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iR R =L RBIRES S E T EAE SRR

SRS, T, RENE, MRz, Bg s

(1. TERFLR¥%GE, TE I 7500215 2. TERFAEBHRES, TE ) 750021;

3. Vit B 5ASIE FEE S LR ESFHEM, 72 4RI 7500215
4. PEILIBLAESRGRE SHEEHFWESLEE, TR R 750021 )

O RGN X AN [ A A A S R g 2 el S8 T~ 1 S R A TR 7 AL S S A LG &R,
=2 L LIAR TR TR 1Y 4 4 e Gt R A i S - S IR IR ARG . DA I R T BB 2 L LR T O TR A A R A
U I A R, SR HIBENLIX A g st sE 4 A AW A DL + AR . AR YA DU IO + eI |
R FH e RS O B, g e Y R BT TS [ A RS0 2% B N AL B AR B B 2 R L
FAFE AR AR, Z5RRY]: AR AR A A AL B+ AN B AR T B TE R T T ( Proteobacteria ) | 2
FFHTT (Acidobacteriota ) . FUFF ] ( Bacteroidota ) . JZETE '] ( Actinobacteriota ) , HLFHVET J& Jhy WV A £k 12 T4 J
( Nitrosospira ) . TRFT & (Acidobacterium ) RB41, ¥H & B MR JE ( Sphingomonas ). 45 iti AT AL BE A S5 411 7] &k
PR S T IR, LA RSO TSR RIS S5 22 5 W o T A= WA HILIE B G RE o b 53 3ol Wl 2
T A AR R FNRRAT B RBAL AOARXS F R, AN AT A U FAARG S A R T I P AR R B . Jl e TUAR K
FAOCHEI TG R B, LIl A . A LSS 1 S pH (RS20 SN RE TS ARy B2 7, bl A&
O I FEEIKS A T, TR T LUE RZEE X SRR B . U W IE R RES AN IR R v LR O
REAR 138 pH BRI 48R0 B, S0 S AN RE I 2Rk, e LA P A A WL 5 it A S D A 3o A s8R A
.,

KGR BUEWICE: SRy TIRANE; BEE SR

FEBCLNARBIE A F A W R, REE RS CREE S RGP RS D,

MR S A AE S A2 XN 2 AR o
TR TP 26 1) o = DX o BRI, R A e T R
AR PR E L, T SO A e R TR 22
EBEA . AEYREE AW 2R A KA
LRI S RIERE S S T R
FE . B . RGN E — RINER ST R,
SR AIAR 2200 TR B . b e DL R
PR EE, iSRG RE A . -
HEUE W) BB 70% ~ 90% Sk IEAN T, ELAH
AR R DRRE B R R B A AR T K — A W
A TR IR SRR, R MR
R E B, WahE AT RGN R AGE =

RSB 2023-08-04; FABH: 2023-11-07

BE&WA: THNEARKX AAREIAS (2022AA€03079) 5 [H
FI S 5 E (2021YFD1900603 ),

&R INEEA (1999-), WIHMFoEA:, MIEARO IR 5 R85
WF9E, E-mail: 2059625797@qq.com.

BIEE: T, E-mail: wangjing@nxu.edu.cn,

PO R4+ Uk, B LR A DA e
S IRER AR A5 RGP T B ARz — L A
I, WEFEHETA 53 WA YR Sl A A 4 e 1 3EAC T
Fe AR TH 975 35, Ak ok 2 76 el L S el 2 ) 24 1
25 HRAE S KRR, p A % Pel 2 A= Bt
AP RR TE R AT, BRI T 2
A B 2 IR 7 M TR R R SR 4%

FURT, A7 SR80 22 1L AR T 2 el - S e W g
FEEBERGERIEEOR | A HA L SR Wl Tr
Iilo RTARBEACT 2B 2 IR LR Y 2
REVE SR S5 M BT ST R o BEAE 05429
FORMEIE, HANCER TR E Y 2R
W A BB, Ling®F 7 R FH A8 Ao B O R v Pk SR
AU (PCR) BRI T3 LEE I A= 4
HEREX S0 B 2 REVE RSN, 25 RER I E AT
TEDRF - eI My IR 1Y B0 K n] LR )
fHeRE . EHGP S5 RS A DL R B B
Xt AU RT I DX 28 4 A A S SR AE T B 5 2R 3R
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Jits FHAE A MLIE R AE W s R s 1 4 e 7 it
B IRETE S5 R, SNFRA A RS, SR
YRR ELA BUAE T . el s P AR 19 4 e (it
FKN R RAGE Z T HIEME R REE B,
TERE RS, UEYIIERRENS s E A I £
PETERE & B AEAl B e, TR A 4 T S kL
AN RBEECH RO B RN IR R,
{EAE S8 B AR A 6 TIPS 75 285 1 2 10 0 Je - 30 it
MR E AN, 52 4 st e, SRS
Y BRUR LSRRI, i T A: e R 4k
I 7 TR TP 4 285 A 7 L %) 0L FH R A SR R A DL
ORI A A ROR TR I R BB, 2
A TR BRI 2 TP 25 b O 1
FYOCEERT ], Pk, ARAF5EE T Numina MiSeq 15
WEFHEA, LU Z AT T B LR AR
PRI ARl MEREHL AR RE, BT R

RSOV R S - SRR TR R R S SR, A
11T 7 A A A R o TR 7 - SR A o A P AR
VAT RS AR TR, DO 4 i 1
SR 5 22 L LA TR TR o 7 SRR IO L RN S5 L R
B R PR RCR S S SR

1 #REFE

TR X AR

TR0 XAV T 22 1 AR A 2 AR el Ak
Hikb 38° 39’ 18” N, 106° 9’ 50" E, S AEKAE T
TR, BRIEER, Mok, KR
SREL, AT, AR 85 CLAEL, P
H R4 2800 ~ 3000 h, SEHRE N FEE ., FF1
/K 200 mm A2y, JCFEI 185 d iy, ek
RURIRKAS 1, oM L SR A, R it
U Ry, R0 X R S AR LA PR R 1,

1.1

F1 REXTEEAYFMR

+2 - 2tk AU R AR TR
(em) P (g/ke) (g/kg) (mg/kg ) (mg/kg ) (mg/kg )
0~ 20 8.86 0.7973 9.58 14.47 40.90 24.77
20 ~ 40 8.79 0.8807 8.23 16.66 52.66 36.81
1.2 Rt VAR AT (A=W LB K 3% 1500 kg/hm’+ Wil —
1.2.1  HAEYERR R ¥ 213.75 kg/hm® ), A=W A HLUIE LR ( Ki§ ) 2

VERRI H A A AT A A A HUIEAE i e
WA M AER, W RAAE N A MYy, AR
AHUEE T K (W8 ) MR R f ORI 4t 7
BB A BR A A A7, BRI A [R5 BT
(28, O .. HIEMR ) 1B AR ] LR
25 E A A DL [ N+P,0s+K,0>5.0%, AL
T >45.0%, A 300 WAL Ch R 2R MR . 23028
ZEMOFFR . ShEMTR . FLIRTA . YL AU SE ) >500
1 cfulg |5 HEIRALAE o i B IR — 4% (P,05 46%,
N 18% ),

122 EFEHL T

Z: IR0 RL A B0 R o 000 6 2R P BE kL (NY/T
1535—2007, NY/T 884—2012 ) & A B F 1% & ik
B, S [F2E RG AR B IR Y 1] R 1 4 S Ak
L T1 2 A IE CORAEAE ) . T2 & B AL AE
T (WEIR 4% 427.49 kg/hm®) . T3 NAEYAHLUIE +
I i AR (AR 90 A HLAE 1500 ke/hm® + B R — 4%
213.75 kg/hm®) . T4 M AEA HUILIE T ( KiG ) +

S

XA WA HLIE HE 1T 7R R e il K R DA A BB L
AamAEY, ET55 68 mMEDNEYAR
HUIEHEAT EE X, R Z W Z LXK A i, F
2021 4 4 F R A A 0 2 00— MR A TR )
HERE, it A 7 XA FE A 17 PN 30 em &b T i A
o BRIV 3 AP ATFE AL, A b T AR
18m> (9mx2m), BNFEHLZEH 0.5 mm 519
BB AT RERR, BB IR 40 em, B 1EAS[H]
FEHLEAH BB T T4 . BRI 3 30 em $E20
6, DA AL R AR . T Ab BRI R HGR
FEMTERE 2, ) B R G P it — 2, FEfE
YIRETs ZREvE s B, TG A 24 e £ DR [R] it e Ak
FRPL M1—M4 7, TR ) 25 JSOpR AN [R] i NE Ak 3
DL S1—S4 F£IR .
1.3 BHREAREL Ik
131 HukE

TRV 6 78 39 00 ) T 2021 4R 7 A R A) (o
). 9 AT (RN ) RAE RIERES, PRI
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XA 3 AME AR AR RS 2 ) YRR (RE L AR 200
m x 200 m, [FIFFRESF FHSERIGE B ), F3 e 2
XA ATEE I 5 BRAE KA BRI R AR, SE
BRAKFE 2 R IR R, TEH AR AR 10 ~ 20 em
Ab, GRHIRE 0 ~ 20, 20 ~ 40 em 2 1,
AKEBER 5 A SR G I TR R 1A
R, R AR A R A TC R B O TR A UK &
Hr, A RISCE E E T 80 CUKA AT, T 3
AN REVS ZREVERIIIE s B —H A B4
WM SEg s, BRI RAAY, KT E 1
0.25 mm 9 FHF H kAP SR I 0,
132 HIRAbA PR I

PIK & JBifE b 5 - 1 il e T KRS, A3
pH FHHAITH SR 00 € 135 pH (EF2Eh; AHLER
FHE RPN — SRIERAMINAA 5 BUrR 20K FH BB HL
B ARER BRI 2SR AR - SRERL L (s &
R SR RS REAZAE — JOBBEHHE
1.3.3  JE[NZH DNA 421, PCR &5 Ry

T 7S o i = T B VR A 1 R JBORE i 1)
HZH DNA, SRR FHBOIE HHEE M HL vk A I DNA 1Y
RN T, RO TP JC TR KRS 3 R A Y
DNA FiBE % | ng/pLo MR P DX BRAYIESE, Kifh
B 5 1Y KL K 2H DNA AR B #iAk, 38 53 New England
Biolabs 7y F] % Phusion® High—Fidelity PCR Master
Mix with GC Buffer FlE &S R E AT PCR, 45
ZAEPER S PRI XN 165 V4 X514 515F (5'—
GTGCCAGCMGCCGCGGTAA—3" ) 1 806R (5’ —
GGACTACHVGGGTWTCTAAT—3 "), PCR Y 3§ 1=
Yyl ik 2% W BENEWEEERE rh VKA, A TruSeq®
DNA PCR—Free Sample Preparation Kit # 4 i 5] %5
Fa SO e aE g I R b 5 R EUJE umina
MiSep 2500 G is 7 ( http://www.novogene.com/in—
dex.php )o
L4 Bdlakb B

JIv I A5 D50 0 AE R 4 A R AR B3 Bar—
code M1 5| ¥ ¥ 5 )5, {8/ FLASH 1.2.7 ( &%
B A -m10-f300-x0.2-p33-1219-m213, 16S rDNA
J —=m10-£300-x0.1-p33-r180-M135 ) 2 i Pf $ 15
F 546 Tags di . JIH Tags 28 QUME 1.7.0 ( i
ZH0M QUME 2AH, SR http://qiime.org/scripts/
split_libraries.html ) %) Tags Jii & % i it #2, #17
Tags BUBCFIC i ik, &0 BRI, w2
Tags 2 BRI PRI & 751, 15 B B4 1A 508

o KU Vsearch ¥ F7 51 ML T 2055 T 97%
AT 14 OTU T, mZAMRBIZA 0TU, i
QUME #i% i1 41> OTU 1R F 41, Jf-fdi il RDP
classifier ¥F A5 16S (X755 Greengenes B 2
HEATLURTE RS, JFOR B S X R T 0.7 M RESs
s ffH BLAST ¥ T 1TS AR K ¥ 515 Unite 504
PEHEAT O

Alpha F1 Beta ZF£PE 347 R H QIME il R 4 vegan
2.5-6 LB, TE Alpha Z LR S0Hrh 230047 T
%, Chaol 45 %, Shannon $§ %{. Simpson #§ % i1
B R B B I L Excel 2016 3% B, SR ] SPSS 22.0
AT GE it 43 . 38 2 Origin 2021, Canoco 5.0 #£ 17
S

2 RS54

2.1 ] A= K it 30 it A Ak B8R 2% 12 TR 4 7 el
b

A Ti) it S Ak AR G ) 2 el - 8 Ak 2 M o dn %
213 7N, i AR AL RS X REAH L3 4 i T 4
AL B A A RO RN A, RRAIR
THEEpHE, 2% &8E, KR AREEER
(P<0.05), fEARFRARE, HAEYIEEEREAR
TR M FRAIE -4 pH (A 3w, Hh DAYHE
MU SR Bcdy, ST A ab B HL A 35 25 57
(P<0.05), fERG M, VAP A LTS
HIRXTHRTE O ~ 20 F120 ~ 40 em + 243 B30 T
53.40% 1 65.53%; FEWCHR I 23 035 17 121.01%
1486.30%, J4 AL A 3 (P<0.05), HiH]
it FAE DA UIE A e s T A LR & . 7E
Tt ), 25 A A 3 A ST A R B SO IR A
FREEEs, 760 ~ 20 f120 ~ 40 em 2430880 1
436% ~ 13.16% 1 17.52% ~ 35.11%, 7£ W 4% b
WA HUAEFIAE A LR L (KNG ) Ab PRS2
S ER R (P<0.05 ), ORI 3 2w . ol
SRR B B R R AT T R R, AR AR 3R 14
R HR S R RIS R . TERE
B, AR R0 S RO RAE 0 ~ 20 F120 ~ 40
em T2 20 WA T 5147% ~ 58.10% F126.61% ~
56.20%; TEWRI /34N T 60.13% ~ 131.14% Al
150.06% ~ 191.84%, TERFG (Y], 4540 BR AR 3
HENTIBAEO ~ 20 F120 ~ 40 em + 243 W4 T
39.15% ~ 46.13% F1 44.28% ~ 104.79%; TEWCHRITSY
FIHEHN T 30.43% ~ 42.12% F143.36% ~ 52.43%.
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*2 HERSOELBEEEER

+)2 e HHLT A AR AL
Kb FR pH 1H
(em) (g/kg) (g/ke) (mg/kg ) (mg/kg ) (mgrkg )
0~ 20 T1 8.98 + 0.04a 0.5665 + 0.0000a 8.09 +0.37d 13.30 + 0.00b 17.35+4.01b 34.38 + 0.66¢
T2 8.95 +0.05ab 0.5045 + 0.0100b 9.16 +0.16¢ 15.05 + 0.00a 2743 +2.11a 48.03 + 0.30b
T3 8.56 +0.08¢ 0.4385 +0.0200c  12.41 £0.07a 13.88 + 0.82abh 27.41 +0.96a 50.24 +0.14a
T4 8.82+0.10b 0.5163 +£0.0100b  10.09 + 0.42b 14.47 + 0.82ab 26.28 + 0.60a 47.84 £ 0.60b
20 ~ 40 Tl 8.91+0.01a 0.7693 + 0.0500a 6.47 +0.09b 13.30 £ 0.00¢ 26.94 +0.71c 36.72 £ 0.52¢
T2 8.80 + 0.05h 0.6858 + 0.0000b 6.77 + 0.20b 15.63 +0.82b 41.45 + 0.46a 52.98 + 0.65h
T3 8.52+0.07¢ 0.4761 +£0.0100c  10.71 £ 0.31a 16.80 + 2.47ab 42.08 + 1.96a 75.20 = 1.60a
T4 8.84 +0.02b 0.5088 £ 0.0200c  10.62 + 0.63a 17.97 + 1.65a 34.11 £ 0.54b 53.34 + 0.86b
e =R FRFRR 22 R B2 (P<0.05), T,
F3 WBORHASAE T EUFER
12 b oH fi £ AL WA A AL
(em) (g/kg) (g/ke) (mgrkg ) (mg/kg) (mg/kg)
0~ 20 T1 8.74 £ 0.03a 0.8231 + 0.0100a 8.52+0.57d 20.88 £2.97¢ 7.45 +0.23¢ 30.20 + 0.38d
T2 8.71 £ 0.08a 0.5645 + 0.0000b 12.62 + 0.40¢c 27.30 + 1.43b 11.93 +0.75b 39.39 + 0.09¢
T3 8.56 = 0.00h 0.5417 + 0.0000¢ 18.83 +0.47a 37.80 £2.47a 17.22 £ 0.73a 4292 +0.14a
T4 8.72 £ 0.06a 0.5610 + 0.0000b 17.12 £ 0.03b 29.63 +5.77b 13.02 +0.61b 40.22 + 0.40b
20 ~ 40 T1 8.69 +0.01a 0.9692 + 0.0500a 2.92 +0.38d 18.55+2.47b 8.95+0.37¢ 32.31 +£0.09¢
T2 8.68 + 0.04a 0.6310 + 0.0000bc 11.07 £ 0.76¢ 25.55+4.95a 22.38 +1.58b 46.55 £ 0.83b
T3 8.24 +0.02¢ 0.5870 + 0.0000¢ 17.12 + 0.56a 27.88 +4.59a 2530+ 0.41a 49.25+091a
T4 8.52 +0.03b 0.6414 + 0.0000b 15.80 + 0.39h 28.47 +0.82a 26.12 + 1.06a 46.32 +0.33b

2.2 ASTA] A A I U 45t A A 4% R R - A 1
DNA {7534

XF AN [6] A 7% 32 47 Mumina HiSeq 155 i 1 I
J¥, SRR 4, SFESAINTE IR TE 98.4%
DLk, RUITEOHEGHE, Wp 25 R EL 5, H
FEE (OTU K ) nl s, e o 3 4% it BE &b 23
+ HE 40 B VR LA M OTU 0 H R 44194~ (

la), Ho A9 HLAC b B + 5 i A B OTU %k
HiZ, R15154, LB B 3 i, o8
608 1~ Wit 2k 1 4% il HE A B A M 40 B RE TS AL
1) OTU %4 H k4769 4~ (Bl 1b), &% @ 5 m
350 1~ 45 i A Ak PR A 8RR AT OTU % i A
YA PR > R YA HLIE L B (K3G ) > LAE > AN
Jiti A .

F 4 AEEKFEHESHERALE T IRME R Alpha SHFIEIEH

(T

Ko AbEE YR Chaol 5% Shannan F5 4 Simpson 541 I 7 7 %
gt M1 2866.33 + 63.37h 3198.70 + 73.42a 9.00 + 0.15h 0.9893 + 0.0000h 0.9857
M2 3144.83 + 6431a 349221 +75.20a 9.61 +0.05a 0.9958 + 0.0000a 0.9860
M3 3287.50 + 98.88a 3633.24 + 124.18a 9.88 + 0.05a 0.9967 + 0.0000a 0.9854
M4 3078.17 + 51.60a 3598.56 +217.13a 9.49 +0.09a 0.9945 + 0.0000a 0.9865
e S1 3064.92 + 97.25b 3439.18 + 103.81b 9.14 +0.20b 0.9878 + 0.0000b 0.9857
S2 3338.00 + 92.18ab 3717.79 + 106.57ab 9.74+0.11a 0.9961 + 0.0000a 0.9846
s3 3401.08 +70.31a 3787.42 +76.90a 9.82 + 0.08a 0.9965 + 0.0000a 0.9845
S4 3314.33 + 72.88ab 3661.29 + 84.03ab 9.69 +0.11a 0.9933 + 0.0000ab 0.9850

T Rl RNIRTA R TR 22 55 B3 (P<0.05),

S
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(a) M2 M3

7

608

v

%

(a) Ftall]

(b) S2 S3

S1 S4

VA

&ojé

(o) e

B 1 AREKEEEEGETEMAE OTU B LR

2.3 ASTA] A= A it I 45 it A Ack PR ) - 38 400 1 R 2
FEPES BT

Alpha Z AP 2 S e+ 3R A ) =F 6 B Fn 2
PERIZES bR TE 97% WA SOKF TR, MEARFARK
At 25 Tt A A 3 - S AT I AR MR B T 20 BT
gEIR (Fk4) FRBA, it AE AL #9440 A Chaol |
Shannon F1 Simpson 22 P45 £ 3 /5 F ANt A Ak B,
HREFAE L EER (P<0.05), HUWIRYI A
FALAE AL BRI & B Chaol 455500 4% b B b 5t &
A=A HLAE AT LA S5 0 - A B RS E .
PCRH, it A A B A A R R = Ry
S R EE T AMEACAL IR, AR AR KA A
A PR IR ECE B AR, A A HLAE AL 3 Py el
B A e, Ut AR T LS R A S
A

FE FFEATE] Bray—Curtis 525, F) H 3= AL FR 43
BriE AT A R A 4 B AN R A Ah BT 2 P e v 4
A AR PE B 22 P A S an A 2 FiroR . AS[Rli
JIEL Az FEE 55 i Y RS 4 2 el - MR A RV Y AL
RS A L RS AR — B, T AR PCI
R T AN AN TRV T MR T 251
26.75%, FEALNR PC2 il BEAN T vk F & R £
FEVE T 2510 12.29%, i — Dl ik JE S 506 50 50 A
KRB, FE S - A R R S5 A e A B
P25 (R=0.142, P=0.001), a4 K o ] —
Jite AE Ak B[] - M A BT L B BB 2SR (RS0,
P<0.05 ), AS[Aljii HE A 35T A= Py R v A1 AE PC
2R, 1E PCLAH EA AP oL, M

YIAEIE T A, PC2 Bl b S 4l BRI
Jila), SRR, MO S A MR T S50 22 55
R, ANTRDE RE Al BEAN [R) R HE M52 i) - SJE 200 T A 205
PRI

0.4

0.3F

021

o
=

(=3

PC2 (12.29% )

—0.1H

—(i.S —0125 6 0.‘25
PC1 (26.75%)

B2 AEEKHEEEEGE T EAFEEEENET

Bray—Curtis 25 53 % B (19 £ 80 kR 53 17

2.4 U [A] AR A 4% it S Ak 2 - 8 200 TR R 7 2 A
LAy 2 5

Wt 3 K, TENTKF B, ARFAR 4
A P P ORE DX AR B HEAA T 10 AODCE AR TE T 20 0l
ZBIETT] (Proteobacteria ) . AHHINAYANET] (un—
identified_Bacteria ) . PR #F & |] ( Acidobacteriota ) .
WFFEET] (Bacteroidota ) . ] ( Actinobacterio—

S
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ta) . ZFSEET) (Chloroflexi ) . KHEREAT] ( Myxococco—
ta) . JEREE] (Firmicutes ) . 275 H ] ( Crenarchae—
ota) . HEWH[] ( Cyanobacteria ), 7ECHIEREIIAEH] ]
Hh, SRR RICE, HIX AR 23.4% ~ 30.7%,
ANTRY G 1 TAEAS ) it AT Ak 388 ) P g o AN [) - ELAAR R IR
“h M4 Fi1 S4 Kb IR TR IS BT ) RDAT R 1T Y
AEDXF 2 B2 LA R BARRAT T T B AR =R B 5 M2, S2 4b
PRREAR TR ] AR TR ARTF2E 5 M3, S3
S PRREAR T BRAT PR T TR 25, X B WA 4l B
AR T 10 BT T, M4 IS4 b BB I 1 AR X

PR — PR TR ARXS B BRAR 1A
S A BRAT IR TR AR B2 5 M3 1S3 Ab FREAR T
AR 2 B e SO T D RIRR AT I 1) A AR X R
30 3 R AN [ A R P 301 24 Ak B 4 1 1) R AT SR 2R
3T, KBS A I TR] B 8 2R g P2, 2% i
)R A AR Ak 5 AN it A B A AE Ak R BH W 2Rl
WK, RUIGHAEYNERHE RS HoA 2 Fhab HAAAAE
Z5to

H&] 4 9738 7R BERERPE T, FEBRr 4 L
HErh RS AR S AT WASAIRFE  ( Nitrosospira )

m Proteobacteria

m unidentified Bacteria

m Bacteroidota

m Acidobacteriota

m Chloroflexi
Actinobacteriota

m Crenarchaeota

W Firmicutes

' Myxococcota

B Cyanobacteria
Others

JiEr
05 04 03 02 01 0 0 0.25 0.5 0.75 1
M ERE
B3 (K EZMERAE T IEEFAB DB RBESH

M4 S1 S2

S3

Pseudoduganella I 2 W Acidobacteriota
UTCFX1 (1) = getitnobq;t?riota
" Bacteroidota
MNDI1 —1 1 Bdellovibrionota
Haliangium =2 Chloroflexi
Subgroup 10 W Crenarchaeota
Skermanella i Cyanobacteria
Sphingomonas = Gle}’rrr?rlrfgttiifwnadetes
Bryobacter m Myxococcota
Rubrobacter [ Nitrospirota
. Adhaeribacter [ Proteobacteria
~ Polyeyclovorans W unidentifed Bacteria
Nitrosarchaeum

Candidatus_Nitrosotenuis
Nitrolancea

Bacillus
Candidatus_Nitrososphaera
Pectobacterium

RB41

Gemmatimonas

Ulvibacter
unidentified_Gemmatimonadaceae
Nitrosospira

Pontibacter

Flavisolibacter
Flaviaesturariibacter
Massilia

Pseudomonas

Luteimonas

Sporosarcina
Rhodanobacter

Pedobacter
unidentified_Nitrospiraceae
Lysobacter

Oligoflexus
unidentified_Chloroplast

S4

B4 BKFEHERLE T BARABEEST

S

(T
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TRAT 1 J& ( Acidobacterium ) RB41, 5% I . it 1
J& (Sphingomonas ) . MND1. ¥ ¥F & J& ( Ponti—
bacter ) . ZHAU/NEIKFJE ( Sporosarcina ) . HiFT A
J& (Pedobacter ) . 0 +IRHEE ( Flavisolibacter ) .
LENEAT IR ( Pseudomonas ). e, WERSALIR T &
JE E R LA R A R T e, AR R R
0.9% ~ 7.7%. 441 F B RIS b 2 M0 2K
ST WU MTEREA DR A A AR DI AT RO SR 2K
FER AR L, Ry —3, MR,
2.5 BB DA R b A s 2 A 1 R RIS AR Y
A

SRy 48 718 5 M) TR A 4 TR 20 TR A VR 4 R Y
WEEH T, DA [R] AR K B 3 4% it S Ak 2 4 458 40
W g Z A EAR B 0 A2 B, + 38 pH(E %
Grih . AHLBT. B A A ROEE . E A
A, R TUR S BT R AT 4 BT
K5 i, A e v il B I R R s 2
FEPEFR B 49.7% , Hh 8 — 0 o il i B
AR 49.6% . 0.1%, 2 %l fig 5 S5 ke 26 85 X
T HME R E X R, TR
Ve )W AR ECM S A AR B S A AL R
RMAEPH S RHEEMC, 5 pHEMEHE
w R MM, [EE, Simpson 38 50545 Uk &
AR LR, RUTH BN, a5
FeRP R EE R L 5l 1, g A . AL
JoT 5 A pH E 2 52 e R PG ) A b A0 TR R VR
ZAEPE R OCRE N -, H b e S A SR
N 37.3%, JEEFLNET .

M AN ] A A P 31 44t A Ak B0 - S A0 B 34
SIS TR LM (K 6) KW, JREER
AR o WS T HESR A PSR R A R
A AN B R IEAR G . AR TE -5 A B B B
TR IR, WA MRS BRI -5 R0 Sk
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Effects of microbial fertilizer application on the diversity of soil bacterial microbial community of wine vineyards in
the eastern foot of Helan mountain

SUN Hao-jieI , WANG Jingz' 3 4*, CHENG Yu-run', XIAO Guo-juz' 3 ‘. BI Jiang-taoz’ >4 (1. School of Agriculture,
Ningxia University, Yinchuan Ningxia 750021; 2. School of Ecology and Environment, Ningxia University, Yinchuan
Ningxia 750021; 3. Breeding Base for State Key Laboratory of Land Degradation and Ecological Restoration in Northwestern
China, Yinchuan Ningxia 750021; 4. Key Laboratory of Restoration and Reconstruction of Degraded Ecosystems in
Northwestern China of Ministry of Education, Yinchuan Ningxia 750021 )

Abstract: The effects of microbial fertilizer on soil bacterial microbial community structure and soil chemical properties of
wine grape in different fertilization treatments at different stages and their relationship were explored to provide a scientific
basis for healthy planting and soil management of wine vineyards in the eastern foot of Helan mountain. Taking the wine
grape variety “meilutou” widely planted in the eastern foot of Helan mountain in Ningxia as the test material, the field plot
experimental design was adopted to set up the four treatments of no fertilization, conventional chemical fertilizer, bio-
organic fertilizer + reduced chemical fertilizer, and powdered microbial bio-organic fertilizer + reduced chemical fertilizer.
High throughput sequencing technology was used to study and analyze the soil bacterial diversity and community composition
of various fertilization treatments in different periods. The results showed that the dominant groups of soil bacteria in different
fertilization treatments were Proteobacteria, Acidobacteriota, Bacteroidota and Actinobacteriota, and the dominant genus
were Nitrosospira, Acidobacterium RB41 and Sphingomonas. The soil bacterial diversity index of each fertilization treatment
was significantly higher than that of the non-fertilization control, and there was significant difference in soil bacterial
community structure between break period and harvest period. The relative abundance of Nirosospira and Acidobacterium
RB41 was significantly increased by bio-organic fertilizer and its substrate treatment, respectively, while the relative
abundance of Nirosospira was decreased by no fertilization treatment. Through redundancy analysis and correlation analysis,
it was found that soil alkali-hydrolyzable nitrogen and organic matter contents, pH value were the main factors affecting the
diversity of soil bacterial community, among which alkali-hydrolyzable nitrogen content was the main driving factor, and
Actinomycetes could adapt to the degree of soil salinization in the study area. Microbial fertilizer could improve soil nutrient
content, reduce soil pH value and total salt content, and increase soil bacterial community diversity, among which the
overall effect of bio-organic fertilizer was the most significant.

Key words: microbial fertilizer; soil nutrients; soil bacteria; community diversity




