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Abstract
In order to realize the resource utilization of Guizhou sauce-�avor distiller's grains and the improvement of
yellow soil fertility, a �eld experiment was carried out to study the effects of short-term application of vinasse
biochar on soil nutrients and the diversity of fungal community structure by setting �ve biochar dosages of 0%
(MB0), 0.5% (MB0.5), 1.0% (MB1.0), 2.0% (MB2.0), and 4.0% (MB4.0). The results showed that the application of
lees biochar increased the pH, soil organic matter (SOM), total nitrogen (TN), ammonium N (AN), nitrate N (NN),
available phosphorus and available potassium of the yellow soil to varying degrees, but decreased the
microbial biomass carbon (MBC) and microbial biomass N (MBN) by 12.36%-26.49% and 34.10%-59.95%
respectively. The application of lees biochar signi�cantly reduced the number of fungal OTUs and community
diversity. Compared with MB0 treatment, the application of lees biochar signi�cantly changed the structure of
the fungal community. The relative abundances of Mortierellomycota, Basidiomycota, Glomeromycota, and
Chlorophyta were all increased in varying degrees, but the relative abundance of Ascomycota was signi�cantly
reduced by 23.86%-29.06%. At the same time, the application of lees biochar also increased the relative
abundance of some functional bacteria, such as Mortierella and Chaetomium, and reduced the relative
abundance of some pathogenic bacteria, such as Aspergillus and Fusarium. In addition, the results of
redundant analysis showed that SOM, AN and NN were the main environmental factors that affect the change
of yellow soil fungal community structure. In summary, the short-term application of lees biochar can increase
the nutrient content of soil, change the structure and diversity of soil fungal communities, and also can reduce
the relative abundance of some pathogenic bacteria, which can inhibit the growth and reproduction of harmful
plant pathogens.

Introduction
The dry-land yellow soil in Guizhou has more than 4.6 million ha2, accounting for about 46% of the dry land
area in the province (Guo et al., 2019; Luo et al., 2020). Yellow soil is not only sticky in texture and strong in
acidity, and due to the shallow soil layer, soil nutrient leaching is also very easy to occur. Most of the dry-land
yellow soil in Guizhou is mainly planted with high-value crops, such as pepper, sorghum and �ue-cured
tobacco. The continuous cropping obstacle caused by the continuous cropping of the soil has increased the
obstacles to the soil, which seriously restricts the improvement of crop yield and quality. How to realize the
improvement of yellow soil fertility and ease the obstacles of continuous cropping is one of the important
problems that need to be solved urgently (Cheng et al., 2020; Ding et al., 2019). At the same time, as the by-
product of the production of Guizhou sauce-�avor liquor, the sauce-�avored lees has an annual output of about
2 million tons, but the actual treatment of lees is less than 1 million tons per year, and about 50% of the lees are
still idle or abandoned (Yang et al., 2019). Therefore, the comprehensive utilization of lees has become a major
problem facing the development of the liquor industry in Guizhou, and it is also the current key development
task and research direction of the utilization of agricultural organic waste.

Biochar is prepared from solid agricultural and forestry waste through anaerobic high-temperature
carbonization and can be used in agricultural production. It can not only realize the rational utilization of waste
resources, but also play a role in soil improvement and regulation of soil micro-ecological environment. It can
enable agricultural production to achieve good green, ecological and sustainable development (Dai et al., 2017;
Kumuduni et al., 2019; Zheng et al., 2019). Because of its special physical and chemical properties, biochar can
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directly provide soil microorganisms with a good habitat and nutrients required for growth, and it plays an
important role in regulating the diversity of soil microbial community structure (Sheng et al., 2018; Yu et al.,
2018; Zheng et al., 2016). Fungi are an important part of soil microbes, which play an important role in
decomposing the energy �ow and material circulation of soil ecosystems (Nguyen et al., 2018). At present,
there have been reports on the effects of biochar on soil fungal community structure. It has been found that the
addition of 3.0% or 6.0% biochar can increase the activity of N mineralization enzymes, and the addition of
biochar can affect the response of the fungal community to alfalfa plant restoration (Zhang et al., 2018). It has
been shown that the application of biochar increases the soil pH and nutrient content of rubber trees, and also
affects bacterial and fungal communities, and the fungal community is more affected than the bacterial
community (Herrmann et al., 2019). It has also been shown that application of biochar can effectively control
brucellosis by trapping more C and N, enriching speci�c bene�cial bacteria, and reducing the abundance of
pathogenic bacteria (Chen et al., 2020). It was found that biochar signi�cantly increased the α diversity of rice
soil bacteria but decreased the fungal community structure through continuous application of biochar for 4
years, and that biochar-induced changes in soil chemistry (such as pH, SOC, and C/N) were important factors in
the changes in community composition (Zheng et al., 2016). It can be seen that biochar has obvious
advantages in improving soil fertility and improving soil microecology.

The improvement effect of biochar on soil microenvironment is obvious, but the current research on the impact
of biochar on soil microorganisms is still mainly based on the diversity of bacterial community structure
(Abujabhah et al., 2018; Gao et al., 2019; Senbayram et al., 2019). The in�uence of fungal community structure
and its inherent relationship with soil physical and chemical properties still need further exploration. Therefore,
this article uses Guizhou sauce-�avor distiller's grain biochar as a test material and carried out a short-term
cultivation test. This experiment qualitatively studied the effect of different lees biochar application on the
nutrient of yellow soil and the diversity of fungal community structure, and the relationship between the change
of soil physical and chemical characteristics and the diversity of soil fungal community. It is hoped that this
experiment will provide a theoretical reference for the improvement of the fertility of Guizhou yellow soil and the
rational utilization of lees.

Materials And Methods

Experimental site
This experiment was conducted in the experimental base of Guizhou Academy of Agricultural Sciences from
April to June in 2019. During the experiment, the average daily temperature was 20.4℃ and the daily rainfall
was 2.89 mm. The tested soil is a typical zonal yellow soil in Guizhou. The basic physical and chemical
properties are: pH 6.4, organic matter (SOM) 26.8 g kg− 1, total nitrogen (TN) 0.7 g kg− 1, ammonium N (AN)
0.3 mg kg− 1, nitrate N (NN) 11.5 mg kg− 1, available phosphorus (AP) 48.6 mg kg− 1, available potassium (AK)
175.0 mg kg− 1. The test biochar was Maotai distillers grain biochar, which was prepared at 550 ℃ using
special carbonization equipment. The basic physical and chemical properties of biochar are: pH 8.8, total
carbon (TC) 281.3 g kg− 1, TN 7.5 g·kg− 1, AN 1.6 mg kg− 1, NN 24.3 mg kg− 1, AP 1.4 mg kg− 1, AK 4.6 g kg− 1.

Experimental design and management
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This test was conducted using open �eld cultivation methods, and the test device was a PVC pipe with a
diameter of 20 cm and a height of 35 cm. First �ll the bottom of the PVC pipe with 5 cm thick quartz sand, and
wrap the bottom of the PVC pipe with gauze to prevent the loss of soil or quartz sand. Then mix the yellow soil
with the lees biochar and put it in a PVC tube, and press it properly to avoid over�ow. The soil weight was 10 kg,
and the biochar ratios were 0% (MB0), 0.5% (MB0.5), 1.0% (MB1.0), 2.0% (MB2.0) and 4.0% (MB4.0). The test
device was placed in the �eld and soil was collected for analysis after 60 days of cultivation. Each treatment
was repeated three times.

Collection of soil samples
After the test, the soil in each PVC tube was mixed thoroughly and soil samples were collected. The soil sample
was divided into three parts. The �rst part was wrapped in foil, quickly placed in a centrifuge tube, put into
liquid N for freezing and transportation, and then transferred to a refrigerator at -80 ℃ for storage, used for
high-throughput sequencing analysis of soil microorganisms. The second part of the fresh soil sample was
used for the determination of AN, NN and microbial biomass C and N. The third part of the soil sample was
used to determine the soil pH, SOM, TN, AP, and AK.

Determination of soil physical and chemical properties
Soil pH was measured in 1:2.5 (soil: water ratio, w/v) extraction with a pH meter (FE20K, Mettler Toledo,
Switzerland). SOM was determined by wet combustion method. TN was determined using Kjeldahl method. AN
and NN were measured by 1 mol·L− 1 KCl solution immersion-continuous �ow analyzer. Microbial biomass C
(MBC) and N (MBN) were determined by chloroform fumigation-K2SO4 extraction method. AP was determined
by sodium bicarbonate method. AK was extracted with ammonium acetate and boiling nitric acid, and
determined with a �ame photometer (FP640, Jingke, Shanghai, China) (Bao 2000).

Soil microbial DNA extraction and high-throughput sequencing
Microbial community genomic DNA was extracted from soil samples using the E.Z.N.A.® soil DNA Kit (Omega
Bio-tek, Norcross, GA, U.S.) according to manufacturer’s instructions. The DNA extract was checked on 1%
agarose gel, and DNA concentration and purity were determined with NanoDrop 2000 UV-vis spectrophotometer
(Thermo Scienti�c, Wilmington, USA). The hypervariable region ITS2 of the fungi gene were ampli�ed with
primer pairs ITS3F (5'-GCATCGATGAAGAACGCAGC-3') and ITS4R (5'-TCCTCCGCTTATTGATATGC-3') by an ABI
GeneAmp® 9700 PCR thermocycler (ABI, CA, USA). The PCR ampli�cation of 16S rRNA gene was performed as
follows: initial denaturation at 95 ℃ for 3 min, followed by 27 cycles of denaturing at 95 ℃ for 30 s, annealing
at 55 ℃ for 30 s and extension at 72 ℃ for 45 s, and single extension at 72 ℃ for 10 min, and end at 4 ℃.
The PCR mixtures contain 5 × TransStart FastPfu buffer 4 µL, 2.5 mM dNTPs 2 µL, forward primer (5 µM) 0.8
µL, reverse primer (5 µM) 0.8 µL, TransStart FastPfu DNA Polymerase 0.4 µL, template DNA 10 ng, and �nally
ddH2O up to 20 µL. PCR reactions were performed in triplicate. The PCR product was extracted from 2%
agarose gel and puri�ed using the AxyPrep DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, USA)
according to manufacturer’s instructions and quanti�ed using Quantus™ Fluorometer (Promega, USA).

Puri�ed amplicons were pooled in equimolar and paired-end sequenced (2 × 300) on an Illumina MiSeq
platform (Illumina, San Diego, USA) according to the standard protocols by Majorbio Bio-Pharm Technology Co.
Ltd. (Shanghai, China). The raw reads were deposited into the NCBI Sequence Read Archive (SRA) database.
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Statistics and Analysis
Mothur software was used to calculate the richness index Ace, Chao1 and the diversity index Shannon,
Simpson index. Origin 8.0 was used for mapping, SPSS 20.0 was used for variance analysis, and Canoco 4.5
was used for redundancy analysis (RDA).

Results And Analysis

Soil nutrients
Compared with MB0 treatment, the soil pH, OM, TN, NN, AP and AK was increased by 0.31%-1.69%,
81.77%-508.83%, 35.79%-365.26%, 122.96%-171.80%, 4.97%-146.17% and 59.36%-847.71% (Table 1). The
variation trend was MB4.0>MB2.0>MB1.0>MB0.5>MB0. AN also was increased by 45.76%-128.81%, but the
difference between treatments was not signi�cant. Compared with MB0, MBC and MBN showed a decreasing
trend, and MBC decreased by 12.36%-26.49%, among which MB4.0 treatment showed the most signi�cant
decrease. MBN decreased by 34.10%-59.95%, among which MB1.0, MB2.0 and MB4.0 were signi�cantly reduced.

Table 1
Effects of different biochar dosages on nutrient of yellow soil.

Treatment pH SOM
(g·kg− 

1)

TN
(g·kg− 

1)

AN
(mg·kg− 

1)

NN
(mg·kg− 

1)

AP
(mg·kg− 

1)

AK
(mg·kg− 

1)

MBC
(mg·kg− 

1)

MBN
(mg·kg− 

1)

MB0 6.51 
± 
0.05
c

7.02 
± 0.39
e

0.95 
± 0.06
c

0.59 ± 
0.15 a

34.75 ± 
21.36 b

7.45 ± 
0.93 d

14.00 ± 
2.84 e

322.52 
± 75.34
a

76.16 ± 
23.61 a

MB0.5 6.53 
± 
0.07
bc

12.76 
± 2.15
d

1.29 
± 0.01
c

1.04 ± 
0.56 a

77.48 ± 
11.50 a

7.82 ± 
0.48 cd

22.31 ± 
2.94 d

282.67 
± 35.46
ab

50.19 ± 
8.11 ab

MB1.0 6.53 
± 
0.08
bc

18.25 
± 0.52
c

1.57 
± 0.05
c

1.08 ± 
0.15 a

82.25 ± 
7.62 a

10.01 ± 
1.02 c

46.90 ± 
4.92 c

280.71 
± 40.70
ab

32.48 ± 
17.83 b

MB2.0 6.59 
± 
0.05
ab

25.74 
± 3.46
b

2.70 
± 0.76
b

0.86 ± 
0.45 a

89.39 ± 
10.41 a

12.72 ± 
2.18 b

84.03 ± 
2.48 b

250.87 
± 10.18
ab

30.50 ± 
16.17 b

MB4.0 6.62 
± 
0.07
a

42.74 
± 2.81
a

4.42 
± 0.59
a

1.35 ± 
0.60 a

94.45 ± 
3.21 a

18.34 ± 
1.43 a

132.68 
± 5.58 a

237.07 
± 31.65
b

33.84 ± 
9.89 b

Note: Different lowercase letters in the same column indicate signi�cant differences between treatments (P 
< 0.05).

Fungal community composition
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After screening and �ltering fungal sequences in soil samples, it was found that the average base length was
315.0 bp, and the average sequencing coverage rate reached 99.91%. As can be seen from Fig. 1, the OTUs
dilution curve of fungi measured in the soil sample tends to be �at, indicating that the OTUs measured tends to
be saturated, and the OTU quantity was MB0 > MB1.0>MB0.5>MB4.0>MB2.0 (Fig. 1).

A total of 3234 OTUs were detected in the soil samples (Fig. 2), among which the OTUs with MB0, MB0.5, MB1.0,
MB2.0 and MB4.0 were 1548, 1479, 1510, 1294 and 1380, respectively. The public OTUs of the �ve treatments
were 499, accounting for 32.24%, 33.74%, 33.04%, 38.56% and 36.16% of the total OTUs of MB0, MB0.5, MB1.0,
MB2.0 and MB4.0 respectively. The unique OTU numbers of MB0, MB0.5, MB1.0, MB2.0 and MB4.0 were 402, 329,
403, 217 and 265 respectively, accounting for 25.97%, 22.24%, 26.69%, 16.77% and 19.20% of the total OTU of
the corresponding treatment.

NMDS analysis of fungal community structure
The non-metric multidimensional scaling analysis (NMDS) of the fungal community composition in the yellow
soil showed that (Fig. 3) the NMDS Stress coe�cient value was 0.22, indicating that NMDS analysis could
accurately re�ect the degree of difference between the samples. The MB0 treatment was mainly on the left side
of NMDS and could be completely separated from the fungal community treated with other treatments,
indicating that the application of distillage biochar could signi�cantly affect the fungal community structure of
yellow soil. However, the distances between various points treated with MB0.5, MB1.0, MB2.0 and MB4.0 were
relatively close and overlaps existed, and the species similarity coe�cient was high, indicating that different
biochar application amounts could promote the growth of some of the same species in the composition of the
yellow soil fungus community.

Fungal community diversity index
Compared with MB0 treatment, Ace and Chao1 indexes treated with distillers' grains biochar decreased by
5.12%-0.23% and 5.29%-11.59% respectively, but the differences were not signi�cant (Table 2). With the
increase of biochar application amount, Simpson index increased, while Shannon index showed no signi�cant
difference. Compared with MB0 treatment, Simpson index of MB0.5, MB1.0, MB2.0 and MB4.0 treatment
increased by 10.25%-91.30%, among which MB4.0 treatment was signi�cantly higher than that of MB0, MB0.5

and MB2.0 treatment.
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Table 2
Effects of different biochar dosages on fungal community diversity index in yellow soil.

Treatment Coverage (%) Ace Chao1 Shannon Simpson

MB0 99.93 ± 0.02 a 391 ± 22 a 397 ± 22 a 2.85 ± 0.25 a 0.1034 ± 0.0230 b

MB0.5 99.92 ± 0.03 a 371 ± 15 a 376 ± 16 a 3.05 ± 0.26 a 0.1140 ± 0.0336 b

MB1.0 99.91 ± 0.03 a 361 ± 44 a 364 ± 39 a 2.84 ± 0.24 a 0.1309 ± 0.0437 b

MB2.0 99.92 ± 0.02 a 351 ± 15 a 357 ± 22 a 3.06 ± 0.17 a 0.1468 ± 0.0431 ab

MB4.0 99.87 ± 0.03 b 359 ± 19 a 351 ± 24 a 2.87 ± 0.26 a 0.1978 ± 0.0766 a

Richness and diversity of fungal communities

Phylum level fungal community structure
We detected a total of 18 bacterial species and undetermined groups at the gate level, among which 16, 17, 15,
16 and 16 gates were treated with MB0, MB0.5, MB1.0, MB2.0 and MB4.0 respectively. The results showed that the
relative abundance of Ascomycota, Chytridiomycota and Mortierellomycota were 47.31%-76.37%,
11.72%-21.45% and 2.07%-23.34% respectively, belonging to the dominant fungal group, and the relative
abundance was 81.43%-90.16% in total (Fig. 4). The relative abundance of Ascomycota was signi�cantly
reduced by 23.86 to 29.06 percentage points. The relative abundance of Mortierellomycota showed an obvious
increasing trend with the increase of biochar applied to lees, which was 5.27–11.27 times higher than MB0

treatment. In the relative abundance of other smaller fungus door, vinasse biochar improves the relative
abundance of Basidiomycota and Glomeromycota, whereas Chlorophyta deal with highest MB2.0 treatment.

Genus level fungal community structure
At the genus level, we detected a total of 444 fungal species and undetermined groups, among which 287, 277,
254, 257 and 271 genera were treated with MB0, MB0.5, MB1.0, MB2.0 and MB4.0 respectively. The relative
abundance of Unassigned fungi, Aspergillus, unclassi�ed_Chaetomiaceae, Mortierella, Spizellomyces,
Penicillium, Fusarium, unclassi�ed_Chromista and Chaetomium was relatively high. The total relative
abundance was 87.08%-92.03% (Fig. 5). Compared with MB0 treatment, the relative abundance of Aspergillus
and Fusarium decreased by 8.80%-22.11% and 1.77%-12.44% respectively, but signi�cantly increased the
relative abundance of Mortierella and Spizellomyces. In addition, the relative abundance of Wallemia and
Purpureocillium of MB4.0 treatment were signi�cantly reduced, while the relative abundance of Chaetomium,
Geomyces and unclassi�ed_Trichocomaceae showed a signi�cant increasing trend with the increase of biochar
application amount of distillates.

LefSe analysis of fungal community structure
LefSe analysis of the fungal community (Fig. 6) showed that the fungi with signi�cant differences in MB0

treatment was Ascomycota, while fungi with signi�cant differences in MB0.5, MB1.0, MB2.0 and MB4.0 treatment
were Coprinellus_ellisii, Pestalotiopsis, Emerallopsis and Mortierellomycota.
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Richness and diversity of fungal communities
De-trend correspondence analysis (DCA) of the relative abundance data for the top 15 dominant genera of the
fungal community showed that the maximum value of the gradient was 2.42 in the four axes (< 3). Further RDA
redundancy analysis of the 15 dominant genera with soil chemistry Results showed that SOM, AN, and NN were
the main factors in�uencing the structure of the fungal community in yellow soil (Fig. 7). Axis 1 interpretation
of RDA analysis was 49.1% and axis 2 interpretation was 25.1%, for a cumulative interpretation rate of 74.2%.

Discussions

Effect of biochar on soil nutrient effectiveness
Biochar is produced from agricultural organic waste through high temperature charring. Most biochar is
alkaline, has a loose texture, and is rich in N, phosphorus, potassium and many other elements, as well as many
mineral nutrients. Such as calcium, magnesium, zinc and other trace elements. When biochar is applied to the
soil, it can not only change the physical properties of the soil, improve soil porosity, but also raise the nutrient
content of the soil. It is favorable to the balanced supply of multiple nutrients (Zhang et al., 2017; Zhang et al.,
2019). The results of this paper showed that short-term application of lees biochar can signi�cantly improve
the pH, SOM, TN, AN, NN, AP and AK content of the yellow soil in Guizhou, which is similar to the results of
previous studies (Liu et al., 2019; Zhang et al., 2019). Maotai lees are a by-product of sorghum and other by-
products formed after many high temperature fermentations. The pH of biochar was weakly acidic, rich in
nutrients, and contains a large number of residual fats, proteins, cellulose and vitamins. trace elements and N-
free leachables (Dai et al., 2020). The lees were prepared into biochar after high temperature charring, and its
own pH changed to alkaline (8.78). The content of SOM, TN and AK was signi�cantly increased, thus the
fertility of yellow soil could be improved after application to the soil. However, short-term application of lees
biochar reduced the microbial mass carbon (MBC) and microbial mass N (MBN) content of the yellow soil. One
reason may be due to the high C/N of biochar, which disrupted the microbial C/N balance when applied to the
soil, thus suppressed the number and activity of microorganisms (Xu et al., 2014; Zhu et al., 2917). Another
reason, the application of organic materials generally increases the C and N content of soil microbial mass
(Foster et al., 2016). However, biochar is rich in inactive organic C that is stable in nature. Although the
application of biochar directly increases the soil organic C content, it decreases the proportion of activated C
available to the microorganisms, resulting in the soil microbial quantity C/N decreased (Johannes et al., 2006;
Zwieten et al., 2010).

MBC/MBN can be used to re�ect structural information about the soil microbial community. Bacteria have C/N
ratios ranging from 3 to 6, while fungi have C/N ratios ranging from 7 to 12 (Vries et al., 2006). In this study,
MB0, MB0.5, MB1.0, MB2.0, MB4.0 treated MBC/MBN 4.50, 5.65, 10.07, 8.23, and 7.01, respectively. This
indicates that the yellow soil microorganisms were predominantly bacterial under no biochar (MB0) or low
application (MB0.5) conditions. At high application rates (MB1.0, MB2.0, MB4.0), the fungus was predominant. It
has been shown that N fertilizer paired with biochar can increase the proportion of bacteria in the microbial
community. When the total amount of soil �ora remains constant, the rate of bacterial growth and reproduction
increases, which leads to a decrease in soil microbial C/N (Wang et al., 2010). In the present study, MBC/MBN
tended to decrease when biochar was applied above 1.0%. Although the soil microorganisms were still
dominated by fungal communities, the bacterial growth and reproduction rate gradually increased, resulting in
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a soil microbial C/N decrease. Soil microbial communities are gradually changing from "fungal" to "bacterial",
which means that biochar application can improve the quality of soil microorganisms. Soil microhabitat
environment to alleviate soil continuum barriers (Chen et al., 2012).

Effect of biochar on soil nutrient effectiveness
Fungi are important members of the soil microbial community that drive energy �ow and material cycling in
soil-vegetation ecosystems. It plays an important role in the ecosystem. The results of this study found that
short-term application of lees biochar signi�cantly increased the fungal Simpson index, but Ace, Chao1 and
Shannon indices had no effect. This indicates that the application of lees biochar can reduce the diversity of
yellow soil fungal communities, but has no effect on species diversity, which is consistent with the results of
previous studies (Hu et al., 2014). It has been shown that soil fungal richness and diversity indices were
signi�cantly reduced after charcoal-based fertilization, which may be related to the different pathways of soil
microorganisms to decompose soil organic matter. Biochar application can not only affect soil fungal
community diversity, but also improve the fungal community structure and reduce the species with pathogenic
potential, which in turn can lead to the development of soil fungi towards bene�cial �ora (Bai et al., 2019). In
the present study, application of lees biochar signi�cantly reduced the relative abundance of Fusarium and
increased the relative abundance of Mortierella, which is similar to the results of a previous study (Yao et al.,
2017). Fusarium is the main causative agent of soil-borne diseases of crops, and application of biochar can
signi�cantly reduce the gene copy number and relative abundance of Fusarium in the soil, which may be
related to the increase in soil pH and decrease in the effectiveness of some phenolic acids in the soil after
application of biochar (Jaiswal et al., 2017; Wu et al., 2020). Mortierella promotes an increase in soil organic
matter and nutrient content, thereby promoting crop root growth and development (Curran et al., 2000). In
addition, the application of lees biochar also increased the relative abundance of some functional genera of
bacteria such as Chaetomium. It has been found that the increase in Chaetomium not only promotes the
uptake of active substances from the soil, but also produces antibiotics and cell wall-degrading enzymes, thus
acting to alleviate soil continuity disorders and inhibit the occurrence of soil-borne diseases (Ingrid et al., 2015).

Relationship between fungal community structure and soil
environmental factors
Soil microbial community structure is not only in�uenced by physical factors such as soil moisture and
aeration conditions, but also soil chemical factors such as pH, SOM and TN are key factors in�uencing the
changes in soil microbial community structure (Liu et al., 2019). Results of RDA redundancy analysis in this
study showed that SOM, AN, and NN were important factors in�uencing the structural changes of fungal
communities in yellow soil. It has been noted that the fungi prefer to grow in acidic environments. The
application of biochar increased the soil pH and therefore was associated with other soil in�uences (such as
TC content, TN content, electrical conductivity) compared to pH as the main factor in�uencing changes in soil
microbial communities (Chen et al., 2015; Nielsen et al., 2014). However, it has also been found that soil pH is
the dominant factor in�uencing changes in soil fungal community structure, which is in�uenced by soil
nutrients much more than soil pH (Dai et al., 2016), and some studies have con�rmed the signi�cant correlation
between the effective nutrient content of soil and fungal community composition (Zhang et al., 2019). Thus,
the response of environmental factors and fungal community structure differed according to soil type, crop
type, and biochar type. In addition, there are few studies on the effect of Maotai lees biochar on the fungal



Page 10/19

diversity of yellow soil, and the soil microbial environment will certainly change with the time of biochar
application and the aging process of biochar itself. Therefore, more experiments need to be conducted to
explore the short- and long-term effects of lees biochar on the diversity of fungal communities, so as to provide
theoretical reference for the improvement of loess geology and the rational utilization of wine lees in Guizhou.

Conclusion
It is concluded that in the short term, lees biochar resulted in stronger improvements in nutrient and fungal
diversity of yellow soil. The present study provided evidence that lees biochar increased the soil organic matter
positively in�uenced the growth of fungal community, and could inhibit the growth and reproduction of
pathogenic bacteria of harmful plants. However, long term �eld studies are needed to assess the effect of
Moutai less biochar on nutrient availability and microbial community.

Declarations
Authors’ contributions All authors contributed to the study conception and design. Meng Zhang conceived the
experiments; Meng Zhang and Yanling Liu performed the experiments and analyzed the data; Quanquan Wei
contributed materials; Meng Zhang wrote the paper; and Jiulan Gou revised the paper.

Funding The work was �nancially supported by the National Natural Science Foundation of China (No.
31860594 and No. 32060302), the Science and Technology Foundation of Guizhou Province ([2017]1181 and
[2018]1154) and the Science and Technology Planning Project of Guizhou Province ([2020]1Y087).

Data availability All data generated or analyzed during this study are included in this published article.

Compliance with ethical standards

Competing interests   The authors declare that they have no competing interests.

Ethical approval   Not applicable

Consent to participate   Not applicable

Consent to publish   All authors have read the manuscript and approve of its submission to Environmental
Science and Pollution Research.

References
1. Abujabhah IS, Doyle RB, Bound SA, Bowman JP (2018) Assessment of bacterial community composition,

methanotrophic and nitrogen-cycling bacteria in three soils with different biochar application rates. J. Soils
Sediment 18: 148-158. https://doi.org/10.1007/s11368-017-1733-1.

2. Bai N, Zhang H, Li S, Zheng X, Zhang J, Zhang H, Zhou S, Sun H, Lv W (2019) Long-term effects of straw
and straw-derived biochar on soil aggregation and fungal community in a rice-wheat rotation system.
PeerJ 6, e6171. https://doi.org/10.7717/peerj.6171.

3. Bao SD. Soil and agricultural chemistry analysis. Beijing: China Agricultural Press, 2000.



Page 11/19

4. Chen J, Liu X, Li L, Zheng J, Qu J, Zheng J, Zhang X, Pan G (2015) Consistent increase in abundance and
diversity but variable change in community composition of bacteria in topsoil of rice paddy under short
term biochar treatment across three sites from South China. Appl. Soil Ecol 91: 68-79.
https://10.1016/j.apsoil.2015.02.012.

5. Chen M, Li X, Yang Q, Chi X, Pan L, Chen N, Yang Z, Wang T, Wang M, Yu S (2012) Soil Eukaryotic
microorganism succession as affected by continuous cropping of peanut-pathogenic and bene�cial fungi
were selected. Plos One 7, e40659. https://doi.org/10.1371/journal.pone.0040659.

�. Chen S, Qi G, Ma G, Zhao X (2020) Biochar amendment controlled bacterial wilt through changing soil
chemical properties and microbial community. Microbiol Res 231, 126373.
https://doi.org/10.1016/j.micres.2019.126373.

7. Cheng C, Li Y, Long M, Gao M, Zhang Y, Lin J, Li X (2020) Moss biocrusts buffer the negative effects of
karst rocky deserti�cation on soil properties and soil microbial richness. Plant and Soil, 2020.
https://doi.org/10.1007/s11104-020-04602-4.

�. Curran HJ, Fischer SL, Dryer FL (2000) The reaction kinetics of dimethyl ether. : low-temperature oxidation
in �ow reaction. Int. J. Chem. Kinet 32: 741-759. https://doi.org/10.1002/1097-4601(2000)32:123.3.CO;2-0.

9. Dai Z, Hu J, Xu X, Zhang L, Brookes PC, He Y, Xu J (2016) Sensitive responders among bacterial and fungal
microbiome to pyrogenic organic matter (biochar) addition differed greatly between rhizosphere and bulk
soils. Sci Rep 6: 326-327. https://doi.org/10.1038/srep36101.

10. Dai Z, Zhang X, Tang C, Muhammad N, Wu J, Brookes PC, Xu J (2017) Potential role of biochars in
decreasing soil acidi�cation-A critical review. Sci. Total Environ 581-582: 601-611.
https://doi.org/10.1016/j.scitotenv.2016.12.169.

11. Dai Y, Tian Z, Meng W, Li Z (2020) Microbial diversity and physicochemical characteristics of the Maotai-
Flavored liquor fermentation process. J. Nanosci. Nanotechno 20: 4097-4109.
https://doi.org/10.1166/jnn.2020.17522.

12. Ding L, Shang Y, Zhang W, Zhang Y, Li S, Wei X, Zhang Y, Song X, Chen X, Liu J, Yang F, Yang X, Zou C,
Wang P (2019) Disentangling the effects of driving forces on soil bacterial and fungal communities under
shrub encroachment on the Guizhou Plateau of China. Sci Total Environ.
https://doi.org/10.1016/j.scitotenv.2019.136207.

13. Foster EJ, Hansen N, Wallenstein M, Cotrufo MF (2016) Biochar and manure amendments impact soil
nutrients and microbial enzymatic activities in a semi-arid irrigated maize cropping system. Agr Ecosyst
Environ 233: 404-414. https://doi.org/10.1016/j.agee.2016.09.029.

14. Gao Y, Lu Y, Lin W, Tian J, Cai K (2019) Biochar Suppresses Bacterial Wilt of Tomato by Improving Soil
Chemical Properties and Shifting Soil Microbial Community. Microorganisms 7: 1-16.
https://doi.org/10.3390/microorganisms7120676.

15. Guo Z, Han J, Li J, Xu Y, Wang X (2019) Effects of long-term fertilization on soil organic carbon
mineralization and microbial community structure. PLoS ONE 14: e0211163. https://doi.
org/10.1371/journal.pone.0211163.

1�. Herrmann L, Lesueur D, Robin A, Robain H, Wiriyakitnateekul W, Brau L (2019) Impact of biochar
application dose on soil microbial communities associated with rubber trees in North East Thailand. Sci
Total Environ 689: 970-979. https://doi.org/10.1016/j.scitotenv.2019.06.441.

https://doi.org/10.1007/s11104-020-04602-4
http://www.ncbi.nlm.nih.gov/pubmed/27824111


Page 12/19

17. Hu L, Cao L, Zhang R (2014) Bacterial and fungal taxon changes in soil microbial community composition
induced by short-term biochar amendment in red oxidized loam soil. World J Microbiol Biotechnol 30:
1085-1092. https://doi.org/10.1007/s11274-013-1528-5.

1�. Ingrid HFW, Luisa MM, Heribert I, Blaz S (2015) Rhizosphere bacteria and fungi associated with plant
growth in soils of three replanted apple orchards. Plant Soil 395: 317-333. https://
doi.org/10.1007/s11104-015-2562-x.

19. Jaiswal AK, Elad Y, Paude I, Graber ER, Cytrtn E, Frenkel O (2017) Linking the Belowground Microbial
Composition, Diversity and Activity to Soilborne Disease Suppression and Growth Promotion of Tomato
Amended with Biochar. Sci Rep 7: 325-350. https://doi.org/10.1038/srep44382.

20. Johannes L, John G, Marco R (2006) Biochar sequestration in terrestrial ecosystems: A review. Mitig Adapt
Strat Gl 11: 395-419. https://doi.org/10.1007/s11027-005-9006-5

21. Kumuduni NP, James TFW, Yohey H, Longbin H, Jörg R, Scoot XC, Nanthi B, Wang H, Yong SO (2019)
Response of microbial communities to biochar‐amended soils: A critical review. Biochar 1: 3-22.
https://doi.org/10.1007/s42773-019-00009-2.

22. Liu Y, Zhu J, Gao W, Guo Z, Xue C, Pang J, Shu L (2019) Effects of biochar amendment on bacterial and
fungal communities in the reclaimed soil from a mining subsidence area. Environ Sci Pollut R 26: 34368-
34376. https://doi.org/10.1007/s11356-019-06567-z.

23. Luo K, Liu H, Liu Q, Tu Y, Yu E, Xing D (2020) Cadmium accumulation and migration of 3 peppers varieties
in yellow and limestone soils under geochemical anomaly. Environ Technol 1-11.
https://doi.org/10.1080/09593330.2020.1772375.

24. Nguyen TTN, Wallace HM, Xu C, Zwieten L, Weng Z, Xu Z, Che R, Tahmasbian I, Hu H, Bai S (2018) The
effects of short term, long term and reapplication of biochar on soil bacteria. Sci Total Environ 636: 142-
151. https://doi.org/10.1016/j.scitotenv.2018.04.278.

25. Nielsen S, Minchin T, Kimber S, Zwieten L, Gilbert J, Munroe P, Joseph S, Thomas T (2014) Comparative
analysis of the microbial communities in agricultural soil amended with enhanced biochars or traditional
fertilisers. Agr Ecosyst Environ 191: 73-82. https://doi.org/10.1016/j.agee.2014.04.006.

2�. Senbayram M, Saygan EP, Chen R, Aydemir S, Kaya C, Wu D, Bladogatskaya E (2019) Effect of biochar
origin and soil type on the greenhouse gas emission and the bacterial community structure in N fertilized
acidic sandy and alkaline clay soil. Sci Total Environ 660: 69-79.
https://doi.org/10.1016/j.scitotenv.2018.12.300.

27. Sheng Y, Zhu L (2018) Biochar alters microbial community and carbon sequestration potential across
different soil pH. Sci Total Environ 622-623: 1391-1399. https://doi.org/ 10.1016/j.scitotenv.2017.11.337.

2�. Vries FTD, Ho�and E, Eekeren NV, Brussaard L, Bloem J (2006) Fungal bacterial ratios in grasslands with
contrasting nitrogen management. Soil Biol Biochem 38: 2092-2103.
https://doi.org/10.1016/j.soilbio.2006.01.008.

29. Wang C, Feng X, Guo P, Han G, Tian X (2010) Response of degradative enzymes to N fertilization during
litter decomposition in a subtropical forest through a microcosm experiment. Ecol Res 25: 1121-1128.
https://doi.org/10.1007/s11284-010-0737-8.

30. Wu H, Qin X, Wu H, Li F, Wu J, Zheng L, Wang J, Chen J, Zhao Y, Lin S, Lin W (2020) Biochar mediates
microbial communities and their metabolic characteristics under continuous monoculture. Chemosphere

https://doi.org/10.1007/s11274-013-1528-5
https://doi.org/10.1007/s11356-019-06567-z


Page 13/19

246: 125835. https://doi.org/10.1016/j.chemosphere.2020.125835

31. Xu H, Wang X, Li H, Yao H, Su J, Zhu Y (2014) Biochar impacts soil microbial community composition and
nitrogen cycling in an acidic soil planted with rape. Environ Sci Technol 48: 9391-9399.
https://doi.org/10.1021/es5021058.

32. Yang X, Yang S, Chen L, Lu H, Zhou L, Yang H (2019) Preparation of a high-temperature bio-organic
fertilizer compounded fermenting agent based on distiller's grains. Food and Fermentation Industries 45:
242-249. https://doi.org/10.13995/j.cnki.11-1802/ts.019887. (with abstract in Chinese)

33. Yao Q, Liu J, Yu Z, Li Y, Jin J, Liu X, Wang G (2017) Three years of biochar amendment alters soil
physiochemical properties and fungal community composition in a black soil of northeast china. Soil Biol
Biochem 110: 56-67. https://doi.org/10.1016/j.soilbio.2017.03.005.

34. Yu L, Yu M, Lu X, Tang C, Liu X, Brooker PC, Xu J (2018) Combined application of biochar and nitrogen
fertilizer bene�ts nitrogen retention in the rhizosphere of soybean by increasing microbial biomass but not
altering microbial community structure. Sci Total Environ 640-641: 1221-1230.
https://doi.org/10.1016/j.scitotenv.2018.06.018.

35. Zhang M, Wang J, Bai SH, Teng Y, Xu Z (2018) Evaluating the effects of phytoremediation with biochar
additions on soil nitrogen mineralization enzymes and fungi. Environ Sci Pollut R 25: 23106-23116.
https://doi.org/10.1007/s11356-018-2425-0.

3�. Zhang M, Cheng G, Feng H, Sun B, Zhao Y, Chen H, Chen J, Dyck M, Wang X, Zhang J, Zhang A (2017)
Effects of straw and biochar amendments on aggregate stability, soil organic carbon, and enzyme
activities in the Loess Plateau, China. Environ Sci Pollut R 24: 10108-10120.
https://doi.org/10.1007/s11356-017-8505-8.

37. Zhang M, Riaz M, Zhang L, Xia H, EI-desouki Z, Jiang C (2019) Response of fungal communities in
different soils to biochar and chemical fertilizers under simulated rainfall conditions. Sci Total Environ 691:
654-663. https://doi.org/10.1016/j.scitotenv.2019.07.151.

3�. Zhang L, Xiang Y, Jing Y, Zhang R (2019) Biochar amendment effects on the activities of soil carbon,
nitrogen, and phosphorus hydrolytic enzymes: a meta-analysis. Environ Sci Pollut R 26: 22990-23001.
https://doi.org/10.1007/s11356-019-05604-1.

39. Zheng J, Chen J, Pan G, Liu X, Zhang X, Li L, Bian R, Cheng K, Zheng J (2016) Biochar decreased microbial
metabolic quotient and shifted community composition four years after a single incorporation in a slightly
acid rice paddy from southwest China. Sci Total Environ 571: 206-217.
https://doi.org/10.1016/j.scitotenv.2016.07.135.

40. Zheng B, Ding K, Yang X, Wadaan MAM, Hozzein WN, Penuelas J, Zhu Y (2019) Straw biochar increases
the abundance of inorganic phosphate solubilizing bacterial community for better rape (Brassica napus)
growth and phosphate uptake. Sci Total Environ 647: 1113-1120.
https://doi.org/10.1016/j.scitotenv.2018.07.454.

41. Zhu L, Xiao Q, Shen Y, Li S (2017) Effects of biochar and maize straw on the short-term carbon and
nitrogen dynamics in a cultivated silty loam in China. Environ Sci Pollut R 24: 1019-1029.
https://doi.org/10.1007/s11356-016-7829-0.

42. Zwieten LV, Kimber S, Morris S, Chan KH, Sowine A, Rust J, Joseph S, Cowie A (2010) Effects of biochar
from slow pyrolysis of papermill waste on agronomic performance and soil fertility. Plant Soil 327: 235-



Page 14/19

246. https://doi.org/10.1007/s11104-009-0050-x.

Figures

Figure 1

The OTUs rarefaction curves of soil.
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Figure 2

The venn �gure of fungus OTU in soil.
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Figure 3

The nonmetric multidimensional scale analysis of soil fungus community structure.
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Figure 4

The relative abundance of fungi at phylum level in soil under different biochar dosages.

Figure 5

The relative abundance of fungi at genus level in soil under different biochar dosages.
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Figure 6

LefSe analysis of fungal community in soil.
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Figure 7

Redundancy analysis of fungi and chemical properties in yellow soil (genus).


