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Abstract: This study investigated the key processes driving arbuscular mycorrhizal (AM) fungal community changes
in typical alpine grassland ecosystems, by systematically measuring AM fungal diversity and community composition
in four typical grassland ecosystems of Sanjiangyuan National Park, based on the Illumina-Miseq high-throughput
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sequencing method. The ecosystems evaluated were: Alpine desert, alpine steppe, alpine meadow and alpine
wetland. Ecological processes structuring the fungal communities were inferred according to phylogenetic patterns
and species abundance distributions in different ecosystems. It was found that: 1) The dominant genus in alpine
desert, alpine meadow and alpine wetland was Glomus, while the dominant genus in alpine steppe was Diversispora.
2) The OTU richness and phylogenetic diversity index of AM fungi in alpine wetland were significantly lower than
those of the other three grassland ecosystem types. 3) There were significant differences in species composition and
phylogenetic composition of AM fungal communities among different grassland types. Plant community composition,
soil water content, and available N: P were the main factors affecting the composition of the AM fungal community.
Soil water content was the primary determinant of the species composition of the AM fungal community, and plant
community composition was a key factor in determining the phylogenetic composition of the AM fungal community.
4) AM fungal communities were all phylogenetically clustered in the four grassland types. The phylogenetic
structure of AM fungal communities in the different grassland types are clustered. In alpine deserts, AM fungal
community assembly is determined by stochastic processes, while in alpine grasslands, alpine meadows and alpine
wetlands, AM fungal community assemblage are determined by stochastic processes and weak responses to
environmental filtering.

Key words: alpine grassland ecosystem ; arbuscular mycorrhizal (AM) fungi; phylogenetic structure; community as-

sembly
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Table 1 Variability of plant and soil environmental factors

5 o FE T oy FEFL i FE B ] T FE I A
Variables Alpine desert Alpine steppe Alpine meadow Alpine wetland ~ Coefficient of variation

(CV, %)
Hi#) & 5 J¥ Plant richness 8.54+0. 45ab 7.9240. 21be 9.54+0. 65a 6.78+0.78¢ 24
A — BN 48 B Shannon— Wiener index 1.9340.05a 1.8940.03a 2.06=+0.09a 1.654+0.11b 14
HHEEKESWC (%) 4.3940. 44d 14.0640. 38¢ 22.60=+1.03b 37.30+2.82a 68
-3 pH Soil pH 8.8840.02a 8.1840.02b 8.070.05b 8.19+0. 09b 4
+HEA PR SOC (g-kg 1) 5.8340. 85¢ 27.68+5.10b 58.75+3. 55a 53.1945.51a 73
A PEAT AL DOC (mg-kg ) 68.04+1.63c 119. 516 46b 160.345.16a  156.45+4. 17a 33
AR TN (g-kg ) 0.7540.07c 2.84+0.46b 5.004+0. 35a 5.284+0.43a 66
T AR TP (g-kg 1) 0.254-0.01b 0.5140.02a 0.51+0.02a 0.4940. 03a 29
+ A A AN (mg-kg™!) 11.4840. 50c 58.84+2.12b 78.15%5. 22a 73.57+11.68a 60
+HEABWE AP (mg-kg 1) 2.62+0. 46¢ 6.39+0. 44b 8.80+0. 42a 5.80+0. 90b 49
AR AW NP 5.3440.57b 9.630. 59b 9.04+0. 66b 14.9943. 65a 63

T AT AN RS b 3R R[] 28 B 1) 22 53 | % (P<<0.05). .
Note: Different lowercase letters in same row show the significant differences among different alpine grassland ecosystems (P<<0.05). The same below.
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Fig. 2 Relative abundance of AM fungi in various grassland types at the level of genus
ANTR] NS SR 2R N ) 2 R i) 22 57 i 3 (P<<0.05) o Different lowcase letters show the significant differences among different alpine grassland eco-
systems (P<20.05).
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Table 2 Differences in a diversity index of AM fungi among different grassland types

Alpine steppe

4 78 F A1) [EESIE

Alpine meadow

[REN
Alpine wetland

Variables Alpine desert
OTU F &% OTU richness 322.54+8.87b
AR — Wi 4146 %0 Shannon— Wiener index 3.2340.09a
PD 4§ %t Phylogentic diversity index 6.38+0. 14a

333.85:£9.88b

343.00+£4. 84b 188.784+29.57a

3.29%0. 06a 3.37=x0. 10a 3.09=%0. 30a

6.47+0.15a 6.66=£0.06a 4.26+0.47b
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Fig. 3 NMDS ordination of AM fungal community (A) species composition (Bray—Curtis distance) and (B) phylogenetic com -

position (Weighted—UniFrac)
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Table 3 PerMANOVA analysis of AM fungal community

composition among different grassland types

J# Type F P
T FETE I/ ¥ FE H R Allpine desert/alpine steppe 4.89  0.001
I FE WL/ e JE i) Alpine desert/alpine meadow 3.87  0.001
1o FE R/ W5 FE I Alpine desert/alpine wetland 7.03  0.001
TR FE TR/ 5 JE i) Alpine steppe/alpine meadow 3.00  0.002
1o FE R/ JEVR I Alpine steppe/alpine wetland 8.11  0.001
17 FE ) /1R JE IR M Alpine meadow/alpine wetland 5.67  0.001
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Fig.4 NTI and BNTI of AM fungal communities in different grassland types
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Table 4 Correlation between a diversity index of AM fungi and environmental factors

i H OTUFE A — AN 6 8 TR 2R R AL
Item OTU richness Shannon— Wiener index Faith’s phylogentic diversity index
r P r P r P

M4 2 & 1 Plant richness 0.48 0.001 —0.03 . 828 0.49 0. 000
A — BN FE 80 Shannon— Wiener index 0.47 0.001 —0.15 .309 0.47 0.001
TS KA SWC —0.59 0. 000 —0.07 . 657 —0.60 0. 000
pH 0.05 0.715 —0. 04 . 788 0.07 0. 654
T HEA LR SOC —0.17 0.248 —0.12 .403 —0.17 0.243
T LA TN —0.23 0.109 —0.13 . 385 —0.24 0.104
TIELBETP —0.06 0.697 0.04 777 —0.08 0.594
B BB AP 0.21 0.160 0.24 101 0.19 0.197
AR PEA HLEK DOC —0.23 0.124 —0.04 . 809 —0.23 0.112
A RA AN —0.05 0.727 0.02 .912 —0.06 0.676
FRABELLN:P —0.33 0.024 —0.40 . 005 —0.32 0.027

*£5 AMEFE#%EAK S5 EEF B Mantel test 43 #7

Table 5 Mantel test analysis of AM fungal community composition and environmental factors

it H TV W 21 5% Virtual taxon composition ji% Z 21 B Phylogenetic composition

Item - P - P
M4 & B Plant richness 0.24 0.007 0.11 0. 099
T Ae — @4l 48 % Shannon— Wiener index 0.26 0.009 0.12 0.107
LK E SWC 0.58 0.001 0.49 0.001
pH 0.08 0.113 0.19 0.001
A HLEK SOC 0.14 0.018 0.23 0.001
T LA TN 0.17 0. 009 0.28 0.002
TIELBETP 0.07 0.166 0.09 0.110
I R AP 0.02 0.347 0.15 0.013
A A HLEE DOC 0.09 0. 040 0.19 0.001
A A AN 0.18 0.011 0.23 0. 004
A RABELN:P 0.30 0.029 0.45 0.001

45 H 77 FE AR AL (structural equation model, SEM) 878 T A 7] B MBS BN AM E B BE V& F4) B B9 B 322 A 8] 322 52
A (1 6) . AR T fif B 5400 19 AM HL T8 HE 7% W) Fh 2 0 A0 3300 (91 R A Ly 28 4k . BEAOR G, HIEEOKE 2
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Fig. 5 Contribution rate of plant community composition, soil water content and soil available N: P to (A) AM fungal virtual

taxon composition and (B) phylogenetic composition
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Fig. 6 The structural equation model shows the causal path of the effects of grassland type, plant community composition, soil
water content and soil available N: P on AM fungal virtual taxon composition and phylogenetic composition, and the standardized

total effect coefficient (direct path+indirect path) of each factor on AM fungal community
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