the
specific fungal community OTU on 60 d(B), 6.37% (13) of the specific
fungal community OTU on 90 d(C), and 10.29% of the 120 d(D) OTU
(21). In addition, the 30 d(A), 60 d(B), 90 d(C), and 120 d(D) groups
shared six OTUs (2.94%) (Figure 2). The unique OTUs of the 30 d(A)
treatment were higher than those of the other groups, indicating that the
fungal community after 30 d(A) treatment was more diverse than those
in the 60 d(B), 90 d(C) and 120 d(D) groups.

3.5. Community composition analysis

According to the OTU annotation results of the four groups of
samples of Yuluxiang pear, the fungi in the samples were identified as
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FIGURE 1

PCoA of fungal communities in Yuluxiang pears after storage at low
temperatures for 30 d(A), 60 d(B), 90 d(C), and 120 d(D). Each point
represents a sample, and the dots of different colors indicate different
samples (groups). The percentages in the parentheses on the axis
represent the proportion of sample difference data (distance matrix)
that can be interpreted by the corresponding axis. PCoA, Principal
coordinates analysis.
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6 phyla, 18 classes, 40 orders, 72 families, and 92 genera. The species
diversity information in the samples was analyzed, and the histogram
of the taxonomic abundance of the flora is shown in Figure 3.
According to all the sequences in the library, the distribution of the
four treatment groups of the Yuluxiang pear at the gate level is shown
in Figure 3. The community distribution of the four treatment groups
of Yuluxiang pear was primarily Ascomycota, and the abundance of
Ascomycota in the four treatment groups was 96, 97, 97 and 97% at
30d(A), 60 d(B), 90 d(C), and 120 d(D), respectively. The abundance
of Ascomycota at the phylum level increased in parallel with the
storage time. The 30 d(A) treatment was dominated by Ascomycota
and Basidiomycota, with Basidiomycota accounting for 0.85%, while
the abundances of Basidiomycota for the 60 d(B), 90 d(C) and 120
d(D) groups were 0.05, 0.05 and 0.14%, respectively. Basidiomycota in
the 30 d(A) treatment group was more abundant than those in the 60
d(B), 90 d(C), and 120 d(D) groups. The abundance of Basidiomycota
slowly decreased over time. The 30 d(A), 90 d(C), 120 d(D) groups did
not contain Mortierellomycota or Olpidiomycota, and these phyla
were present at relatively low abundance in the 60 d(B) group.

In terms of the horizontal composition of the genera, the relative
abundances of Alternaria at 30 d(A), 60 d(B), 90 d(C) and 120 d(D)
were 77.4, 96.6, 96.9 and 92%, respectively, and Alternaria was the
dominant genus. In addition, the abundances of Phoma,
Aureobasidium, Aspergillus and Irpex were 8.64, 3.2, 5.33 and 1.73%
in the 30 d(A) treatment, and 0.39% in the 60 d(B) treatment. The
abundance of Mycosphaerella in the 90 d(C) treatment was 0.26%,
while it was 3.1% in the 120 d(D) treatment. The abundance of
Kalmusia was 2.1%. As shown in Figure 3, Alternaria was the
overwhelmingly dominant community in the four groups of samples.
It was distributed across all the samples and dominant in most of them
at the genus level. There was a gradual decline in the viability of
Phoma, Aureobasidium, and Aspergillus in the 30 d(A), 60 d(B), 90
d(C), and 120 d(D) groups, which could have been owing to the poor
culture conditions that hampered the growth of fungi. Thus, the
viability of the fungi had been greatly reduced, or they even died.
However, different pathogens, such as Trichothecium and Kalmusia,
appeared later. They were present at relatively low levels (relative
abundance<0.1%), so they were not analyzed.

A 31 21

(15.2%) (10.29%)
1 4 2
1.
(5.39%) (i) (0.98%)
95 6 1 13
(46.57%) (2.94%) (0.49%) (6.37%)
6
5 (2.94%) o
(2.45%) 0 2 (0.98%)
(0%) (0.98%)
5
(2.45%)
FIGURE 2

Microbial Venn plot of different samples based on the OTU level.
Each ellipse represents a sample (group). The overlapping area
between the ellipses indicates the common OTUs between the
samples (group), and the number of each block indicates the
number of OTUs contained in the block. OTU, operational
taxonomic unit.
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FIGURE 3

Analysis of fungal community diversity at the phylum level and genus
level of Yuluxiang pears stored at low temperature for 30 d(A), 60
d(B), 90 d(C), 120 d(D), and different colored dots indicated different
samples (groups).

3.6. Differential analysis of community
structure among the microbiomes

Figure 4 shows a heatmap analysis of the distribution of the 20
OTUs with the highest abundance between groups. A heatmap can
visually reflect the similarity and difference of the fungal community
composition of each group through color changes, which is more
convenient to find genera that were more or less distributed in the
sample. A redder color indicates that a higher proportion of the genus
was contained in the sample. A bluer color indicates a lower
proportion. A lateral homogenization treatment was conducted. As
shown in Figure 4, Al and A3 were clustered in A; B1 and B3 were
clustered in B, and D1 and D3 were clustered in D. The similarity of
their microbiota was relatively higher than those of the other samples
in the same group. However, C1, C2 and C3 were separated in the C
treatment, indicating that there were differences between the fungal
communities in the same batch of Yuluxiang pear, and there were also
differences between the fungal communities of different batches. In
addition, LDA histograms (default threshold: LDA>2) and
evolutionary clade plots (Figure 5) were outputted to use LEfSe to
identify the major groups that were specific between the groups. There
was no differentiation of species in the 60 d(B) samples.

The LDA histogram shows the fungal microorganisms with
significant differences in 30 d(A), 90 d(C), and 120 d(D) of the sample,
and a longer bar for the taxa indicated that they were more significant.
The color of the bar chart indicated that the group of samples with the
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highest abundance corresponded to the taxon. c_Sordariomycetes, g_
Trichothecium, f_Hypocreales_fam_Incertae_sedis, o_Hypocrea les, f_
Didymosphaeriaceae, g_Kalmusia and g_unclassified_Didymellaceae
were more prevalent at 120 d(D) than in 30 d(A) and 60 d(B). There
was a significant difference in 90 d(C). The c_Dothideomycetes, g
Papiliotrema and f _Rhyncho gastremataceae in 90 d(C) were
significantly different from those in the 30 d(A), 60 d(B) and 120 d(D)
groups. f_Didymellaceae, g Phoma, f_Aspergillus, o_Eurotiales, c_
Eurotiomycetes, o_Dothideales, g_Aureobasidium, f_Mrakiaceae, o_
Cystofilobasidiales, g_Itersonilia, o_Agaricales, f_ in 30D Meruliaceae,
g Irpex, g Schizophyllum, o_Polyporales, g Didymella and g_
Malassezia were significantly different from those in the 60 d(B), 90
d(C) and 120 d(D) groups.

3.7. Correlation of fruit hardness, titratable
acid, and solid solubility content with the
fungal community structure

Figure 6 is a heatmap created by a correlation analysis of the 20
OTUs with the highest levels of genera and fruit hardness, titratable
acid and soluble solids. Aureobasidium and Didymella positively
correlated with the soluble solids and hardness. Phoma positively
correlated with the titratable acid, and Aspergillus positively correlated
with titratable acid and hardness.

4. Discussion

In China, pears are harvested in season, and most of them are
stored refrigerated for long-term sales. During the past 10years, the
implementation of refrigerated transportation has extended the
postharvest storage of pears and their shelf life. However, with the
extension of the storage period, pears will have some diseases owing
to the invasion of fungi. From a general perspective, cold storage is
often thought to decrease the fruit ripening process and delay the
growth of spoilage fungi. However, some plant pathogenic fungi can
cause postharvest deterioration, which seriously affects the safety and
quality of fruits (Prasanna et al., 2007; Morales et al., 2010; Shen et al.,
2018). Therefore, identifying the fungal diversity of pear fruits has
become an important object of fruit research, which can provide a
new perspective to predict and control postharvest diseases in
pear fruits.

In this study, HST was used to analyze the structure and diversity
of fungal colonization of Yuluxiang pear fruits in different storage
periods. The sparsity curve suggests that the current sequencing depth
is deep enough to detect most of the fungi on pears.

The comparison of the three biodiversity indices of Chao,
Shannon, and Simpson revealed that the highest abundance of
flora and fungal diversity was observed after 30 d(A) of treatment.
A $3-diversity analysis showed that the fungal communities in the
samples of the same treatment group were clustered together. The
fungal communities in the samples of different treatment groups
could be significantly separated, indicating that there were clear
differences in fungi between the samples of different treatment
groups. Furthermore, low temperature can delay the growth of
spoilage pathogens, and the effect of storage time on the fungal
community is complex (Dadzie et al., 2021; Tian et al., 2021). The
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FIGURE 4

A cluster heatmap of the flora at the genus level. The red patch in the figure indicates that the genus is more abundant in this sample than in the other
samples, and the blue patch indicates that the genus is less abundant in this sample than in the other samples.
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results showed that cryogenic storage reduced the a-diversity of
microorganisms over time. It is hypothesized that some fungi will
become intolerant with prolonged storage, inhibiting
their growth.

In the community structure analysis of the Yuluxiang pear fruit fungi
at different storage stages, it emerged that the level of composition of
fungi at the phylum level was relatively simple and was primarily
composed of Ascomycota, Basidiomycota, and Mortierellomycota.
Among them, Ascomycota dominated the number of community
compositions. There were differences in the level of Basidiomycota
among the groups at 30 d(A), 60 d(B), and 90 d(C), presumably owing
to the colonization of pathogenic fungi. HST was used to comprehensively
analyze the samples, and Ascomycota was the primary phylum that was
detected. It is the largest phylum in the fungal kingdom and was present
in all the samples (Abdelfattah et al., 2016; Shen et al.,, 2018). There are
studies that have shown that the main fungi on the surface of pear are
Ascomycota, which grow quickly and can survive harsh conditions with
low nutrient levels (Challacombe et al., 2019). They can adapt to a wide
range of substrates in challenging environments, such as ultraviolet light,
water and high temperature stress (Jaber et al., 2012). At the level of
genus, Alternaria was more abundant in all the different timepoints of
samples at low temperature. In addition, Hou et al. (2022) obtained
Alternaria during the isolation and identification of postharvest
pathogenic fungi of Yuluxiang pear, indicating that Alternaria is the
dominant genus that causes postharvest disease on Yuluxiang pear.
Alternaria alternata is highly adaptable to Yuluxiang pears and is also the

primary pathogenic fungus that causes pear black spot disease in China

Frontiers in Microbiology

(Roberts, 2005; Wang and Zhang, 2010; Ttpabc et al., 2019). As shown
in the figure, fungal diversity at the genus level slowly stabilized, and
studies have shown that after harvesting, the fungal microbiome changes
significantly during storage and becomes an aging plant microbiome. It
is characterized by a decrease in the diversity of fungal microbial diversity
and an increase in the degradation and decomposition of the special
fungal microflora (Kusstatscher et al., 2020). A LEfSe analysis yielded
species that varied between the different sample groups. As compared
with the other three groups of different species, the 30 d(A) treatment
had the highest abundance of fungi. The results indicate that the fungal
community structure is the most complex during the early stages of
preservation of Yuluxiang pear. With the extension of storage time, the
fungal community structure was relatively stable.

Temperature, relative humidity, pH, soluble solids, and hardness
are the main factors that influence fungal colonization (Li et al., 2022).
The results of this study on the correlation between fungal
communities and fruit quality illustrate the hardness, titratable acid,
and solid soluble content of Yuluxiang pears at different postharvest
storage periods. A downward trend was observed, which was similar
to the findings of Zhang et al. (2021). The results of the study on the
correlation between fungal communities and fruit quality indicated
that Aureobasidium and Didymella increased when the content of
soluble solids and hardness increased. Similarly, the abundances of
Aureobasidium and Didymella also increased when the content of
soluble solids and hardness increased. The increase in Phoma
correlated with the fruit titratable acid. The fruit titratable acid and
hardness increased in parallel with the abundance of Aspergillus,
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FIGURE 5

Histogram of the LDA effect values of marker species and differential taxa between groups. The LDA ordinate is a taxa with significant differences
between the groups, and the abscissa visually displays the logarithmic score values of the LDA analysis for each taxa in a bar chart. The taxonomic
clade shows the taxonomic hierarchical relationships of the main taxa in the sample community from the phylum to genus (from inner circle to outer
circle). The node size corresponds to the average relative abundance of that taxa. Hollow nodes represent taxa with insignificant intergroup
differences, while the nodes of other colors indicate that these taxa exhibit significant between-group differences and are more abundant in the
grouped sample represented by that color. Letters identify the names of taxa that differ significantly between groups. LDA, linear discriminant analysis.
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FIGURE 6

Correlation analysis of the fungi of Yuluxiang pear with fruit hardness,
titratable acid, and soluble solids in different storage periods. Each
column represents a bacterium. Blue is a negative correlation, and
red is a positive correlation. * is a distinctive identifier.

Aureobasidium, Phoma, and Aspergillus, which were all abundant at
30 d(A), indicating that the fungal diversity of the sample at 30 d(A)
was closely related to fruit hardness, titratable acid and soluble solids.

5. Conclusion

HTS was used to analyze the community structure and fungal
diversity of Yuluxiang Pear at different storage periods. The
diversity of treated microflora was found to differ as the storage
time was extended. Compared with the treatment at the storage
stage, the composition of the fungal community was significantly
different from that at the beginning of storage. Comparison of the
fungal phyla showed that Ascomycota was the dominant phylum
in different treatment groups, with Alternaria dominating at the
genus level. In addition, the relationship between fungal
community structure and hardness, titratable acid and soluble
solids at different storage stages was also discussed. To improve the
prevention and control of fruit diseases and quality control of
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