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Abstract: The present study investigated the effects of alfalfa cover crops on soil fungal communities
and function in apple orchards in arid desert oases. A five-year apple orchard was subjected to
two treatments: Intercropping with an alfalfa cover crop (A) and clean tillage (QG). The soil fungal ITS
(internal transcribed spacer) region was analyzed using Illumina MiSeq high-throughput sequencing
technology, and fungal function was determined using FUNGuild. Changes in the fungal community
structure, diversity, and metabolic function in the 0–60 cm soil layer of the apple orchard were
compared. The results showed that the alfalfa cover crops enhanced fungal richness but reduced
diversity. The alfalfa cover crops improved fungal copy numbers but reduced the relative abundance
of the dominant phylum, Ascomycota. Correlations between soil fungi and soil factors revealed that
total nitrogen and total carbon were the most important nutrient factors in positively regulating the
fungal community. The main negative factors were soil total salts and pH. The FUNGuild functional
prediction showed that Ectomycorrhizal-Wood Saprotroph and Endophyte-Undefined Saprotroph
only appeared in the alfalfa cover crops. The abundance of endophytes was enhanced (p < 0.05), but
the abundance of plant pathogens and wood saprotrophs decreased (p < 0.01). Alfalfa cover crops
could increase the copy numbers and richness in arid oasis apple orchards.

Keywords: alfalfa cover crop; fungi; apple orchards; arid desert oasis; community and function

1. Introduction

The Tarim Basin is one of China’s most important fruit-growing regions. In Xinjiang,
the planting area and fruit yield exceed 75%, with crops primarily consisting of Ziziphus
jujuba, Juglans regia L., Malus pumila L., and Pyrus brestschneideri Rehd [1]. The soil organic
matter (SOM) is less than 1.0% in the Tarim Basin [1]. However, the long-term utilization
of chemical fertilizers led to a decrease in SOM in this region, which negatively affects
improvements in fruit quality and limits the sustainable development of the fruit industry
in the area.

Cover crops are used in orchard management [2–4]. Cover crops were mowed, and
the residues were returned to the soil in a timely manner, which released nutrients via soil
microbes [5]. Cover crops play an important role in improving soil fertility [6], increasing
soil coverage, reducing surface runoff [7], protecting soil physical conditions, improving
soil aeration [8], and also increasing apple orchard biodiversity, maintaining apple orchard
ecological balance [9], promoting fruit tree growth, and improving apple quality and
yield [10]. The microbes involved in enzymatic hydrolysis processes are the essence of cover
crop degradation, and soil microbes play an important role. The decomposition of residues
that affect the metabolism of nitrogen, carbon, and other elements in apple orchards is
driven by the structures and functions of microbial communities [11,12]. The structure and
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diversity of fungal communities in cover crops have been extensively discussed, but little
is known about the dynamics of fungal community function in cover crops in orchards.
Therefore, more studies are needed on different soil types. Microbial functional diversity
was not examined using high-throughput sequencing (NGS) in arid desert oases with
cover crops.

Intercropping legumes in orchards is an effective way to increase nutrient content [13,14].
Alfalfa (Medicago sativa L.) is an excellent green manure and cover crop. It is high in nitrogen
and has a high capacity for enriching P, K, and other mineral elements. Alfalfa is a perennial
leguminous plant that fixes nitrogen and has a large mass [13]. The mowing and return of
the crop to the orchard rapidly improves soil-available nutrients and soil structure.

Although the diversity of fungi and bacteria has been studied, fungi are better at
degrading complex compounds than bacteria, and bacterial diversity was discussed in
other articles. The current study investigated and analyzed the potential functions of the
fungal community in alfalfa cover crops in an apple orchard. NGS technique is a novel
approach to studying soil microbes [15]. Therefore, the fungal community and function
were examined using NGS in alfalfa cover crops apple orchards in arid desert oases.

2. Materials and Methods
2.1. Experimental Design and Sampling Collection

The experiment was carried out in an old orchard (40◦56′ N latitude and 81◦04′ E
longitude) in the city of Alar, Xinjiang, China, in 2019. Red love (Switzerland119-06) was
planted in a 4.0 × 1.5 m rowing space in 2015. The irrigation methods included flood
irrigation in spring and autumn and growth period-specific drip irrigation. The treatments
included orchard clean tillage (QG) and an alfalfa cover crop (A). The row spacing for the
alfalfa was 15 cm, and the sowing rate was 7.5 kg hm−1. Eight rows were sown between
the apple tree rows. There was no fertilizer applied to the alfalfa between the rows of
fruit trees. Ditches were opened at a distance of 50 cm from the trunks of fruit trees at
the beginning of October each year to facilitate the application of basal fertilizer for fruit
management during the growing season. At the beginning of November, the fruit was
irrigated during the winter. Watering was also done at the end of May, June, and the
beginning of August. A water-soluble humic acid fertilizer was applied approximately
10 days before each watering, and foliar fertilizer was sprayed 4–5 times per year. Soil
samples were collected in May, July, and September 2019. The results of soil physical and
chemical properties are listed in Table 1.

Table 1. Physical and chemical properties of the soil in an apple orchard under alfalfa cover
crop treatment.

Treatment QG5 A5 QG7 A7 QG9 A9

TC (gkg−1) 2.97 ± 0.31 a 3.1 ± 0.3 a 2.72 ± 0.4 a 2.9 ± 0.39 a 2.78 ± 0.24 a 2.88 ± 0.25 a
TN (gkg−1) 0.85 ± 0.06 ab 0.91 ± 0.07 ab 0.8 ± 0.05 b 0.91 ± 0.04 a 0.81 ± 0.06 ab 0.91 ± 0.07 ab

NH4+ -N
(mgkg−1) 38.92 ± 9.82 a 30.33 ± 6.92 a 4.78 ± 4.77 b 5.4 ± 2.4 b 1.15 ± 0.19 b 1.58 ± 0.7 b

AP (mgkg−1) 9.91 ± 3.97 b 14.57 ± 2.32 ab 24.2 ± 7.87 a 20.65 ± 3.58 ab 23.72 ± 2.49 a 21.95 ± 0.59 a
AK (mgkg−1) 136.77 ± 38.5 a 155.03 ± 42.8 a 123.67 ± 6.28 a 99.4 ± 46.35 a 120.27 ± 45.91 a 83.7 ± 22.4 a
Cu (mgkg−1) 21.59 ± 0.78 c 21.47 ± 0.57 c 23.32 ± 0.99 ab 23.39 ± 0.93 a 22.74 ± 0.31 abc 21.81 ± 1.26 bc
Zn (mgkg−1) 72.36 ± 1.29 a 69.69 ± 2.05 a 74.45 ± 4.78 a 72.34 ± 2.72 a 74.68 ± 1.06 a 73.14 ± 3.12 a
Fe (mgkg−1) 25.9 ± 0.56 a 25.98 ± 0.36 a 25.29 ± 0.77 a 25.84 ± 0.95 a 27.01 ± 0.04 a 26.74 ± 0.71 a
Mn (mgkg−1) 0.58 ± 0.02 a 0.58 ± 0.01 a 0.58 ± 0.02 a 0.59 ± 0.02 a 0.61 ± 0.02 a 0.59 ± 0.02 a
Ca (mgkg−1) 0.56 ± 0.29 b 2.57 ± 0.56 a 2.1 ± 0.27 a 2.61 ± 0.46 a 1.75 ± 0.46 a 2.5 ± 1.13 a
Mg (mgkg−1) 0.05 ± 0.02 d 0.13 ± 0.02 ab 0.17 ± 0.03 a 0.14 ± 0.04 ab 0.12 ± 0.04 bc 0.07 ± 0.01 cd

pH 8.18 ± 0.08 a 7.91 ± 0.05 c 8.03 ± 0.01 b 7.94 ± 0.05 c 7.91 ± 0.05 c 7.81 ± 0.02 d
TS(%) 0.35 ± 0.15 b 0.86 ± 0.18 a 0.86 ± 0.18 a 0.93 ± 0.16 a 0.67 ± 0.19 ab 0.86 ± 0.33 a

Note: QG, orchard clearing tillage. A, Ground cover with alfalfa green manure in apple orchards. The numbers 5,
7, and 9 indicate the month of sampling. Data followed by lowercase letters in each line were separated using
one-way ANOVA (Tukey HSD multiple range test, p = 0.05). TC, total carbon. TN, total nitrogen. NH4+ -N,
alkali-hydrolyzable nitrogen. AP, available phosphorus. AK, available potassium. TS, total salt.
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2.2. Collection and Treatment of Soil Samples

Soil samples were collected 15 days after each mowing in May, July, and September 2019.
Five points between the rows and three rows were randomly collected using a soil borer
with a diameter of 4.0 cm. The soil was collected at a 0–60 cm depth, which was divided
into three layers. Following the removal of roots, animals, and residues, the five sampling
points were evenly mixed and placed in self-sealing bags for temporary storage. The mixed
soil samples were divided into two parts. One part was air dried to determine chemical
properties. The other part was kept in a refrigerator for fungal NGS.

2.3. Determination of Soil Chemical Analysis

The contents of total carbon, total nitrogen, and available nitrogen, phosphorus and
potassium in soil are determined by conventional methods [16]: The total carbon content
in soil is determined by external heating with potassium dichromate. Determination of
total nitrogen content in soil was carried out using the Kjeldahl method. The alkaline
hydrolysis diffusion method was used to determine the content of alkaline hydrolysis
nitrogen. The content of available phosphorus was determined by sodium bicarbonate
extraction-molybdenum antimony anti-colorimetry. The content of available potassium
was determined by ammonium acetate extraction-flame spectrophotometry. The soil mi-
cronutrients were determined by ICP-OES 730. Make the calibration curve of the standard
solution, input the sample mass and volume, and test the elements, such as Ca, Mg, Cu, Fe,
Mn, Zn, and B dissolved in the solution. The potential method [16] was used to measure
the pH value of soil (the ratio of water to soil is 2.5:1). The content of water-soluble salt
was determined by the mass method [16].

In order to ensure the authenticity and credibility of the data, all the above experiments
on soil properties were repeatedly analyzed and tested 3 times, and the average value was
taken. The values of soil micro-nutrients and secondary nutrients reflect the total amount
of environmental soil nutrients at that time.

2.4. Fungal DNA Extraction and NGS

Total soil fungal DNA was extracted using the FastDNA® SPIN Kit for Soil. The
primers were ITS3F (5′-GCATCGATGAAGAACGCAGC-3′) and ITS4R (5′-TCCTCCGC
TTATTGATATGC-3′). The soils were sent to Genesky Biotechnologies, Inc. (Shanghai, China)
for sequencing on an Illumina NovaSeq 6000 sequencer [13–15].

2.5. Data Processing and Analysis

The raw sequence reads were processed using QIIME2 [17,18]. The OTUs (operational
taxonomic units) were classified [19]. The taxonomy of the fungal gene sequence was
contrasted with the RDP Classifier (Michigan State University, USA) (v2.12) [20]. R-vegan
(v2.5.6) was used to analyze the alpha diversity (Chao, ACE, Simpson and Shannon). R
(Ross Ihaka and Robert Gentleman were founded in Auckland University, New Zealand)
(v3.5.1) was used to compare the FUNGuild database (An open annotation tool for parsing
fungal community datasets by ecological guild.University of Minnesota)(v1.1) based on
the fungal functional groups. The PLS-DA (Partial Least Squares Discriminant Analysis)
was performed using R (v6.6.2) [21,22]. Other statistical analyses were performed using
SPSS (International Business Machines Corporation (IBM) for short. Thomas watson was
founded in the United States.) 18.0.

3. Results
3.1. Diversity and Richness of the Soil Fungal Community

The alpha diversity indexes (Shannon and Simpson) and richness (OTUs, Chao and
ACE) were used to evaluate the soil fungal community. A Venn analysis of specific soil
fungal OTUs from the clean tillage and alfalfa cover crop treatments in the apple orchard
was performed (Figure 1). There were 145 soil fungal OTUs under the different treatments.
At 5, 7, and 9 months, the treatment QG contained 285, 265, and 237 specific soil fungal
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OTUs, respectively, while treatment A contained 245, 301, and 321 OTUs. Specific OTUs
in treatment A gradually increased from May to July until September, whereas OTUs in
treatment QG decreased. From July to September, the OTUs were higher in the A treatment
than in the QG treatment.
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Figure 1. Venn diagram analysis of soil fungal OTUs in apple orchards planted with alfalfa cover
crops. Note: QG, Orchard clean tillage. A, Ground cover with alfalfa green manure in orchards. The
numbers 5, 7, and 9 indicate the month of sampling.

Compared to the QG treatment, the fungal richness (Chao1, ACE, observed) was
enhanced significantly, but the diversity decreased in the A treatment (Table 2). The alfalfa
cover crop had a positive effect on fungal richness. The richness under the alfalfa cover
crop increased gradually from May to July, but the richness under clean tillage decreased.
In July and September, the Shannon index for fungal diversity was low, while the Simpson
index was high in the alfalfa cover crop treatment. One reason for this phenomenon may
be that the litter releases nutrients, and root exudates change the rhizosphere soil microen-
vironment. The inhibition of the propagation of dominant fungi may have decreased the
Shannon index and increased the evenness index (Simpson index).

Table 2. Mean alpha diversity indexes of the fungal communities (n = 3).

OTUs Chao1 ACE Shannon Simpson Coverage

QG5 376 ± 92 a 391 ± 79 a 391 ± 79 a 4.0708 ± 0.2631 a 0.0534 ± 0.0270 b 1.00 ± 0.0 a
A5 367 ± 85 a 383 ± 64 a 383 ± 64 a 3.9907 ± 0.1239 a 0.0504 ± 0.0078 b 1.00 ± 0.0 a

QG7 363 ± 106 a 370 ± 103 a 370 ± 103 a 4.0163 ± 0.3887 a 0.0544 ± 0.0409 b 1.00 ± 0.0 a
A7 390 ± 71 a 390 ± 71 a 390 ± 71 a 3.4343 ± 0.6231 b 0.1056 ± 0.0636 a 1.00 ± 0.0 a

QG9 346 ± 4 a 359 ± 7 a 359 ± 7 a 3.8754 ± 0.3665 a 0.0478 ± 0.0132 b 1.00 ± 0.0 a
A9 420 ± 45 a 424 ± 45 a 424 ± 45 a 3.7333 ± 0.3552 ab 0.0831 ± 0.0436 ab 1.00 ± 0.0 a

Note: QG, orchard clearing tillage. A, Ground cover with alfalfa green manure in apple orchards. The numbers 5,
7, and 9 indicate the month of sampling. Kruskal–Wallis test, p < 0.05. The same letter “a”, “b” and “ab” means
that there is no significant difference, but different letters mean that there are significant differences.
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3.2. Distribution of the Soil Fungal Community

The PLS-DA showed significant differences in the fungal community between treat-
ment QG and treatment A (Figure 2), and the relative distances were close between May,
July, and September in treatment QG but were far apart in treatment A. These results sug-
gest that the fungal community was more sensitive to alfalfa cover crops than clean tillage.
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Figure 2. PLS-DA (partial least squares discriminant analysis) of fungi in apple orchards planted
with alfalfa cover crops. Note: QG, Orchard clean tillage. A, Ground cover with alfalfa green manure
in apple orchards. The numbers 5, 7, and 9 indicate the month of sampling.

3.3. Composition and Structure of the Fungal Community

Nine fungal phyla were discovered in the soil samples (Figure 3). The top three
most relative abundant phyla were Ascomycota (42.62–71.81%), Basidiomycota (2.42–13.2%),
and Mortierellomycota (2.21–7.83%). Ascomycota was the most dominant phylum. In May,
treatment A had a higher relative abundance of Ascomycota than treatment QG, but it had
a lower relative abundance in July and September (p < 0.05). The dominant phyla in terms
of absolute abundances of Ascomycota were A5 > QG5, A7 > QG7, and A9 > QG9. The
absolute abundance of Ascomycota in the A treatment was higher than the QG treatment
at the 0–20 cm, 20–40 cm, and 40–60 cm soil depths and increased 187.60%, 130.18%, and
22.71%, respectively. Ascomycota showed the highest abundance at 1.74 × 106 in treatment
A7. The absolute abundance of Mortierellomycota was higher in treatment A than treatment
QG. Alfalfa cover crops increased the copy numbers of fungi in the 0–20 cm, 20–40 cm, and
40–60 cm soil layers, particularly in July. The alfalfa cover crop inhibited the dominant
phylum Ascomycota.
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Figure 3. Combined analysis of the soil community composition and relative abundance differences
at the phylum level. Note: QG, orchard clean tillage. A, Ground cover with alfalfa green manure in
apple orchards. The numbers 5, 7, and 9 indicate the month of sampling.

Twenty-five fungal classes were found, and nine classes showed a relative abundance
greater than 1.0%, including Tremellomycetes, Dothideomycetes, Pezizomycetes, Sordariomycetes,
Agaricomycetes, Mucoromycetes, Eurotiomycetes, Leotiomycetes and Mortierellomycetes. Sor-
dariomycetes, and Dothideomycetes were the dominant classes in the Ascomycota phylum,
and the absolute abundance of Dothideomycetes was higher in treatment A than treatment
QG. Sordariomycetes was more abundant in treatment A than treatment QG, except in
September. The alfalfa litter is easily degraded and may be released first and absorbed by
plants and microorganisms, while the remaining macromolecular substances that are not
easily degraded inhibited Sordariomycetes growth. In July, the absolute abundance of Spizel-
lomycetes was significantly higher in treatment A (p < 0.05). Dothideomycetes had the
lowest relative abundance in July (Figure 4). In different months, the relative abundances
of Dothideomycetes, Tremellomycetes, Orbiliomycetes, and Spizellomycetes were signifi-
cantly higher in the A treatment than the QG treatment (p < 0.05). Rhizophlyctidomycetes
had a significantly higher relative abundance in September, while Laboulbeniomycetes
had a higher relative abundance in May. According to the combined analysis, the alfalfa
cover crop may have inhibited the dominant class, but it improved subdominant class
growth. A total of 175 fungal genera were found across all samples. Nineteen genera
were significantly different (p < 0.05) and more abundant in the A treatment than the QG
treatment, except for the absolute abundance of Hydropisphaera (Figure 5). Twenty-eight
genera showed a relative abundance greater than 1.0%. Fusarium (3.57–22.15%), Coprinellus
(0.20–24.04%), Cladosporium (0.01–18.17%), and Mortierella (2.21–7.83%) were the dominant
genera. The relative abundances of Cladosporium and Mortierella increased, while Fusarium
and Coprinellus decreased under the alfalfa cover crop. Brachyphos, Acrotalagmus, Geas-
trum, Scedosporium, Gaertneriomyces, and Lecanicillium genera were only found in the
alfalfa cover crop treatment (p < 0.05). Hydropisphaera was detected in the QG treatment but
not in the alfalfa cover crop treatment (p < 0.05). The fungal communities in treatments A
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and QG clustered together, according to cluster analysis. The fungal communities in the
0–40 cm soil layer were altered by alfalfa cover crops.
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Figure 4. Different analyses of fungal relative abundance at the class level in apple orchards planted
with alfalfa cover crops. Note: QG, Orchard clean tillage. A, Ground cover with alfalfa green manure
in apple orchards. The numbers 5, 7, and 9 indicate the month of sampling.

3.4. Correlation between Soil Fungi and Soil Factors

The soil factors were divided into two clusters (Figure 6): The first cluster included
total carbon (TC), total nitrogen (TN), alkali-hydrolyzable nitrogen (NH4+ -N), available
phosphorus (AP), available potassium (AK), Fe, Mn, Cu, and Zn, and the other cluster
included pH, total salt (TS), Ca and Mg. The first cluster promoted the growth of the
dominant fungal class and limited the second-most abundant class. Soil physical and
chemical properties regulate the diversity of the soil fungal community. TC and TN
positively correlated with fungal classes. Tremellomycetes positively correlated with TN, TC,
and Fe and negatively correlated with Mg. Agaricomycetes positively correlated with TC
and TN. Mucoromycetes positively correlated with TN, NH4+ -N, and TC. Pezizomycetes and
Orbiiomycetes positively correlated with TC and TN. Leotiomycetes positively correlated with
TN, TC, AP, and Mn. Eurotiomycetes positively correlated with TC, TN, Zn, Cu, and AP.
Aphelidiomycetes positively correlated with TC, Zn, and AP. Cystobasidiomycetes positively
correlated with TC and TN. Mortierellomycetes and Saccharomycetes positively correlated
with TC and TN. Dothideomycetes positively correlated with TC, TN and Fe and negatively
correlated with Mn. Sordariomycetes positively correlated with TC and TN and negatively
correlated with Zn, Mn, Fe, and AP. Exobasidiomycetes positively correlated with Mg and
negatively correlated with Mn and Fe. Spizellomycetes positively correlated with Cu. There
was a positive correlation between Glomeromycetes and Ca. Rhizophlytidomycetes positively
correlated with Fe and negatively correlated with NH4+ -N and pH. Laboulbeniomycetes
positively correlated with Fe.
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Figure 5. Heatmap analyses of the top 10 fungi in apple orchards planted with alfalfa cover crops at
the genus level. Note: QG, Orchard clean tillage. A, Ground cover with alfalfa green manure in apple
orchards. The numbers 5, 7, and 9 indicate the month of sampling. The numbers −1, −2, and −3
indicate the depth of the soil samples.
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Figure 6. Heatmap of the Pearson correlation analyses between the fungal community at the class
level and soil factors. Note: TN, total nitrogen. TC, total carbon. AP, available phosphorous. AK,
available potassium. TS, total salt. NH4+ -N, alkali-hydrolyzable nitrogen. “*” indicates significant
difference, and “**” indicates extremely significant difference.

The Pearson correlation analysis showed that the fungal diversity and soil factors,
including the Chao1, ACE, observed, and Simpson indexes, positively correlated with TC,
TN, NH4+ -N, AP, AK, Fe, Mn, Cu, and Zn, but the Shannon index negatively correlated
with these factors. Fungal diversity negatively correlated with Mg, pH, TS, and Ca. Fungal
richness positively correlated with TC (p < 0.01) and TN, Zn, Cu, and Mn (p < 0.05).

3.5. Functional Groups of Soil Fungi

FUNGuild was used to annotate the functions of fungi in the rhizosphere soil of
apple orchards under different treatments (Figure 7). The nutrient patterns of the fungal
community were saprotrophic, symbiotic, and pathotrophic. Alfalfa cover crops enriched
the diversity of fungi, including arbuscular mycorrhizae, dung saprotrophes–endophytes–
plant pathogens, undefined saprotrophes, and endophytes-undefined saprotrophes. Alfalfa
cover crops increased the absolute abundance of endophytes (p < 0.001), endophytes–letter
saprotrophs–soil saprotrophs–undefined saprotrophs (p < 0.01), endophytes–undefined
saprotrophs (p < 0.01), undefined saprotrophs (p < 0.05), and endophytes–lichen parasites–
plant pathogens–undefined saprotrophs (p < 0.05). The absolute abundance of plant
pathogens decreased from May to September in treatment A but increased in treatment QG.
The abundance of plant pathogens was significantly lower in treatment A than in treatment
QG (p < 0.05).
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4. Discussion
4.1. Impact of Cover Crops on Microbial Diversity

The richness and diversity of soil fungi are important indicators of soil ecological
function, and changes in community diversity and richness affect fungal community
function. Agricultural management (fertilization, crop rotation, cover crops, etc.) and soil
environmental factors [23] affect the structure and diversity of soil fungal communities.
Cover crops planted in orchards increase the number of soil microorganisms and enzymatic
activity [24,25]. Compared with no grass mulching, grass growing in orchard increased
the number of microorganisms in soil, and the number of microorganisms increased
significantly with the extension of grass growing time [26]. The numbers of soil bacteria,
fungi, and actinomycetes increased by 49.0%, 47.8%, and 35.4%, respectively, for three
consecutive years in tobacco-planted soil [27]. The alfalfa cover crops increased the copy
numbers of the fungi in the 0–60 cm soil layers compared to the clean tillage treatment,
which is consistent with the above results. Most research reported that fungi were affected
in the 0–20 cm soil layer, but fungi were affected in the 0–40 cm soil layer in the present
study, possibly due to the deep root system of alfalfa cover crops and rotary tillage.

The Chao1 and ACE diversity indexes are commonly used to estimate total microbial
richness, and the Shannon and Simpson indexes are generally used to estimate the diversity
and evenness of species, respectively. The effects of cover crops on fungal diversity were
not consistent across the orchard soil. Microbial richness and diversity were affected by soil
basic fertility and the planting of cover crops. Covering with white clover in apple orchard
can significantly improve the metabolic activity of soil microbial community, diversity, and
richness of soil microbial community, and reduce evenness [28]. The Shannon index and
Chao index of rhizosphere soil fungi were different with different cover crops in tea plants,
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and the order was TJ (smooth vetch-tea manure No. 1) > CK (control) > JM (Vicia sativa No.
1-Sesbania sativa) > CF (Feitian radish Cassia rotundifolia) [29]. Planting alfalfa cover crops in
apple orchards can improve the richness index while decreasing the diversity index when
compared to clean tillage. This phenomenon may be caused by the release of nutrients
by litter, and root exudates change the rhizosphere soil micro-environment. Inhibiting
dominant fungi propagation may have reduced the Shannon index while increasing the
evenness index [30]. After the alfalfa cover crop was broken down in May, July, and
September, a mixed litter system was formed.

4.2. Impact of Cover Crops on Fungal Community Structure

The alfalfa cover crop increased the copy numbers of Ascomycota and Mortierellomy-
cota in the apple orchards. The absolute abundance was found to be positively correlated
with TN and TC (p < 0.01). Plant litter decomposition was aided by saprotrophic Ascomy-
cota. Ascomycota is an important soil decomposer that degrades refractory organic matter
and contributes significantly to nutrient cycling [31,32]. Therefore, the alfalfa cover crop
may have increased the TN and TC after annual mowing (Table 1), which would support
the growth of Ascomycota. The abundance of Mortierellomycota is an indicator of the soil
organic matter and nutrient content. These fungi dissolve phosphorus and decompose cel-
lulose, hemicellulose, and lignin in soil and use sugars in soil for growth and metabolism to
increase soil organic matter and nutrient contents [33]. Basidiomycota are mostly saprophytic
fungi with a strong ability to decompose macromolecular compounds, such as cellulose and
lignin [33]. The number of fungi in the 0–20 cm soil layer was higher than in the 20–40 cm
soil layer. Soil temperature and moisture are the main factors affecting the decomposition
of cover crops. The results showed that the alfalfa cover crop significantly increased the
absolute abundance of Basidiomycota in the 20–40 cm soil layer in July. Most residues may
have been distributed in the 20–40 cm soil layer after the cover crop was mowed, which
was beneficial to the growth of Basidiomycota.

Changes in soil physical and chemical properties and other factors affect the com-
position of the soil fungal community, but the regulatory mechanisms are different for
these factors [34]. The correlation analysis between fungi and soil factors showed that most
fungi positively correlated with TC and TN, and alfalfa cover crops promoted the growth
of fungi. However, the fungal communities negatively correlated with pH and total salt,
which inhibited their growth. Six classes of fungi positively correlated with pH and TS,
such as Exobasidiomycetes, Spizellomycetes, and Glomeromycetes, which may be halofungi.
Exobasidiomycetes positively correlated with Mg (p < 0.05). Glomeromycetes positively cor-
related with Ca (p < 0.05). The soil pH value was the main factor that affected the fungal
community structure in cinnamon soil [34,35], but it was not the main factor regulating
the composition of the tea rhizosphere soil community [29,36]. The present experiment
found that the soil pH value had a great influence on the fungal community composition.
The key factors affecting the fungal community composition in the arid area of Northwest
China were soil TC, TN, TS, and pH in apple orchards. Therefore, increasing soil nutrients
and reducing soil pH and total soluble salt increase the diversity and stability of soil fungi
in apple orchards. Therefore, the function and structure of fungal communities play an
important role in apple orchards.

4.3. Impact of Cover Crops on Fungal Function

Fungi are classified into three types based on their mode of nutrition: Pathogens,
saprophytes, and symbionts [37]. Pathotrophic fungi obtain nutrients from host cells,
and pathotrophic fungi in soil can inhibit plant growth [38]. The change of pathotrophic
fungi was different in soil in May, July, and September, which may be caused by com-
plex organic matter formed by cover crop residues. In the current study, Treatment A
resulted in significantly lower pathogen numbers than the QG treatment in September,
and it has the potential to reduce the risk of infection to apple and fruit trees. It can re-
duce the chance of infection to apple and fruit trees. The mowing of the cover crop and
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rotary tillage inhibited the growth of pathotrophic fungi in the soil. The endophytic fungi
were mainly Ascomycetes, including pyrenomyetes, discomyetes, and loculoascomyetes.
Ectomycorrhizal-Wood Saprotroph and Endophyte-Undefined Saprotroph function ap-
peared in the alfalfa cover crop treatment but not in the clean tillage treatment. The absolute
abundance of arbuscular mycorrhizal (AM) cover crops was greater than the absence of
cover crops. AM form large mycelia in soil and exhibit symbiotic relationships with host
plants. AM promotes host absorption and the utilization of nitrogen and phosphorus [39].
AM EndophyteAM improves drought and disease resistance in host plants [40,41]. The
FUNGuild functional comparison was based on existing literature and data, and only some
of the fungi’s functions were analyzed. More research is needed to understand how the
complex soil fungal community functions. Analyses of relative and absolute abundance
revealed that certain functional roles, such as plant pathogens, changed differently. The
absolute abundance of plant pathogens was A7 > QG7, but the relative abundance was
A7 < QG7 in July. Therefore, joint analysis is required to better understand the variations
in functions.

The number of fungi in the arid desert oasis orchard was lower than in the semi-arid
Loess Plateau, and the diversity of fungi was also lower than other areas. The indicator
fungi were found to tolerate salt and alkali in an arid desert oasis orchard. The soil pH
value and organic matter content had a significant impact on the composition of the fungal
community in the Loess Plateau, but TN, TC, pH, and TS were dominant in an arid desert
oasis orchard. It could be caused by poor soil and secondary salinization in arid desert oasis.
Therefore, more attention should be paid to the soil health of orchards in arid desert oasis.

5. Conclusions

Alfalfa cover crops could increase the copy numbers and richness in arid oasis apple
orchards. Alfalfa cover crops and soil environmental factors jointly regulate the fungal
community. Alfalfa cover crops have the potential to alter and increase the functional
diversity of soil fungi. It increased the relative abundance of beneficial endophyte fungi
while decreasing pathogens. When compared to clean tillage, alfalfa cover crops can
improve biological soil health by increasing the abundance of microbial communities.

Therefore, the orchard in the Xinjiang desert area of China or in arid and windy areas
of the world can be tried with grass mulching to increase soil nutrients, maintain the
ecological balance of the orchard, promote the growth of fruit trees, improve the quality
and yield of fruits, and then promote the optimization and upgrading of the world’s fruit
industry and the healthy and sustainable development.
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