2025, 65(6): 2606-2624 G =i
CSTR: 32112.14.j.,AMS.20250095 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250095 http://journals.im.ac.cn/actamicrocn

Research Article Bt &

KEBRARNGBIZE XIEYEE S HIEMEESERY
HME{EA

ZHEM, FOT, TIE, AE, KRR, KXEF, EXR BEE,
IMET, ZH

TSRO ERAR, IR H5

AR, VPO, G, PR, 5Kk AR, skaUHE, B alinl, e, IMERN, 2200, K58 BIRIBHE 16 5 XA fE 5 LAy
REE A EAERI]. CEY 4R, 2025, 65(6): 2606-2624 .

LI Chunlin, XU Jianping, WANG Zhikang, SUN Linting, ZHANG Liangzhen, ZHANG Shilei, CAO Zhiquan, XU Chunying, SUN
Jiali, JIANG Shuo. Interactions between plant communities and soil microbial communities in the aggregate spray-seeding restoration
area of Changgqin Island[J]. Acta Microbiologica Sinica, 2025, 65(6): 2606-2624.

H E: MAEARASKEPAMNBEANR, A5 ORI ZTENHARLRA. AETFEER
VA —FPF X ESE T FR, EHEWRI T aER2E2RY. [B6]) R AFE5 538
FHYBEEAE LS LIEMAMBE N KR . [ E] B 2RE R IE B R R 3 #oR A 1 6)
BNAE, AT ABEHDEELEN, LEAS L5 LB AR, DRAHEREINHGNERKRE.
[4R] KEEGBELLBZAAHE TG OANNTAR, EFFEHA 1 (Uscomycota)Foia T H I
(Basidiomycota) A & # & 11, o & B % W AR £ 2 @ 1) (Pseudomonadota). B AT H 1]
(Acidobacteriota) #= 4. #F # 1 (Bacteroidota) A #. % ® 11 . E It 5 @, 5 H M EK 5 M (plant
pathogen). A #1/& fi#(wood saprotroph)f= /A 4 3£ 4 (endophyte) ) fE A8 X 69 A H AAXT F E R 5, 5 R
PER D) e X 6 AR F R F . R X F@ EIEA LT HefibsboRn 273 K HEAR X 24 A1
BEMAEMBESyAr, BRIRESHFEEZBZS TN H 24, ¥ 24 M AXLEREDFFRo
FATF A 4 K, BT R AR ATAF AR L0 A 5 LIRS A W) Fe I o 48 AR L 18] A A AT AR K
(456 R *% 4% 3ok 1) 49 B 3% 4 %%yﬁﬁﬁﬁfﬁ,ﬁ%ﬁxﬁ xR M BT %%
NEEAEEYR., AFRARRALSE L FRBET XL, A TH-FRHLAES
B E %%, RITESFZRNGETH ﬁ“’?]-'%?i'

FiE: AAMGE;, AW, @H,; WAAAF

BREHUE A 55 IR 2 A BB 0T R H (K20220610); 7 & 117 181 )5 % 31 50 H (QDBSH20230101020)

This work was supported by the Science and Technology Planning Project of the Ministry of Housing and Urban-rural
Development of China (K20220610) and the Qingdao Postdoctoral Fellowship Funding (QDBSH20230101020).

#*These authors contributed equally to this work.

*Corresponding author. E-mail: zhangshileiqdqb@163.com

Received: 2025-02-12; Accepted: 2025-03-12; Published online: 2025-05-07



RN S| MUEYEIR, 2025, 65(6) 2607

Interactions between plant communities and soil microbial
communities in the aggregate spray-seeding restoration area of
Changqin Island

LI Chunlin#, XU Jianping#, WANG Zhikang, SUN Linting, ZHANG Liangzhen, ZHANG Shilei*,
CAOQO Zhiquan, XU Chunying, SUN Jiali, JIANG Shuo

Qingdao Greensum Ecology Co., Ltd., Qingdao, Shandong, China

Abstract: As global eco-environmental issues have aroused increasing concern, ecological
restoration has become a key research topic. As an emerging technology for ecological
restoration, aggregate spray-seeding offers significant advantages in vegetation restoration.
[Objective] To reveal the relationship between plant community assembly and soil microbial
communities during the aggregate spray-seeding restoration process. [Methods] A comprehensive
investigation was conducted at plots of various seeding batches on the slopes of Changqin Island
in Zhuhai City, focusing on the internal relationships of the structures of pioneer plant
communities with soil nutrient content and characteristics of soil fungal and bacterial
communities. [Results] The soil fungal community in the aggregate spray-seeding restoration
area of Changqgin Island was mainly composed of 9 phyla, among which Ascomycota and
Basidiomycota were dominant. The soil bacterial community was dominated by Pseudomonadota,
Acidobacteriota, and Bacteroidota. The soil fungi of plant pathogens, wood saprotrophs, and
endophytes exhibited high abundance, while a large proportion of bacteria were involved in
nitrogen cycling. Using the support vector machine method, we identified 24 soil microbial and
nutrient indicators related to differences across aggregate spray-seeding batches. The cluster
analysis classified the main restoration plants into two groups and the 24 soil-microbial and
nutrient indicators into four categories. The inter-group correlation analysis showed significant
associations of plant combinations with soil microbial and nutrient indicators. [Conclusion]
Substantial differences in community structure and diversity are observed among different
aggregate spray-seeding batches. Plant community assembly significantly influences the structures
and functions of soil microbial communities. The findings of this study provide essential
theoretical support for ecological restoration practices, contributing to the optimization of
restoration strategies and enhancing ecosystem stability and sustainability.

Keywords: ecological restoration; fungi; bacteria; restoration ecology
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Figure 1

Plant community composition of different spray seeding plots. SRI, SRII, SRIII, and SRIV are areas of

the four spray-seeding batches respectively, and three plots were investigated in each area. The cluster analysis

was based on Canberra distance. The same as below.
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Figure 2 Heatmap and cluster analysis of relative abundances of soil fungal classes.

&2

40 20 1 0

http://journals.im.ac.cn/actamicrocn



2612

LI Chunlin et al. | Acta Microbiologica Sinica, 2025, 65(6)

I SRIII &5 SRIV 2 1] 1) + 38 31 18 BE V& 5 R
B, ZERELR G —B(K 2), &wH
(Orbiliomycetes) W A XT = B 7 ma 31 1 48 v B 1
AL

& 52 IX 4 1 B ¥ 75 1 Chaol F1 Shannon
TE 0y WIAE 333.9-449.2 F1 4.46-5.60 2 [1] (K]
3A. 3B). SRI Fll SRIII f#) Chaol Fl Shannon $§
¥ & KT SRII M SRIV (P<0.05), # W
SRI F1 SRIIT Ik I A& 5 A b 19 1 358 FL TR VR D

FhECR Z A 4K F SRIT F SRIV. Wi E &
IX 35, 5 A W) 20O 1 (plant pathogen) . A #4 Ji§ fi
(wood saprotroph) F1 A 4= 3 4= (endophyte)ix 3 it
UIfe A e - A R, FAME
O35 11.40% . 13.93% Fi1 13.91% (/& 3C). It
Ab ., SRII Y + 38 5 7 B A 85 1Y 28 10 6 i
(dung saprotroph) M I 7% ¥ J& % Th BE (litter
saprotroph), 1fij SRII {9 133 . H A 8 & 1) 1
55 % T B (soil saprotroph) .

A B
500
8 -
400 -
6
g 300 5
3 £
> o
E M
S 200 | g
7
2 r
100 [
0 0
RI SRII SRIIT SRIV RI SRII SRIIT SRIV
C
Animal pathogen — p—*ﬁ}(ﬂ'%'ﬁfg
Fungal parasite — Relative abundance
Nematophagous ® 6
Plant pathogen ®
Dung saprotroph . 18
Litter saprotroph —o—9+ 00—+ 08000006
Plant saprotroph —:—l—i_l_l_!_i_i_ ; _:_:_I_ . 24
Soil saprotroph —+ 00— 000 —2——0 0o+ . 0
Wood saprotroph —‘—?—L—H—‘—‘—“—‘—‘—L
Arbuscular mycorrhizal
Ectomycorrhizal —‘>—+ o
Pathogen
Endomycorrhizal . E
Endophyte ‘?—#—'—‘—"—W—W J85 4= 2 Saprotroph
W o) A :
& Q7 A2 Symbiotroph
& %@ @9 S @9 S gé & -

B3 TIRAEREFNSFMEIERMINEE. A: Chaoldi%; B:

Shannonf§#{; C: FZEIHE, AFRI/NEF

BN AN RIBEHR A X AR 35 (P<0.05) 225, FIFl.

Figure 3 Diversity index and function of soil fungal community. A: Chaol index; B: Shannon index; C: Main

functions. Different lowercase letters indicate significant (P<0.05) differences between different spray batch

areas. The same as below.
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Figure 4 Heatmap and cluster analysis of relative abundances of soil bacterial phyla. The bacterial phylum

Proteobacteria and Myxococcota are reclassified under the phylum Pseudomonadota now.
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Figure 5 Diversity index and function of soil bacterial community. A: Chaol index; B: Shannon index; C: Main

functions.
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Figure 6 Soil organic carbon and nutrient content in different spray seeding batches. A: Soil organic carbon
(SOC); B: Total nitrogen (TN); C: Total phosphorus (TP); D: Total potassium (TK).
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Figure 9 Correlation analysis between growth density of main restoration plants and soil microbial functions.
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