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Stochastic processes dominate the assembly of soil fungal
communities in different ecosystems of Liiliang

LI Yujing', LI Ruiyun’, LI Qiao’, ZHAO Pengyu ", WANG Yue', TIAN Na', HE Xueting'

1 College of Biological Sciences and Technology, Taiyuan Normal University, Jinzhong 030619, Shanxi, China

2 Shanxi Lipu Innovation Technology Limited Company, Jinzhong 030619, Shanxi, China

3 Shanxi Key Laboratory of Earth Surface Processes and Resource Ecology Security in Fenhe River Valley,
Taiyuan Normal University, Jinzhong 030619, Shanxi, China

Abstract: [Background] The mechanism of community assembly is a hot topic in microbial
ecology, and it remains uncertain whether the conclusions are completely applicable on a local
scale. [Objective] To verify the community assembly mechanism on a small local scale and
evaluate the applicability of relevant theories. [Methods] We compared the composition and
assembly mechanisms of soil fungal communities in the forest, shrub, and grassland ecosystems
in Liiliang, Shanxi. [Results] The results of high-throughput sequencing and statistical analysis
indicated that the soil fungal communities presented different biogeographic distribution
patterns in different ecosystems. The Sobs, ACE, and Chaol indices of soil fungi in the forest
ecosystem were 699.50, 835.22, and 838.36, respectively, which were higher than those of the
other two ecosystems (P<0.05). The network analysis and Zi-Pi values showed that the network
modules had regional differences, and the number and composition of keystone species were
different among different ecosystems. According to the regression results, neutral community
model analysis results, |BNTI|<2, RCbray values, the community migration rates are 0.003,
0.001 and 0.001, and a significant distance-delay distribution pattern (R=—0.059, P=0.018), we
hypothesized that stochastic processes dominated the assembly of fungal communities in this
study area. [Conclusion] The keystone species (Geopora, Trichoderma, etc.) are involved in the
symbiotic network formation and community assembly and demonstrate broader functions and
stronger adaptability to different ecosystems than the dominant species (Metarhizium,
Gibberella, etc.). On this local scale, both deterministic and stochastic processes drive
community assembly, with the former being dominant. This study aims to provide a scientific
basis for the protection of different ecosystems in Liiliang of the Yellow River basin and enrich
the clues for the universal application of theories in macroecology.

Keywords: diffusion limitation; deterministic process; fungal community; community assembly;
ecosystem types
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IR MR RETE S U R PRI A R G
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1.3 FERAFIFNH

E.ZN.A.” Soil DNA Kit, Omega 2\ ;
10xBuffer Fl dNTPs, bt e E&EMHE A AR
nls mE G AR E 0L, Eppendorf 23 F
UKL, b B BRI RIKEAARAE; B
B, BioTek A7l ; PCR 1Y, Bio-Rad /A+]; i
TRV pH 11, MERFFER ZAER A B A |
AL, RIS R A BR A A
1.4 HIRIBACHEFRENE

DIZK IR, KAl 2.5:1, HATEDN
E 3 pHPY; 34 HL % (organic matter, OM) .,
4 i (total phosphorus, TP). A &L #i (effective
sulfur, ES)F14>4f(total kalium, TK)Z3 il 1< 5 4%
FREP 2SN | HCIO4-H,SO, Vs | MR ER IR IR -HR IR
LB o 3 R vk A T Y e = AN
GG B IR AR -4 GG FE I o - 5 P 8 - A
12! (cation exchange capacity, CEC).
1.5 TIEEE DNA AYZEL. PCR ¥ 1&70
=EENF

FH E.ZN.A.® Soil DNA Kit 3% B + 3 55 [5]
ZH DNA. FIH 1% A b e F UK A D DNA 1Y
Fafe, i HEE PRI SEE. DNA A4l S5k
JE, 4 ODygonso fEN 1.8-2.0 B}, FH] DNA iY
gl fEe e, XHERRUY LR 4] DNA #17 PCR ¥
4, LA ITSIF (5'-CTTGGTCATTTAGAGGAA
GTAA-3)FI ITS2R (5-GCTGCGTTCTTCATCG
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26 AR TR BRA A AT ALY .

i 3d Mlumina MiSeq 7 &K R IR EE 2
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B ST b . ABHE S e 9 I i S 4
BB Ff£% NCBI, #5355 PRINA1097050.
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75 538 o B 2 7 2243 #T (analysis of variance,
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Z 4 R J&# (non metric multidimensional scaling,
NMDS) 73 #r %F 5 7% 47 HE e 20 A sl aod
ggClusterNet fI it LI 2%, 3 AF| Gephi
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R b

RIS % Stegen S PR 9 St
TRG LB N2 HHEAR ARG R
RURFEA AR BNTL(E, 4|BNTI<2 i, K
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5 RCbray, PAX/rig#f. ¥ HER®S . B9 1L
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maps G FE 700 0T BB REVR B AR UPE 5 b B 2
Z A ) R R IFATIRSE . SR R H Hmisc, stats4
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model, NCM)™ | fifi A It £k Pk 50 /N — 3 3
(nonlinear least squares, NLS)M%E‘Z@%‘%&O
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3 H AR O E 5 A Bl R (A 1)FR B,
+3 pH{H. OM. ES. TK fil CEC 7EA A4 2
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Figure 1

Analysis of soil physicochemical factors under different ecosystems. A: Soil pH. B: Soil organic

matter. C: Soil total phosphorus. D: Soil effective sulfur. E: Soil total kalium. F: Soil cation exchange
capacity. Different lowercase letters represent significant difference (P<0.05).
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Figure 2 The composition structure and ternary
ecosystems. A: Composition structure at phylum 1
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Figure 3 Changes in the alpha diversity of the fungal community under different ecosystems. A: Shannon
index. B: Simpson index. C: Sobs index. D: ACE index. E: Chaol index. Different lowercase letters represent

significant difference (P<0.05).
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Figure 4 Non metric multidimensional scaling analysis of fungal community under different ecosystems. A:
Non metric multidimensional scaling analysis of fungal community. B: Inter group comparison of the first
axis of fungal community NMDS. Different lowercase letters represent significant difference (P<0.05).
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Figure 5

P<0.01, ***. P<0.001

Correlation analysis between fungal community and environmental factors. A: Correlation

between fungal community and environmental factors at phylum level. B: Correlation between soil fungal
community distance and environmental factors in different ecosystems. *: P<0.05, **: P<0.01, ***: P<0.001.
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Figure 6 Soil fungal co-occurrence network analysis. A: Forest ecosystem. B: Shrub ecosystem. C:

Grassland ecosystem.

R1 TEESREGEETERFZNIMNERI
SHE

Table 1 Network topology parameters of fungal
community under different ecosystems

Network parameter Forest Shrub Grassland
Number of edges 28 62 27
Number of nodes 30 44 27
Average degree 1.876 2.818 2.000
Network diameter 6 10 7
Average path length 2.500 3.933 2.846
Modularity 0.753 0.648 0.654
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Figure 9 Concept figure of the assembly of soil fungal community under different ecosystem types. *:

P<0.05, **: P<0.01, ***: P<0.001.
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Figure 10 Neutral community models under different ecosystems. A: Forest ecosystem. B: Shrub ecosystem.
C: Grassland ecosystem. D: Overall level. The solid line indicates the fitting of the neutral model, while the

upper and lower dotted lines represent the 95% confidence level of the model prediction. The color of green
represents OTUs above the confidence interval, black represents OTUs within the confidence interval, and

red represents OTUs below the confidence interval.
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