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The community structure and functional diversity of rhizosphere soil fungi of three

plant species in the alpine grassland of Xinjiang
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Abstract: This research investigated the rhizosphere fungal community structure and ecological functions among
alpine grassland plant species ( Taraxacum mongolicum, Poa annua and Daucus carota) in the alpine grassland of
Kizilsu Kirgiz Autonomous Prefecture, Xinjiang, using high-throughput sequencing technology. Correlations
between soil physicochemical properties and fungal community structure were also analyzed. No significant
differences in fungal alpha diversity were found among plant species. However, an analysis of similarities
(ANOSIM) test indicated that the fungal community structure of P. annua was significantly different from that of
the other two plant species. The dominant fungal phyla were identified as Ascomycota, Basidiomycota, and
Mortierellomycota, while the predominant genera included Archaeorhizomyces, Hygrocybe, Thelebolus, and

Podospora. LefSe analysis identified Podospora, Hygrocybe, and Archaeorhizomyces as biomarkers significantly
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associated with T. mongolicum, P. annua, and D. carota, respectively. FUNGuild functional annotation revealed
that nutritional modes of fungi across all samples were predominantly saprotrophic (27.1% —28.6%) , with
undefined saprotroph fungi being the most dominant functional group (18.5% —24.9% ). Soil organic matter, alkali-
hydrolyzable nitrogen, available phosphorus, and total nitrogen were identified as key determinants influencing fungal
diversity. In conclusion, the structure and composition of rhizosphere fungal communities in the alpine grassland of
Kizilsu Kirgiz Autonomous Prefecture was specific to plant species. These results provide a scientific basis for
analyzing the mechanism of plant—microbe interactions and formulating sustainable management strategies for
degraded grassland.

Key words: alpine grasslands; rhizosphere soil fungi; high-throughput sequencing; function prediction; plant—

microbe interactions
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Table 1 Physical and chemical properties of rhizosphere soil of three dominant plant species

R e pH LA HLT ER X ol ik 2R B A

Vegetation type Soil organic Total Total Total Alkali-hydrolyz- Available Available
matter nitrogen phosphorus potassium able nitrogen phosphorus potassium
(g-kg™") (g-kg ") (g-kg ") (g-kg™") (mg-kg ") (mg-kg ") (mg-kg™ )

AT 7.92+£0.05a 65.4643.11b 3.7940.07c 0.97£0.02a 13.71+0.62a 220.25+7.75¢c 10.06+£0.11lc 216.57+3.61a

T. mongolicum

FLER 7.85£0.08a 73.6542.28b 4.6240.13b 0.97£0.05a 12.61+£0.34a 254.23£5.08b 11.77£0.19b 213.01£2.08a

P. annua

TP b 7.6940.04a 92.18+3.06a 5.934+0.08a 1.01+0.06a 11.8640.37a 343.67+4.09a 15.5140.22a 217.484+3.78a

D. carota

TE B A (bR ik B8 02, ARG T B 7R 45 A B A 8] 2 52 W %% (P<<0. 05), F Al

Note: The data are presented as mean=standard error. Different lowercase letters indicate significant differences among different vegetation types (P<<

0.05).

The same below.
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among three plant species

The analysis of fungi amplicon sequence variants

Table 2 Alpha diversity analysis of soil fungal communities in the rhizosphere of three plant species

LR e [k 37315 PURIES R =F SR R i ot wARIEE 3 AR AL
Vegetation type Coverage Observed features index ~ Chaol index ~ Dominance index  Pielou index ~ Shannon index Simpson index
WHAYE T, mongolicum 1. 0000+ 441. 00004 446. 4583+ 0.0309= 0.7657+ 6.6948+ 0.9691+
0.0000a 46.5743a 50.2776a 0.0066a 0.0341a 0.1990a 0.0066a
FLBCR P. annua 1.0000+ 529. 0000+ 541. 3155+ 0.02104 0.7948+ 7.1703+ 0.9790+
0.0000a 50. 5602a 58.4673a 0.0032a 0.0153a 0.0608a 0.0032a
WA N D. carota 0.9998=+ 453. 50004 471.9364+ 0.0213=+ 0.7854=+ 6.8955+ 0.9787+
0.0002a 50. 9485a 59. 7400a 0.0054a 0.0371a 0.2211a 0.0054a

FEF AL UniFrac #5858 1 , R A £ A F5 43 H7 (principal coordinates analysis, PCoA) WF 5 3 Fi At 4 2 b + 1 &

BRAE 78 22 5 o AR 2 7S, 05— Jih A0 585 Al 14 A B S5 20 301 D 30. 5906 1 26. 2504 , SRR fR BE AL S i

56.84% ., H

ARG T PR A AR Pr 95 B YR 2 R B W S, AT A B Ar O o AR 20 BT (analysis of similarities,
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Fig. 2 Principal coordinates analysis (PCoA) of rhizosphere

fungal communities among three plant species
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Table 3  Analysis of similarities (ANOSIM) analysis of

rhizosphere soil fungal communities among plant species

4151 R{H Pl

Group R valve P valve
WA — BBCR T, mongolicum—P. annua 0.7292  0.0398
AR — B N P. annua—D. carota 0.6251  0.0249
WA WS N T. mongolicum—D. carota 0.2917  0.1542
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Fig. 3 Distribution characteristics of rhizosphere fungal communities among plant species at phylum level
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Fig. 4 Distribution characteristics of rhizosphere fungal communities among plant species at genus level
* N A7 FE i 35 A 6 M (P<T0.05) , o+ 3R 7R A7 76 W I 3% A 56 (P<<0.01) , F [l o * indicates a significant correlation (P<C0.05) , ** indicates an

extremely significant correlation (P<<0.01). The same below.
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i 35 2k 7 ) 1) 43 BT (linear discriminant analysis, LDA ) #l LefSe 20 H7 (LDA B {H >4, P<<0.05) , k4[] H &
F 2 W) Fh (biomarker) K Wit 25 52 i 2H [a] 22 S PR i W) Pl sl BE % o an 8] Sa s 78 3 FPAE ) AR Pr 3 rp 3L 2 B 13
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(Agaricales) . <@ F} (Hygrophoraceae ) \ 1 <= J& F1 9 HE I W2 < (Hygrocybe acutoconica) 54> ) - LA 18 i &
25 (P<<0.05), B4 MR FR 3 A, #R 5 90 ( Archaeorhizomycetes) iy AR B H ( Archaeorhizomycetales) | #y
M (Archaeorhizomycetaceae) |y M2 B J& Fl ity AR TR J& K 0 INFl (Archaeorhizomyces_sp) 55 1 F BEAATE b % 2
5 (P<<0.05) o il i Ak 43 3 1 (] 5b) AT LAWLEE 3, 3 Fh il ) MR B - 398 EC BRI AT A= th 22 ZR kAl S, b BP0 8 b 22
ST AR 0 A B e DR 4 — S M T 9 S DR LR 25 e T R AL BR R ITE AT AR AL T )
2.6 ARFREMEAE TN

52T FUNGuild £ 2 x5 3 T ) A By 1 38 B I 10 8 R B M D BR R BF AT S8 A0 26, Wl R4 m o, &
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Fig. 5 Identification of fungal biomarkers in the rhizosphere soil of three plant species based on LefSe analysis
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Table 4 Relative abundance of nutritional modes in rhizosphere fungal communities among three plant species
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Table 5 Relative abundance of functional types of fungal communities in rhizosphere soil of three plant species
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Fig. 6 Spearman correlation analysis of species richness and soil physicochemistry factor at genus level
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