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Abstract: This study attempted to clarify the effects of microbial inoculants combined with sheep manure on species composition,
community diversity, and functional structure of soil fungi in a moderately degraded alpine meadow in the source region of “Three
Rivers”. The changes in plant community and soil fungal community characteristics in the meadow after fertilization with both
microbial agents and sheep manure were analyzed using high-throughput sequencing, correlation analysis, and FUNGuild function
prediction techniques. The results showed that: Aboveground biomass, underground biomass, coverage and Shannon-Wiener
diversity index of the plant community were significantly increased compared with the control (YOKO0). The YK1 (sheep manure:
1500kg/hm?, microbial inoculum: 250kg/hm?), Y2K1 (sheep manure: 3000kg/hm?). Microbial agent: 250kg/hm?), and
Y3K Itreatment (sheep manure: 6000kg/hm® microbial agent: 250kg/hm?) all significantly improved plant diversity and biomass;
Compared with the control, the number of OTU, Shannon index, Ace index, Chaolindex and Pielou index of the soil fungal
community were significantly increased aftr fertilization with both microbial inoculum and sheep manure, with improved fungal
network complexity, and a mostly positively correlated network. Ascomycetes, Mortierella and Basidiomycetes were identified as the
key species of the rhizosphere fungi community in the degraded alpine meadow; Redundancy analysis revealed a significant
correlation between fungal community structure and soil electrical conductivity in all the 12 treatments (P<0.05). The first and
second axes achieved an explanatory rate of 33.46% and 7.74% in characterizing the fungal and plant community structure and

soil physical and chemical traits, respectively, and SEC was identified as the main factor driving the change of the rhizosphere
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fungal community in the degraded alpine meadow; Compared with the control (YOKO), all fertilization treatments increased the
abundance of Unkdown fungi, Endophyte-Litter Saprotroph-Soil Saprotroph-Undefined Saprotroph while reducing Undefined
Saprotroph, Animal Pathogen-Dung Saprotroph. Endophyte- Epiphyte- Plant Saprotroph-Wood Saprotropl and Animal
Pathogen-Undefined Saprotroph. To sum up, all fertilization treatments using both microbial agents and sheep manure promoted the
recovery of soil fungi in the degraded alpine meadow and improved soil fungal flora, with the Y2K1treatment (3000kg sheep manure
plus 250kg microbial agents per hectare) being the most effective.

Key words: microbial agent supplement; fungal community structure; plant community; high-throughput sequencing; Three-River

source region
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Table 1 Characteristics of soil parameters in 12 fertilization treatments

e i&#)ﬁ‘ﬂiﬂ% %ﬁu;ﬁﬁﬂi% CESES BIKE AHUR PR3 g X

(kg/hm’) (kg/hm’) (uS/em) (%) (%) (g/kg) (g/ke) (g/kg)
YOKO 0 0 285.00+17.35a  20.68+0.54ef 1.30+0.34¢ 9.92+1.01d 2.05+0.42¢ 0.39+0.06d
Y1KO0 1500 0 299.67+12.06a  20.33+£3.96f 1.41£0.10de 13.3041.53bcd ~ 3.24+0.15ab 0.47+0.02bc
Y2K0 3000 0 268.33+11.72b  30.62+5.81abc 2.14+0.03¢ 15.2942.30abc  3.09+0.39ab 0.45+0.04cd
Y3K0 6 000 0 239.67+6.11c ~ 27.08+3.02cde 1.88+0.23d 14.79+1.19abed  3.09+0.24ab 0.43+0.05¢cd
YOK1 0 250 227.67+7.02cd  26.12+4.42cdef  1.50+0.11de 10.7443.15¢cd 2.65+0.16b 0.42+0.03cd
Y1K1 1500 250 180.00+7.00g 35.26+0.75a 2.21+0.24¢ 19.29+0.56a 3.26+0.55a 0.55+0.03a
Y2K1 3000 250 174.3349.07¢  32.31+4.05ab 3.43+0.42a 17.76+2.17ab 2.97+0.23ab 0.51+0.04ab
Y3K1 6 000 250 206.33+6.43ef  25.27+0.81def 2.81+0.50b 17.0743.44ab 3.37+0.30a 0.53+0.01ab
YOK2 0 500 223.00+7.21d  26.3746.09cdef  1.56+0.19de 11.08+4.02cd 2.97+0.33ab 0.44+0.02cd
Y1K2 1500 500 195.67+5.51f  30.83+1.44abc 2.18+0.05¢ 15.63£3.9abc 3.30+0.25a 0.47+0.01bc
Y2K2 3000 500 198.00+£6.25f  27.96+1.07cd 3.20+0.16ab 17.2342.35ab 3.10+0.30ab 0.45+0.02cd
Y3K2 6 000 500 216.00+7.00de  25.11+1.33def 2.78+0.37b 16.08+2.98ab 3.10+0.08ab 0.43+0.02cd
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Fig.2 Characteristics of vegetation coverage and biomass

under different fertilization treatments

2 AEMAELETHEYS RN
Table 2 Changes of plant diversity index under different

fertilization treatments

WFE Simpson £ Shannon-Wiener Pielou #J%JJ% Species &
Treatment  PEFE%L EZEaERIE bizpid SRR
YOKO 0.70+0.10a 1.39+0.34ab 0.33+0.08ab  5.67+1.53ab
Y1KO0 0.59+0.12ab 1.10+0.27ab 0.25+0.06abc  4.33+0.58b
Y2KO0 0.63+0.07ab 1.08+0.16ab 0.23+0.06bc  5.00+1.00ab
Y3K0 0.54+0.17ab 1.37+0.25ab 0.29+0.05abc  5.67+1.15ab
YOK1 0.70+0.06a 1.44+0.24a 0.33+0.04ab  5.67+0.58ab
Y1K1 0.67+0.03ab 1.53+0.18a 0.33+0.05ab  6.67+1.53a
Y2K1 0.57+0.03ab 1.19+0.03ab  0.25+0.01abc 6.00+1.00ab
Y3K1 0.69+0.18a 1.45+0.51a 0.29+0.10ab  6.33+1.15ab
YOK2 0.73+£0.06a 1.48+0.18a 0.34+0.0l1a  6.66+0.58a
Y1K2 0.61+0.04ab 1.27+0.14ab 0.26+0.03abc  5.67+0.58ab
Y2K2 0.53+0.12ab 1.21£0.17ab 0.25+0.03abc  5.33+1.53ab
Y3K2 0.48+0.14b 0.94+0.26b 0.18+0.06c  5.67+1.53ab
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Fig.4 Relative abundance of soil fungal community at phylum level and genus levels in 12 fertilization treatments

2.3 TS SE B R R 2 A H A3 5 2% /K F(P<0.05).Simpson $5%0#4 12 A4
231 HIEREWHEE o 2RO KSR AR BETE G B 22 v, KIS YOKO0>Y3K0>Y3K 1>
AL PR+ TR OTU #(H . Shannon $5%(. Y2K2>Y1K1>Y1K0>Y2K0>Y 1K2>Y0K2>Y3K2>
Ace $6%0. Chaol $5%L. Pielou 5504 T CK AR Y2KISY1KI1. bk 45 53 Wl 5 26 90 11 751 e e = AR
(YOKO).H:H,Y2K1 4B OTU % H « Shannon $5%{. FEHL YOKO Ab3 ., FRJtSEAES . PR R A ) v R Ak
Ace f8%(. Chaol 8%, Pielou F8E &=, 5N PRATHE N -3 R OTU % H,#¢ =B% Simpson FR %L
688, 4.87 . 725.78. 738.09 F10.746,5 YOKO AbFE  Ab ) Ath 1 38 B UR VR 2 FE MR AR 25 A AR LA
AHEL 2 93 5 44.5%32.7%42.1%-41.1%H125.3%,  Y2K1 AbFRE 4T

1000 (a) OTU%E 1oee(b) Acetit ¥ ]000(0) Chaol 5%
abc abc ab abc ab abc abe ab abc ab
900 1'3 s o b 4 W i ;\ . T 1”\ 7 900f  abe e | Tc i alc
800} abcbe | f\ a | Il | sool | l o [V AVA A A Y, L ate | A
o ‘ ,\/ Al ‘1/\\\}‘ M & A A 11'\}‘/\1
& 700 YAV M 00\ [\ () (1140711 e l’\ 200 (A \‘\E”‘ ARt
= /\ \a (8 o [ ),\V\El/f \\rl~ oy = 0\/\\7//\‘ \“l/HH‘ ,H\
2 ol AN a5 LY Y (LSEEL 8 o WYY LS
A (MU RSV IR TR ORIV AN ARVl VIR N (AR IR R RAYIY
c \“ | \ / \/ \/ \ \”H) \ // \ | | / \/ \ | \/’ /,’E\ l\’} \\ [\ ’,’ \ | \/ \\ /r \f
500 /\ Y Y 50015) |/ \/ \/ “ \ / Y 500 \ T \ \ / \ / '
s\{\/ \(/ \ \/ VAUV \/ /,;\, Py \/
00 A Y wl U \ wol U !
ORI RS S0 0 0 N N NN Y
SRR S S R PP S EEEF R
55 (d) Shannonfi# (e) Simpsonffi ¥ 09 (f) Pieloud %
- 020 -
b b
Powf e L RS
30 A SV o oter/ | ‘ 08 Llba il e/,
!\ ab [ \3/ ‘ \/’é\ ) \ , ) 8 [\ “ | f\ AVER /\, ‘ A ﬂ,l\ | \\ A
& asf/| © I ‘ ‘ A )‘ v 012} ]| l ' \ & el N/\ ‘@lrx\‘r"té\ ""E\\[ IV
1 A1 AT o O £ ll,\)\/\H,
Eaofll T i | Bomf) 1 O [ A
& H { ’r \ \ & \ab}/\l‘\ I f\babfl & sl Hr lf H
35‘i 1 \ 1]’ \" 0.04\/@% )bll‘b‘ a/ﬁ\f b ] \J H || ||
(1 ") EAAVAVIRITG \ |
3.0 ‘\4) L! LJ’ \L'{ U 0.00 V \/ ‘4@‘4\/{4 Y \/ L 0.5r— U g U
OO OSSN DO O S OO SO O
SESEEERFEEFTF  SEFEEEEFEEETE SRS EEINEE
b3 pGEE pGEE

5 AFENEAL PR+ R o ZHAE

Fig.5 Changes of a diversity of soil fungi in 12 fertilization treatments



10 #A R DA AR Rt =B 20— X e T b R R A 0 9 B 2 AR I s ) 5829
o oz o /NPCT HIAFRRE Sy 14.22%,PC2 iR % 9.83%,
0 ; |4 SRR 24.05%, 41 11T 53 2 5(P=0.213).
N T 2.4 PCEMR G AN L 1 IR 25 5
_ %ﬁ§?3j€ """" """""" :ﬁ 2,
: SN " JHRIL YOKO AEFEAT 11 AHALAL 2 4-HE 2
; 2 Ja K T B TR 2 4T 90 4% 4 0 38 B V% 2 )
A AL X 3R M T 305 T K T 1 84 A 56 o ¢
7). R 12 A B R 4 R R L B
e e O3V IR AR ], - B0 7 90 24 445 MR A ) 85 s+

PCI(14.22%)

Bl6 AFEALAE N L3R ECE#E PCoA 4T
Fig.6 PCoA analysis results of the soil fungal community in

12 fertilization treatments

232 LHEITHERE B ZREEPCOAVT T
Bray—Curtis J 25, %} 12 N34T PCoA 737,45 %
Wikl 6 Frzn. YOKO Ab B 4398 F g SR AN AR, H N AR
FEORGHA 11 AN AR AL EE, A 3 g SR AR MR L A
AR SN Horb Y3K A B SR A o vy, 4 P9 AR S A

YOKO

— positive

YOK1
i~y

Chytridiomycota

L Fungi
L Fungi

@ p__ Dasiuiodiiycota
p__Ascomycota

TE€110NTYCO

— positive
— negative
®p__Rozellomycota
% ® p__Ascomycota
-+ @p__ Basidiomycota
@ p__Mortierellomycota
p__Chytridiomycota
®p_ unclassified k Fungi
p__Olpidiomycota

&

—positive
—negative
®DP__Ascomycota
@ p__ Basidiomycota
+ @p__unclassified k Fungi
@p__Mortierellomycota

p__ Chytridiomycota

K 7

__positive

an

. ®p
a

— positive
— negative

* @p__Chytridiomycota

R M8 AE YIKO AbBLH i % (444 5%), L 02
Y3K1 4bFR(412 45),11 YOKO &b 5iY g 402 4,
FY3K3 APEAHEEBRAR T 10.45%. FL 1R P 25715 i 4k
75 Y3KO AL T 5 22, H O YK A 35 T 9 28 1)
EASEPEAE Y3KO A PR, 0 66.67%, Hiik
YIK1 43N 66.38%,Y3K2 AbFE AL 48.57%, 5%
Y3KO0 Fl YIK1 AEEFFAE T 27.15%- 26.83%. 75 B
BRI ARG 2 b A1 TR 1) FREB ) A
TP T 12 b B b B I 1T R

YOK2

—positive

__Basidiomycoia

Chytridiomycota
p__Morticreiiomycota

®p__Morticrellomycota

—positive

—positive

® p__ Dasidioiiiycota

Ascomycota @p__unciassified_k__Fungi

Mortierellomycota an  Mortierellomycota
. Muortiereliomycota P Y
Chytridiomycota @p__Basidiomycota
n_ 7Zoopagomycota

op__ Chytridiomycota

p_|
AP PSR 0 I PO o R
p__ UNCIdSSLICU_K_ ¢ uiigi

—positive
—negative
op_ unclassified k Fungi
@p__Mortierellomycota
% @p__Chytridiomycota
@DP__Ascomycota

p__ Basidiomycota
op__Glomeromycota

@p_ Basidiomycota

@p__ Mortierellomycota
p__unclassified_k__Fungi

—positive

—negative

«  @p__ unclassified k Fungi

%}?& ®p__Ascomycota

'+ @p_ Basidiomycota

4% @p__Morticrellomycota
p__ Chytridiomycota

—positive
—negative
®p__Ascomycota
op__Basidiomycota

op__unclassified_k__Fungi
p__ Mortierellomycota

FUBRHE T A (K 50 D ZAT G M 4%

Fig.7 Diagram of the fungal network at the genus level in 12 fertilization treatments



5830 r 7N G . 45 4%

25 LRIEREERE T MYBFERE S IR BER 4 OR(P<0.05); 3L Shannon FREUN MG R
AR B I(P<0.05); I EE A Simpson $RE(5 TIEH

K H Mantel test 7087 12 M40 BEH HAEFEAL PR, B3, DIRAZURREY) 5 FE 5 2 A1 5G(P<0.05); 14%
TPIRRRAE S TIER IR ZREM A OCHE 45 R HI Ace FRELS TIEREMM AW & B WA
FWI(FE 8), ELE R4 Chaol F535 HIEAZ MM 4 (P<0.05); H3EELHE OTU ¥ H 5 B3 SR, +iE4
Ve B FHAOC(P<0.01), 5 HIER FRE A A BT R E A DS E(P<0.05).

P Simpson
Above-biomass
Below-biomasss

P- Shannon
P-Piclou
P-Species
coverrege

E z &
-

.@ .. i By om .-.-.-..- SEC

030 D49** 033* 005 010 001 024 022 (029 041" SWC

0374 *.ﬂ“’ 0.42%

<
Z

SOM

o
=
@

0.39*

038% 0.62%%* 020 -0.07 023 000 DA4*M DAS** D45*F STN

Chaol Mantal's p

— <0.01

. o 0614+ 0.66%4

o Dagt D00 000 024 Das %9- 06144 0,665+ SIN & 001005

- R =0.05

. 004 001 <002 008 0.33% 036 048* STP
Ace Mantal's r
Ace
<02

— ) -
4 0.11"1 0.52%+ . . . P-Simpson = 0.2-0.4

= — Pearson's

NN .0.5'1‘+ 5% 53 G35 eshanon o7

Shannon ~. <
- Q‘\\ < 0.5
AR R
< \
S N B -os
‘\\ . 002 003 002 P-Species

Simpson

s -
=

C‘l“’ Above-biomass

S |

oTU

Below-biomasss
K18 IR PEIR . FEYBE AL S B VA 45 14 1K) Mantal 4347
Fig.8 Mantal analysis of soil physical and chemical properties, plant community characteristics and soil fungal community
structure
AT TR B E A *3ER P <0.05,%*3FK R P <0.01,%**K 7R P <0.001
SEC: I 3%, SWC: T35 /K&, SOMAHUT; STN: A SIN: EHLAR; STP:4H; P-Simpson: A4 3% #x 5 %L, P-Shannon:#i 47 & 5 4L, P-pielou:
)51 FE $a$;P-Species:Species 3 & FE 7 4L; coverage: M) i & ; above—biomass: b I 24 i below—biomasss:Hi A= 4 1

L @ TR . () Stk
i 307

B 30
4 25
By @ 192
o £20 '
3 7 Eis 13
e X

| 10 |78
55 |5644
2.9
5 2 2 2 7 ] 2 0! 7
-
<k L . A " " " " S TRy, \0\) =
08 RDA1(33.46%) 08 “‘%‘&% 3y S %‘ﬂ eﬁ“‘ogg
& Qﬁ\ =

Eizei
9 TAEFALMOIR . AR RIE S LT B 45 H 1 RDA 4 it

Fig.9 RDA analysis results of soil physical and chemical properties, plant community characteristics and soil fungal community
structure
A:Otu; B:Simpson; C:Shannon; D:Ace; E:Chao 1; 1: 88 H 33; 2: FIES /KR, 3G 4: 4% STHUESR 6:45; 7AW 5k 540 8 & ke
B 9AEWI S FEFREL 10454 Species F=& BEHREG 1 LMWL 12:H0 AW, 1330 FAEY &

DA SRR AV AR D Wi N AR, A AR REVRRF AL, RIS AL N R AR B REAT RDA 73



10 14 e A R RNE T BRI — VTR DR AL S MR R A R 2 R (5 5831

AT, 45 R WLV 9. 1 458 LR BV 45 0 S R A U SRR AL
3 B AL R AR A S T ORI b 1) A R R 4 il A
33.46% Fl 7.74%,SEC i 3k 1% £ e K, T Bk % 4
30.7%, Hik B {2 25 7K~ 32 B IL 25 1 38 BU R A U
ghi g KR+~ SEC. P-Simpson 5 Simpson
YeHUNIEAH S, 5 Shannon 8%, OTU %(H. Ace
fREL. Chao 1 FREUS AR HAR W HEVERAE . +
HEHALAFAE S5 BR Simpson 5 2/ HAh 3 B R £
FEPEFRZ0Y 2 IE A OC R,
2.6 TARPIBE S AR SO 1 45 B T e T
5T FUNGuild 738,047 12 MR 4 e
BEREDDRETUM(] 10). L& B 28 FpoEy 722K HE 4 1
4 [ IEITRE TR A AR U AR ST . R
HITTRE . WA TRVR Y8 A — 38 A - e B AR
'°°E-Il--I-l= W v e

unknown

Undefined Saprotroph

FLBE - sl JE - 6 AR - R 8 AR A AR
WG e - AR AR B p . I P YOK O Ab 2R 35T
DA T8 S AR BURE A 2 A 2 ik 34.13%, 3L
U ARFNE B AN RN 13.42%;YIK] AL EE 145
LA R A S AR BN S S f v, A 23.80%,
YA N A8 A 33 AR e U A2 LA,
FHXT 0 19.87%;Y3K 1 KB 435 BL i B Py AT
DI A — I R A A SRS AR T b A v AT
Xof o Eik 26.03%. 5 CK ALFH(YOKO)AH L, 11 /i
JIE Ak S PT  y EEELBE POR AN L . AR IRTE )
JE§ Az — e MR A A e S AR B = B AR B
Ji— FE AR 55 A - R P 2B R A AR TR I AR
JUR AR . A SR AR B R BN W SR e
XA

‘ L
Endophyte-Litter Saprotroph-Soil Sap h-Undefined Say ph
I Ll = Animal Pathogen-Dung Suprolruph-l£ndupflylc-l;'piph)'lc-PIanl Saprotroph-Wood Saprotroph
I ® Plant Pathogen
= Animal Pathogen-Undefined Saprotropk
' = Dung Saprotroph

= = Animal Pathogen-Endophyte-Plant Pathogen-Undefined Supmlm‘)h
P - Snimx\l thogeln-lDur}g Snpl;olruph-Endophy(c-Liv:hcn Parasite-Plant Pathogen-Undefined Saprotroph
2 ®Dung$ Indefined S }
4 l)ungSu;rulm;h-l’lanlSupmm:'ph v
B Endophyte
= \\"005‘ Saprotroph
= 40 * Fungal Parasite
 Leaf Sa) rotroph
® Fungal Parasite-Plant Pathogen-Plant Saprotroph
® Fungal Parasite-Undefined Saprotroph
® Animal Pathogen-Endophyte-Lichen Parasite-Plant Path Wood Say
20 ® Dung Saprotroph-Endophyte-Undefined Saprotroph
® Soil Saprotrop
Animal Pathogen-Soil Saprotroph
Endophyte-Dung Saprotroph-Lichen Parasite-Litter Say ph-Plant Pathogen-Soil Sap ph-Wood Say
Animal Pathogen
Endomycorrhizal-Plant Pathogen-Undefined Saprotroph

0 ® Animal Parasite-Fungal Parasite

Q DNIRAN IR IR S A SN X IR XM -Wood Sa
@@f‘:&& *9*_ %.A:&_’\;*, 6{_1\*’/’\:{_& ¥ ®Dung Saprotroph-Wood Saprotroph

m others

u Ectomycorrhizal-Wood Saprotroph

Bl 10 ASFALFEECE FUNGuild TR 2 REPEAH RS 4
Fig.10 Relative abundance diagram of functional diversity of FUNGuild fungi in 12 treatments

3 Wit

3 AR S AR 3 I B TR A i 5 e i
WREFFAL IR S

ULAER, =LY IX ey € 5 ) A A5 R 40 5 LB B
PABALRFAE, BRI M R R DX IR 9 5k,
S AL PR 25 A A I Ja], - SR 1 S LR AR
Bt a3 A R 2 e D BRI R0, T AE T B K
Ay ) 20 T A A S0 Ao B DR U2 5
M, A A v 5 ) R B 5 it AR S S Ak
PR R AT 7 A i ) A R AR AR A Bl
PRI I 5T, Dy BE VA HE D e 6 B A HE R i
U7 93 B A R B2 T A2 A A i T R A i AL
B 45 ey S i A e L K B RE ), ATk

YR ZWCRRE AEIRD 30% AR FEH] B RTHE T,
Ty Re AL A Ty T b R AS 2 2 P T I g R
SR AL PR T AL A 5 41 Y 2K I Y2K2 Ak B
206 - e A B A R R R LT Y3KI
FOY3K2 AR H ISR SRS, Bos
SE AR RNk A ) B N it FH 1 ] e AT AR T AR Y
“TTBR R 24 3 gl B 5 06 K A e o
FIT AR5 B 1)« vy 701 1R BERBUE 7R S B A YT
5 G B TR R A B AR R AR T B4 R —
ﬁ[B’ZS].

A JEL R A5 PO IR, T ) G S AR S A R
R AE KRB B G St i /0 R 2B 45 B
R T 7R S T L A R e BT 9
S B A SRR SR i T A ek R B RS



5832 A 45 %

T A ) 1 S R R VR R 2 R T i
F P iy ARG B AR S R Rl g S A
w5 AR e e b S R T U VA A ) e B AR
36 FH 16 o 52 00T AE G K b b A ) R 1
15 16.3%~36.1%, 1 N AV SRR 14.0%~28.8%;
M E 2 AR 3 it F kb 98 P A A= 0 v ), T 0k — 25
o R AP P SR A8 R X P 0 2 A, AT B U T I AN
X RESR L T 84 (1) F5 0 ik 25 iR e $ v LI IR 0
fiff L PR, 5 T A DR &5 ) A T T OB K
JLARRERE T3, AT 4 S8 B 3T P e A A A 5 A1
PR R, R T AT A B A H R I — s 1 1 7
SR AR TR L A BG4 8 R 5 58 1 384 2 50
AEAEZE 5, Y2K 1 Fl Y2K2 AbFEA X R4 56 5 K 2B
R UL R R L I Y3K AT Y3K2 AbEEAL
IR R I S, A E — 20 S s e BERRL it P e
R 5 S T A AE AN B ] Ay 12328290,
3.2 BB E AR IR A S A
HERLTR 2 FETE 1) 5% 0

SVLYR DR AR iy 98 B ) HL AR B A 1 S, RN
N TR . AORAIK, AR, R R SRR T
TR EL B R R S PR 2 R R R IR SE,
RIS A R 1K — R, it FH AN AN T 4
Tt IEIE 7K AR 1 B 5% 0 B B ) PR T B
Tl BRE 22 7, AT 536 0 B T R 4 A COL TR B B A A
RS T ) A 3 Bk AR IT R B 5N, B T T
Y& I T RE 22 A, 140 1 1 39 T R 2K R A R 4
Ji i fie BN AT 9 AN )46 2 4 Bt - 49 2O iR
V& 1R R WA A7 S22 22 5, DU DL AR 3 5 v A7 i it
WORI 5, Y2K 1 AL PR Shannon—Wiene i 4% 5 3%
T YoKo(CK)AR P! K 5 — i L AL B IX — I B AT fiE
VR 5 7 T AL s — T, 2 B St i 3 - 458 4
b SE R T KR IR SRR e g
N B VE M T S L R A B P ) — T
T 5 1) AN BL B 5 S PR IR 4 AR A A
B AN R RN B0 R T R R
PR R ARV (S S, R 1R A
TR RS RR B EIRME T RHA K.

A Ti) it JES it %o 1 S L BRT R 9 45 ) AL i )
N T AT HRR A5 3O R 5 TRT 70 A% I X B0 1 ARV i
RS M) BN A I, B 4 e L5 N 8 P 38 o 4t A 11 1)
Ll 5 00 52 3 b A A T 2 R 1) AR A )

A FRAIR A% L R VR S A b R LR ) R AR
AL DA O A 8 [T E Sy S 7Y g o8 R 2
TR, JERR IR 5 1 3R 8 ) 7K P S B 38 1E A O
THEW TR 2 B SR IR, T 3G N AR TR IR
s AR A, 2 LR O S A s I LA S s
RN VI REANNRE A (S LN S &
iy SOy 15T W =R 3 W0 AN W €2 W
— BRI LAY RT3 AT oY 4 5 R T Ak
PRI Y oK o Ab B, FL Y 7055 1] LU g1 Sl 2 4 T, i 1~ 3
WITMAEEE TR, X5 ARG e ARA —
k.

DRI 2R FH OC W9 24 3 1 R AT LR L R VR A
HRAH ELAE F R v e 1 A 5 v, Bk A 4 Tl 771 A
S AR P Tt Ak B - B8 TR L DR 3R AH 0% I 5% R B
2 TR IE AR OC F FRFAE, R BRI 8 D3 TR T i T L
FFEA L AR RS VE R R Ly S0 ppagt)
B S IE S, L B A v e M 5 O 248 30 B30 T B
3 IEAC.Y3KO0 A YK ARFE R 2840 $h 4 R )
ST B GU L 5719 0 Wl B AR T R W2 A5 I AT R4
5 TR o L B R VR TR AR OE I R T T LRI B
L £ B VO S L S R RV A O S, 0
FLIR B P AE WA s AL FE . A 1
SRS AR THE S R G A 7 T R A A
A e AP PR G W TR
A7 TR 1D Ay Tl Ak 38 e 398 R DG BT R IX
BT R IR A = JE 5 RIS B E b s
120 Ty fit A1 €. FL 38 3k 5 A A ol ) A E A FH 9 28 56
O AT 4 A R A A P SR TR AT B
DTk,

Mantel 545 KK B, T IEE P Chaol Y
Mo b ARy R e a5 A T R (A A A A 3 IR A G
KAR(P<0.01),1X K TR INE LB LAY
A 2 10 AR A ey 9 ) PR AR P 2, ) B ] i g 1 38
N30 A2 1t - S5 AE ) $E T | R Mk B I 3t SR R T
TR AR 2R AR i A RS
RERIT -9 oy S R AT B0 S e ER AL R,
$E el S b b g ) A Bl e T e A7
ALt R G 9T T A, AT B IE R R A it FH A PRI
T A A B R T T R VR 2R
A 50 5 TR N 5 S AR S T it mT 4 25 PRI L e
I TLAR TR I 35S T IR R A



10 3 A

Tl A0 VRt~ AR = TR DX R R Y A A - SR 22 AR (5

5833

W E AR (P<0.05), B 358 i G 28 W] I 255 ) B R HE
T L R R T R, 2 UK 5y v FE IR A4 R AR [ 2T 1R B VR
1) %t DR 7 R 5 R R ) B B VR DAk R i A2
FEAIAELLT 3 ANHTH:(DFR S I —K
5 R BRI AT 1Y 5 R A TR A3 B AR A A fi
TR AR ) A5 R IR A B B R 5K (2)72 1 W
SIS 73l SRS e S N 1 w8 TR S AW SR X
/U TR 240 T SO 2 3 45, O R R T A SR ARG
THE Q) 165 B A 58 HESD VR 1) 2 AL R (B) A2
IS AR ER A3 B X 7K A Il i 2 B o, T A L
S R O BB R IR S e i e kg
gk PR AR Ak JE A 8 A2 v A i B A (A
SRR ) PR L TR T T
Tl = JBE ) o 48 AR R R T 4,

R A0 AR VAR A 0 A 0 R e P — AN RN
M () 45 SR A5 52 BT 1) AR TIE 5 1a
(R A0 A A R 1 8 L R R 8 SRR AT DG 45
o FURAI 45 R AR A KBS WA 5K b sl 3
I e 22 50 sl 00 S A7 i, At AN [ 4 R
(1) g i A AL A5 3K LS Tl 0 4 kg G A O 4 - A
W) RGP AL T AL ) B S Ak AT B T AR VYR IX
S8 i 59 1 AR AR DX S i A AT RE SR AR S B
O,

4.1 TRAR B R R S AR S T e Ak P b A A A
7% Shannon— Wiener ZFFMETREL. AEWE. B85S
CK(Y oKo) b BEAH LU 12 25 59 01, Y2K2 Ab 3 Hh A= 4)
R 5(336.87g/m?), 88 CK AL FIIR =5ik 52.0%.
4.2 Y2K1 4B EEEC Y% OTU 4 H | Shannon
FE. Ace %1, Chaol $5%F1 Pielou $5%(3% CK
Ab B 2 3 T AW 2 A 44.5% . 32.7%. 42.1%.
41.1%H1 25.3%. [ INF, 9 2% 53 2= R B 1 T, H /9 25 LA
EAHRK R AT TRE ] HE] MR,
unclassified k Fungi & = FE1B A0 5 HIAR 5 50 3 BETR
PS5/

4.3 i 3 R S A UK ) e R A M AR R 2T
PRV A I DG B 3 DR 7 DTkl 30.7%.5 CK
A BEAH B, BAE 40 A7) 2 B 3 I it - 398 B T Y,
DIRe e i R R IR IR AR E TR R AT
SCE SRR E W] B 2.

S 3k

(1

(2]

B3]

[4]

(5]

(6]

(7

(8]

[9]

[10]

Wi AR, SRR T R S TR X R S g SRy
ARG S B PR [J]. AEASFR AR, 2022,31(5):896-908.

Yang C, Wang C Y, Wang W Y, et al. Changes of soil nutrient
characteristics and quality evaluation of alpine grassland in the source
region of the Yellow River on the Qinghai-Tibet Plateau [J]. Journal of
Ecological Environment, 2022,31(5):896-908.

Niu Y, Zhu H, Yang S, et al. Overgrazing leads to soil cracking that
later triggers the severe degradation of alpine meadows on the Tibetan
Plateau [J]. Land Degradation and Development, 2019,30(10):1234-
1257.

B [ R, At 5, A5 S T e S A AR A TS M - SR A
AE R (9] K B PREFIITIT, 2023,30(4):10-17.

Tong S C, Li G R, Li J F, et al. Soil basic characteristics and wind
erosion law of degraded bald spots in alpine meadow of the Yellow
River source [J]. Soil and water conservation research, 2023,30(4):
10-17.

B, 2 A R, S Ik, A5 N A SR Tt 38 A vy 9 g SR 2y
RBESPERISEIR ()], PEIERMEAAR, 2022,31(4):431-440.

Duan C W, Li X L, Ma P P, et al. Effects of artificial restoration
measures on soil nutrients and enzyme activities in degraded alpine
meadow [J]. Journal of Northwest Agriculture, 2022,31(4):431-440.
Se AR, T 0, A AT ALIE It P 0T B VYA [R] 4 T GRA
JE ) - L SRR AT HLBR IR [J]. S 4R, 2022,30(7):
1613-1620.

Chai Y, Li X L, Yu J F, et al. Effects of organic fertilizer application
rate on soil aggregates and organic carbon of degraded alpine meadow
in different slopes of the Yellow River source [J]. Acta Grassland,
2022,30(7):1613-1620.

Y& F, AR, LW I, A% AR 4% SRR e e SR A -
TR R 2V RIS (1] E S AR, 2023,45(1):
12-22.

Chai Y, Li X L, Ma P P, et al. Effects of fertilization and rodent control
on the stoichiometric characteristics of plant-soil- microorganism
carbon, nitrogen and phosphorus in degraded alpine meadow [J].
Journal of China Grassland, 2023,45(1):12-22.

WM AT 2 A 2R 2 A58 T X R e 1 A oy 8 0 g L e 2
Y2 FEMEST KA T MmN [J]. FRBEREE, 2023,44(4):2293-2303.
Yang PN, Li X L, Li C Y, et al. Response of soil microbial diversity to
long—term enclosure in the degraded alpine meadow in the source
region of the Yellow River [J]. Environmental Science, 2023,44(4):
2293-2303.

RN A RS BRSO i S B SRRV 2 R A
PIEIRN (7], TR, 2019,27(6):1633-1642.

Wang L, Shi J J, Dong Q M, et al. Effects of nitrogen and phosphorus
addition on community diversity and biomass of alpine grassland [J].
Acta Grassland, 2019,27(6):1633-1642.

Liu Y, Xu X, Wei D, et al. Plant and soil responses of an alpine steppe
on the Tibetan Plateau to multi-level nitrogen addition [J]. Plant and
soil, 2013,373:515-529.

Han Y, Ma Z L, Chen R, et al. Organic substitution regulated the soil
microbial communities by modifying nutrient limitations in

saline-alkaline soils [J]. Agricultural Water Management, 2025,316:



5834 L W 45 %
109586. and effective microbes mitigate peanut continuous cropping yield
[11] LyuL L, Gao P, Cai Z C, et al. Topographic habitat drive the change of constraints in a red soil of south China [J]. Applied soil ecology,

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

soil fungal community and vegetation soil characteristics in the
rhizosphere of kengyilia thoroldiana in the sanjiangyuan region [J].
Journal of Fungi, 2025,11(7):531.
w IR OR, S B AR AR R AR R O R R A e
B 1 TR oy S PRI (7], b R L3RR, 2024,(11):
29-36.
Gao P, Li X L, Chai Y, et al. Effects of combined application of sheep
manure and Bacillus subtilis on soil nutrients and enzyme activities in
degraded alpine meadow [J]. China Soil and Fertilizer, 2024,(11):
29-36.
K I ARV, SRR, A5 AT B okt S AR 0 5 e Sk
& [7]. FAARRR, 2024,53(6):27-32.
Zhang B, Li J R, Guo L N, et al. Research progress on the effect of
organic fertilizer addition on soil microorganisms [J]. Jilin Forestry
Science and Technology, 2024,53(6):27-32.
iy A2 BRURCER AR 1 55 AN IR WU R AR £ 498 S v % 4540 S
THREMSEN (). HE TR S ILE AR, 2020,26(11):2081-2094.
He D D, Wei X Q, Lin Z T, et al. Effects of different organic fertilizers
on the structure and function of fungal community in tobacco—growing
red soil [J]. Acta Plant Nutrition and Fertilizer, 2020,26(11):2081—
2094.
AR, A5, T v B A5 SR BRI 0RE AT LI C 0T i 9™ X 1
SERUL VR R FL VR 2 RETEROSE I (7). 5 RMRH, 2024,
(4):9-14,123.
Hu S B, Li C H, Yu Z Y, et al. Effects of combined application of
sheep manure and granular organic fertilizer on soil physical and
chemical properties and fungal community diversity in alpine mining
areas [J]. Qinghai Agriculture and Forestry Science and Technology,
2024,(4):9-14,123.
Schwalb S A, Li S W, Hemkemeyer M, et al. Long term differences in
fertilisation type change the bacteria: archaea: fungi ratios and reveal a
heterogene ous response of the soil microbial ionome in a Haplic
Luvisol [J]. Soil Biology & Biochemistry, 2023,177:108892.
D7 AT AR G, A A it S A AR B . L
P P R AE SR RE R [J]. DU )1IARD R 222441, 2023,41(2):318-324.
Liu F, Wang H F, Pu C Y, et al. Effects of different fertilization on
rhizosphere microbial biomass, soil enzyme activity and physiology of
grape seedlings [J]. Journal of Sichuan Agricultural University, 2023,
41(2):318-324.

ZEWELIL R AR, S D RS R AR I MLAE SRS A i e % -4
AR IS AT T (0], R EERBE R, 2025,45(2):870-881.

Li M X, Jiang H, Li R D, et al. Effects of functional microbial
inoculum coupled with organic fertilizer on straw returning and soil
biological characteristics [J]. China Environmental Science, 2025,
45(2):870-881.

RV 2 O, < A, A58 Ak 2 R 9 TR P TS A i ) G A
PERT [3]. P A 20E4R, 2023,39(28):48-53.

Zhu S J, Wang L L, Jin S Q, et al. Alleviating effect of microbial
inoculum fertilizer on continuous cropping obstacle of watermelon [J].
chinese agricultural science bulletin, 2023,39(28):48-53.

Chen W, Teng Y, Li Z, et al. Mechanisms by which organic fertilizer

[21]

[22]

[23

[24]

[25]

[26

[27]

[28]

[29]

[30]

311

[32]

2018,128:23-34.

Baruah G, Molau U, Jégerbrand A K, et al. Impacts of seven years of
experimental warming and nutrient addition on neighbourhood species
interactions and community structure in two contrasting alpine plant
communities [J]. Ecological Complexity, 2018,33:31-40.

b B R HERAA AT [M] (B =) AR R R,

2000:25-100.

Bao S D. Soil agrochemical analysis [M]. (Third Edition). Beijing:
China Agricultural Press, 2000:25-100.

7 TR U VAT 1) 5 S [ R o 1 S8 I 0 B oK A R B S e R
3¢ [D]. Hrbpgglk k2, 2005.

Zuo L F. Study on the effect of microbial inoculum combined with
different fertilizers on soil fertility and corn growth and development
[D]. Jinzhong: Shanxi Agricultural University, 2005.

Tian X G, Zhang X, Yang G P, et al. Effects of microbial fertilizer
application on soil ecology in saline—alkali fields [J]. Agronomy,
2024,15(1):14.

Wan S X, Li F, Wang J, et al. Effects of phosphate—solubilizing
microbial agents on the growth of maize seedlings and the bacterial
community structure and phosphorus forms in rhizosphere soil [J].
China Soil and Fertilizer, 2024,(2):80-88.

A R, X009 X1 R, 5 S A A A T 0 B A B b R A IR
THEFE N (7). ZEESR, 2025,45(7):1-12.

Ren S Y, Liu Y H, Liu Y H, et al. Effects of compound microbial
agents on plant growth and soil quality in degraded grassland [J]. Acta
Ecologica Sinica, 2025,45(7):1-12.

A T B, T D WA T AR AL R A A 2R 7 ) ARV S5 A
FHIER) R (7], GEHbAR, 2024,23(9):2973-2981.

Li Z F, Zhang Z H, Dong S M, et al. Effects of fertilization on
vegetation productivity and community structure characteristics of
degraded grassland [J]. Acta Grassland, 2024,23(9):2973-2981.

F S8, B 2, 2% R, 55 A A e R0 M AC AR A R R 20 1R 5
m[J]. YEIRARNERR, 2023,51(1):168-175.

Lv LY, Duan G Z, Li F Y, et al. Effects of microbial agents on the
growth of Lycium barbarum and soil nutrients [J]. Jiangsu Agricultural
Sciences, 2023,51(1):168-175.

S R A B R A SR M A G A P T vy 9 e AR A
TR0 [J]. FEHh 4R, 2025,33(6):2023-2032.

Lv LY, Shi JJ, Cai Z C, et al. Effects of manure combined with
chemical fertilizer on forage production and soil nutrients in degraded
alpine grassland [J]. Acta Grassland, 2025,33(6):2023-2032.

Liu HY, Xu W, Li Y, et al.Short-term effect of manure and straw
application on bacterial and fungal community compositions and
abundances in an acidic paddy soil [J]. Journal of Soils and Sediments,
2021,21(9):1-15.

Wu Q C, Chen Y, Dou X H, et al.Microbial fertilizers improve soil
quality and crop yield in coastal saline soils by regulating soil bacterial
and fungal community structure [J]. The Science of the Total
Environment, 2024,949:175127.

T T, I AT, 25 BRCRE, S5 1 ity AT HUIE RN SR AR ST g 980 XN L
RS R SEM (7). BEbeAR, 2024,32(8):2659-2669.



10 14 e A R RNE T BRI — VTR DR AL S MR R A R 2 R (5 5835

[33]

[34]

[35]

[36]

371

[38]

Qiao Q L, Wu Y R, Li Q Y, et al. Effects of commercial organic
fertilizer and sheep manure on artificial grassland and soil
characteristics in alpine mining area [J]. Acta Grassland, 2024,32(8):
2659-2669.

W A BRI R RN AR TSR B R R
ZHPESEHBEI (1], TR RIS, 2024,42(2):53-61,70.
Feng H P, Chen Z, Yang H. Effects of microbial agents on the diversity
and structure of rhizosphere soil fungal communities of continuous
cropping celery [J]. Agricultural Research in Arid Areas, 2024,42(2):
53-61,70.

BRSNS IR R AN RS TR LTS Ve FE R
R A 1 P 2 B A R A % SR M RS R (0], EASERE
R, 2023,32(9):1709-1718.

Gao X C, Kong T, Li H S. Effect of combined application residue after
evaporation, Trichoderma longibrachiatum and activated sludge on
physiological characteristics of perennial ryegrass and soil microbial
properties in gangue hill [J]. Ecology and Environmental Sciences,
2023,32(9):1709-1718.

B E T AP BB AL FORAEK . 3 ) RO B b = 4
HISEm [J]. AEEAGEIR, 2022,38(4):230-241.

Zhu J, Yu C. Effects of Trichoderma longibrachiatum on maize growth,
soil fertility and rhizosphere microorganism [J]. Soil and Crops, 2022,
11(4):458-469.

FTIGEUK, IR, V7K 7, 55 AN IR A 0 TR0 0 906 R s Tl e v
R [7]. WHLARNEFLE, 2024,65(12):2869-2877.

He XB,BuY T, Xu Y Q, et al. Effects of different microbial agents on
rhizosphere microbial community of flue-cured tobacco [J]. Zhejiang
Agricultural Sciences, 2024,65(12):2869-2877.

Boer W, Folman L B, Summerbell R C, et al. Living in a fungal world:
Impact of fungi on soil bacterial niche development [J]. FEMS
microbiology reviews, 2005,29(4):795-811.

FREE SR AR v AT RN 2 RS CR A PR A A L
il [D]. B PUILRAMBHL KA, 2018.

Wang Z Y. Response of soil microbial community distribution and
diversity to conservation tillage and its mechanism [D]. Yangling:

Northwest A&F University, 2018.

[39] £ FHAOA SRR BB SR R LS R R v A K

WA EARIEN ], HRARLRHY, 2024,45(11):13-22.
Wang D, Li XY, Lu H, et al. Effects of protected vegetable cultivation
on soil microbial community structure and microbial interaction [J].
Central South Agricultural Science and Technology, 2024,45(11):
13-22.

[40] Shen M, Chen X D, Zhang X L, et al. Changes in arbuscular
mycorrhizal fungal attributes along a chronosequence of black locust
(Robinia pseudoacacia) plantations can be attributed to the
plantation—induced variation in soil properties [J]. Science of the Total
Environment, 2017,599/600:273-283.

[41] H 525K TR, 2 22 IR, 55 A8 36 0 36t PO 52 ol ML 2 2 Jig - 0%
H 2R pHAEL IS [J]. 5 X B I 5 PR AR, 2024,38(8):179-188.
Tian G, Zhang W Q, Ulan T Y, et al. Effects of livestock manure and
dung beetles on soil conductivity and pH value of typical grasslands in
Inner Mongolia [J]. Resources and Environment in Arid Areas,
2024,38(8):179-188.

[42] AR Ak, 7K 708, 1 b e A6 AL DA LIS 36357 19K dh 3 738 & A il

FEHERIEE (7], TR AR (AR RERR), 2018,46(2):153-160.

Shao X H, Zhang Y J, Chang T T, et al. Effects of bio—organic

fertilizer on water and salt dynamics and tomato yield in saline soil [J].

Journal of Hohai University (Natural Science Edition), 2018,46(2):

153-160.

BE M BREELE, SO, S5 N RAR BN I RES . HIRTR 0

B ACERIEE (1], vh B A4, 2025,47(6):34-45.

Xiong H, Zhang X H, Sa C H, et al. Effects of fertilization on plant

[43

communities, soil nutrients,and microorganisms in natural mowing
grassland [J]. Journal of China Grassland, 2025,47(6):34-45.

[44] BUE S €0 DX R/ VR % S A AR ) 5 O ELAEHLRIRF A [D].
P T TFIERSE, 2023.
Yan H L. Study on interaction mechanism between microorganisms
and forage biomass in Grass-legume mixtures in alpine region [D].

Xining: Qinghai University, 2023.

TEB BN : wn I(1996-), 2, I FSE T RN, PR 2 b LT 52, 1
AFH R FE R A B RS R KRB 18 §§.1639245486@qq.com.



