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Effects of mixed sowing of oat and common vetch on the microbial diversity of
inter—root soil in the Sanjiangyuan region
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1. Academy of Animal and Veterinary Sciences, Qinghai University, Xining 810016, China; 2. Qinghai Academy of Animal and
Veterinary Sciences, Xining 810016, China

Abstract: The Sanjiangyuan region is an important ecological barrier in China, and the diversity of soil
microorganisms in this region is critical for sustaining ecosystem stability. This study created artificial mixed sowings
of oat (Awvena sativa) and common vetch ( Vicia sativa) at ratios of 7:3 (Y,J,), 5:5(Y.J.), and 3:7 (Y.J,), with
oat monoculture and common vetch monoculture as controls, in order to examine the effects of mixed sowing on soil
nutrients and rhizosphere microbial communities. The Mantel test was used to assess the connections between
changes in soil nutrients, rhizosphere microbial community structure, and diversity. It was found that mixed sowing
considerably raised the soil pH, organic matter, total nitrogen, and available phosphorus content (P<C0.05). The

Y.J; treatment showed the greatest improvement (P<Z0.05). This sowing mix considerably enhanced the relative
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abundance of Acidobacteriota, RB41 and Pseudomonas in the bacterial community and Ascomycota,
Mortierellomycota, Thelebolus and Exophiala in the fungal community (P<C0.05). Mantel test analysis revealed
that the main elements influencing the control of soil microbial communities were soil pH, organic matter, available
nitrogen, and available phosphorus (P<C0.05). In conclusion, by altering the inter-root soil nutrients, the mixed
sowing of oat and common vetch had a significant impact on the structure and diversity of the soil microbial
community. The best results were obtained when the oat and common vetch were sown in 7: 3, and soil pH and
organic matter were highly important in the regulation of the microbial community. These results provide a scientific
basis for useful recommendations for enhancing soil ecological function and optimizing artificial grassland planting in
the Sanjiangyuan region.

Key words: oat; common vetch; mixed planting ratio; high-throughput sequencing; soil nutrients; rhizosphere
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FEAM Az 77 52 B b, B2 A R FA mT LA 3 S0 A 1) A AR R AR 2R 0 DA 0 R 1 R A ) A Y
- b A W R B 2R, PR B R T ERR R AW ) SR R R AR TR R X AR PR S AR R R
o>, HE A BT 45 R AR —8, 40 Luo 5" W 58 Kk BLHE 2% (Avena sativa) 5 % 5. (Vicia faba) IR #%&
JE RSN o 2RI R T PR TR A M A W A R AU B O O LA ) 2R S E)
TS HB VPR LB, K H T (Medicago sativa) 5W 3 (Dactylis glomerata) 2: 2 R #& i}, 35 604 Yy ik
Vi S5 K BB B IR VR Alpha ZRE MRS N, R 3E R F ECTE E B RRAR . 2R RO B g R WIOR GLR B I
KT A 3920 VR RV 0 R R R AR X B 2 AR B R . Zhao S5 B 5E 2 W OR TR % R4 1
HANTH Z R AR T A R, Yan S5 AR S R R AR CIRIE 5 AR LMY RE ER AR E .
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ez 5 H W (Vicia sativa) R HFEVE A — i@ 8o AE AL 2, U 4F 2k © B = V0 XN T % 1 15 Y 3 B8
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AR R AT WA 5 R T N O AR B SR R SR, AT OC T A IR R X VR AR PR AR
REVE A5 2 FEVE R BIF D i DR R 1) e 5 AR TR 88 = Qe ok 5% i AR B B A W e R 454 5
DRe, FEMSK 8 RS AL S A B RGNS, Mok = RGN, R AW 5T 5L T 0l e B R, 2R G 00 p e
2255 80 0GR R T AR SR O3 R W) RV RRAE , JF 42 1T Mantel test 23 B 48 s 35 BUAR OCHE | B 78 B WA )
TR AR AL AR PR AR S R G IR AL, LA A Ak — v U5 b DX ) R A 25 4 SR i IR R T Re A
LA 42 AR R f A 05 4 SRR 2 AR A
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1 MR57HE
1.1 XN

R AT K = VLIRS R G2 E 0 B AR 22 LA 52 0, b Ak 750 8 RN AR 2 LS 4 (977187
E,33°24" N,k 4207 m) , % H X J& T #5855 J50K fili v S0 % K R TR K PH AR S o, 4R F 1 <R
—5.6~3.8°C, B FEK & 562. 2 mm, 24 75% DL ERYREK ELETTE6—9 H . g /X IR & 1L )
+, BEpH 6. 92, HIEAMR T 24. 1 g-kg ', HIELA T 9.3 g kg |, RIS E 8. 1 g-kg ', TR A
T 138 mg-kg L, HIEAMBES & 7. 1 mg-kg s
1.2 X

AHF5E ] 15 4 (Qingtian No. 1) F1¢ Pi 4 333A° #i % & (Ximu 333A) Mk %44 K, 71 th &
VA8 B O B ) 2 g BT AR AR
1.3 Xkt

R BEPL I A 15t 2 5 A ab 3L e 42 *1 HESHERTRBLGIREHES

DY) SEwi G BIi%k (D)) MeE 555w g L3 Table 1 Mixing ratio and sowing rate of oat and common vetch
Pl LA (7:3.5:5.3: 7) [AIATIR#E o 1R 4% Ak BEAR 4 P HA AR LN HF ik Sowing amount
G A R 3 ) 4 5 - e B (et )
§=70%:30% (Y.J,) H% : i BB E =502 :50% o Of Coiffimh
(YJ) M 8B =30%:70% (Y1) . B  Zrom v om0 ;

Ah PR SIRE A, H i 154/ IX M7 LK K Fh it WEHE GRS Y1, 157.507 23.001

Jy 225.01 kg-hm *. # 3 i o 09 55K 5 R & b Oat+common vetch Y., 112.505 38. 335
76.67 kg-hm *, {4 b ik i B i S 3 TR % L Y, 67.501 53.669

) g pr HETH SRR 2 (R 1) o 5 /N X AL 15 m? i & 92 Common vetch DJ 0 76.670

(3m>X5m),/NX[EEE 0.5 mid i, A&/ X % F
1047, 47850. 3 m, T 2024 4 5 A 11 H IF LKA, 85 AR JH N T IR [W 47 45 86 09 07 =X, AR 3~4 em. JRJE
Jiti FH DR 2% 03 B R A 439 R 75 A1 100 kg-hm * BB HEALE T AR PEY) o 52 Sh TR BT, VR 4 A A B TR E
B A0 R , T 7 A 15 B R4 H ) B s — K .
1.4 LEHAZRRELNE

T 2024 4F 9 F AEA /N IX A BEALE IS fR AR 1 FE T m M I 5 R 5 — B LR 1Y e 5 T W S AR L4
A ) o8 B AR AR, R BRAR AN B £ S RS 76 AR Y AR AR BE T B T I BE T E R A B A T
[l —/NIX P 2 A HORE 3 58 A TR A VR S LA R R AR AP A il Al e 52 50 2 . — 3840 4 F AR KT S B 4
0. 25F1 1. 00 mm fLA& (9 5 F FH 00 2 5855 43, O — O 6+ T UK ORAE , 4l 01 52 40 %5 5 37 B A7 T — 80 “CUKA#
FHF DNA $2& BUFN 155 38 520 77 50 B
1.4.1  H3EFESIE - 18 pH R A I 5 s Y 5 - 384 LI (organic matter, OM) 7 2R FH 3 4% iR 4
AP AL I 5 4 8 42 & (total nitrogen, TN) 7 i 2R FH A% R — 4 £k 570 7 #2250 52 5 £ 398 6l % % (available
nitrogen, AN) & & % F 08 ff 9 i 0 2 5 + 32 2 8% (total phosphorus, TP) % & 2K F NaOH #5 @il 2 — dH 6 P L
g5 - HEAT 8wk (available phosphorus, AP) £ 2R Ak 2 S AN IR $2 — S B L sk 2 .
1.4.2 +IEMAED M 1)+ A B DNA $EHL . A — 80 “CUk AR v BCH PR-AF (9 - AL 5, 43 51k BUAS [+
A+ #E4 0.5 g, R A FAST 14 DNA #2505 & (MP Biomedicals, 3¢ E ) BAR R £ DNA ., #IER)E,
fifi F Nanodrop 2000 # & % # {X ( Thermo Fisher Scientific, 3% )&l DNA [ 4l B £k B (i B2 37 20 ng-pl. ™!
DI, A260/A280 0 1.8~2.0), FJG , HICH/KFFEZR 1 ng-pl '

2)PCRY 14 . i I BT i DNA KE SR AR, XF 16S rRNA FIITS rRNA JE K #E47 PCRY™ 1 . ] FH 240 B4
P88 5 51 9 7 51 301F (5'-CCTACGGGNGGCWGCAG-3" ) Hil 805R (5'-GACTACHVGGGTATCTAATCC-
3')%F 16S rRNA [ V3~V4 K FEAT Y 14, SRR Z 2 4 pl. 5X FastPfuBuffer,0. 8 pL. F F#E51#7,10 pg 5K 40
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DNA, 2 pL. ANTPs, 0. 4 pL. FastPfu 2 A, 0. 2 . PCR 3458 7] BSA, K B #9 ddH,O #h & 20 pL, PCR 1§ ¥ 4% 14
H:95 CHUAE P 5 min, B 5 PEAT 30 MG (95 CAEPE 30 5,52 “CiB k 305,72 “CHEfH 40 s) 5 A FH EH B P38 19 51 ) ¥
HIITSTF (5'-GTGARTCATCGAATCTTTG-3" ) FI ITS4R (5’ -TCCTCCGCTTATTGATATGC-3" ) Xf B B
ITS K AT Y 1 , PCR ¥ 14 2 W 4k & 4 2 pl. 10X rTaqBuffer, 0.8 pl. F F##51 %, 10 pg £ K 41 DNA, 2 uL
dNTPs,0. 4 pul. rTaq B A8, 0. 2 pL. PCR 587 BSA, K B A ddH,O #h 2 20 pl., PCRAE I 54 Ky : 95 “CHUAS 1
5 min, B 5 #EAT 35 MEFR (95 “CAEE 30 5,52 ‘Cil k 30's,72 ‘CHEF 40 s) o B9 48 7= iy 28 alifk e 72 o W7 I %
Illumina NovaSeq 6000 217 =5 38 /5 o AS 56 00 )3 38 4 Z5 45 L A1 58 AR R A FR 28 7 58 .

1.5 ZBAase

T ARAE S5 SR A7 B 53 45 5 0 T R S0 X A RO AT o v Ak L A5 B0 RUEE . HE T Qiime 2
&, iB i DADA2 X 7 7 50 3847 PR 4% 0 U8 I 9 W 41 18 P 3% F 1 91 A% 54K (amplicon sequence variant, ASV) , &
fdi JFH naive Bayes 43 25 % Fll q2-feature-classifier XF ASV JF 5 FEAT W) Fh 73 08 B 3018 ASV R . HIAS BB A lE
SRR . BT ASV M H APEXBIO =V G 401 HIERUAE AU . S5 R BRSO IR A T L
PAEYE Chaol $5 %k . Ace 8 %1 . Shannon 48 £ F Simpson 48 41 .

FI ] Excel 2021 3 56 #5417 5% A FIEL B, SR FH SPSS 26. 0 88 i+ 44 #E47 77 22 70 Fr F 2 T L %5 (Duncan 3% ) , 4%
DL 94 + bR i 1% (standard error of mean, SEM) " Z 7R , i F Origin 2024 fEE ,P<<0.05h S B %E . RH
Mantel test 73BT = 3E 55 70 X T84 P 1 75 40 % ) 2 AR MR s2 m JF i i R 22 14 .

2 HRE5HH
2.1 RERIE A 3T LR 6 F R

B 57 5 0 TR R L A B, R pH S AE YT A B R R B RAE L B R TR YT, A0 i Al Ak B (P<<
0.05), 8 DY . DIJ3 54 1 3.2% M 2.3% (K 1), R LHEA LS & 2% & T 5486 (P<0.05), HAE
Y AR FER ik Fe K, 81,52 grkg !, W T AL FE (P<C0.05) . YL J Y T A R AR i b A BT s R
I H YR E TR (P<<0.05); Y LA HIEAA ST R EES FDYHSDI LR EER, YA S5 0T

787 100 4r g
a — ~— b
0y L ‘e be b
7.6} gb = B0 = 3| ¢ .
be be S 20
c =5 60 & §D
T 7.4 =% H S 2
= T E B =
Hg 40 HE
721 HE g 1
: 5 20 =
3 3
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0
~ 127 T 50
2 i a o
i o0 I a
%0 ._:D 1.0 be od ab £ 40} A b
T 3 < E ¢
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B E HE 06 T2
N B2 BE 20|
— _H.S.‘
g S04} He
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] = 02T S
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E1 AEEBEHELEGNTEFS SN
Fig. 1 Effect of different mixed-planting ratios on soil nutrient content
ARG PR A [A] b BR 6] 22 5 5 3% (P<<0.05) , T Al . Different lowercase letters indicate significant differences among different treatments at 0.05

level. The same below.
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FH 25 (P>0.05), TR0+ 3 6ol fift A0 5 = T EARR AL B o I 5 VR BB Ak P 2R v 67 T S 5L LU 1) £ % T 4 i (B
Y 1B YL, e A S R R R W R A e YL AR B R GA i KB, M 260. 52 mg-kg ', B TER Y. A0
B Al AR 38 (P<<0. 05) , A HAt AL BREE N T 6. 00% ~14. 39% o & Y, I &My HoAth b 3 7] 25 S R .38 (P=>>0. 05) .
+ e R A RS R D HE R LG B 25 S (P<T0.05) o 4 O o B 1 3 0 E B o 0 — o — B4 AR
a3, Y I A B, 0 1. 01 g-kg ', B35 8 TBR Y I /M Al AR BE(P<<0. 05) o A #5omi & A b - SR L i ik
[ O B 48 b, TR 1% A0 B Y B 3 T ARG (P<<0.05), Y, J, b B K g 40. 21 mg-kg ', # DY A1 DJ &b B 53 i 4
39.30% F130.98% o Y J Ab AL SR R AT ALHE 5 AR RIS, B T AR AR (P<<0. 05) (R IL A2k f it 5
&% 22 5 (P>0.05) , WK [F TR Lo 3 + 35w RIE S A 25,
2.2 REVRIEA AT LR A AEE S AR YR
2.2.1  HHERUAE YN T 2R k& H Tllumina NovaSeq 6000 W J3°F- 5, U J3 5 W& > PE250 X U 7 #E 17 16S
ITSY HFMF . 16S 7 L3R5 1629403 5k J5 4R ¥ 51 (raw reads) , XU 51 45 L P4 05 JL 3045 1618741 45 i
i 7 41 (clean reads) , o B4R 7 41 09 99. 34 %6 , AR 4l Al AL 2R 258 1 22816 A 4l & ASV; ITS Il J37 31 4845 1282805
ZRIEIR T, R 7 4 45 PF I LR A5 1276536 4% = It )3 41, o7 IR T 51 149 99. 51 %0 , AR 48 AH AL 2R 20 A
2313 HE ASV.,
2.2.2 ASV¥H DY .Y, J,. Y.J, . Y J. A DI Ab BEF 5 B9 4 1/ ASV B 4 51 o8 4227 3166 ,2325, 1785 FlI
37744 A 1Y ASV B it 13574 (&l 2a) o HARRHIRRE AL FEA T Z R A 48 ASV, & IR FR AL B v, Y ), Ak B
FERMAME ASVE HERZ . DY Y1, Y1, YT, H DI AN FE T R5 19 B B ASV £ 4 51 360,221,227 462 fll
246 4~ IAT A ASV B ol 2124 YL AL BEARAT Y EL T ASV BUH S £ ( 2b) .

4227

B2 AREHBLG T LEME (a)FAEE (b)ASVIKFH Venn &

Fig. 2 Venn diagram of soil bacteria (a) and fungi (b) ASV levels under different mixed-planting ratios

2.2.3 AlphaZ#0E ARNERE I - EHCAE YRS Alpha 2R BT 25 5 (3£ 2) R, LA Chaol 48 5k
Al Ace 188 LA DY AbBR & 5 , DI AL FE YK 2, IR F& B Hb Chaol 48 BUF Ace $8 501 /N T 255 b B, 76 IR #5 40 30 b | B
0 WL BB BN, - B A0 B Chaol 48 B0 Ace 48 5% i B AR AS 7] 4b P (] £ 52 40 1 Shannon 35 % An
Simpson #§ ¥ Tt B % 22 5% (P=>0.05) . 3 E B Chaol $8 50 Ace F8 83 L DY 4 PR i i, Y. J, Ab BRR 2 o IR
Fh A EE AN T DY i@ T DIAREE ;DY 4b B 4 3 BB Shannon #8808 3% = T H A Ab P (P<C0. 05) , Y. J,
b3 A 38 BB Simpson 48 £ 38T 5L 40 B (P<<0. 05) 6

2.2.4 Beta Z k¢ X 4 B B (B 3a) , PCoA Y il P 4> 32 22 4k bR (PCoA1=23. 34% Fl PCoA2=
14.83% ) A fi B 1 38.17% 1 Beta Z FEEAE fb o X T H B #F #% (& 3b) , PCoA By I A~ 3 2 AL 45 (PCoAl=
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55.63% I PCoA2=18.39% )[R B T 74.02% ) Beta ZREVEAS (b . 76 PCoA 1 Ak A b, YR 4% Fil BAHE 4b 31 1Y
ASV 2085 538 (Adonis 4308, P=0. 001) , 3= W 1R 5 Ab B8 XF + 58 40 5 A1 5 B BEYE 40 A i3 52 W (P<<0. 05) .

F2 AREIRIBLLOI LER LY Alpha £ HHE B 200

Table 2 Effects of different mixed-planting ratios on the Alpha diversity of soil microorganisms

WY Ak B Chaol 8% Ace R H Shannon 5§ %X Simpson 15 £
Microorganism Treatment Chaol index Ace index Shannon index Simpson index

i) DY 4402. 69+ 184. 73a 4478. 26+163. 64a 10.0240. 63a 0.990. 00a
Bacteria Y.J, 3630. 30442, 62abc 3652. 884 62. 06abc 10. 6440.02a 1.00=0. 00a

Y. 2843. 754459, 88bc 2842. 03471, 52bc 10.2840. 16a 1.004-0. 00a

Y.J, 2247.50+864. 51c¢ 2239. 86+ 860. 26¢ 9.7840.69a 1.004-0. 00a

DJ 4076. 34 311. 59ab 4108. 09 323. 47ab 10.0940. 44a 0.9940. 00a

AT} DY 595.05+10. 11a 596. 15+ 10. 09a 6.73+0.06a 0.97+0.00a
Fungi Y,J, 485.11411.92b 485.58+11.95b 5.7740.13b 0.924-0. 01bc
Y. 453.02412. 22¢ 453.60+12. 48c¢ 5.6840. 18b 0.92-0. 02bc

Y.J, 584.2345.95a 584. 7546. 00a 5.5440. 20b 0.9020. 02¢

DJ 451.2646.79c¢ 452.1546. 97c¢ 5.8240. 04b 0.944-0. 00b

AN [l /NE B 3 m 40 B BRCED T Y R [R) AL B A 25 5 B 3 (P<<0.05) . Different lowercase letters indicate significant differences among different

treatments of bacteria or fungi at 0. 05 level.

0.50F
a :{’ERMANOVA P-value: 0.001 b PERMANOVA P-value: 0.001
0.50 4
§ i ;‘\ § 0.25}F
o % - o
< oF 2 . %
b o 7 c
o e 7’ o
QO: y e a QO:
© Yé - - 1) Of
~.0.50F "~ A~ [ DY
(o] Y.I,
19 Y.J,
o Y,J,
-1.00 L : ! : : -025p @ ! . . liZpy
-0.6 -0.3 0 0.3 0.6 -0.2 0 0.2 0.4

PCoA1 (23.34%)
B3 AERBLLGIT LEMEWRZR PCoA 517

Fig.3 PCoA analysis of soil microbial communities under different mixed-planting ratios

PCoA1l (55.63%)

a: 47 Bacteria; b: FLF Fungi. T [d] The same below.

N T W MR S B IR R X U W Beta ZREME R0, I ANOSIM J7 % % A [7]
R LB 0 A YRR Beta Z2REPE 1T 00T (K 4a,b) o 45 B, 405 A1 5 7 19 Between 2 2 T 45 40 £
UL B) 25 S R TN 22 55, B [RR R AL B F A G A W) I PR A AE % 25 % (Al 18 : R=0. 476, P=0. 001;
HH :R=0.993,P=0.012).

2.3 TRRRFLA T EE B A ML ARG YR
2.3.1 A 5 HT 0 W O IR B AR PR 5 AN B Y 4 R4 AT TETTKETR A 38 4 B A0 3 B E AR R Sl AR TE TR T

(Proteobacteria, 27. 25%~31. 38% ) .l #F & [ ] (Acidobacteriota, 20. 91 % ~30. 72% ) it £k i ] ( Actinobacteriota,
6.78%~18.20%) . ¥ % B '] (Verrucomicrobiota, 5. 14%~8.57%) 1 i% % B '] (Planctomycetota, 5. 79 %~
6.88% ) (Kl 5a), 5 DY M DJALBAH L , 1R 175 Ab B A R AT B 1 FHE 33 B 17 AR X =2 8 3 i, e £ vt 1) A0 % =F 13
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o A IRIEAL B R, Y T A0 B A R AT B T R LR T T T PR R bR A T YL YL A EE AR R ] P R
IR 3 AR T A Ak B

1204 a R=0.476, P=0.001 1004 b 1 R=0.993, P=0.012

100 80 - ;
60
60 ;
' : 407 :

R

P B
Rank of distance

(bray_curtis)

IS )

S S 2
o —

201 201 L X
4 S . - k%
0- T T T T T T O L L) T Ll Ll T
Between DY Y. 1, Y.J, Y. DJ Between DY Y., Y.J Yl DJ
AP Treatment

B4 FREIRBLLGT LEMEWRZK ANOSIM & 1

Fig. 4 ANOSIM analysis of soil microbial communities under different mixed-planting ratios

Between 2 /R AR [Fl A B 21 18] 25 5, O FOR X B Al AN 22 5 . R BN LN FIAL B (9 25 AR  R>0 %R Al 8 2 5 K FALIN 2257 . The Between
group indicates the differences between different groups, the remaining represent the within-group variance for the corresponding groups. The R indicates

the degree of variation within and between groups, R>>0 indicates that the differences between groups are greater than the differences within groups.

T J& KSF R, 4 38 40 B P 3 B B AR A RB41(5.62%~10.65% ) 45 5 5 i 8 J& (Sphingomonas, 3. 53 % ~
4.66%) . Candidatus_Udaeobacter (2. 88%~5.64% ) . Vicinamibacteraceae (2.91%~4.10% ) Fl {5 . 1% J&
(Pseudomonas,0.65%~3.85% ) (|l 5b) o IRFKH A LB RB41 , Candidatus_Udaeobacter . Vicinamibacteraceae
T A B T Je A X B . HERE S R AR R T R AN B A o YT, AL BT R T 0 A R S
BT HA A, Y AT RB41 M Candidatus_Udaeobacter A X = & w5 T HoAb AL 3R | Y, T, 40 PR 85 15 20 10 &5 )8
K Vicinamibacteraceae WA XS 3 B 7 F Al AL 3

b
1001 [0 HAth Others 100~ [ H A Others
[ # 3R 1] Myxococcota 7 4> 2 Unclassified
I 7 % 1] Gemmatimonadota [ 7 4k W2 8 Nitrospira
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a: 1K Phylum level; b: J& K- Genus level. F [d] The same below.

2.3.2 ML SEEH CIRBRIR LI REA T ETTKPETT, BRI RN TR
(Ascomycota, 72. 10%~89. 66 %) .41 ¥ I{ '] (Basidiomycota, 5. 68 %~13. 27 %) . #{ i1 75 '] (Mortierellomycota,
2.92%~9.16% ) MEEHK ] (Mucoromycota, 0. 23%~3. 50% ) (& 6a) . X He AL 3 ER 17176 AS [6] b B rp iy 32 5 22 57
RS HRRE AL FARLE Y, TR0 Y T Ak B A B AL AR R EE R N T 63. 3500 ~124.45% ;5 DY AR BRAH L, Y I A0
YT, Ak B T B DR R ARG BRAIG L Y0 A B T DR R A P T AR T A DY b B AR T



106 ACTA PRATACULTURAE SINICA (2026)

Vol. 35,No. 5

38.78% M136.04% ;5 DIALFEAH Lt , 1R 4 A0 BE % 5 7 18 11 AR XT = B YR AK, Y L AL B A B8 B T A X R T

203.17%

FE B K b, 38 BB R 3 TR B AR K N S5 98 TR R (Thelebolus, 6. 21%~16.58% ) 4k JJ 1 J& ( Fusarium,
3.84%~13.02%) Wi #1155 )& (Mortierella, 3. 10%~9. 91% ) F1 41 i % J& (Exophiala, 2. 32%~8.31% ) (& 6b) .
TR A% 0 R b PR SR ST R MR B S 45T R A X S BRI W R bR E R E S 2 TR A
X R D . ARG AL F YT A 3 ik T B JE AR S AR T A B SRR 8 e T A AR B YT, Ak B Y B

1 TR Je AR A R A L v T AR Ak PR G A B e B AR O S AR

100-a
ifll

oo
(=
e
(=)

o
S
AH X =

Relative abundance (%)

N

(=]
T

~

(=)
T

AR =
Relative abundance (%)

353
(=
T
%3
(=)

b
[0 A Others 100 -
I € % # '] Mucoromycota
I #: 71 % '] Mortierellomycota
[ 48 7 i '] Basidiomycota N
FHEW 1] Ascomycota
60 |-
; |

[0 M Ah Others
[ &4 % Unclassified
I 7= 8 ) Solicoccozyma
I 5 4% 78 Alternaria
B it % J& Lecythophora
I 5 1 % J& Cladosporium
O % % B8 Truncatella
0 1B 4 %8 14 JB Pseudogymnoascus
I 1R % & Rhizopus
)t B 5% )@ Preussia
00 %5 W R Schizothecium
I 5} % J& Exophiala
¥ 11 53 J& Mortierella
[ 9k ) 6 R Fusarium
T W B Thelebolus

A # Treatment
El6 EBHELLGIX TIHEEREEARWIM

Fig. 6 Effects of mixed-planting ratios on soil fungi community composition

2.4 XI5 HAM S A H T Mantel test 27

1 1 1 1 1 O 1 1
DY YJ, YJ, YJ, DJ DY Y.,

Y.

Y,J;

DI

Mantel test 73 A1 45 5 22 B, 401 B8 # 7% A1 pH L 308 &L 3 A 20k & &2 B 3 A L (P<<0. 053 P<<0.01) , &
PR REVE AN pH A AL el o B A A A B A R (P<0. 058 P<<0.01,E 7).

2R P pH
Mantel’s P
—<0.01
—0.01~0.05
>0.05
R R RS HE ™
Mantel’s r
—<0.2
= (.2~0.4
. >0.4

Be R b M 5% 2 A

>
Pearson’s r TP

B

0.6 AP
0.4

0.2 pH oM N
7 TEFHMBEY B HAEZ 8K Mantel 125

AN

Fig.7 Mantel test for the relationship between soil nutrient and microbial diversity

AP

2 74 Bacteria

¥ B Fungi

OM: + 34 #HL & Soil organic matter; TN: -+ 8 4 & Soil total nitrogen; AN: -+ H B fi# 40 Soil available nitrogen; TP: + 3 4 # Soil total

phosphorus; AP: + 845 44 H Soil available phosphorus.



5 35 B 5 W Ol 2E 3] 2026 4F 107

3 itit
3.1 ARG LERSG YA

R AT S e - T A R S T, O ) AR R BRI T R B R A Y 1 I R R IR A= 7 )
) Al . R SRR R 2 P T A A I ) B 2 ) L A AR 2R 40 A 2 S, LA B ] i) XoF 3% 4 170 WA Ik | kR
JEAS TR, A5 8t AT ) X R 5 e P R B8 T IR R b SR A S i . AR ST h IR AR S SRR AR L, 6
TSRO S A B R SCE AR X S AT R R ST A SR AL . 4 pH R AU W - HE G AR Y T Bl R R
SRR B AR L IR O AE A X SR A e A I A KR o ASBIESE i R IR 4 A S 3% pH T
15 A TR A 3 I, B Rk A 5 L0 A 8 0 pH B 22 TR X5 AR SR AR A TR A A 2 b R A R 0 1 S Bt
B pH (H B % T BB 98 45 R — 80, R AT AR5 K [W 0 9% X i H 3 A S S5 AR RN TR A 6 . 1 05 45
TN KR A AL 19 FH B8 32 2 5 1) B AT i B SRR v W S M R AR R I 2 G . AR IR B R R R+
HEAT HLI & S B T 19. 23%6~33. 66 %6, ZEIRRE LU il 7+ 3 B 1 EAT LT B ik ik B fe ey B A BRG] R LY ] Y g
T, B R AR B 3 5 S AR AF T 4 R AR — B, 3k T A T B VR R 1) b SR TR ) S b
R R Z T ARE R A G, BB AL BT 22 194G ML fb 4] o A

REZMWERKKENRBEFRITRZ —, SR 5 R R AR B 24T 4= 9 18 A, 3028 [ 2 19 AAS 10 2
F B A KT oK 38 AT o AR 2R 3 WA ) Bk A 43 it 25 O 2 ) AR SR AR W AL 88 57 43 o AR ST IR B L9 70 3 I 4 I
AR i B, T T SR R B AR TR AP 31 7 I B v L X AT BE S TR AR LU Ry 72 3 IR R R ER 1 W WOR]
RORBEE A R RN T R AR L A5 4 8 v T A g i 0 R D T BE S PR O R LU AR 7 3 I - G
S REIR S IR AN IR S Ay o (A = € 8 P~ el oo U N 1 R R S £ A w7 S| R A 07
A R A i D LT AR A BIE T A LAY A AR, ST RE R PR O HL A [ UV Y SR B S S TR AR R 4
T - 9 U T R U B R A AR 2 R B R A AR R A . 5 R AT L TR AR T A R A iR
& T 26.79%~39.30% , W] G Ji PR R R RE R G R B AR AR R 43 WA ) X AR PR B 0 B R U 43 AT AR AE
SOMA) B T A SR MRl 00 A R TR B R A B AR R T RE R R R W BT, 4 e W R R R ), TE A AR PR A B
R TEEY) v e HUBE , 38 m 3 b A soml A e
3.2 AR A L) xF R B AR B S AR 6 W R

IR R R A R AR AR R G 2 I REE  HE 5 e AR B (g HE BT ) R S ), R A g
JIE AT RS e A 7= Z S T ARBIR ST AT Y B A B ASV B LA B R T A, 2 E N TR b
ALV BN F X 5 1 AR AR O T SR X R M AT SR A R MRS R R A
EHE5E 2: 2R FRET , 1 HEGIUAE WU RE I8 S5 W A1 OSSR WU RE T Alpha ZREMERS I, H e R F B E T, X
AT Y K B, R ] B 9 TP (Artemisia wellbyi) | 3 R P58 F (Elymus nutans) F1 4025 9K % (Agropyron
trachycaulhum) IR J5 , T8 FL R BE 7% Alpha Z2 FEPESE N, T S8 5004 W) B 0 45 A0 20 B0 A8 o AR50 K B, AR X T I
& Ab B M 27 55 4 i TR T AN R R LR R Y Allpha Z2RE PERRAC, 5 A ROR TR, HE B T RE R KON TR
& WA T ) BAR PR A - A ML B i, R R S e SRR W 2 R LR T B R ) R R A AR B R 4
BLHIAT DG, 8 35 3 2 1Y) 5 08 77 7T Be 23 30 AR AT HL A Y 5 52 I 2B W AR A e A, M 5 A B AL AR R S TR 3
Al e T O R 2 WA e D HI 5 T G WA R O DR AR 25 R A . A TR R AL B b B B AR T L B B
Jn, 3 A TR (9 Alpha 22 FEPEZ W RS, AT R 5 CRME Y BT S S SR R I e R A oG, Mz
T, B TE BE YR RO W B A &2 2% - Chaol 8 80 F Ace 8 80 7E Y, I Ab BRI 35 2 4, 11l Shannon 48 £ F Simpson 4§ %% fifi
i L LR R R R X — G R, GURE R B AR B T TR A R e R B A R AN i )
PR (19 ), AT BE - SOHE 34 TR I 0 ik 0 TR A5 0 2R AL sk, DT R AR BE IR 2 Sy M
3.2.1 N [R)RHE Lo A5 X5 20 B R Vi 4 I N 22 A 1 5 T ABIESE A B, 32 5 B IR AR UL T IR Y
MTETE 250, - R B B AR T BRI 1] R AT AT 1 S B 1T A R X 2 B e K, 3k 5 i A 9 5 2R, 5 PR A
TR 476 Ak BT MR T BT 1) RUDE AL TR 1A X 2 B 3, mT R 5 A S RN A B0 TR R RO 2 A R AR R A AR R A



108 ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 5

BLUIR (CAnAy R 3 R ) YR BE T A G, o IR AT B8 14 Ak 17 R S e i [ I 008 1 R B - 38 A PR B RE L T I 1 T
WEH AR MO . BARTERE R R A Y Alpha 2 K PE T8 B AR, (045 2 T B8 & BF 19 F S HE R TR #%
RGP HUE VR IR TUAR DO AME DL o TR RGBSR AR LU TR T A AR X T B R AR, RT RR IR R R S
ARG R R T 2 AR R W S IO B A T BRI . X IR S EEE U A R
FAZE S BES RN [ 1 32 2 It DR TT B J2 i 4 90 2 A S P 0 0 ) S ) A ) B X TS 4 R A AR RO B T EEE T . R
[Fi] b P v 1 - 38 A0 TR O 34 TR B AR R A RBATUB R AT IR 1) S AR SR ML T8 )& | Candidatus_Udaeobacter (J& PE i #
I'1) .\ Vicinamibacteraceae (JERRFF W 11) 55 . 1R#E 5 464 b RB41 Ml Candidatus_Udaeobacter (1 7 B i 2 2 7+,
7R T IR 2 G0N Bk U0 5 20 RE T AE 00 E 1) PERE . TR A% b b 1 M pH R A RO R BN, rTRE R S R
RB41 X =E BRI EERR . i Candidatus_Udaeobacter fE 7 — R O A Y R, GES 54 LK 4
fiff, R TS R TT R O SR R R A K R A BRI A I 9E R R Candlidatus_Udaeobacter £ B AG
A R 52 2 5 A SR A fE e AR, nT AR 5 SRR ) A T A 4 - O el B BB B ) R AR
5 B T T8 AR A T W TR AR AR AN RE S  1- 2 B A TN e AR ] 1-72 R I (1-aminocyclopropane-1-carboxylate
ester, ACC) it 52 it 2% ffe A 9 Jolh 300, 00 006 1) g K 28 0 ] 0 Ak - B 22777, A 08 5 SO0 0 381 %) 3 8 g 7 it 4 TH OB A
BLIE 5 Z MR o WeAb , Vicinamibacteraceae K%F 4= BE (1 34 i AT g 55 0%k 52 22 HL9 149 43 e 0 A &
3.2.2 AR LU A9 0 L T A i 2 1l B 22 A A 1 52 Wil AR LI, SR R R ER S T RIERER
eV T FRETE TR A XS 5 A f e (T B R W T 0 F R, X T RE IRk W0k 1 b iy 2 A A
BT & AT 56, FREB TP A F £ B TR AR 0% = 28000 ff A DL, o AR R BRAE T 2 B AR R R R TR A% S 4
F5 43 5 03 N AT RE R R TR AR TR B A AR K I 2SI A A T BRI IV A SR A SR I R rh A A
TEJE KV b IRBEI N 1 SR MR MR B MR AR ) B R R 1O MRS B R RS R 1 AR R R U
B e 22 5 1 2 0 L TR e A L LT R A A TR AR B SRR AR 1 1 pH BRI I TR R A AT ik
P22 A o T TR TR G TR A LG A % o B T R A 2 o Y T Ak B e R R T A AR TR T A R R, T R R
WG o RE T IR B 20 BT R 5 RHIG pH PR B A SO AT OGS  TT E AE TA 1) Y R A AT AR R O AR R
A3 WA A ML AT SCPR BT R T R R S L B A 1, S R R R AR 0 TR 1 A T RE S LR )
I AR 2R 3 U O s R A R AR T BE Y ELTR SRR O, M Y L AR B R AN R R R S A e ) o AR
X AE G W] R X e A AR R 3 WA B O G T B A A B e B 43 A T BE A O L B T A R T A A e D T
Z " KRR AL YT A B T A T R X B R v, T YT, AL B U0 TR R E AR T A A3, B A A TR
LB — e TR BE b R AR AR BRI IR .
3.3 LRASFHMAMBER G XA

I YRR AE A S R G RE R O Y o X A AR R 0 R SR S A R I m R N, B2
WEoT Fe W], - HESR T 35 45 & (AR AL R 23 5 R A W) e v 2 e vE R Sk R AR AR AR SR, i T R HEE AL N
(1) 52 2% 1) B AR T 2 R LR 225 S5 P, O 7 552 W) ol 26 0 40 v g o ) O B DXL 1 R OB IR e — I BB RE L il
T WA ORI, R AT TR TR A T E B S L3P ML & R ORGSR 2 A e s
ARG, MFHSRE TR LB T/ F 5 (Sorghum bicolor) AR Z & B, 380 40 B8 1] (AR X 3 B 5 1 1
pH K Al & B2 AR OC . Lin5F M F 58 2 W1 pH 252 i + 3 A W RFE 25 M2 M R R 5 5
REWMAEY Z I8 5 8 E AR B WA U B, T RE YR S 3 pH 2 8% AR ¢, 5 A HLB A4 &
i R A OCTY . ARHESE R B, 4 pH R AL S AN TR R A A A DG R A Y B S AT
T V& 0 35 RH G 5 - 98 p UMV e 280 75 15 0 G R VA B I 385 A OG- 38 WIS A 80 5 o 55 L TR R 9 T A OG L 3K
5k EE IR R 8 A, - HE pH (E R 5 0 1A ) 22 R M RV R 2 s 1 R (Mantel s >
0.4,P<<0.01),3X 5 Lauber & 7 5 T 4 Bk - HE G2 ) 40 85040 42 3 09 “pH = Bt ” — 2. R, AWF5dds s 78
HUTRER P AR R G T AN Al GEHUR pH By S8R W) BE V5 10 8 S B 1 3 Fh 22 55 0T B 32 20 5 0F 5% X179 b 2
7 Rt ) A K



5 35 B 5 W Fll2F 3 2026 4F 109

4 @i

AT FE A R R A 5 SRR X SR M e W e B W R . TR BE G LR
AR T B8 ) 57 o3 16 Ak, 35 B i R pH A ML e R O . P DI SR B E L 7 3 R
oI BAT B 9 R R O o PCoA I3 M7 I 7 1R 47 50 5P 5 Ak 3R] DA M0 e S Rl A W 9 A A L A% TR A A B 1
SN o AR TR BRAT R 1T PE DR ) S AT AR R R RN, HL S pH U R AT SO S L AT O EE A v
W, T RE TR 1T R BER N AH R ] B A [ R S AR RS pH A L B R AR VAR G . £ b e
5 i 8 S TR A T O R Y IR 006 R R AR W R v A A b A A L e S S A LA 7 3 LU IR FE
P& T4 %53 & 1 AR AL A P 25 0 vh 3R B UG L S = VR XA S5 ) AR 7 K G S AR B O B R 0 T B R AR A
TR 34

2 % 3L References:

[1] Wang N Y, Wan J Y, Ding M J, et al. More management is needed to improve the effectiveness of artificial grassland in
vegetation and soil restoration on the three-river Headwaters region of China. Frontiers in Plant Science, 2023, 14: 1152405.

[2] Lin H L, Zhang F. Fragmentation and percolation thresholds in the degradation process of alpine meadow in the Three-River
Headwaters region of Qinghai-Tibetan Plateau, China. The Rangeland Journal, 2020, 42(3): 171—177.

[3] Jiang C, Zhang L. B. Ecosystem change assessment in the Three-river Headwater Region, China: Patterns, causes, and
implications. Ecological Engineering, 2016, 93: 24— 36.

[4] Sun Z K, Sun C Z, Zhang T R, et al. Soil microbial community variation among different land use types in the agro-pastoral
ecotone of northern China is likely to be caused by anthropogenic activities. Frontiers in Microbiology, 2024, 15: 1390286.

[5] Zhao P Y, BaoJ B, Wang X, et al. Deterministic processes dominate soil microbial community assembly in subalpine coniferous
forests on the Loess Plateau. PeerJ, 2019, 7: e6746.

[6] Kan H M, Chen C, Ma X D, et al. Effects of artificial grassland establishment via legume and grass plants on the structure and
function of soil fungal community in a degraded wasteland of Northern China. Acta Ecologica Sinica, 2023, 43(24): 10092—
10103.

W, PR, ShIBEAR, A ARAUIR Ak b g S 2R OR AR W N G X M T T R A A RS RE RS L AR SR,
2023, 43(24): 10092—10103.

[7] Liu H, Dong K, Ren Z W D, ez al. Effects of co-sowing of Artemisia wellbyi and perennial grasses on the characteristics of
vegetation and soil fungal communities in desertified grasslands in Tibet. Acta Prataculturae Sinica, 2023, 32(6): 45—57.

XU, SEHL, AT, G5 YD 5 2 AR AR TR IR A% X T RV A B M R M 3 ECTR B R AR RS2 R . REL SR, 2023,
32(6): 45—57.

[8] Wang X D, Li Y, Yan Z Q, et al. The divergent vertical pattern and assembly of soil bacterial and fungal communities in
response to short-term warming in an alpine peatland. Frontiers in Plant Science, 2022, 13: 986034.

[9] ZhaoY J, LiuXJ, WuY, ez al. Rhizosphere soil nutrients, enzyme activities and microbial community characteristics in legume-
cereal intercropping system in Northwest China. Journal of Desert Research, 2020, 40(3): 219—228.

BORERS, XIWEdE, R 53, . SORMORE IVEAR PR 1 HE3R O (BGOSR W v AR . P E B, 2020, 40(3) - 219—228.
[10] LuoF, Liu W H, Mi W B, e al. Legume-grass mixtures increase forage yield by improving soil quality in different ecological
regions of the Qinghai-Tibet Plateau. Frontiers in Plant Science, 2023, 14: 1280771.

[11] Xiao Y. Study on yield and efficieney increasing mechanism of the mixed planting mode of alfalfa and orchard grass in different
row ratios. Taiyuan: Shanxi Agricultural University, 2021.
MR B /TN AT H TR R AR LRI W5 . R I P ROk R, 2021,

[12] Jiang X, Niu K C. Effects of grass mixed-sowing on soil microbial diversity on the Qingzang ( Tibetan) Plateau. Chinese Journal
of Plant Ecology, 2021, 45(5): 539—551.
LHE, B . TR R IR LR Y SRR R . A A A S, 2021, 45(5): 539—551.

[13] Zhao W, Yin Y, Song J Q, et al. Mixed sowing improves plant and soil bacterial community restoration in the degraded alpine
meadow. Plant and Soil, 2024, 499(1): 379—392.

[14] YanH L, GuS S, LiS Z, et al. Grass-legume mixtures enhance forage production via the bacterial community. Agriculture,
Ecosystems &. Environment, 2022, 338: 108087.



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 5

[16]

[20]

[21]

[22]

[25]

[26]

[30]

Feng Q, He X L, Wang B, et a/. A study of mixed sowing effects for oat and common vetch in the Ningxia Yellow River
irrigation area. Acta Prataculturae Sinica, 2024, 33(3): 107—119.

A /AT, B, L T E SN X S E S IR RO AY . ROl IR, 2024, 33(3): 107—119.

Feng T X, De K J, Xiang X M, ez al. Effects of different mixtures and proportions of Avena sativa and pea on forage yield and
quality in alpine cold region. Acta Agrestia Sinica, 2022, 30(2): 487—494.

TEENE, CERMIN, (I, S T M DX 5 0 AN [ R A 2 G R L BB X ] 7 R BRI L BB AAR, 2022, 30(2)
487—494.

Chaudhary D R, Gautam R K, Yousuf B, ez a/. Nutrients, microbial community structure and functional gene abundance of
rhizosphere and bulk soils of halophytes. Applied Soil Ecology, 2015, 91: 16— 26.

Bao S D. Soil agrochemical analysis. Beijing: China Agriculture Press, 2000.

iyt B R T JERT: AR AR, 2000.

Chen L, Kou X Y, Dang Y A, et al. Effects of phosphorus application rates in wheat season on wheat-maize rotation yield and
available phosphorus in soil. Journal of Triticeae Crops, 2024, 44(2): 185—194.

PRIE , 50 B, 560 %, 45 . 22 2 0 B 4 0F /DN 2 - ROR AR 7 il R MR BB RS 2 BRI AR, 2024, 44(2)
185—194.

LvJH, LiC, Yang Z D, et al. Responses of soil microbial communities to land use changes in the Napahai Plateau Wetlands.
Chinese Journal of Soil Science, 2023, 54(3): 682—694.

B AR, W, B AR, S G s IR AR W T R ek b b R O A e R . R S R, 2023, 54(3) -
682—694.

Song K C, Wang X, Xu D M, er al. Effects of short-term nitrogen addition on soil biological properties in Desert Steppe.
Journal of Soil and Water Conservation, 2022, 36(3): 303—310, 318.

RIPIR, ER, VFAME, 4. BRI i 0 o 5 4 S A W R IR 52 e . K AR R, 2022, 36(3): 303—310, 318.
LuY X, Mu L, Yang H M. Advances in improved soil fertility with legume-grass mixtures. Chinese Journal of Grassland,
2019, 41(1): 94—100.

FIEERE, AR, B GRS ARA RO IR AR SR IR A AT ST L rp B 24, 2019, 41(1) ¢ 94— 100.

Ma Y, Zheng C Y, Bo Y K, ez a/. Improving crop salt tolerance through soil legacy effects. Frontiers in Plant Science, 2024,
15: 1396754.

Bao X G, Yang W Y, Cao W D, et a/. Soil fertility improvement by mixed planting of leguminous and gramineous green
manure crops. Chinese Journal of Grassland, 2012, 34(1): 43—47.

AXME, X E, BIR, % . SR 5 RAR G AL 5 PR f48 AE K R RCR TS . b [ B AR, 2012, 34(1)
43—47.

Xu Q, Tian X H, Du W H. Effects of mix-sowing of triticale and legume forage on surface soil fertility in alpine pastoral areas.
Grassland and Turf, 2023, 43(2): 107—115.

o, e, fh3cte . R IXUN R A2 5 3 Fh SR A RO B R A AR AR E . RO SRR, 2023, 43(2): 107—115.
Lin F, Liu X J, Zhang J Y. Study on the contents of carbon, nitrogen and enzymes activities of sandy soil grown alfalfa and
perennial ryegrass with different planting patterns. Grassland and Turf, 2019, 39(3): 43—49.

W7, XUWEH, KA BB 5 2 AR A R RO R AT A Rk A R RO . RS BT, 2019,
39(3): 43—49.

Guo C Y, Wang W, Peng D, et al. Effect of sowing method and row spacing on soil physicochemical properties of oat/forage
pea grassland in alpine regions. Pratacultral Sciense, 2023, 40(3): 654—664.

SRS, LA, 2, L RO ORI X R 2l XA /) R M S AR PR R B2 . REALRR, 2023, 40(3)
654—664.

Benbi D K, Brar K, Toor A'S, et al. Total and labile pools of soil organic carbon in cultivated and undisturbed soils in Northern
India. Geoderma, 2015, 237/238: 149—158.

DuQF, Wang DJ, Yu X Y, er al. The effects of corn and green manure intercropping on soil nutrientavailability and plant
nutrient uptake. Acta Prataculturae Sinica, 2016, 25(3): 225—233.

FLAF 0, E3E2E, TGS, & JORIAR B R L X 24 Z A 0 % 20 WSO = 33655 A0 A v RS2 . Bl 243, 2016, 25(3)
225—233.

QuJ H, Li L J, Li X T. Effects of intercropping oats and common vetch on forage yield and soil physical and chemical



5 35 B 5 W Fll2F 3 2026 4F 111

[31]

[42]

[43]

characteristics. Chinese Journal of Soil Science, 2018, 49(5): 1176—1183.

AR, 0%, RIS . RS 5 AR U TS IR AT LG A8 ) ) ] A e e - AL MR AR s . - AR L 2018, 49(5)
1176 —1183.

Gao C X. Effects of mixed sowing of oat and common vetch on yield and rhizosphere soil nutrients. Harbin: Northeast
Agricultural University, 2020.

1o e B . MRS R AT B L TR X R 7 e IR PR RS SR A I SE A L MR R ARAb ARl K, 2020,

Bai R, Wang J T, Deng Y, ez a/. Microbial community and functional structure significantly varied among distinct types of
paddy soils but responded differently along gradients of soil depth layers. Frontiers in Microbiology, 2017, 8: 945.

Xiang Q S, Zhang D S, Sun K, ez a/. Analysis of soil microbial community structure and diversity in Berberis vernae habitat at
different altitudes in alpine region. Acta Botanica Boreali-Occidentalia Sinica, 2021, 41(6): 1036—1050.

WH M, KRB, A, AE L S XA [V R B B P LN B A BE SR AR W R I AR R R e BT L UL AR W R
2021, 41(6): 1036— 1050.

Tedersoo 1., Bahram M, Polme S, er al. Global diversity and geography of soil fungi. Science, 2014, 346(6213): 1256688.
Mao X N, LiuM L, Li R R, ez al. Effects of fertilization on bacterial community structure in rhizosphere soil of spring maize in
Northeast China. Chinese Wild Plant Resources, 2024, 43(3): 34— 38.

BMET, XK, HRAK, L N AR AL TR AR B A0 BRI A5 A s e L b E B A A BRI, 2024, 43(3) -
34—38.

Liu Q W, Wang S X, Li K, er al. Responses of soil bacterial and fungal communities to the long-term monoculture of
grapevine. Applied Microbiology and Biotechnology, 2021, 105: 7035—7050.

Kong T L, Lin H Z, Xiao E Z, et al. Investigation of the antimony fractions and indigenous microbiota in aerobic and anaerobic
rice paddies. Science of the Total Environment, 2021, 771: 145408.

Zhou W L, Chen J, Qi Z Y, et al. Effects of applying ramie fiber nonwoven films on root-zone soil nutrient and bacterial
community of rice seedlings for mechanical transplanting. Scientific Reports, 2020, 10(1): 3440.

Li L L, Yang J, Sun Y J, er al. Isolation, identification of Pseudomonas taiwanesis and its solubilization of insoluble
phosphates. Journal of Wuhan University of Science and Technology, 2019, 42(5): 354—364.

VRV, Wik, IMTUE, S B RN A Y 43 5 S B X M A M A R R A R R . OB R AR, 2019, 42(5)
354—364.

Kielak A M, Barreto C C, Kowalchuk G A, ez al. The ecology of Acidobacteria: moving beyond genes and genomes. Frontiers
in Microbiology, 2016, 7: 744.

Sa X M, Li M. Different fertilization treatments affect rhizosphere soil nutrients and fungal communities of “Cabernet
Sauvignon” grapes. Microbiology China, 2023, 50(11): 4876 —4893.

OB AR, 22 . A [ it NS Ak BERGE % B B A A AR B R TR O R TR VR OS2 A L R ol A, 2023, 50(11) : 4876—
4893.

Dejene T, Merga B, Martin-Pinto P. Green trees preservation: A sustainable source of valuable mushrooms for Ethiopian local
communities. PLoS One, 2023, 18(11): e0294633.

Zhalnina K, Dias R, De Quadros P D, ez al. Soil pH determines microbial diversity and composition in the park grass
experiment. Microbial Ecology, 2015, 69: 395—406.

Bulgarelli D, Garrido-Oter R, Miinch P C, ez a/. Structure and function of the bacterial root microbiota in wild and domesticated
barley. Cell Host &. Microbe, 2015, 17(3): 392—403.

Bian R L, Ren H, Jiang M G, ez al. Cryphonectria hypovirus 1 infection suppresses the pathogenicity but increases the
mycotoxin deoxynivalenol production of Fusarium graminearum. Phytopathology Research, 2024, 6(1): 54.

Zhou X G, Zhang J Y, Rahman M K U, er a/. Interspecific plant interaction via root exudates structures the disease
suppressiveness of rhizosphere microbiomes. Molecular Plant, 2023, 16(5): 849—864.

Delgado-Baquerizo M, Reich P B, Trivedi C, et a/. Multiple elements of soil biodiversity drive ecosystem functions across
biomes. Nature Ecology &. Evolution, 2020, 4(2): 210— 220.

YuF M, Yao Y W, Xie DY, ez a/. Study on the soil microbial community structure associated with six land use in Siding
mining area. China Environmental Science, 2020, 40(5) : 2262— 2269.

TOrwl, Wh R, A, AE L N TR X 6 A bl A TR R A MERUE R VR S A AR AE . FEREE R, 2020, 40(5) : 2262—
2269.



ACTA PRATACULTURAE SINICA (2026) Vol. 35,No. 5

[52]

[53]

[54]

He S R, Liu X J, Zhao Y J, ez al. Effects of alfalfa/sweet sorghum intercropping on rhizosphere soil characteristics and
microbial community characteristics. Acta Prataculturae Sinica, 2024, 33(5): 92— 105.

P8R, XUIGe i, XOREIE, 55 . SAE A8 /I e 5 ) A X AR R b iy P R A ) E 9 R AIE 1 S 0 . RN 244, 2024, 33(5)
92—105.

LiulJ, SutYY, YuZH, et al. High throughput sequencing analysis of biogeographical distribution of bacterial communities in
the black soils of Northeast China. Soil Biology and Biochemistry, 2014, 70: 113—122.

LiC, LvJH, LuM, et al. Distribution of soil microbial biomass carbon and nitrogen across different altitudinal vegetation zones
in Wenshan National Nature Reserve. Scientia Silvae Sinicae, 2022, 58(3): 20— 30.

UL, B, B, AL SCIE GG A O R B XA [R) 9 A b ol P A R Y 9 B W A W RO A R L MOl B 2
2022, 58(3): 20— 30.

Zhang T, Kong Y, Xiu W M, et al. Effects of fertilization treatments on soil microbial community characteristics under the
wheat-maize rotation system in fluvo-aquic soil region in North China. Ecology and Environmental Sciences, 2019, 28 (6) :
1159—1167.

kg, fLz, A, S REAC ST IE X AR L e XN - FOR AR AR R AR IRV E W R VE R RS e . AR AR A, 2019, 28
(6): 1159—1167.

Lauber C L, Hamady M, Knight R, er a/. Pyrosequencing-based assessment of soil pH as a predictor of soil bacterial
community structure at the continental scale. Applied and Environmental Microbiology, 2009, 75(15): 5111—5120.

Zhou J Z, Xue K, Xie J P, et al. Microbial mediation of carbon-cycle feedbacks to climate warming. Nature Climate Change,
2012, 2(2): 106—110.



