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Introduction 
Due to long-term and unreasonable land use, the native land has suffered 

serious ecological degradation and water and soil erosion, which has resulted

in the loss of ecological function and services ( Nearing et al., 2017 ; Deng et

al., 2019 ). Revegetation is considered an effective way to impart ecological 

benefits ( Nunez-Mir et al., 2015 ; Xiao et al., 2015 ), including improving the 

quality of soil and vegetation coverage ( De Deyn and Van der Putten, 2005 ;

Wang et al., 2012 ), rehabilitating degraded environments ( Jing et al., 2014

), and accelerating the recovery of degraded lands ( Qin et al., 2019 ). 

Vegetation restoration enhances the ecological stability in restored lands 

along with the fosterage of soil microbial community succession ( Zhang et 

al., 2017b ; Guo et al., 2018 ). 

Soil microbial communities play pivotal roles by maintaining ecosystem 

functioning and stability in response to changes in soil environment (

Kubartova et al., 2012 ). It is logical that they are expected to be more 

important than physico-chemical characters and may potentially serve as 

primary signals for soil health and productivity ( Cardinale et al., 2006 ; Shen

et al., 2010 ). Fungi perform different ecological functions according to 

certain trophic strategies ( Nguyen et al., 2016 ). Saprotrophs participate in 

the mineralization of organic matter, while pathotrophs may induce plant 

diseases ( Bardgett and van der Putten, 2014 ). Symbiotrophs promote 

plants’ ability to absorb nutrients and increase resistance to drought, heavy 

metals, diseases, and insect pests ( Liu et al., 2007 ; Peay et al., 2013 ). The 

diversity and distribution of the functional groups in soil fungi determine the 
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ecological effects of soil fungal communities, which are of great significance 

for the revegetation process under stress ( Jin et al., 2016 ; Detheridge et al.,

2018 ; Wang et al., 2020 ). 

The temporal variation of the soil fungal community along the revegetation 

duration is mainly caused by abiotic factors and vegetation characteristics. 

Soil conditions directly influence soil fungal diversity and community 

composition ( Marín et al., 2017 ; Nie et al., 2018 ). For example, in a global 

context, soil pH is the primary driver of fungal community structure and 

function ( Tedersoo et al., 2014 ) and water availability may increase soil 

fungal community diversity and composition ( Brockett et al., 2012 ; Zheng 

et al., 2017 ). As key components involved in carbon and nutrient cycling, 

functional composition of soil fungi is closely related to soil nutrients ( Peay 

et al., 2016 ; Schlatter et al., 2018 ). Previous studies have also confirmed 

that soil fungi are more sensitive to soil enzyme activity than other microbial

populations ( Stursova et al., 2016 ). 

The vegetation characteristics mainly include aboveground vegetation 

species ( Pickles et al., 2015 ; Toju et al., 2018 ), species richness and 

diversity of vegetation ( Chen et al., 2017 ; Francioli et al., 2020 ), and stand 

age ( Miao et al., 2019 ; Guo et al., 2020b ). In the early stage, revegetation 

substantially improves the physiological activities of soil fungi and changes 

the fungal community structure ( Liu et al., 2019a ; Yang et al., 2020 ). With 

the maturation of vegetation, the compositions of mycorrhizal and 

saprotrophic fungi are altered due to resource availability that change with 

plant litter, exudates, and soil properties ( Husband et al., 2002 ; Broeckling 
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et al., 2008 ; Llado et al., 2018 ). Therefore, it is important to elucidate the 

connection between revegetation duration and fungal functional groups and 

find the role of soil environment in driving fungal community dynamics 

during revegetation. 

The Mu Us Sandy Land is a classical semi-arid region in Northern China, 

characterized by poor soil, severe nutrient depletion, scarce resources, and 

limited water availability. It suffers from serious water and soil erosion, 

hence, ecological revegetation is urgently needed. Pinus. sylvestris var. 

mongolica ( P. sylvestris ) originating from the Hulunbuir Sandy Land was 

successfully introduced into the Mu Us Sandy Land and this contributed 

significantly to ecological restoration ( Lyu et al., 2020 ). So far, the changes 

in the below-ground microbial community along revegetation durations, 

particularly in a desert ecosystem remain unclear, and should be elucidated 

to generate an understanding of the sustainable development associated 

with long-term vegetation restoration and natural restoration. 

Therefore, to investigate the soil fungal diversity and functional composition 

responses to revegetation durations, Illumina high-throughput sequencing 

and FUNGuild platform were used to examine soil fungal taxonomic and 

functional compositions at different soil depths (0–10 cm and 10–20 cm) 

during revegetation durations (natural grassland, half-mature, nearly 

mature, and mature P. sylvestris plantations). We hypothesized that the 

variation in fungal diversity and community composition was largely induced 

by restoration stages rather than soil depths, and that soil properties may 

help explain these different responses. In addition, we predicted that the 
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potential ecological functions of some keystone/indicator fungal species were

different during the revegetation durations and they further helped to reveal 

soil conditions and quality. Based on these hypotheses, the objectives of this 

study were to examine how soil fungal functional groups respond to different

revegetation durations and develop their potential functions and to further 

identify which factors drive the dynamics of the fungal community. 

Materials and Methods 
Study Site 
The study site was located in the Hongshixia Sandy Botanical Garden, which 

is at the southern edge of the Mu Us Sandy Land (38°26′ N, 109°12′ E; 

1080 m elevation), Shaanxi Province ( Fig. S1 ). The region has a warm 

temperate continental monsoon climate with an average annual temperature

of 9. 1°C, average annual precipitation of 385. 5 mm, and average annual 

evaporation of 2502 mm. The soil was classified as an azonal aeolian sandy 

soil with loose topsoil structure and poor water retention. The predominant 

vegetation types were P. sylvestris , Artemisia sacrorum , Tribulus terrestris ,

Bidens pilosa , and Agropyron cristatum . 

Sample Collection 
Sample collection was carried out in August 2017, with peak microbial 

activity in the growth season. Four 50 m × 50 m revegetation duration plots, 

one grassland plot, and three P. sylvestris plantation plots, that did not have 

significant interference from nurturing practices and human activities were 

chosen for the study. The grassland plot (natural grassland, MUg) was 

regarded as a control, where the understory herbs were most similar to 

plantations. Initially, the three plantation plots were replanted with 3-year-
https://assignbuster.com/vegetation-restoration-alters-fungal-community-
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old P. sylvestris saplings. With revegetation durations of 23, 29, and 

40 years, the stand ages were 26, 32, and 43 years, which represented half-

mature (MUh), nearly mature (MUn), and mature (MUm) forests, respectively.

In grassland, three random 1 m × 1 m quadrats were selected for inventory. 

In plantations, three standard trees of P. sylvestris were randomly chosen 

after measuring individual tree height, diameter at breast height, and crown 

width. The sampling points were the center in the quadrats and standard 

trees, respectively. Each sampling point was at least 10 m from the others. 

Three composite samples (consisting of four replicate soil samples from four 

directions at a sampling point) were collected from each plot. The vegetation

and litter from the ground were removed to collect soil samples at a depth of

0–10 cm (a) and 10–20 cm (b) ( Table 1 ). Therefore, all 24 samples from the 

plots (four revegetation duration plots × two soil depths × three composite 

samples) were packaged and labeled. Each soil sample was divided into 

three parts and subjected to three different procedures: 1) Take back 

directly to determine soil water content (SWC), soil pH, soil organic matter 

(SOM), total nitrogen (TN), and total phosphorus (TP). 2) Keep in a portable 

thermostat at 4–6°C to analyze soil catalase, urease, and phosphatase 

enzyme activities. 3) Store at −80°C for gene sequencing. 

TABLE 1  

Basic characteristics of sampling plot. 
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Soil Property Analysis 
SWC was measured gravimetrically after drying the soil samples in an oven 

at 105°C for 12 h. Soil pH was determined from a 1: 2. 5 mixture of soil and 

water using a PHS-3E pH meter (INESA, Shanghai, China). SOM was obtained 

using the K 2 Cr 2 O 7 -H 2 SO 4 oxidation technique ( Walkley and Black, 1934

). An automated chemical analyzer (Smartchem 200, Italy) was used to 

analyze TN and TP based on the indophenol-blue spectrophotometric method

and Mo-Sh anti-colorimetric analysis method, respectively ( John and Matt, 

1970 ; Mason et al., 1999 ). All enzyme activities were tested through 

antitheses, without soil and substrate ( Gianfreda et al., 2005 ). Catalase 

activity was measured by performing potassium permanganate titration and 

expressed in milliliters of potassium permanganate devoured per hour per 

gram of soil. Urease and phosphatase activity were determined using a 

programmed microplate reader (SpectraMax Paradigm, Molecular Devices, 

San Jose, CA, United States), and expressed as the sum of the enzyme 

required to convert 1 mM of substrate in 1 min ( Tarafdar and Marschner, 

1994 ). 

Sequence Data Analysis 
DNA was extracted from 0. 4 g soil using the PowerSoil DNA isolation kit (Mo 

Bio Laboratories, Carlsbad, CA, United States) according to the 

manufacturer's instructions. DNA concentration was quantified using a 

Nanodrop spectrophotometer (Thermo Scientific, United States). The fungal 

ITS1 region was amplified using the primers ITS1F (5’-CTTGGTCATTTAGAC

GAAGTAA-3') and ITS2 (5’-GCTGCGTTCTTCATCGATGC-3’) ( Op De Beeck et 

al., 2014 ). The AXYGEN Gel Extraction Kit (QIAGEN, Germany) and qPCR 
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were used to detect and quantify the PCR amplification products. After gel 

imaging, the qualified PCR products were sent to Allwegene Technology Inc. 

for sequencing using the Illumina MiSeq sequencing system (Illumina, San 

Diego, CA, United States). 

Trimmomatic and FLASH were used to filter the quality and merge the raw 

fastq files and sequences with quality scores > 20 and <50 bp were used for 

analysis ( Zhou et al., 2019 ; Guo et al., 2020a ). Chimeric sequences were 

removed using the Usearch software package (Version 8. 1. 1861, 

http://www. drive5. com/usearch/ ). Sequences with 97% similarity were 

classified as operational taxonomic units (OTUs) ( Edgar, 2013 ). To reduce 

the error caused by the different data sizes, all samples were normalized to 

21, 260 sequences. The Ribosomal Database Project (RDP) classifier was 

used to perform taxonomic assignment. Assigned taxa were verified using 

NCBI BLAST ( https://www. ncbi. nlm. nih. gov/ ). All raw sequence 

information was deposited in GenBank (SRA accession: PRJNA663124). 

Fungal functional guilds were identified using the FUNGuild platform 

( http://www. stbates. org/guilds/app. php ) ( Nguyen et al., 2016 ). Initially, 

the results with groups “ highly probable” or “ probable” were accepted and 

ambiguous groups were confirmed by previous literature findings ( He et al., 

2017 ). In this study, the fungal trophic modes were divided into 

symbiotroph, saprotroph, pathotroph, and combined trophic modes, which 

included 14 guilds. For combined trophic modes and combined guilds, they 

were incorporated into “ Other fungi” and “ Other 

symbiotroph/saprotroph/pathotroph fungi” groups respectively. 
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Data Analysis 
One-way analysis of variance (ANOVA) with Duncan's multiple range test was

used to determine if a significant difference existed among soil variables, 

while two-way ANOVA with post-hoc Tukey’s tests was used to compare soil 

properties among soil depths and revegetation durations. All analyses were 

performed using SPSS 20. 0 at the 0. 05 significance level. Pearson's 

correlation was used to determine the relationship of soil variables with R-3. 

6. 1. 

For the convenience of description, we classified soil fungi according to their 

relative abundance as follows: dominant (> 10. 00%), common (10. 00%–1. 

00%), and rare genera (<1. 00%). Alpha diversities (richness and Shannon 

indices) based on OTU data were calculated using the ‘ vegan’ package in R-

3. 6. 1. The soil fungal functional groups and diversity indices were visualized

using Origin 2018. Indicator species showed an ecological preference for one

or a few habitat types, which were used as a prediction index for 

environmental changes ( Cáceres and Legendre, 2009 ). The indicator genus 

of soil fungi was identified to further elucidate the distribution of soil fungi at 

different soil depths and revegetation durations, which were implemented 

using the ‘ indicspecies’ and ‘ labdsv’ packages in R-3. 6. 1. The contribution 

of soil depth and revegetation duration on fungal functional communities 

were analyzed by using Permutational multivariate analysis of variance 

(PERMANOVA) with the ‘ vegan’ package in R-3. 6. 1. 

To explain the relationship between soil properties and soil fungal functional 

groups, all soil properties were converted to a matrix to perform Mantel test 

with fungal functional groups and a visual correlation was performed using 
https://assignbuster.com/vegetation-restoration-alters-fungal-community-
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the ‘ corrplot’ package in R-3. 6. 1. Subsequently, canonical correlation 

analysis (CCA) was performed and significance of each environmental 

variable was analyzed using Canoco 4. 5. 

Results 
Variations in Soil Properties due to Soil Depths and Revegetation Durations 
The soil properties varied with soil depth and revegetation duration ( Figure 

1 ; Supplementary Table S1 ). In the P. sylvestris plantation, the SWC and pH 

in the 0–10 cm layer were higher than those in the 10–20 cm layer, while the

opposite results were observed in grasslands ( Figure 1 ). According to the 

two-way ANOVA, soil nutrients (SOM, TN, and TN) and enzyme activities 

(catalase, urease, and phosphatase) were significantly different among 

revegetation duration ( p < 0. 05; Supplementary Table S1 ). Between soil 

depths, significant differences were noted in the content of SOM, TN, and TP 

(except TP in grassland), with a higher nutrient content observed in upper 

soil ( p < 0. 05; Figure 1 ). In contrast, the effect of soil depth on catalase 

and urease activities was not significant ( p > 0. 05), and all enzyme 

activities had the highest values in mature forests ( Supplementary Table S1

). In addition, a strong positive correlation was observed between 

phosphatase and TN ( p < 0. 05), and a negative correlation was noted 

between catalase and SWC ( p < 0. 05; Supplementary Table S2 ). 

FIGURE 1  

Soil properties in different soil depths trough revegetation durations. 

Different letters are significantly different ( p < 0. 05). 
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Soil Fungal Community Diversity 
In total, 831, 489 high-quality sequences were clustered into 1, 355 OTUs 

from all soil samples. There was no significant difference in richness index of 

all fungal communities, saprotrophs, and pathotrophs at different soil depths 

or revegetation durations ( Supplementary Table S3 ; Supplementary Table 

S4 ). Soil depth did not have a significant impact on Shannon diversity ( p > 

0. 05; Supplementary Table S4 ), and values of Shannon indices first 

decreased and then increased during restoration durations ( Figure 2 ). The 

Shannon index showed no significant difference between different soil 

depths ( p > 0. 05; Supplementary Table S4 ), however, it first decreased 

and then increased during restoration durations ( Figure 2 ). The Shannon 

and richness indices of symbiotrophs significantly correlated with 

revegetation duration ( p < 0. 05; Supplementary Table S4 ). For the alpha 

diversity indices of the three trophic modes, the highest values were noted in

saprotrophs, followed by symbiotrophs, and lowest in pathotrophs. 

FIGURE 2  

Shannon index of all fungi community and functional groups in different soil 

depths trough revegetation durations. Different letters are significantly 

different ( p < 0. 05). 

The dissimilarities in soil fungal composition among different sampling plots 

mainly associated with revegetation duration rather than soil depth (

Supplementary Table S5 ). Between soil depths, the structure showed no 

significant difference in all fungal communities or functional groups ( p > 0. 
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05), while revegetation duration significantly distinguished the fungal 

community composition ( p < 0. 05; Supplementary Table S5 ). 

Soil Fungal Community Composition of Taxonomic and Functional Groups 
All fungal OTUs were assigned to 12 phyla, 40 classes, 102 orders, 202 

families, and 339 genera. Ascomycota was the dominant phylum with the 

highest relative abundance (60. 32–79. 81%), followed by Basidiomycetes (5.

33–30. 01%) and Mortierellomycota (1. 44–10. 03%; Figure 3A ). The 

proportional distribution of phyla was relatively stable ( Supplementary Table

S6 ) and their relative abundance between soil depths showed no significant 

difference ( p > 0. 05); only Basidiomycota showed significant differences 

through restoration durations ( p < 0. 05; Supplementary Table S6 ). 

FIGURE 3  

Distribution and relative abundance of soil fungal(A)taxonomic 

and(B)functional groups in different soil depths trough revegetation 

durations. Genera> 1. 00% were listed. 

The composition of functional groups was similar in each soil depth and 

restoration duration, however, the corresponding relative abundance 

fluctuated significantly ( Figure 3B ). Soil depths barely affected the relative 

abundance of functional groups, however, an opposite trend appeared in 

restoration durations ( Supplementary Table S6 ). Compared with 

plantations, grasslands contained more unassigned fungal functional groups 

and fewer symbiotrophs. In plantations, saprotrophs were the dominant 

fungal functional groups in half-mature and mature forests, while 
https://assignbuster.com/vegetation-restoration-alters-fungal-community-
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symbiotrophs were dominant in nearly mature forests. Ectomycorrhizal (EcM)

fungi constituted the most predominant portion of symbiotrophs and a small 

amount of arbuscular mycorrhizal (AM) and ericoid mycorrhizal fungi were 

observed. Plant pathogens were the main pathotrophs ( Figure 3B ). 

The dominant and common genera in grasslands were different from those 

observed in plantations ( Supplementary Table S7 ). In grasslands, there 

were no dominant and the common genera mostly belonged to saprotrophs, 

while the majority of dominant and common genera in plantations possessed

symbiotic function. The endophyte fungus Mortierella was among the top 10 

genera in all soil samples. The plant pathogen Gibberella and combined 

trophic modes fungi Fusarium were the top 10 genera only in grasslands and

both were identified as indicator genera. In plantations, the relative 

abundance of Inocybe and Tuber was greater than 1. 00%. In the nearly 

mature forest, EcM fungi Inocybe (14. 92%) was the dominant genus and 

Tomentella (1. 80%) was a common genus, and both were indicator genera. 

Dactylonectria had a higher relative abundance in topsoil and was regarded 

as an indicator genus of topsoil. 

Relationship Between Fungal Communities and Soil Environment Factors 
At different depths, soil fungal community composition through revegetation 

durations was driven by soil properties ( Figure 4 ; Figure 5 ). Soil properties 

explained 40. 7% of the variation in soil fungal distribution ( Figure 4 ). Of 

these, SOM ( p = 0. 025), TN ( p = 0. 043), and phosphatase ( p = 0. 003) 

had a stronger impact on fungal composition, which was mainly related to 

topsoil in grassland and subsoil in mature forests. Catalase ( p = 0. 012) 

played an important role in the composition of topsoil in plantations. 
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Furthermore, saprotrophs were significantly affected by SWC ( p < 0. 05) and

catalase ( p < 0. 05; Figure 5 ). Pathotrophs showed a significant positive 

correlation with TN ( p < 0. 05; Figure 5 ). 

FIGURE 4  

CCA of the soil fungi communities with soil properties in different soil depths 

through revegetation durations. Each arrow points in the expected direction 

of the steepest increase of values of environment variable. The angles 

between arrows indicate correlations between individual environment 

variable. 

FIGURE 5  

Correlation between soil fungal functional group and soil properties. The 

color represents Mantel’ r value. The * indicates significant correlation, and 

the Mantel’ r values of significant correlation were labeled. 

Discussion 
Revegetation Duration Shaped Fungal Diversity and Composition 
Vegetation recovery and reconstruction regulate and control the interactions

between microbial communities and forest development, which mainly 

manifest in the dynamics of microbial diversity and structure ( Cavard et al., 

2011 ; Chanthorn et al., 2017 ). In this study, soil fungal community diversity

and structure response to revegetation duration were investigated; these 

have been confirmed in abandoned farmland ( Wang et al., 2020 ), mining 

area ( Prado et al., 2019 ), and desert areas ( Yu et al., 2017 ). The variation 
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of Shannon diversities initially decreased and then increased with temporal 

succession due to two reasons. First, the premier soil fungi existing 

perpetually find it hard to adapt to the sudden changes in the external 

conditions when the P. sylvestris saplings were replanted, because the 

dominant plant species and root exudates are different ( Jing et al., 2015 ; 

Mcdaniel et al., 2016 ). Second, with the growth of P. sylvestris plantations, 

diversity indices became highest in mature forests. The increase in plant 

litter and debris provides more diverse habitats and substrates for soil fungal

communities to promote fungal diversity ( Ren et al., 2019 ). 

In short, the revegetation of P. sylvestris in desert areas influenced the soil 

fungal alpha diversities, even though they decreased at the beginning due to

sudden changes in habitats, and then rose gradually after the establishment 

of a stable interrelation between fungi and plant-soil. In the later stages of P.

sylvestris plantation development, the increase in diversity confirmed that 

successional pathways may play a positive role in controlling the 

development of soil fungi in forest ecosystems ( Dang et al., 2017 ; Shi et al.,

2019 ). 

Soil fungal diversity in different trophic modes also varied with vegetation 

restoration. First, saprotrophs were more diverse than symbiotrophs 

throughout the whole revegetation period and seemed to remain steady. The

higher diversity of saprotrophs may be attributable to their greater 

adaptability to the external environment ( Boddy and Hiscox, 2016 ) as they 

participate in the functional traits associated with essential circulation in 

nature, such as decomposition and nutrient cycling for leaf litter ( Ceci et al., 
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2019 ; Francioli et al., 2020 ). Furthermore, the increase in symbiotroph 

diversity in grasslands may be related to AM fungi, which had the highest 

proportion in grasslands. Finally, the Shannon diversity of saprotrophs was 

significantly higher than that of symbiotrophs in grassland, but not in 

plantations. This confirmed that the AM fungi may not compete as strongly 

with saprotrophs as EcM fungi ( Carteron et al., 2020 ). 

The proportion of the soil fungal functional groups in P. sylvestris plantations 

was influenced by revegetation duration. Due to the poor adaptability to 

environmental change and the more unstable biological community structure

in grassland ecosystems, the unassigned group in grassland had higher 

relative abundance than in plantation. Symbiotrophs were abundant in P. 

sylvestris plantations as P. sylvestris is a classical EcM fungi dependent tree 

species ( Zhu et al., 2008 ). With the passage of revegetation duration in 

plantations, the dominant fungal functional group changed from saprotrophs 

to symbiotrophs and returned to saprotrophs. Following were the main 

reasons for these dynamic changes: 1) P. sylvestris plantations demanded 

more nutrients when they entered into the vigorous growth period and 

increase in symbiotrophs was conducive to promote the absorption of 

nutrients for the host ( Kolarikova et al., 2017 ). With the growth slowing 

down and litter accumulating, symbiotrophs decreased and saprotrophs 

increased, which helped to decompose litter and produce available nutrients 

( Bardgett and van der Putten, 2014 ; Zhao et al., 2020 ). 2) The 

heterogeneity of soil fungal composition may be indirectly caused by root 

exudates, whose components are related to stand age. Moreover, specific 
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fungal species, with preference for specific components, can be attracted to 

different root exudates ( Llado et al., 2018 ). 

Dynamics of Soil Fungal Ecological Functions in Different Soil Depths Based 
on Revegetation Durations 
In the complicated succession process of soil fungi, some of them appear to 

flourish or decline as a reciprocation, while others are universal and exist for 

a long time. In this study, the community composition at the genus level was

similar in all soil samples, and the dominant and common genera altered 

with revegetation duration. Mortierella actively participates in soil nutrient 

transformation and promotes the growth of plants, and its ubiquity may have

a positive effect on vegetation restoration in desert areas ( Zhang et al., 

2011 ; Walter Osorio and Habte, 2014 ; Tamayo-Velez and Osorio, 2018 ). 

Gibberella and Fusarium were among the top 10 genera only in grassland. 

Gibberella and the sexual/teleomorphs states of Fusarium species are 

common pathogens causing wilting, root rot, and other diseases ( Dumroese 

and James, 2005 ; Wollenberg et al., 2019 ). In contrast, Penicillium , the 

dominant or common genus only in plantations, solubilizes phosphates and 

excretes antifungal substances that potentially hinder the growth of plant 

pathogenic fungi ( Efthymiou et al., 2018 ). The increase of Penicillium in P. 

sylvestris plantations may contribute to plant health and soil quality. 

Diversispora , an AM fungus in Glomeromycota, is an indicator of grassland. 

This was closely related to vegetation (the herb species in grassland) and 

host specificity or preference was a key driver of soil fungal community 

composition ( Horn et al., 2017 ). The top genera in plantations comprise a 

large proportion of EcM fungi (notably, Inocybe , Tuber , and Calostoma ), 
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which have also been identified as common EcM fungi in Pinaceae on a 

global scale ( Hayward et al., 2015 ; Long et al., 2016 ; Guo et al., 2020a ). 

EcM fungi facilitate the efficient uptake of nutrients ( Rao et al., 2020 ). They 

can provide limiting nutrients, including nitrogen, phosphorus, copper, iron, 

and zinc, and resist disease and drought ( van der Heijden et al., 2008 ). 

Inocybe and Tomentella are indicator genera of nearly mature forests. The 

sudden increase in their relative abundance is responsible for the highest 

proportion of symbiotrophs in nearly mature forests. In addition, previous 

studies have confirmed that AM habitats experience greater disturbance 

from pathotrophs compared with ericoid mycorrhiza (ErM) habitats ( Bahram 

et al., 2020 ), which may explain the higher number of pathogens in 

grasslands. Therefore, we reasonably speculated that significant quantity of 

EcM fungi effectively solved the problem of low soil nutrient content in the 

desertification area where P. sylvestris planted. 

It is worth mentioning that some soil fungi were provided with multiple 

functional groups, such as Mortierella , Fusarium , Microascu, and Podospora

. The variable trophic modes mean that soil fungi can regulate ecological 

strategies and behavior to adapt to environmental change ( Porras-Alfaro 

and Bayman, 2011 ). Some EcM fungi express saprotrophic capacity, even 

though they usually show a poor competence to decompose carbon 

compounds ( Lindahl and Tunlid, 2015 ). 

Effects of Soil Properties on Fungal Community Composition 
In the process of vegetation restoration, soil fungal community was 

significantly affected by the changing soil properties, which in turn, were 

most likely affected by vegetation. Soil pH has a ubiquitous impact on soil 
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fungal community composition ( Rousk et al., 2011 ; Tedersoo et al., 2014 ; 

Barnes et al., 2018 ), however, it was not confirmed in this study. This may 

be because fungi possess a low sensitivity and a wide optimum range of soil 

environment ( Rousk et al., 2010 ), or the fluctuation of soil pH along 

vegetation restorations was not significant. It has been demonstrated that 

vegetation restoration may not be an inevitable factor in changing soil pH in 

deserts ( Zuo et al., 2009 ). 

Moreover, as time of revegetation increased, the accumulation of litter 

increased the soil nutrients, especially the topsoil. This means that more soil 

nutrients are present in the topsoil than the subsoil for nutrient leaching, 

which creates a suitable environment to accommodate eutrophic fungal 

communities ( Liu et al., 2019b ; Ren et al., 2019 ). Another description of 

revegetation restoration is stand age. The influence of forest development 

on soil fungal communities has also been reported in evergreen broad-

leaved species ( Wu et al., 2013 ) and pine forests ( Kyaschenko et al., 2017

). 

Soil fungi perform important functions in nutrient cycling, while soil nutrients 

shape soil fungal communities with different functional groups ( Peay et al., 

2016 ; Perez-Izquierdo et al., 2017 ; Li et al., 2018 ). However, the complex 

and equivocal interaction between soil nutrients and fungi makes it difficult 

to generalize the fungi-soil relationship. This explained that no significant 

correlation was observed between symbiotrophs/saprotrophs and soil 

nutrients (SOM, TN, and TP), while a variety of mycorrhizal/saprotrophic fungi

participate in carbon, nitrogen, and phosphorus cycling ( Fujimura and Egger,
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2012 ). In contrast, TN had an important role in the soil fungal community, 

which was consistent with a previous large-scale research study ( Cai et al., 

2018 ; Schappe et al., 2020 ). In particular, pathotrophs are more susceptible

to TN, which has been confirmed to be more inclined to the environment 

with enriched nutrients ( Zhang et al., 2017a ; Schappe et al., 2020 ). 

However, the type of pathogen determines the different effects of nitrogen, 

which means that a high nitrogen supply may increase infection by obligate 

parasites or decrease infection by facultative parasites ( Dordas, 2008 ). 

It is worth noting that soil depth did not have an obvious effect on soil fungal 

diversity and composition in this study, which is in contrast to the 

conclusions reported previously ( Baldrian et al., 2012 ; Toju et al., 2016 ; 

Schlatter et al., 2018 ). We speculated that a small change in soil depth has 

a negligible effect on soil fungal diversity and structure. In other words, a 

small-scale spatial variation cannot be a preponderant trigger for the 

dynamics of soil fungal diversity and composition under drought and infertile

conditions of the desert. 

Conclusion 
Soil nutrient content (SOM, TN, and TP) and enzyme activity (catalase, 

urease, and phosphatase) showed significant differences among restoration 

durations, while soil pH and SWC were not affected by soil depth or 

restoration duration. The alpha diversity of saprotrophs was higher than that 

of symbiotrophs and pathotrophs. The Shannon diversity index of all fungal 

communities was significantly different among different revegetation 

durations, but not soil depth. Heterogeneity was observed in the distribution 

https://assignbuster.com/vegetation-restoration-alters-fungal-community-
composition-and-functional-groups-in-a-desert-ecosystem/



 Vegetation restoration alters fungal com... – Paper Example  Page 21

of fungal taxonomic and functional groups through revegetation duration; 

grassland contained more unassigned fungal functional groups and fewer 

symbiotrophs than the plantation. EcM fungi, such as Inocybe , Tuber , 

Geopora , Tuber , Calostoma , Rhizopogon and Tomentella were the primary 

constituent of symbiotrophs. The endophyte fungus Mortierella was a 

dominant/common genus in all soil samples and AM fungus Diversispora was 

the indicator genus of grassland. The soil fungal community was mainly 

influenced by catalase and TN, which were significantly related to 

saprotrophs and pathotrophs, respectively. 

Therefore, our study outcomes help to understand the conduciveness of soil 

fungal dynamics to the effect of revegetation and fungal function in deserts. 

We identified the major determinants affecting soil fungal community 

composition and discussed their potential functions in different restoration 

durations. It is important to appreciate the impact of soil fungi on soil quality 

and plant health. However, soil depth contributed little to soil fungi in the 

present study and selection of soil depth range should be expanded in future

research. 
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