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Application of hairy vetch (Vicia villosa Roth L.) affects fungal
community in upland red soil
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Abstract: [Objective] The long-term intense continuous cropping and abuse of mineral
fertilizers result in the degradation of upland red soil and the accumulation of soil-borne plant
pathogens. Fungi are the microorganisms closely related to soil health in agroecosystems. We
investigated the changes of soil fungal community to explore the effects of hairy vetch (Vicia
villosa Roth L.) application on the agroecosystem with upland red soil. [Methods] We
employed quantitative polymerase chain reaction (qPCR) and high-throughput sequencing
(Illumina MiSeq) to investigate the responses of fungal communities to mineral fertilizer
(hereinafter referred to as NPK) alone and mineral fertilizer combined with hairy vetch
(hereinafter referred to as NPKQG) in upland red soil. [Results] Compared with NPK, NPKG
increased the soil fertility, peanut yield, and fungal abundance and decreased soil pH and soil
fungal diversity. Different treatments significantly altered the soil fungal community
composition. Compared with NPK, NPKG increased the relative abundance of saprophytic
fungi by 37.42% and decreased the relative abundance of Cercospora arachidicola and
Lasidiplodia theobromae by 89.11% and 88.10%, respectively. [Conclusion] The application
of hairy vetch significantly increased soil fertility, reduced the risk of peanut exposure to soil-borne
diseases, and increased peanut yield in the upland red soil. Therefore, the application of hairy vetch
was conducive to the sustainable development of upland red soil in southern China.

Keywords: green manure; agroecosystem; fungal communities; plant pathogen; upland red soil
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TR AR R A . OTU
richness . Shannon index [JAH&PE . 8 F] R #fF
(version 4.1.3)f vegan [ TAE R & 2 4EF 4
#T(non-metric multidimensional scaling, NMDS)
FOAR L 43 BT (ANOSIM; permutations=999)Jf:
TEE, I Mantel test 6 55 38 # {b 4 i
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(line discriminant analysis effect size, LDA effect
size) i 72 AN [Rl b R 4 e B pE ARG Y. B R
Bt labdsv T AT IR N IR . AT
FUNGuild #{f(version 1.0)%} OTUs #F17I5HE
1 F A R B4 A9 dplyr .igraph Al Hmisc
ST IR AL B 4, IR Gephi
:(version 0.9.2)¥EATA] AL, R Pearson
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WANRFIEZ ] A A GG R

2 HERE4M
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FIEIAEPE BN E SR AN 1 PR, g
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Table 1 Physical and chemical characteristics of
soil in different treatments

Soil properties NPK NPKG

pH 5.35+0.20a 4.74+0.17b

SOC (g/kg) 7.78+0.37b 10.50+0.32a

TN (g/kg) 0.96+0.05b 1.19+0.04a

TP (g/kg) 0.75+0.05a 0.73+0.03a

AN (mg/kg) 90.20+2.67b 121.70+16.30a

AP (mg/kg) 15.90+2.65b 22.53+2.38a

Mean counttstandard deviation (n=9). Different lowercase
letters indicate significant differences between groups
(P<0.05); The same lowercase letters indicate no significant
differences between groups.
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Figure 1

Peanut yield of different treatments (A) and correlation between soil physicochemical properties

and peanut yield (B—D). B: Correlation between soil organic carbon and peanut yield. C: Correlation between
soil total nitrogen and peanut yield. D: Correlation between soil available phosphorus and peanut yield.
Different letters above bar plots indicate significant differences at 0.05 level. *: P<0.05.
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Figure 2 Fungal abundance in different soil treatments (A) and comparison of fungal alpha diversity (B and
C). Different letters above bar plots indicate significant differences at 0.05 level. *: P<0.05; ***: P<0.001.

%2

TRERESHMLES DIRBU M ERY Pearson 18X 5747

Table 2 Pearson correlations between soil fungal alpha diversity and soil physical and chemical properties

Soil physical and Fungal abundance OTU richness Shannon index
chemical properties R P R P R =]

pH —0.852 0.000 0.635 0.005 0.861 0.000
SOC (g/kg) 0.970 0.000 —0.489 0.040 -0.814 0.000
TN (g/kg) 0.934 0.000 —0.491 0.038 —0.768 0.000
TP (g/kg) —0.144 0.569 —0.083 0.742 0.025 0.923
AN (mg/kg) 0.798 0.000 —0.638 0.004 —0.866 0.000
AP (mg/kg) 0.818 0.000 —0.532 0.023 —0.744 0.000
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Figure 3 Fungal community structure indicated by
non-metric multi-dimensional scaling (NMDS). 2D
stress: The difference between the distance of a
point in 2-dimensional space and the distance of a
point in multidimensional space. Stress<0.2 indicate
significant differences in soil fungal community
composition of different treatments.
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Table 3 Mantel test of the correlation between
fungal beta diversity and soil properties

Soil properties R P

pH 0.616 0.001
SOC (g/kg) 0.575 0.001
TN (g/kg) 0.538 0.001
TP (g/kg) 0.077 0.237
AN (mg/kg) 0.553 0.001
AP (mg/kg) 0.395 0.002
Yield (g/pot) 0.325 0.001

TR FENBTIR N TFRE]
(Ascomycota, 80.5%) . 24 | 1(Zygomycota, 8.2%) .
#H ¥ 14 '] (Basidiomycota, 7.5%) . &I
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Figure 4 Relative abundance of soil fungal communities in different treatments at phyla level. Different
letters above bar plots indicate significant differences at 0.05 level. ns: P>0.05; *: P<0.05.
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Figure 5 LEfSe analysis of soil fungi in different treatments (the effect size>2 and the alpha value<0.05).
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EEAENEEA 1AM 1HEF#I](Basidiomycota)] .
3 NN 2E5E TH 4N (Sordariomycetes) . T H 7 40
(Wallemiomycetes) il kK ) 2
(Microbotryomycetes)] 1 4 4~ H [ & 5¢ @ H
(Sordariales), X4HTH H(Geminibasidiales), 22
7 H (Venturiales) . il R: H (Sporidiobolales)].
FR7R YN o3 B T T S 00 AN ] Ak B - 458 FC TR A 4
INJE, SR NPK A H i 2w A E R 8
B th 5 7R (Aspergillus) . 4 7] 1 & (Fusarium) |
IR TH R (Talaromyces)2%: 11 Fl; NPKG AbFE i g 2%
A I B & 22 U B & (Geminibasidium)
Ji 5t 2% J& (Humicola) 2% 6 il (32 4).
24 TEEERIEIIMLE

PRIEAS 7] it IS Ak B XS 21 498 524 4 19 B
7% Z B HAECR I SEMm , A 1 R 3
B8 6A), FFITE M RIFRFMEE(E 5).

x4 TELELREAERIETRE

Table 4 Indicator genera of soil fungi in different
treatments
Treatment Taxonomy P Relative
abundance
(%)

NPK g Acrocalymma 0.001  0.006

g Aspergillus 0.013  0.096

g Talaromyces 0.003  0.021

g_ Chloridium 0.036  0.008

g__Clonostachys 0.001  0.013

g__ Acremonium 0.002  0.004

g Fusarium 0.002  0.063

g Gibellulopsis 0.037  0.006

g Schizothecium 0.003  0.008

g Ceratobasidium 0.027  0.003

g Entrophospora 0.003  0.003
NPKG g Sarcinomyces 0.003  0.007

g Acidomelania 0.011  0.004

g Pseudogymnoascus 0.004  0.003

g Scedosporium 0.008  0.002

g Humicola 0.001  0.050

g Geminibasidium 0.001  0.058

W25 th— A5 AR —A OTU, AR Fh ]
PR, P2y Al R REI AR M4 1Y
SRR AR, NPKG 4 FRAI# T NPK ™)
AT R B PR | R R
N R85 FE Y R3S . DL A AR i 5 FE DEp X 4%
FUEME(E 6B), A RFHINNEM 7 75 M4
FaE PR .
2.5 TIREREINEETUN 53T

Xf NPK & NPKG 13 ELE #F 7% OTUs 47
BARRRINRETE R M (B 7A), SR 7 Fh
BIRRARL, 43 e - )8 A 78 57 3 (pathotroph-
saprotroph) . ¥ Ji5t-Ji A= -3 AR i 5 R (pathotroph-
saprotroph-symbiotroph) . i Jii’5 75 % (pathotroph) |
b B 2R (symbiotroph) | 84 B #7 (saprotroph) |
J&§ A - 5 7 Al (saprotroph-symbiotroph) A1
Jii - AR 5 7 A (pathotroph-symbiotroph) . 5 il
B 5 - AR B R AR A S AR SR
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