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Abstract: [ Objective] This study aimed to clarify the general rules of the impact of grazing on the composition
and function of soil fungal communities in northern grasslands of China, and to provide the theoretical foundation
for ecological conservation efforts in these grasslands. [ Method] This study collected 119 raw data of soil fungi
from different studies in grazed grasslands, used unified bioinformatics processing methods and meta-analysis to
demonstrate the changes in a-diversity, community composition and functional groups of soil fungi within grazed
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grasslands, and used weighted mixed-effects models for environmental factor analysis. [Result] The results
indicated that grazing reduced the soil fungal a-diversity and significantly decreased the relative abundance of
pathotrophic fungi, wood saprotrophic fungi, soil saprotrophic fungi, and endophytic fungi. The change in grazing
soil fungal o-diversity and functional fungal relative abundance depended on altered environmental factors in
different regions. The negative effect of grazing on soil fungal o-diversity was mitigated to some extent in the
regions with lower organic carbon content, lower carbon-to-nitrogen ratio, and higher annual precipitation. Initial
soil organic carbon content and grazing exclusion duration influenced the variations in functional fungal
abundance, with long-term grazing exclusion promoting the recovery of soil saprotrophic and symbiotrophic fungi
communities. As the initial carbon-to-nitrogen ratio increased, the degree of reduction in the relative abundance of
pathotrophic fungi under grazing decreased. In contrast, the degree of reduction in the relative abundance of
saprotrophic fungi increased. Importantly, in regions with lower precipitation, grazing had a more significant
impact on reducing the relative abundance of saprotrophic and symbiotrophic fungi. [Conclusion] Overall,
grazing negatively affected the o-diversity and functional traits of soil fungal communities in the northern
grasslands of China. However, the degree and direction of this effect depended on the local environmental
conditions.
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1.1 #helis
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Table 1 Plot information for available raw data of soil fungi
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Hb A5 NCBI 5* KEY mEY ORE© 4R 7 " HLBK" ) ik
i (sheep-h ) ©/(g-kg™)
/mm /m /a /a ) B W (g kg ®
.
36.06 SRP139
425 1200 14 - - 8.32 10.8 24.6 2.27 [17]
N,106.24 E 861
36.06 SRP139
425 1200 19 - - 853 10 10.1 1.01 [17]
N,106.24 E 861
36.06 SRP139
425 1200 24 - - 8.46 10.6 16.1 1.53 [17]
N,106.24 E 861
36.06 SRP139
425 1200 29 - - 8.37 10.6 27.8 2.64 [17]
N,106.24 E 861
36.06 SRP139
425 1200 34 - - 8.33 10.4 27.3 2.61 [17]
N,106.24 E 861
36.06 SRP139
425 1200 14 - - 8.44 10.3 22.2 217 [17]
N,106.24 E 861
36.06 SRP139
425 1200 19 - - 8.62 9.3 8.3 0.87 [17]
N,106.24 E 861
36.06 SRP139
425 1200 24 - - 85 103 14.8 1.44 [17]
N,106.24 E 861
36.06 SRP139
425 1200 29 - - 844 101 243 2.4 [17]

N,106.24 E 861
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36.06 SRP139

425 1200 34 - - 836 99 25.3 254 [17]
N,10624E 861
4278 SRP345 12.6
180.3 1107 - 12 0375  7.66 - 0.76 [18]
N,11267E 875 1
4278 SRP345 12.6
180.3 1107 - 12 05 7.66 - 0.76 [18]
N,11267E 875 1
4278 SRP345 10.5
180.3 1107 - 12 0625 783 - 0.64 [18]
N,11267E 875 7
4278 SRP345 12.6
180.3 1107 - 12 075 766 - 0.76 [18]
N,11267E 875 1
44.25N,116  SRP312 12.0
286 - - 5 075 7.8 19.86 1.65 [19]
70E 469 9
44.25N,116  SRP312 12.0
286 - - 5 15 7.18 19.86 1.65 [19]
70E 469 9
44.25N,116  SRP312 12.0
286 - - 5 225 718 19.86 1.65 [19]
70E 469 9
44.25N,116  SRP312 12.0
286 - - 5 3 7.18 19.86 1.65 [19]
70E 469 9
44.75 SRP302
150 1368 - 20 21 83 - - - [20]

N,123.75E 187

R 7 RIORZ LT 5T AL 3% A5 2. - Note: The "-" in the chart indicates the absence of this information for the plot. ©
Experiment location, @NCBI number, ®Mean annual precipitation, @Elevation, ®Grazing exclusion year, ®Grazing year,

(DStocking rate, @pH, @C/N, @Initial soil organic carbon, D) Initial total nitrogen, @2Reference.

1.2 #iEALIE
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SIPIRRE AR S A bR 25, V)T A RPN & 30 bp, FH“fastq filter” B EMIBR /7 51 E /N T
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27414 H v 10 000.
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X W) R OB JE I zOTU 3 k% i 47 IO Re v BE , M A 1Y HC 4R E A Funguilds
Chttp:/lwww.stbates.org/guilds/app.php).
{8 Microsoft Excel 2016 %, R4 A 78 A [ Ab B AR T H B 25 51, A B Fk =
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\Y (2)

n
_RRi
RR++:ZI_n1 I (3)
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WA, RN HEH A, iR 5% B EX A S EES, MZRIR BT AF & 15720
BB BEM,,

2 45 H

2.1 ML E M HIEE REE M

TR T3 T -2 FEPE M ROSAE R B, TECHORR AR T ALt ot B B o- 241 (BT DD
AR F AN L, U IR B R E E (Observed OTU) 2N AE —0.15 (P<0.05), ACE
$8%4 (ACE index) R MAE N—0.11 (P< 0.05), #)#134) 5] B (Pielou’s evenness) F1#5 4% $5%4 (Shannon
index) FIZERAE BN GE (B 1o SR, 20 AR POFP 2 REVESR B 7T 45 R, i
OB 7 Bk R IR B -2 FEE.
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a-FFEPERBIA The effect size of a-diversity
e BRSO B SRR e bR B R (P< 0.05), T OBSERSAARE. FEEERR BSNHIEGXIE . BEL
FORMNAEN 0. TS B TR ZFEAR. TH. Note: The solid circle in the figure indicates that the impact of grazing on
this indicator is significant decreased (P< 0.05), while the hollow circle indicates that it is not significant. The bar graph
represents a 95% confidence interval. The vertical dotted line indicates that the effect value is 0. The number in the bracket
indicates the sample size. The same as below.
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Fig. 1 Forest plot of effect size of soil fungal a-diversity change in northern grazed grassland
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Fig. 2 Forest plot of the effect size of soil fungal community at the phylum level of composition change in
northern grazed grassland
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73 528—1.63 F1-0.5(P< 0.05, I 4) o 55 A4 B TR H , JEUHOE 35 FRAR T AR I A2 1 CRUBEAE R—-1.43)
ARBEAEE CGIURAEAN-0.9) FL3E5E 4L EE (RNEAN-0.62) FIMHNTFEE (P<0.05, K 4).
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Fig. 3 Forest plot of the effect size of changes in the relative abundance of different trophic modes of fungi in

northern grazed grassland
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Fig. 4 Forest plot of the effect size of changes in the relative abundance of functional groups of fungi in

northern grazed grassland

24 B THASABERTRAR o ZHMEMERERFEENFEEUNIMERE R
TBHCRAETS , MR R T WA IR L MIIRA LR & & SRR R DS RO (a0 3
TIEEERER N o- 2 REPE IR B E W (B 5a). MM TR, U R B YA
SR SIMER R E VMR (& 5a). Hrb, HBAIIGHALL. FHRKEN YR FE .
PR 21 AT ACE FRECEIIREIEE (P< 0.05), HUURYIIGH MUK & B AR 7] (P<
0.05). BtHI, HIRAIUEBRELL KSR THER AR AF T SRR S SN g2, T Fr

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

FERT ACE Fi £ 780N 1Y 5 o LE AR 35 3K & (R 3 X, M =F & FE AN ACE $a 5 57 8B gl 5%
(P<0.05). JECBOR B B4l 153 50 o RN A AR R K1) £ 20 v i 2 3840 S A Ui 75 R A AR T8 £
Ny hnsE (P<0.05),
W 5b R, R IRIAAAT UK B S AR SR A TR T R L TR ARG = B AR AR ) E R
BRI o AEWIURA HLRR & S A g b, JSCAROG = P 77 2R A TR ARG = B ) Y A 2 i
(P<0.01). M4k, FEEZEHBIHFIER, BUCH IR B SN R I 2R
/N (P<0.05). HIaaHK A L Sk 35 S A JECHUR A T 1 A 20 ST R A R R PR ARG =E B2 AR AL (P<
0.05), FfE WA A LRGN,  TBCBON 9 T 7Y 20T = B2 PR RS2 e B i i 0z, b i A 23 S R A T
F= FER 2 WA MRS W R %A o eAt, TBCBOR A T J A 28 ST 0 A R B A 0T = B2 1)
AR AR T 1200 X AR B B K B O, N B A R B K B OGN, T8 A R Vi B S i A ek 22 )
@ (P<0.05),

a) 0,=6.5732 R*=33.42 %+  0,~4.4670 R*=23.44 %* 0,74.3737 R%=29.25 %*
0.1 0.8 0.1 0. 0.8

©n 3 o] - 6
il g 00';;;% 04 0.0 O 04 o 21
&r 8 0.1 5 —-0.1 - N Ao o
85, 70t 0.0} ) on Q 00 Fy =0 =g O 36
Ez e QO ° : ° -04 O 5]
S2 03 —04 0.3

& 9 10 11 12 13 0 10 20 30 0 1 2 3 0 10 20 30 40 100 200 300 400 500

0,,=5.5710 R*=30.81 %* 0,=5.3263 R*=35.65 %*
0.1 0.8 0.1 .

5 ° O -5
g 00p o @ 04 0.0 o 15
ﬂr; g 01 ® ey TO -0.1 @ o 25

= -

&g -0 & o 00 02 O
“ 03 —0.4 -03 O35
8 10 12 14770 51015202530 0 1 2 3 0 10 20 30 40 100 200 300 400 500
0,-7.5805 R>=33.36 %** 0,78.5149 R?=36.68 %**
%5 0.2 02 ~-<;Q o o 0.2 < 0.19
ZE 00 0.0} Ga@y 000 -0 046
§ 502 ~0.2} °0-02 0 073
< 04 o —04 o 04 O 100
9 10 11 12 13 O 10 20 30 O 1 2 3 0 10 20 30 40 100 200 300 400 500
0,75.0782 R==19.23 %* 0,76.9198 R*=27.42 %**
= 02 0.2, 0.2 0.2 0.2 )
%; S 0.0 28 0.0 R 0.0
| e, o ool e .
-H»?g ’ o~ S @c . o 12
=+ —{ e 1 VN —
g § 0.2 o 0.2] Q [ ° 0.2 O 24
S04 0° -04 o -04t ° o -0.4 -04 ° o O 35
9 10 11 12 13 0 10 20 30 O 1 2 3 0 10 20 30 40 100 200 300 400 500
AL ON AWK & &= SOC/ (g-ke™) 2% TN(g'kg™) 25400} ] Grazing exclusive year/a £E5[% 7K B MAP/mm
b) 0,73.5699 R*=20.07 %** 0,=8.4812 R*=60.82 %** O —142654 R°=81.44 %**
0.5 0.5 05
- 0.0 S 0.4 22
I 0.0f 0.0b 3t
wE 00 e 05 g L vog rrrrrrrrrrrrrrrrrrrr ©32
g : : . LS L o O 42
B € =05 . g -1.0 ° -1.0 .« —0.4 @\O '
= .
S 0 O -15 15 1519 08 Os2
9 10 11 12 13 0 10 20 30 O 10 20 30 100 200 300 400 0 1 2 3
0,73.9446 R=24.52 %* 0, =12.9618 R2=24.52 %** O, =6.2781 R*=11.21 %* 0,=6.4371 R*=25.73 %5*2
SRR (| B 0.5 a4 0 05 A ° 38
& 0.0f—togie 05 L 00t g 00FeQ g 072
o-- 0.0f--------e-- 2 ol /B/ ~2. 0
-0.5 05 = —0s © _oalee TR 0106
-1.0 -1.0 -1.0 O O
08 15 5 -15 - 0139

. -1 . 0.4
9 10 11 12 13 0 10 20 30 0 10 20 30 100 200 300 400 o 1 2 3
0,79.7599 R2=57.71 %*** 0,,=6.4014 R*=49.95 “/01**0 0,,=8.8391 R*=36.52 %* OQm:7.3668 R*=56.95 %**
0.8 1.0 . .

1
= 08 035
HE o4l o 0.5 0.5 0sf 2 N
RE ool e 0.0 0.0}—+- 8556 0.0} ¢y~ 7
22 0000 e 0y o 071
¥ ;_0.4 ° -0.5 -0.5 -0.5t o .

7 os ° 12 -1.0 10D -10 089

9710 11 12 13 0 10 20 30 0 10 20 30 100200300400 0 1 2 3

B ON BB S SOC/(g-ke) ZEH T 7] Grazing exclusive year/a 4E3 47K B MAP/mm B # FE Stocking }ate/(sheep-hm-l)
T SERFORFF AR A RS AL AR P R, BB IX IR 1 959% AR X Al IR KN FRIRHIE AT o5 AL
., O RO E MR ST E R R R E AR, 7 R P<0.05, “**” F P<0.01, “***” fF P<0.001.
Qn B R R HZH R 5 S 7 B FEEE . Note: The solid line represents a linear relationship that conforms to the weighted

regression of the mixed effects model, and the shaded area represents the 95% confidence interval of the fitting. The bubble size
http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

represents the weight of the study. "*" represents (P< 0.05), "**" represents (P< 0.01), and "***" represents (P< 0.001). Qnm
indicates the degree of heterogeneity caused by this factor.
KI5 JLAR s st - 3 SO 2 BV SR AL (@) FITDRERE AN F RN (b) BRI RMM RIS
1K
Fig. 5 Relationships between soil fungal diversity index and environmental factors (a) and relationships
between effect sizes of soil fungal trophic modes relative abundance and environmental factors under grazed
grassland (b)
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