54—66 ok % ¥34% K2
2025 4F 2 A ACTA PRATACULTURAE SINICA Vol. 34,No. 2

DOI:10. 11686/cyxb2024116 http : //cyxb. magtech. com. cn
WEZR, RRTT, DUARIL, 45 . )11 P6 It w5 2 ) % S A0 b Xk b S G A W B v R B2 ) . Rl 2241, 2025, 34(2) = 54— 66.
TU Xiao-dong, CUI Jun-fang, KUANG Fu-hong, ez al. Effects of conversion of alpine meadow to cultivated land on the soil microbial community in

northwest Sichuan. Acta Prataculturae Sinica, 2025, 34(2): 54— 66.

NALLSEEAEAMMMX T EREDEZNZIN

RBEE L ERF L RBE L EAE KD E O EA T
CL. o EREE B, 2K R 8 HS 1 e 3 5 FREEFSE A, DU I 88 610299 ;2. i VL AR bR K 25 Akl 5 28 My 45 AR 27 B, Wi VL A0 31130033, DU 145 Hh EE 2
Bl g, pu)i ks 610031

FHEE 20 U2 60 AR AUTE 1 PG AL /% 3 3t IXC, ST AR g 28 e A2 02 K R T B O BF s, I ST 7 R ol R R o 27 1 24
Ao ol AL, M) T X SR A P R Bl A P T v 2 AR B R . T Tllumina MiSeq 7 52 X L3 BF T
A IR 3 v A IR R R B 4 0~60 em 2 JR AR W VS ARAT 4R 5T 1 R P 78 fh X S R A 1 R Al A 4
TSR o 45 R W, e FE R ) I B AP bl b MU RN K R T TR RE K i R B K BRI . AN R B R AR R
B D M pH B A I 3 T ) B, A P A AE 0~20 em b J2 A AR TR ) R B AR A
AUAE A ER BE 535 5 0~20 em Hil 20~40 e i 8 2 [ A% 55 % fi) b JEAR LU, 6 oy 4R R B AR T 20 A 3G i L
TR 22 AR IR AR, 28 ST B R AR NS 2 0 25 0, A 4 T AR X JE AR, TR T LR X R R . T AR A BT S
RFRW], A A HUST AROE R R R RUE MR ) R B SR I T SRER SO BT R T R T R A%
B I 1 SR WU T S A PRI T B0 1 LE B R T SR R i S B R 4 . WSR2 AT I T IR AT )1 PG L e
w8 T B 5 L S SR AR M STORNGRAE R AL A L T R N TR R e R B ) TR B I P R Al

SRBRAR - TR B MRV 5 R AR A 5 R R

Effects of conversion of alpine meadow to cultivated land on the soil microbial
community in northwest Sichuan
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Abstract: In the 1960s, extensive tracts of alpine meadows in the Zoige region of northwestern Sichuan were drained
and converted into cultivated land, later utilized for cultivating genuine medicinal materials (for example Rheum
tanguticum). This change is significantly impacting soil physicochemical properties and microbial communities.
Utilizing Illumina MiSeq sequencing technology, this study compares and analyzes the microbial community
characteristics of the Zoige alpine meadows and soils used for R. tanguticum cultivation across soil depths of 0—60
cm. The effects of the land use change on soil physicochemical properties and microbial communities are
investigated. Results indicate that the conversion of alpine meadow into cultivated land led to decrease in saturated

moisture content, field capacity, and retention water content. The pH and total potassium content of soils used to
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grow R. tanguticum were significantly higher than meadow soil at several depths, while organic matter content was
significantly lower in the 0—20 cm soil layer compared to meadow soil. Alkaline hydrolyzable nitrogen and total
nitrogen content only significantly decreased at soil depths of 0—20 c¢cm and 20—40 cm, respectively. Compared
with meadow soil, R. tanguticum soil exhibited increased bacterial diversity and decreased fungal diversity.
Cultivation of R. tanguticum significantly increased the abundance of Bacillus, reduced beneficial fungi, and
increased potentially harmful fungi. Redundancy analysis highlighted available potassium, organic matter, available
phosphorus, and total nitrogen as the main nutrient factors influencing soil microbial communities. Co-occurrence
network analysis suggested that the conversion of meadow to cultivated land reduced the complexity of soil microbial
communities, with bacteria forming more complex co-occurrence networks than fungi. The findings contribute
significantly to the advanced understanding of the alterations in soil physicochemical properties and microbial
communities following the reclamation of alpine meadows in Northwestern Sichuan, providing scientific data to assist
in the formulation of sustainable management practices for R. tanguticum.

Key words: alpine meadows; microbial community; land use change; Rheum tanguticum
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334.28 km*(5.25% ) , BF T AU in T 30. 53 km* (47.72%)" .

J Wl R R B (Rheum tanguticum) A SR )1 PG 638 Hb 25 B4, LN T o o AR5 A5 2K 5 BL b 24564 R m AR 19 80 %
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A 5% DA, T 00 )1 A8 ] 3UU5E Je 92 T 136 N A 2R 3 B B PG 4 1A 45 R (337437 58" N, 103°09725" E ) , 4K 3200~
3300 m, 4F ¥ ¥ K i 650 mm, 4545 H BRI 0 2400 h, & T R FE R 0 2 KL AR CE . EE AR
L1°C, R4 ol AR 2l 8 v fe) R B + 5 VR S8 R MY N 3. AR kiR L
AT AR e JE R (M) R RE 7 R K8 (T) 2% 3R M . R i) 55 8 oty R B A b 2% Ja 1 ) 30U 5 R i DUAS rh 2 1 G AR
EAL R R R B ML AE 1967 4F B ) JT B, S8 05 A Al 7 B (Hordeum vulgare var. coeleste) Fl R il FF K8 .
J R KB 2002 48 JF G AR, B 5 4F J5 — USRI, 32 20 A P P A5 360 4 A T BB IR B 24 40 em) , 708K
JE TR R B — AR AR L, IO 5 B 24 45000 A - hm? FRAE S 7 HE B 528 (55X 50 @) it 3 3% 2250 kg-hm %,
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JI A R AE B A FLBUR B FLBR AR ST K o PR EE o PR 0 N R AR AL 105 CHE T e L TR 5 P AT A5 3 4 A
oK

M,— M,
e_\:mxmo%

K MR ER T (g) s MR 3R J) N 4 i (g) s Mo AR A 3R JT R & (g) o

EF

AL 25 7 (BD) 3 5] s K AL — (1 —%)xmo/

1.4 XEBAEDBELENE L S

WG E. Z.N. A. ® soil i#] & (Omega Bio-tek, Norcross, GA, EE) i FH 1T LAY DNA R, ff
514 338F /806R (5" -ACTCCTACGGGAGGCAGCAG-3"/5"-GGACTACHVGGGTWTCTAAT-3") %f 40 1
FE V3~V4 ] 748 X g 47 PCR 784, i FH 51 4 ITS1F/ITS2R(5'-CTTGGTCATTTAGAGGAAGTAA-3"/5'-
GCTGCGTTCTTCATCGATGC-3" ) %t H B 3 [H ITS ] 28 X 3 /7 PCR ¥ " . PCR & B 1K & Ky . 5%
TransStart FastPfu 28 W 4 pL., 2.5 mmol-L~" dNTPs 2 pL, E F #5514 (5 pmol-L ") £ i 0. 8 pl., TransStart
FastPfu DNA B4 0. 4 pL, 4 DNA 10 ng, #MM& % 20 pL. PR F41F 295 CHIAEME 3 min, 27 MG R (95 °C
A 305,55 “CiB 2k 30s,72 ‘CHEAHI 30 s) , SR 72 CRAE UEE 10 min, fd ] 206 BUIEHE BE B MW PCR 7™ 97, # H]
DNA & ¢ a1 i 46 4k 1157 & (PCR Clean-Up Kit, v [ 5@ 48 ) # 47 [0 050 9 464k, I F Qubit 4. 0( Thermo Fisher
Scientific, &) X [FI = Pyt A5 480 € f . NEXTFLEX Rapid DNA-Seq Kit ¥} 4lifb )5 i) PCR 7= 4 it 47 2
P o WP AE umina PE300 V- & #47 ( B35 AW BE 2 RHEABR A ) o i H] fastp(version 0. 19. 6) 344 X)X iy
JEER I e B R AT L 4 A FLASH (version 1. 2. 1D 347 % . i FH UPARSE 7. VAR % 97 %6 (448 8 B Xif
J ¥ BRI 5 W0 7 0 3 4T 3 4E 4 28 23 T (operational taxonomic units, OTU) 25, F| H RDP classifier b X Silva
16S rRNA F i 7 (v138) 4T OTU ¥y Fp 43 22 e
1.5 HESH

K 1 Excel 2021 . SPSS 22. 0 8 {4 X B0 47 5 BRI GE 3T 40 b7 L 380 5 2 7 BEAR TG 36 L B[R 38 5 22 43 #7 (one-
way ANOVA)F1 Duncan ¥ # 17 2 & P ﬁj\*ﬁ(a:O. 05), kKHRIBEF Vegan”@,ﬂ‘%ﬁfﬁﬁi% Alpha(a) 2 F¢ 135 %1
It 347 3 A A5 43 BT (principal coordinate analysis, PCoA) Fl'# ¥t £ J6 J5 22 % % (permutational multivariate analysis
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of variance, PMANOVA) ,f#i F§ Canoco 5 A4 #E47 TU 4743 #1 (redundancy analysis, RDA ) , 7 817 52 5E R 3% B A6
% K R A 499, T AR AT 1004 OTU, M R 4. 1. 3 A (Hmise , WGCNA 42) 5 AH & Kl ,
A O 3 B 1% 5 R P<<0. 01,|R[>0. 4" F Gephi 0. 10. 1 {4 xeF e 3 19 45 32 47 o] W0 Ak 31 55 2L 30 4% 4 45
JE M AL B B L O E R R ORI Y B AR K AR PR AR SR W 4 i 2 e R e Y . I RIS
“ggplot2” 4 #l Origin 2023b £ & .
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G T 98.5% 1 26. 0% ;0~20 cm - E461 AN 5 7K 5 . H (] 457 7K 2 R B 3 K 4 I B AIR T 32. 696 .43, 3% F11
19.4% ,20~40 cm 43 I FEAR T 32. 6% .45. 0% F130. 9% o AH bt F 5 fa) 58, FF b RF KB - A R W) B TR B 45
CIROR = NE N §3 22/ (10 o= L) [| g
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Table 1 Soil basic physical properties of meadow and R. tanguticum soils

pisii Bk Tyhr S B kL 05 K HH [ 47 7K 2t i F K A B Eo0 KRALBRZ
Treatment  Clay content Silt content Sand content 0.(%) 0, (%) 0.(%) Bulk density Macro-
(%) (%) (%) (grem™?) porosity
M,, 10.5940.71b  45.32+2.13b 44.09+1.42a 0.86+0.02a 0.60+0.02a  0.36+0.05ab 0.58+0.03c 0.7840.01a
M,, 12.5940.71b  42.32£2.13b 45.09+2.84a 0.86+0.0la 0.60£0.05a  0.4240. 14a 0.6740.07bc  0.7540.03ab
T, 24.89+2.16a 53.294+3.53a 21.8244.09b  0.5840.05b 0.34+0.04b  0.2940.03b 0.9440.20ab  0.6440.08bc
Ty 24.99+1.6la 53.33+4.59a 21.67+4.26b 0.584£0.04b  0.33£0.03b  0.2940.03b  0.98+0.13a 0.63=£0.05¢

M,p: 0~20 cm #5 Z€ 5 f) 145 0— 20 cm alpine meadow soil; Mo: 20~40 cm 15 F€ & fa] 1-3¢ 20— 40 cm alpine meadow soil; T, : 0~20 cm J# R K8 +
€ 0—20 cm R. tanguticum soil; T ,5: 20~40 cm J 7 45 K8 13 20—40 cm R. tanguticum soil; 0,: Saturated moisture content; ,.: Field capacity; 0, :
Retention water content; /N [/ /N5 52 £F 3 7R N W] &k ¥ ] 22 53 & 3% (P<<0. 05)., T [A]. Different lowercase letters indicate significant differences among

different treatment at P<Z0. 05 level. The same below.

HY ¢ 2 ] 1, AH Bb T 5 fe) A FPORE R S B T 48 pH {H (P<<0. 05) , 3R EE 4r B3 i T 18. 56 % .
16.54% F115.44% o FHifa) A HLBAE 0~20 em )2 i 358 T F5 o R R 88 4 7E 20~60 em )2 0 i 3% 2
S o ) - SR RN A A 402 T A Y R R R B A TR T W s e L ANAE IR B 43 I o 20~
40 cm A1 0~20 cm B & 3 = T B RR R B 18 . A AR A A i A B AE A TR Y R BN A AR OR B e T
) R4, HAE 20~60 cm &b B 35 . FOf] R R DR B b A A R A R R O O R R A5 TR R R R
B HE A B i R T R ) M R OO R AE 0~20 om &b W T R R A
2.2 RFEEMESMAENBEARSE $HRAY A

XF 18 A~ - HERE T HE AT T AR AT 09 U0 Ak P 1 AE 97 %6 J A AH BLEE S5 4 T SR 2, 40 T A Ak A1 R 4R A 6714 4
OTU, IR G455 43411136 M40 . 314 4~ H (478 D FL 900 4~ & 1986 A~ Fh o L& 1 Ak /¥ 51 2k 4k 15 3637 4~
OTU,EBEEE 1741761409 14140 H 3144 FF 6824 & 1096 4~ Fif

O3 BRI A W T P 48 B (Chao 148 500 1 22 RE PR 45 % (Shannon 48 50 #E 47 2387, 5 ol 45 K % + HE40 B Chao 1
T8 BALAE 40~60 cm I g 35705 T % fa) 198 (18 1) o Bl 4 R 88 3 41 9 Shannon 48 $07E 0~20 cm F140~60 cm .
F T 5 AE 20~40 em Ab 25 BN B35 0 AN TR R BE R f) 3 ECTA Chao 148403 i 1 R ol R K 3R E
i 3% 22 5, Shannon 8 80U W 35 25 5 o REAKIMT 5, A T B AR R 855 1 AR TR o 22 B PR N T B TR o 2R 1
REAR
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Table 2 Chemical properties of meadow and R. tanguticum soils with different depths

pis:l pH A HLB i A A A RO A e e A
Treatment SOM (g-kg™") AN (mg-kg™) AP (mg-kg') AK(mg-kg') TP (mg-kg ') TK(gkg ') TNI(gkg"

M,, 6.68+£0.12b 52.19+2.93a 184.67+19.86ab 5.4041.99bc 238.33+63.07a 925+28.93ab 19.46=+0.35¢c 3.87+0. 14a
My, 6.77+£0.20b 49.21+£7.62ab 209.33£31.39% 3.36£1.25¢c 121.00442.00bc  846416.44b 19.5040.40c 3.1340.29b
M, 6.80£0.16b 38.28£7.10c 111.67=£26.35b 2.03£0.61c 79.00£12. 49¢ 726£83.35¢c  19.53£0.32c 2.49+0.49c
Ty, 7.9240.03a 40.97+£4.71bc 166.67+£48.23ab  8.20£2.26ab 171.6749.71b 1013421.66a  20.7740.15a 2.96=+0. 06bc
T, 7.8940.17a 41.09£2.24bc 130.67254.78b 10.67=£3.75a 140.33=%4. 51bc 9844-35.34a 20.7040.17a 2.89=£0. 13bc
T 7.85+0.24a 39.46+£5.28bc 109.67£46.19b 9.17£2.31ab 119.33413.58bc  982475.10a  20.1340.06b 2.76=+0. 34bc

SOM: Soil organic matter; AN: Soil alkaline hydrolyzable nitrogen; AP: Soil available phosphorus; AK: Soil available potassium; TP: Soil total

phosphorus; TK: Soil total potassium; TN: Soil total nitrogen.

400 g . 1 - . .
5400 41 14 Bacteria ab 000 H 4 Fungi
a a
% 4800 % b
< < 800f
= a i g
< 4200 < ab 2P
& @ Q = 600 ﬁ 2
Q Q r
= 3600F 45 3 =
gm ;l gm
+e e S al
X 3000 F g 400
Bl i
#2400} #
200 F
7.51 i . 61 T .
o 41 14 Bacteria i H B Fungi
3 3
.8 b b= a a
= 7.0F a =
g E 5t a a
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= ab = a
= 6.5F =
o be o 4l Q
E = ¢ g
S 6.0f = £
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B1 ARAAELTEMEMNER OTUEE E K Shannon 15 £

Fig.1 OTU richness and Shannon index of bacteria and fungi in soil with different treatments

M,: 0~20 cm 5 %€ Fi i) £ 4 0—20 cm alpine meadow soil; Mo: 20~40 cm % € B fi] 13 20— 40 cm alpine meadow soil; M, : 40~60 cm 5 F€ i +
3¢ 40—60 cm alpine meadow soil; T, : 0~20 cm JF iy £8 K ¥ £ 5 0—20 cm R. tanguticum soil; T,y: 20~40 cm JF il £F K ¥ + 5 20—40 cm R.
tanguticum soil; Ty, : 40~60 cm Ji iy 4 K # + 3 40~60 cm R. tanguticum soil. /N [F/NE F 8 7R 7R [a] 4b HEA] 22 7 @ 3 (P<<0. 05). F[H. Different

lowercase letters indicate significant differences among different treatment at P<<0. 05 level. The same below.

JF Bray-Curtis #2535 19 32 A8 45 53 BT (PCoA) F B, PCoA 1 1 PCoA2 il 43 5l fif % T 46. 23% F116. 46 %
(1 41 B A v AR 22 5 (8] 2a) , BB B V& PCoAL R PCoA2 il 1 fift B 38 43 1l Ry 41.46% 1 14.31% (&l 2b) o
ANOSIM K 3645 e 2 B, F ) 41 B8 (R°=0. 689, P=0.001) . LB (R*=0. 546, P=0. 001) ¥ 7% 5 J i 5 A o 1 1
SEAN T, U B ) 5 R R OO U RIS S 2 R B

AN TR R ) Ry R R B A T AR = B R 0 1O TR R, 43 501 R i 4 1811 (Actinobacteriota) B B
i '] (Proteobacteria) .2 # B '] (Acidobacteriota) . %% 5 B ['] (Chloroflexi) | J& BE T& '] (Firmicutes) | 2 F. i I ]
(Gemmatimonadota) . Methylomirabilota, ¥t i & '] (Verrucomicrobiota) . £ ¥k Id '] (Myxococcota) . ¥ #F I []
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(Bacteroidota) . H1 &l 3a mJ M1, 3 b T B2 i du) - S i 2 w1 1] AR T T 1D MR AT 1 1] D DI 34 v 17, B3 9 18 384, ke
TR 1) AIAZ TR T I AR F 4 38 0 T g ARG, R B 1D ARNS 2 B S T o S Wl o R by 4 R B e SO0 4 v 1) s fm A ]
Wt 5 R 2 BRI, I T T AR X = B2 S el A I B I, AR R B DR X SR BE S N S b o S R R LG R T RO
SR A% TR B RO A 1) R 75 T 1 DR 0 = B g SRR T 748 T2 T 1 AR 5 2 S g

R’=0.689, P=0.001 R’=0.546, P=0.001
a E i b E
ta as 00 0af * :
—_ ! —_ = 1
X Ofzm@--=----k------------—d =X .
g - [ 1 ; ] A
. 1 . 1
o : =M, S OpErEsERER b S S e xfan--
N2 ' = [l e
;\:1 I M,, 2 '
S -0.2 = M,, S
A ! AT, g 0.2 :
i T, '
! AT - !
I 60 1
-0.41 ' -0.4f '
1 : 1 I- 1 : 1 1
-0.2 0 0.2 -0.4  -0.2 0 0.2 0.4
PCoAl (46.23%) PCoAl (41.46%)

2 ERMEHSRELTERAE (a)FIER (b) B PCoA 2

Fig. 2 PCoA analysis of soil bacteria (a) and fungi (b) in meadow and R. tanguticum soils
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9 60 ® JEAYE ] Verrucomicrobiota 60 B norank_f _norank_o__norank_c__MB-A2-108
o m Methylomirabilota W norank_f _norank_o__norank_c__KD4-96
kS B R ] Gemmatimonadota B norank f 67-14
o <l ® JEEER ] Firmicutes 40 B norank_f _Gemmatimonadaceae
i B ST Chloroflexi B Gaiella
# 20 ® [ZFFE ] Acidobacteriota 20 ®m SEMUAFE R Bacillus
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3 EAMERHAELIEAERE T (A)MED)AKTFHNTEUNEREZEEDH ()

Fig. 3 Relative abundance of soil bacteria at the phylum (a) and genus (b) level and significance analysis (¢) in meadow and R.
tanguticum soils

* 36 R N [] b ) 22 5 i 3 (P<<0.05) . F [ . * indicates the differences are significant at P<C0.05. The same below. M: & J& & fi] 1 3 Alpine
meadow ; T : F iy % K 8 + 1 R. tanguticum.

5 J8 K b A [ T4 e R0 R T O B S A TR A X R R v B 10 A Jm AR [R] (1 3b) o Bl b M TR 0
J e ) R ot R B R S R T 1O 2 O F A T A S R T R (ELRE IR A A DU R RO O FE A% TR
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R R A S UL R B T BN T R A R AR O S G N T g 2 AT B AR X T B (8] 3e)
SRR INT 13,212 (0~20 cm) (158. 91 % (20~40 cm) F176. 13 % (40~60 cm) .

A T) R JEE e ) R R AR K B A 9 AR G R A v 1 10N TT AR TR, 43 0 F BE TR 1] (Ascomycota) 1l 7
I"J (Mortierellomycota) | 1 F B [ ] (Basidiomycota) . unclassified_k_Fungi. 4% & ['] (Chytridiomycota) . & 2% B I']
(Rozellomycota) . i 4% & ] (Olpidiomycota) . Bk % & '] (Glomeromycota) . i H % ] (Zoopagomycota) .
Calcarisporiellomycota, i [&l 4a A] 1, 3 F & B wf) R rp 38 R 1] B T TR TR 1] AR 3R 1] . BEE 3R
JEE RGN, B LG ) RN HE T AR = B8 2 T 8 I BRI I D AR N 2 SR RIS T o Rl R R I
R DR ) R [ o Bt A R R G o, S AT 1 R0 A 2 1R X = 3 W R AT, L B8 T T ARDR = B B . 5 R
A L R R B A R B S T DR T B R T R T AR S R AR

JER KV 43 245 F B, A () T P8 ) R0 R oty 4 R 0 L AR R T B SR B R 22 S (I8 4b) o ) 1
58 i Y EL A R A 5 R (Mortierella) cunclassified_p_Ascomycota J& IR & (Hygrocybe) . B REE N,
U <= T Ja ARG = B M 13, 2596 (0~20 em) BEAIRE] 2. 4396 (40~60 cm) o 24 [ 4R ) 5% 78 S JiEO A R RS, &
HEE R AR A w1 & (Mortierella) 7575 1 J& (Gibberella) 25 15,75 )& (Phoma) , HWE 35 RGN, 75 25 b6 )&
FEXT B 12,99 % (0~20 em) FEAK 3 3. 87 %6 (40~60 cm) o ST 5, AR R ol R R 385 i - 398 B0 181 A VR 205 4 K
Az AR A AR ) S D R TR R 098 < TR JUF R A T AR R g b B, Ol e R 2R R T TR R R B
A v A S G R (8] 4e) o

100 m JLAh Others Ta0 m H fh Others
& B Calcarisporiellomycota B Tausonia
E; 80 B ] Zoopagomycota &0 u % #15% )8 Didymella
5 B BR¥EE ] Glomeromycota ®m BT %5 )8 Cuphophyllus
+H-'§ 60 m JHA [T Olpidiomycota 60 u X HEJE Phoma
T2 B P77 Rozellomycota B Solicoccozyma
= 2 40 B FHE (] Chytridiomycota 40 B unclassified k__Fungi
E B unclassified k__Fungi m & Hygrocybe
2 20 B $#HTFE] Basidiomycota 20 B REHJE Gibberella
= I Mortierellomycota B unclassified p__Ascomycota
0 B TFEH[] Ascomycota 0 B 8 Mortierella
22 22 23 N E° 23 23 T
o TERI HTHE IRE7 A1 e ZNER
Ascomycota Basidiomycota Gibberella Hygrocybe Phoma
- * o * o * - o *
s 80 ’—‘ 45 15 20 . o —*
2 60 : 15t
%5 301 10F &k
=1
=2 40 10
=5
= 151 5r 3r
Z 20f sk
&) ﬁ
O L 1 0 1 L 0 = =N 1 0 1 1 0 i iid 1
M T M T M T M T M T
4 FE Treatment

4 ERAMETHAELIEERE T (a)MME(D)KFEFNTURBEEEES ()
Fig. 4 Relative abundance of soil fungal at the phylum (a) and genus (b) level and significance analysis (c¢) in meadow and R.

tanguticum soils

2.3 MADFEEGLILENL

TCEE Wy 2 A T 2 0 BT 285 2R s, R SRR E WO S e A e 25 5 (3R 3) o ) e 98 200 1 o R ) 2% ) 30 2
S EE TR R BT 5 860,18, 901 ,0. 642, 34 T E AR R R RE R R U A 1 4 TR Lk B £ g A
Al 22 O~ 25 BE AR B 0 50 0 0. 504 3. 804, 1y sy 7 i fe) - M . e ) - MR AR O BT 9 R T S IR0 2%



5 34 B4 2 )

Folk 224 2025 4F 61

PR 5 400 26 L, AR L AR B T 3
% AN E T A 2% 0 SR B 45 (181 5) , B ) JF B Rl
R K I A A A TR 2 S B 3 B P R R
BUOREAR AEF 2 B AR B o g, B AL R B2 B . 19
25T RN S TP REE 41— B
2.4 BB L AT AR K AT
N W RS SR A B
VEF, X e B L BLBA ] F KT 3R 4 & = K pH
HIEAT TR FHE MRS, HIE 6am LIA
RDA1 F1 RDAZ2 43 51| W] LA fif B 58. 39 % 1 22. 20 % , 4t
fifp e T ) L B TR K AR AR 1 80. 5900 o L ALER
(i B T =48.6%, P=0.002) Al 4 & ( fit B K =
13.8% ,P=0. 016) % 5 ) 4 & '] 7K F 3= BE B2 45 K

R3 BEMHAENERHZER

Table 3 Topology properties of microorganism co-occurrence

network
b T 4l Bacteria L Fungi
TOpOlOgy properties M T M T
1% Edges 860 390 217 147

Y E Average degree 18.901 8.478 5.047 3.267
ek 25 Modularity 0.223  0.504 0. 646 0.730

- ¥ B2 R B Average 0.642  0.516 0.445 0.361

clustering coefficient

Y BRI Average 2.246  3.804 4.168 6.548
path length

M : i FEF i) + 5 alpine meadow ; T : FE iy £5 K 8 + 5 R. tanguticum.

SRR A AU S AR T TR ] R RE DA T AR = B R R AR OC , SR T ] ZE SR B T AR E B R EAR G, B 6b ]
HL,RDAT M RDA2Z 43 A AR RE 42, 00%0 F129. 92% , Xf Rfa) BB 11K AR fL B R B R 71, 92% . wof) LA
HE V& 32 2320 00k (i BE A =26. 400, P=0. 028) FIA AL (fif FE 3 =22. 420, P=0. 054) 5 . A HLBT 5 4 14
P A R AR G S I O, A R Bk T TR S R UM G

M 7a 7T LA L, RDAL I RDA2 43 31 AT LL# B 63. 24 % F129. 78 % , fift B 1 F vl 4 K # - S8 200 11 1] /K B 2%
fE19 93.02% o TRELCH (i FE R =29. 6% , P=0. 034 ) XF JH 1i7 ¢ K B + 4018 117K 7 3 B R e ok, S 40T 1T 1T 4
Xt FE B R IEASE, SR ERE ] G B T A R M G i Bl 7b BT, RDAL AT RDA2 43 5 AT DLk B

) - 1A

Meadow soil bacteria

B fi) - e FL TR
Meadow soil fungal

EsSs ZFAMELEAEIEAEMEFLAMNE

R AR R B T R

R. tanguticum

TS

soil fungal

B PN ]

R. tanguticum soil bacteria

® L TH '] Actinobacteriota
@ B '] Acidobacteriota
@ ZF 1 '] Proteobacteria
@ 48555 1] Chloroflexi
@ JC{# 1] Verrucomicrobiota
@ Methylomirabilota
© JEEER ] Firmicutes
ZE WL ] Gemmatimonadota
@ HiERTE ] Myxococcota

H Al Others

@ T #H ] Ascomycota

@ 48 7 H '] Basidiomycota

® 1% '] Mortierellomycota
© Unclassified k Fungi

@® ¥ 71 ] Rozellomycota

® A ] Olpidiomycota

Fig. 5 Bacterial and fungal co-occurrence networks of meadow and R. tanguticum soil



62 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 2

a b
10F M, © | LT v, o i
Verrucqmicrobiota | ) o
1 1 CalcarisporielJomycota
Methylomirabilota i
s i Glomgromycota
§ AN= Others -
IS p . \ o unclassifie k Fungi
Q- T:]Firm'mmes ==ES higroflexi 0 pmmmmmmme oo men oo oo ST
o N = ———enpumatimonadota
a AK - sﬁ/[yxococco - Rozellomycota
[Proteobactg TK ta
# Actinobactefiota
Bacteroidota ! Zoopagomyfota
e Mzo I I
! "™ Olpidiomygot
_1.0 Lo 1 1 1 1 _1'0 w1 1 pl lomypo a
-1.0 1.0 -1.0 1.0
RDA1 (58.39%) RDA1 (42.00%)

E6 AEREEGMTEMAR(a)FIEHE(b)I1EESHEREFH RDA HT

Fig. 6 RDA analysis of phylum abundance of soil bacteria (a) and fungi (b) and nutrients factors of meadow with different
depths

SOM : + 54 HL T Soil organic matter; AN : £ 3 5% fi# & Soil alkaline-hydrolyzable nitrogen; TN : + 1 4> % Soil total nitrogen; TP: 1 5 2 Soil total
phosphorus; TK: +3€ 44 Soil total potassium; AP: £ H 4 #f Soil available phosphorus; AK : 33 2L 4] Soil available potassium ; Actinobacteriota:
Tl 26 1 1] ; Proteobacteria: 2% JE i ] ; Acidobacteriota: /2 # 1 '] ; Chloroflexi: % %5 1 ] ; Firmicutes: J& &% 1 | ] ; Gemmatimonadota: 2f B M B ] ;
Verrucomicrobiota: JE L B '] ; Myxococcota: A5 ER T '] ; Bacteroidota: L FF 1 ] 5 Ascomycota: F# 1 [] ; Mortierellomycota: #% fii % [ ] ; Basidiomycota:
HHF B '] ; Chytridiomycota: 4% B | ] ; Rozellomycota: & 2% & '] ; Olpidiomycota: i 4% & | ] ; Glomeromycota: BR 2 B '] ; Zoopagomycota: fifi L 55 [ ;
Others: Hifth, F [, The same below.

a b
1.0F Methylomirabilota 1.0 T.o T Others
Chloroflexi | Others . i 7
l Calcarisporiellomycota | oopagomycota
) idigfhycota
Holy T
;\3 Vellru < i 1diomycota S0
§ G fg Rozeflomycota Ty 7, \\! Unclassified_k__Fungi
& Actif § Tt/ °_o ~__Glomeromycota
a ichites =~
5 <
B =
) Chyfridiomycota
VL Ascomydota
AK K i Proteobacteria y:
-1.05 : L . . -1.0k . 1 5 .
-1.0 1.0 -1.0 1.0
RDA1 (63.24%) RDA1 (47.59%)

7 ARREETHAELEAR (a)MER(b)TFESKREREFH RDA 247

Fig. 7 RDA analysis of phylum abundance of soil bacteria (a) and fungi (b) and nutrients factors of R. tanguticum soil with

different depths

47.59% H122.84% ,XF ELTH [T K 28 A i B el 70. 43 % o AP RIS 5 T RE 1] ar w T B E R IE
ARG, S RUFF B 1] I AR X T R R G
3 itit

+ 3 pH BE WS L85 52 W 57 o B Ak AR W BEE M T RS b 4 pH (A XY B B, X S S AR A B 5
g — 30 A ALAE A A AR PE B R RE 9% v RN R 23 4 B, LA R ek S AV AR A 4 45 O oI R 4R e R v 0
(pH<T7)pH {E"™", Jiti FH 2 2€ 1T e SR AN 57 v 1+ 48 pH B AE KW BEVE IS 8 2 T @ g IR I . 5 B ) - AR L, Rl 4
KEKZE A VLT & & 05 R, o] e A9 5 A4« 1) R -+ 8 Bk 1 42 o L A AL 78 48 )9 35 9 =38 20 A



534 B 2 W Bl 2R 3] 2025 4 63

Fe 2 ML T Wt R A0 A% 2 VR )2 5 2) BV A B 3 5 L - A SRR (0 e A R T o R SR A P A AL 1Y
O3l 5 3) R I AR A B ok R0 WL T A R T B v L A R ) BV A B T R R W B E A A AR Ak T R
Wi A7 HLT 5% Ak i A2 Sk B . A, e F R R R K S, A e ORI 4 U R 0 R AIG, T RE A R R R
TP e 98 L) B 70 Sl Bk M S, SR W B IR B D R T o 22 AE PR FE RO Shannon 48 B0 3, R IE A
o AR 2 B A 55 A R e ok A At R S S AR AR G B T BB L IR R R R B R )2 - A i K T R
He A0S B S BAE A b R R Y T ) A T BN L IS A R MU A A B R A R R Y
I R B A, K B TT R E e A R T OR R

HHEG A W SR R R R R K A S RS R R EEAE . 2 A ORUR Oy R R s
Ja, R R Y RS S AR R B I B AR SR ARERSREHE TN AT AEERE R LY 2 F
ol /N BNV ] ASBIF 52 T 2E ) B R N K B RE S AN T SRRV, BUTE 2R R AR E IR R B
AT R B, e F B R B M S R A 2R T O AR [ A B ST e TR AE AR R R R Y e A
W) = B 2 A R 2 oA — B I ) A2 AR A R R KO R E Y SRR AR BN R, rT RS £ b
AR A SRR AR 20 RRE ) P AT 567 R W R M (AL RN I 45 A2 S e 1 AR Ak 5 - R AR AR R -
VIR PR B IRA 6. FARAER RGN T A R G0 R B A5 R — 5 25 0t - Sk My ik v Z2 R vk A
YR A BT R I 3R R A6 TT BB 5 A b R R AR TR S R BT S A O

TE G A= 0 T 2L T ) R R DK e A B R L TR AR T KT 1 8 A A O S e T T
FERERFBE T 0% YU b, KA MEY P AE A~5 1T . EEKE LRSS ZrENE, FENT 1Y
(0 20 B o b K R FE ) 2B S R G v A R R A B T A T 3 DA BB o R A A B A R R -
SIEA Sk o AT WRIE AT T R e SR [ ) S - B A ) R A e B, R 9 ) e KT AR R S
20 AR 0B E R T 4096 . AR AN TR T KO b R R R B A 9 2E AR B R A X T T R g
WA E K E B PR R R 22—, MO R A B TR B BRI AT TR R R R L B
HIEBERE A 1S M JE , N 10 A W) A= 55 1 T4 (Paris polyphylla var. yunnanensis) 4 3 v i 1% 1) 41 8% % W%
BRI, AR N 2R AT B BRIC RIS ZERAT B AE S Tz A AR B B AR PR W B e A AL B i A e L
2165k 7 TR S L T LA AR BT IR VR R L AR AT T R R K B A S A AT TR i R X T v T ) 0
A RE 2 3 A B R R VR S AT R ) A R B Y 3 MR . A R (Mortierella) & WA~
BE M AT 0 SR e O B TR R B9 R R R AR B R BT R DL A 3 R, R Y L I (Bletilla
striata)™ & WE R (Cordyceps sinensis) ™ % Z PR ZEJE 2504 £ P i PR 34 L TR IR o 1o 2 2 ) v 18 < 1 J AR X6
BT T R R K v R R R 2K R R M R R 2R SRR R 2 2 T A R 2 B B
W B, BT DA 25 M 2 AL TR Y 25N B TR 4 25 N A AR S I R A B N R
PIFET L AHIEGE R R K B R T T ), A 2 TR R X R 1V A e T R X T, T B
T IR BGAL R A

+HEpHH  FR 5 & ST B T AR b S R 0 - B W B VR S5 . AR B OT 2 R B SR AL L A A AL
FA HIL BT 2 52 e 0 ) S8 Gl A ) 1 T L B ) 32 8 5 43 DR, A5 B R 5 e R o R R B A SR AR A R 2 Y
BB F . A 098 K B JE )+ R R MR VR S 0 pHL AT PL L R S A M e, FLAR G T L 4
PR 32 - 3SR 45 MR B R RSO R ) R K B R G R A A S ] S o PR 2R, v v 1
B T LA KR R 1 & AR ) B AR A 5 =B (Panax notoginseng) 17 W FR B IEARE . AR 5T
i) - 8 AR i S AR TR T AR R R R AR DG, AT RE 5 R AR A A B A DG Ok 1 P L v 9 R A AR PR
I A B R R R, LA R AR ) M R 2 B TSI A TR ROR Sh AT RS AR R

T 2B 3 B0 0 24 T LS IR b 45 0 R 22 TR R LR G R R BF SR T, R R R 0 B 3 R
25 PR AT T iR I S BSORIOT- X B 5 A R L R R R AR R R — () A 4 B T B T R
) 0 T BP0 Bl 2 0 B A A B DR ) 6 e v I R B Ak AR R 22 A R D6 6 R T RBAR R T AR



64 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 2

(O B A W A o R T AR B e S A T £ A R B R T e b R LG TR e R R R R - N
RTT I TR ) 285 1) ~F- 49 2R & 28 A0SR T - 42 B AR R R 1 P e S A =2 18] A4 AR LG R N R, AT BEXT Ak
L 7N 1K O Rl

4 Fit

AT 5 30 o BF S A /K s B i T ) e SR T R R B 0~60 em o J2= AL R TR 5 A W R AR, R B
) T R AR R B, b S A O AR AR AL, b S A MRS B AL SO ZE A TS TR TR BE A AR 25 S . R AR OT
R TR TR o 22 R PR T 0 0 BT o 22 RV AR, AR W 2L SR AR A ) R R R R B SR AR I
BRI D AR [R] ETT BRHGIN T b 045 DR S AR BT 1) R 4 B 1D ARG 2 5, AR 17 R 1] 2 2 T D I 1 1 T AR
FRE LETRA g BB R X SRR A, 25 TR I PR N 5 R A VR AR D L TR SR R ) rp 2
BRI AFE 7 45 F B 32 - SR G AT SO AT BB T T AR R o R DR B S el A A A
FROP T o R EG T R b M R R OB b P B Bl A I BRI 4 45 R A A R ARG, A T O ARE , R
ST DA W B8 AR EL A P B O SR, X A B I B I A

2 % 3L References:

[1] TangSM, LiS C, Wang Z, et al. Effects of grassland converted to cropland on soil microbial biomass and community from agro-
pastoral ecotone in Northern China. Grassland Science, 2021, 68(1): 36—43.

[2] Guan Z H, Li X G, Wang L, et al. Conversion of Tibetan grasslands to croplands decreases accumulation of microbially
synthesized compounds in soil. Soil Biology and Biochemistry, 2018, 123: 10— 20.

[3] BaiJH, LuQQ, WangJ J, et al. Landscape pattern evolution processes of alpine wetlands and their driving factors in the Zoige
Plateau of China. Journal of Mountain Science, 2013, 10(1): 54—67.

[4] ZhenY, WuZ P, Yin Z H, et al. Study on spatio-temporal change of land use in Zoige County, Sichuan Province. Ecological
Science, 2022, 41(2): 41—49.

W, S, TUEAE, AL DI AR B R I A AR RS . AR SRR, 2022, 41(2) : 41—49.

[5] YaoSK, ChenY L, Mal, etal. Zoige County rhubarb industry research and development suggestions. Bulletin of Agricultural
Science and Technology, 2020(3): 47—49, 248.

WRMTEL, MR E AR, Thbk, &% . R a5 LR B B R SR AR . AP B IR, 2020(3) : 47—49, 248.

[6] Yang Y, Li HL, Ma K L, et al. Effect of continuous cropping on the physicochemical properties, microbial activity, and
community characteristics of the rhizosphere soil of Codonopsis pilosula. Environmental Science, 2023, 44(11): 6387—6398.
B, st , DU, . FEAEXT 3 S PR A PR BT AR WS R VR RRAE AR M . SRR, 2023, 44(11)
6387—6398.

[7] Zhang M, Ma M. Response of rhizosphere soil microbial community to long-term continuous cropping of Glycyrrhiza glabra 1..
Acta Ecologica Sinica, 2022, 42(22): 9017—9025.

KA, ShAk . H AR ER SRR R X R AR . AR AR, 2022, 42(22): 9017—9025.
[8] Guo R Q, Guan R W, Lin H B. Diversity analysis and characteristic of fungal community in rhizosphere soil of Panax

quinquefolium 1.. in different cropping years. China Journal of Traditional Chinese Medicine and Pharmacy, 2022, 37(8): 4731—

4736.
SRE T, AT, MM . A AR R P TR 2R PR L R T A A B S 2 R T e R 2 2R, 2022, 37(8)
4731—4736.

[9] Wang Q, Wang Y F, Zhang Y Y, et al. Mechanism of Dahuang Mudantang in improving pancreatic injury in rats with acute
pancreatitis of dampness-heat in large intestine syndrome based on network pharmacology and experimental verification. Chinese
Journal of Experimental Traditional Medical Formulae, 2023, 29(20): 61—68.

B, TEAKEE, BRIESE, AF KL T 4 24 3 A A S 00 0 MR AR DR B P e O R S R R 4 R BRI AR 451 403 F) L A

o [ S 88 7 R 4 2%, 2023, 29(20) : 61— 68.
[10] Cao C Q, Sun H Z, Zhao Z X, et al. Quantitative determination of 24 components in Daochi pills based on UHPLC-MS/MS
technology combined with chemometrics quality evaluation. Chinese Traditional and Herbal Drugs, 2023, 54(21): 7034—7043.
BRI, VAR, BIRES, 4. JET UHPLC-MS/MS $OR MR AR AL 24 4> i 70 7 o P R 5 AL 2 i 2 B 7 A . R



534 B 2 W Fll2F 3 2025 4 65

[12]

[16]

[17]

[18]

[20]

[21]

24, 2023, 54(21): 7034—7043.

JuY F, Chen Y L, Meng J L, er al. Effects of Dahuanglingxianfang on miRNA-30b expression and inflammatory fibrosis
related factors in bile duct tissue of rats with biliary tract inflammation. Journal of Traditional Chinese Medicine, 2023, 64(18):
1908—1915.

JEAETR, BRERE , SEAdbR, A R 2 Ay X RHGE 48 AE A A BRI A 2 2 miRNA-30b 35 K ST — £F AE LA G K 7 f 52
my . WAk, 2023, 64(18): 1908—1915.

Sun F H, Xiao B, LiS L, et al. Effects of biological soil crusts in different developmental stages on soil water permeability and
water holding capacity in the Chinese Loess Plateau. Acta Prataculturae Sinica, 2021, 30(6): 54— 63.

PR, F, 2R, AF L B e RN R E B B AR M A BRSO R KRR AIE L RO AR, 2021, 30(6) : 54—63.

Cui J F, Deng J B, Liu C D, et al. Pedo-transfer functions of soil water retention curve for alpine meadow grassland in Zoige
area, China. Mountain Research, 2021, 39(4): 483—494.

BEARTF, XBHEYE, XIEHE, & . /K 35 JE H ) 3R 2 1 K SRR AE I 2R A% 3 s BT T . Il 2A T, 2021, 39(4): 483—494.
Bao S D. Agrochemical analysis of soil (3rd Edition). Beijing: China Agriculture Press, 2000: 25— 114.

B B R AR T G =R dbat. s EAR R, 2000 25— 114,

Gao H F, Meng T, Xiong Q, et al. Changes in physicochemical property and microbial community of Pseudostellaria
heterophylla soil at different fallow ages. Chinese Journal of Applied Ecology, 2022, 33(8): 2196—2204.

REDY, dlg, BRI, . ORISR KPR AR R A A R AR AR W RE S AR AL . AR S i, 2022, 33(8): 2196 —
2204.

SuZX, SuBQ, WuY, eral. Alesscomplex but more specialized microbial network resulted in faster fine-root decomposition
in young stands of Robinia pseudoacacia. Applied Soil Ecology, 2023, 182: 104735.

Hu Y, Fair H, Liu Q, ez al. Diversity and co-occurrence networks of bacterial and fungal communities on two typical debris-
covered glaciers, southeastern Tibetan Plateau. Microbiological Research, 2023, 273: 127409.

Mao X Y, LiuJ X, Jia T, ez al. Distribution pattern of bacterial community in soil profile of Larix principisrupprechtii forest in
Luya Mountain. Environmental Science, 2023, 44(6): 3376 —3385.

BIEHE, XUEAL, B, & M2 AR b # R AR S 50 T A0 R 9 0 A A% R . BRI RLSA, 2023, 44(6) : 3376—3385.

Wang D P, Song Q, LiuZ K, er al. Effects of grassland utilization on microbial community structure in Hulunbuir grassland.
Pratacultural Science, 2022, 39(3): 421—430.

ER, RAG, XVETE, A B 5 U A DR B b G A W B R S5 R A ST . B RL 2022, 39(3) : 421—430.
Guo HT, GaolJ, Zhang Q, et al. Differences and reasons for the effects of organic fertilizer on the pH of acidic and alkaline soils
in China. Chinese Journal of Applied and Environmental Biology, 2024, 30(3): 496—503.

SRR, A, kR, SF L A HUIC G R R R R BRPE 8 pH s e 22 S R SRR R T S R R AR 2 Al L 2024, 30(3)
496—503.

Tan W F, Xu Y, Shi Z H, et al. The formation process and stabilization mechanism of soil aggregates driven by binding
materials. Acta Pedologica Sinica, 2023, 60(5): 1297 —1308.

WO, Vriz, S, AF L A Y UK Sl i) R LR AROE i R SRR E AL . AR, 2023, 60(5) @ 1297 —1308.
LiuJJ, Guo Y P, GuH D, et al. Conversion of steppe to cropland increases spatial heterogeneity of soil functional genes. The
ISME Journal, 2023, 17(11): 1872—1883.

Shen N, Cut Y L, Xu W H, er al. Impact of phosphorus and potassium fertilizers on growth and anthraquinone content in
Rheum tanguticum Maxim. ex Balf. Industrial Crops and Products, 2017, 107: 312—319.

GuoJ X, LiJS, LiuK S, e al. Analysis of soil microbial dynamics at a cropland-grassland interface in an agro-pastoral zone in
a temperate steppe in northern China. Catena, 2018, 170: 257— 265.

XuA A, LiuJ, GuoZ Y, et al. Soil microbial community composition but not diversity is affected by land-use types in the agro-
pastoral ecotone undergoing frequent conversions between cropland and grassland. Geoderma, 2021, 401: 115165.

Ren C, Liu K 'S, Dou P P, ez al. The changes in soil microorganisms and soil chemical properties affect the heterogeneity and
stability of soil aggregates before and after grassland conversion. Agriculture, 2022, 12(2): 307.

Pang Q L, Alami M M, Yu W L, ez a/. A meta-analysis in nine different continuous cropping fields to find the relationship
between plant species and rhizosphere fungal community. Agronomy, 2023, 13(7): 1827.

Xiao H, Sheng H, Zhang L, et al. How does land-use change alter soil microbial diversity, composition, and network in

subtropical China. Catena, 2023, 231: 107335.



ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 2

[33]

[36]

[37]

[38]

[39]

[40]

Zhang L. Characteristics and influencing factors of soil microbial community structure in alpine grassland of Tibet Plateau.
Beijing: University of Chinese Academy of Sciences, 2022.

KB R e v JE B M SR W R R SRR S R AR L b et R ERR B R, 2022.

Saxena A K, Kumar M, Chakdar H, ez al. Bacillus species in soil as a natural resource for plant health and nutrition. Journal of
Applied Microbiology, 2020, 128(6): 1583—1594.

DuH H, Zhu F R, Yang M, et al. lsolation and identification of phosphatolytic bacteria in Paris polyphylla var. yunnanensis.
China Journal of Chinese Materia Medica, 2021, 46(4): 915—922.

MR RIS, Wfd, S N[ B R AR AR B 0 R R O S 2 . R E 2 2R AR 2021, 46(4): 915—922.

Wang W C, Zhao J, Huang W Y, ez a/. Research progress in metabolites produced by Bacillus against three common plant
pathogenic fungi. Biotechnology Bulletin, 2023, 39(3): 59—68.

TR, BIE, AR, A ZF AT B AR W B E =R DL AR o s L B D S R AR BOR G i, 2023, 39(3) -
59—68.

Zhang X Y, Chen X F, Liu M, ez al. Study on the relationship between diversity of endophytic fungi and rhizosphere fungi and
environmental factors in different cultivation modes. Journal of Chinese Medicinal Materials, 2023(6): 1353— 1360.

KA, PRGEDY, WAL, 5. ARSI ES N A E R E SR ST T OIS . P2k, 2023(6)
1353—1360.

XuQQ, FuY, Zhou T, et al. Study on the correlation between fungal community structure and soil factors in the rhizosphere
soil of Bletilla striata. Northern Horticulture, 2024(2): 79—85.

VRIS, AT, RV, R DO BR LSRR R R S5 LR TSGR L e b £, 2024(2) - 79—85.

Yang J Y, Tong X X, He C Y, er a/. Comparison of endogenetic microbial community diversity between wild Cordyceps
sinensis, artificial C. sinensis and habitat soil. Journal of Chinese Materia Medica, 2021, 46(12): 3106—3115.

77RO W I 11D S 2 CE VN B S E I e B D& DSBS o 2 A B /R o A = R 5 0 B Gl ES [ ST S
2021, 46(12): 3106— 3115.

Wang M Q. Study of Phoma in Northeast China. Changchun: Jilin Agricultural University, 2019.

T RALMX 2 A BB IEIR . KE: FHRI Y, 2019,

Zheng F. Pathogen identification, biological characteristics and identification of partial mycovirus in the pathogen of Curcuma
wenyujin Phoma leaf blight. Haikou: Hainan University, 2019.

A IR 4 25 R G A S E AR AR R R A FURER R IS . 1B B R R, 2019,

Wang Z Q, Zhang J X, Yang X L, ez a/. Characteristics of soil microbial diversity in different patches of alpine meadow. Acta
Agrestia Sinica, 2021, 29(9): 1916—1926.

EAT, KA, T, LRI R BE R T R ) AR RS R, 2021, 29(9) : 1916 —1926.
Xing J J, Peng L Y, Chen J H, ez al. A new insight into spacing patterns of soil bacterial microbiome induced by root rot of
Carya cathayensis. Applied Soil Ecology, 2022, 174: 104416.

WuH Q, LiY Z, Yang M, et al. Characteristics of rhizosphere soil microbial community and its relationship with disease
occurrence under direct-seeding mode of Panax notoginseng. Molecular Plant Breeding, 2023, 1—25[2024-09-04]. http://kns.
cnki. net/kems/detail/46. 1068. S. 20230705. 1233. 010. html.

RULK, b, B, . EREST SRR LR REE R IE R S R AR . TR E R, 2023, 1—25
[2024-09-04]. http://kns. cnki. net/kems/detail/46. 1068. S. 20230705. 1233. 010. html.

Yang W Q, JinJ, Zhu L, ez al. Screening and characteristics of plant growth-promoting rhizobacteria from alpine meadow plants
in Northwestern Sichuan. Acta Agrestia Sinica, 2021, 29(6): 1174—1182.

Wik, MG, R, A 1P L iR SR ) A A AR B O A B O e SRR PR AT S . R, 2021, 29(6) : 1174—1182.

Marta G, Alicia M N, Alfonso V B, ez al. Incorporating phylogenetic metrics to microbial co-occurrence networks based on
amplicon sequences to discern community assembly processes. Molecular Ecology Resources, 2019, 19(6): 1552— 1564.

De Vries F T, Griffiths R I, Bailey M, ez al. Soil bacterial networks are less stable under drought than fungal networks. Nature
Communications, 2018, 9(1): 1—12.

Cameron W, Klaus S, Samiran B, ez a/. Fungal-bacterial diversity and microbiome complexity predict ecosystem functioning.
Nature Communications, 2019, 10: 4841.



