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VEEEFG ] 2 BEVE 1 520 ,n%i%wi 1)5 TC AbFEAHLL, NF AbBE B 3 FEK T 48 pH(P=0.03" ) 3 /m T LHEL A (P=
0.002" ) BBk (P=0.0001"" ,P=0.007"" ) , 50 T 386k/ 2 L A BC(P=0.003"") , 2) M\ 16 4> HHEREA L3R 1S 41 B 27
[77.86 44 125 H 213 B}H1 315 J& , HA &k 711 ( Actinobacteria ) \FRFT 1] ( Acidobacteria ) \Z87Z5 1 [ ] ( Chloroflexi ) 1AL T 7]
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JOHE N T - S A0 A 1) Z A 1 4 5K ( Simpson #5401 Shannon #6485 KT ACE F 5 BE48%L, 4) NMDS RZ ot Lz . +
ANV F B AR SRR RO S 1 pH EUAE R 3R LG AR DG, 5 R ) A iRk (SMIBC) T R
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Effects of no-tillage mulching and bioorganic fertilizer on soil bacterial community

in winter wheat
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Abstract: To examine the impact of conservation tillage on the structure and diversity of soil bacterial communities, we
conducted a three year-experiment of winter wheat in mountain areas of southern Ningxia. The experiment included four
treatments ; no-tillage mulching and bioorganic fertilizer ( NF), no-tillage, mulching and no bioorganic fertilizer ( NC)

conventional tillage without mulching and bioorganic fertilizer ( TF), and conventional tillage without mulching and no
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organic bioorganic fertilizer (TC). By using high-throughput sequencing based on Miseq platform, the V3 and V4 regions of
16S rRNA genes of soil bacteria were analyzed to explore the structure and the diversity of soil bacterial community. The
results showed that soil pH of NF treatment significantly decreased (P =0.03"), total nitrogen (P =0.002"") and total
carbon increased (P=0.0001"") compared to TC. NF treatment also significantly influenced ratio of total carbon to total
nitrogen (P =0.007"" ). From 16 soil samples, 13093 bacterial operational taxonomic units ( OTUs) from the total of
196423 sequences were obtained. About 27 Phylum, 86 classes, 125 orders, 213 families, and 315 genera of bacteria were
identified. Actinobacteria, Acidobacteria, Chloroflexi and Proteobacteria were the dominant phylum of soil bacteria, and the
relative abundance of these phylum reached to the 82.40% of the total relative abundance based on the phylum level.
Compared to TF, no-tillage mulching and bioorganic fertilizer (NE) increased soil bacterial diversity index ( Simpson index
and Shannon index) , and decreased richness index ( ACE index). (NMDS) and multivariate analysis ( PCA) showed that
the soil bacterial community richness index ( ACE and Chaol) and diversity index ( Simpson and Shannon) positively
related to soil pH, available phosphorus and soil carbon-nitrogen ratio while negatively related to soil microbial biomass
carbon (SMBC) and total soil carbon. Soil pH and SMBC were the main driving factors that affected acidobacteria and
actinomycetes, respectively. Although both bioorganic fertilizer and tillage were important factors that affected the
composition of the soil bacterial community, The effect of bioorganic fertilizer on diversity of the soil bacterial community
was greater than tillage did. In addition, bioorganic fertilizer increased the yield of winter wheat under both traditional
tillage and no-tillage muclhing, and this yield effect was greater in TF treatment than in the other treatments. The study
suggested that conventional tillage with bioorganic fertilizer can be an important way to improve soil physical and chemical

properties and increas richness and diversity of soil bacterial community.

Key Words: no-tillage and mulching; bioorganic fertilizer; high-throughput sequencing; soil bacterial community;

diversity and richness

AT AT Sh 5 UAEY ERER R R R L R AU VR SR AL B B AR S R (LR Rl — K
FH ) AP B AT ANk 3 2% B H A5 7 TR A B 3K SR G ek +
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1.1 A58 XA

WFSE XAV T 7 ] J5 i e EL b 4 ( 35°217 N, 105°48" E) | HIIEL 1 B < M kb 37 B i i i B | 7S 25 1 Jik
PAVY J@ T8 i R bR X, A 28 10 A rp iR A 2 JXU X 2 Y i) 2 S P MR AR 6 °C L ARk
410 mm, FEXZE KB 1370 mm, WK 1720—2942 m , HU 3R 2 VA, 1390 5 Hb 32 32 D SRS -y L IR T
T IEEEA PRI PR AL 10.63 g/kg, A 0.52 ¢/kg, Tl 41.0 mg/kg, 2B 0.65 g/kg, WA 45.5 mg/
kg, HALHP 170.5 mg/kg,pH 9.0,
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Fig.1 Location of the research area

1.2 5Tt

ARG T 2015 SFHEFI R, RANHA R EHLX A BT, A HERPHET R0 RS (N) A5
YEAE 35 (T)2 KB IRZMEIE T 3K 43 A A= A ALIE (F) RO AE DA HLIE (C) , 3 4 ASab 3 R4
PR 26+t A AU (NF) b 26 + At E 0 HLIE (NC) AL SR EATE 35+t 2E 90 HLIE (TF) Fifk 52
HHERE B+ AW AVE(TC) , B4 4 ERE /NXEF 3 mx4 m, 3 16 A~/NX, F 2015 4—2018
49 H RS ZE ( Triticum aestivum) “ ¥k 32 5 WIHEVEW) WA 5 (Vicia faba L) ‘I 6 57, 2015 44/
2 PR A RS AP B 55 3000 kg/hm® ALY/ INAZ e 4 50 4 i T bk b 28 - 3 1 ) 2300 N P o
TR RL, /N REFI il 375 ke/hm?, BE/NXHERR 12 47, it I Ak 3 A% /N XAt A 90 A AILAE (3 T 1R
=12% , AL = 40% , B K ZFHUFF B + IR G AE R ZE AT B = 0.5 10/g, ¥ & B 40 ke/4%) i &5 4l A
(N%)90 kg/hm® , 2l (P,05%) A 19.67 kg/hm* Zi#] (K,0%) # 18.58 kg/hm*, NF &L /NX A WA HL
NE Bt 4 /INZZ ot 7 2Rt T4 Fh 78 N, TR A BB i #F Bt A 398 0 76 R 75 309, K5 i 1 P i) % o 5% b 3 1 4
AL/ NFEATIN] I 5 A BT AR AR 47 1 L Ab
1.3 FEACREE

2018 47 7 A AE RIS IR AL Fe i« S™ TERENL 2 R A BURE S REEFE)Z 0—20 em AR, B4/ DN IX B AL
KA S MRERURSIN 1 L35 16 M FEAh . AR SR ARG 25550 i A v mT DU AR P 5% A4 S I3l 44 d 4y
BT kg BAEBOCREESS T vKEAR ML, — 4 H AR KT 5 I 4855055 55— /0 IR A71E - 80
VKA, T AN TR AR
1.4 Bk
1.4.1  HHERPE R E

e KR M T, £ pH (R PHSJ-4F pH T (B R BR A A0 e A7 BR 23 ) & (K
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Fb1:5) ; H4E4 8 (TC) FlEA (TN) R H 5k & 43 H1 4% ( Elementar Vario MAX) il & ; + 35§34 A= W 4k 90 42 ik
(SMBC) K FHE T HE25—0.5 mol/L K, SO, $2H; 38 4 (TP ) Fl# i ( AP ) K F SR 6T L €0 3 i &
(AN) 2R FHBRA B 102 5 3308 (AK) SR NH,OAc 24— kI EE sk |
1.4.2  DNA $RECR 73 &y

K JH Fast DNA SPIN kits i3] & ( MP Biomedicals, USA) , ¥ B UL B 5 547 + 3850028 0 50 DNA SR, $2 1
J5i 8 H] Nanodrop 2000 #4T DNA ¥ & F4E AN E , 3] 0.8% Sl BEI B UK AN DNA it d5cJe 1) FH AN
P& 16S tDNA JEH B V3+Va X793, 519)F 51k 515F (5'-GTGCCAGCMGCCGCGGTAA-3") F1 907R(5'-
CCGTCAATTCMTTTRAGTTT-3") . >R 50 wl § 34K R RN AT 4 .98 °C HAEH: 2 min, 98 CAEME: 15 5,55
CiBk 305,72 °C MK 30 5,72 CALEH 5 min, 10 °CHFEE 25—30 MEFR, PCR 4595, 51 A Ilumina MiSeq
Bzl PCR 3255 | W EAT45 56 1%  ffi 1] PicoGreen dsDNA Kit 43 H7if 7 & (Invitrogen, Carlsbad, CA, USA)
XiF [ DNA KSR B, B f PCR =9 40 1R 2% v A= W R 03 A BR S A 47 Tllumina MiSeq
T,
143 Fitabr

1 18 I £ HE A QIIME ( Quantitative Insights Into Microbial Ecology, v1.8.) Fll R(v3.2.0) # 4, ¥ H
USEARCH J¥51) Fbx T H XL 81 4% 97 % #H{RLEE K- OTUs ( Operational Taxonomic Units ) #4773 382443
B, RH Mothur KX 456 307 51254 T OTU RG], 2175 B (Venn B) , ARG Fl 40 505 B 2 il
YrFhERE R, IR Mothur B0 3155 22 B 48 50 ( Simpson , Shannon , Chaol il ACE) , i#id UniFrac %k
PEHEAT NMDS 4307, I REAR B ZERE TS SR DPS(7.05) 340 T3 B4R Bt A4 P i B 6 AT )y 25 4%
Hi (Duncan’s ¥ 2 F W, B E/KFE R 0.05) . IEHAEY £ 45081 (PCA) 178 £ JC 4811 43 A B 4
Canoco 5.0 H#47, Origin 8.0 2l P A 2R A

2 EREHS

2.1 HERALE R

ANl b B A PR PE BT AN 1 R, RIS KSR AR B AL B A S AR I e B 5
b PR 58 i TAE GEAFEAL R 1t 45 pH  C/N LUNIERIUN B G BHERL 3 0 3 & T b b 3, Ty 22501517 ik
N, SR A A HUIE AR FEAR EL it A= WA AILIE S 1 A [) Ak 2R ] %) 4 S B A S, (H 25 590K 8 3 T gk
VERS TN 5 3 s T ASIR] b 2R ) + 4 pH L C/N L &R & (F=6.565,P=0.031" ;F= 49.391,P=0.0001 " ;
F=19.871,P=0.002"" ), W, A HAEAHUIER, 138 pH AP C/N HfI SMBC 3K TC>NC, KA+
SEFRAL PR AE A AL BR A 2 S 3 NCSTC, Herh SMBC F1 TN S0 361 T 94.04% 1 15.38%, Jiti A= W1 A HL
T, SMBC AP (AN TC FlI TN &2 Bl NFSTF; St LA SMBC Fl AP 25 - 34 hin i 3 ¢ K, 439 M 114.74% 1
21.87%; 1M C/N LA AK 1) F it 5 2 A, 2 5FEAIR T 5.60% F1 7.04% ,
2.2 ZHTRTE S5 R AR KO R o3 b

WX+ 1€ DNA JER P51 00T A B0 (35 2) 4 FRAbBE RIS 785688 25 A %UT 41, Hovt TC \TF \NC 1
NF b5 BIRAE 0T 16S rRNA HYF-44 7 515 48607 48101 52687 47028 45, FHilll 41454 5 471 SR B Bt HIL
FRE T I, RS TR TR T SRR G 7 0B R ) OTU 502 il Specaccum #Fl BELHTLZE (& 2) , &5 5%
B, SRR S Y Specaccum YyFh ZFAN R AEREAR BT 10 Hﬂ“{ﬁﬁﬁﬁé?%%,w‘é@%%lﬁm‘ﬂﬁiﬁ%%ﬂﬂ Y 73 13
ZERe A AT S e M2 TR RV B AR O BE AR A
2.3 4 OTU Gttt K ZFEtE bt

Venn EIRENS EL0L I BAS[R) 4b 21 0] 4 HEZ0 B V% OTUs A 22 bk RS R . & 3 1%, 0TU
K- 1, TG TF NC A1 NF 4 A~ # i) OTU #5043 51128 62525827 ,5867 A~ F1 5936 A, Hidh3A OTU $h
3166 4, Bt OTU £ 5110 802,568 573 ANHI1 621 4>, 2K TC>TFSNC>F1 TF, HHA OTU %4 (3166) &
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4 FhAb BRSSP AHE OTU B0 4—6 75, IAh, 5 Ab BiER S0E OTU BLL TC K, NF ¥R Z ;M HL NC Ab 3
NF H11 OTU FC 2 BB a3 A1k TC, TF o OTU 202 REAE S X il Bl Se Bk EAS 8 25 it FH AR W0 A PILIE b
BEOTF) XF 3N V% OTU n RS =AMl /E R, i S b 7 55 24E WA ALAE AL BE (NF) 76— BB I D ke 3]

et
F1 FAELETRBUREMFEERS T
Table 1 Analysis of physical and chemical and biological characteristics of soil under different treatments
o A ,
e ol TS KA g AN/ (mg/kg) X
SWC/ % TN/ (g/kg) . TP/ (g/kg)
Treatment (H,0) . - ’ Aalkali-hydrolyzale -
Soil water content Total nitrogen . Total phosphorus
nitrogen
TC 8.51+0.03a 15.00+0.02a 0.13+0.01b 34.41x1.05a 0.08+0.01a
TF 8.49+0.03a 16.00+0.05a 0.13+0.00b 35.17+2.60a 0.08+0.00a
NC 8.47+0.01ab 15.00+0.01a 0.15+0.01a 37.00+0.77a 0.09+0.01a
NF 8.41+0.08b 16.00+0.01a 0.15+0.01a 37.15+£2.49a 0.09+0.01a
75 2
PHFmE 0.03" 0.30 0.002** 0.66 0.84
Tillage, mulching
JHENE Fertilization 0.12 0.30 0.19 0.05 0.33
22 HAE Interaction 0.36 0.76 0.65 0.77 0.84
T IEHA
e AL R o 95874 AL A=Wyt
Tres 1 . AP/ (mg/kg) AK/ (mg/kg) TC/(mg/kg) C/N ration SMBC/ (mg/kg)
reatment Available phosphorus Available potassium Total carbon Carbon nitrogen ratio Soil microbial
biomass carbon
TC 41.40+13.24a 278+30.78a 2.13+0.02¢ 17.04+0.65a 514.56+16.98ab
TF 36.86+4.84a 322+56.80a 2.17+0.02b 16.76+0.40a 319.60+190.18b
NC 40.08+10.24a 293+26.61a 2.14£0.04c 15.76+0.48b 265.19+141.33b
NF 44.92+5.28a 304+16.00a 2.31%0.05a 15.58+0.69b 686.32+172.10a
2
PR 0.50 0.10 0.0001 ** 0.003 ** 0.38
Tillage, mulching
JiEAE Fertilization 0.98 0.92 0.007 ** 0.42 0.16
2 HAE A Interaction 0.35 0.31 0.43 0.86 0.0007 **

F BB - = b o 22 5 [F) 9 A ) 7 B 3R 22 53 W 35 (P<0.05) , NC.: ST 55 A it 2E 9 A HLAE No-tillage, mulching no bioorganic
fertilizer; NF; S @7 55t 4= )45 HUAL No-tillage, mulching and bioorganic fertilizer; TC : £ Gt ME/E AR 55 AN A=) A HLAC Conventional tillage without
mulching, and no bioorganic fertilizer. ; TF; 1L G VE AR 550t A= A HLAE Conventional tillage without mulching, and bioorganic fertilizer

R2 TEEFNFHERSHEEERSN

Table 2 Sequencing data and diversity index analysis of soil bacteria

ANH (V3+V4 [X) Bacterial(V3+V4)

sl 2751 Y e “ "
s AR F AR ikt Chaol 2 ACE #3
q Simpson index Shannon index Chaol index ACE index
amount
TC 48607 0.9974+0.00b 10.44+0.06a 4209.83+155.81a 4579.71+151.90a
TF 48101 0.9975+0.00b 10.42+0.15a 3627.36+815.94b 4326.92+667.64a
NC 52687 0.9980+0.00a 10.52+0.11a 3824.38+307.66a 4092.07+373.12a
NF 47028 0.9981+0.00a 10.55+0.13a 3915.87+541.42a 4208.60+648.64a

%%W’;&{Ejﬂ%zigﬁi$ﬁfﬁﬁ, [F] 51 A R Z B R 22 573 53 (P<0.05) ;NC: o BE B 55 R it A A PLIE No-tillage, mulching no bioorganic
fertilizer ; NF ; B S A A HLUIE No-tillage, mulching and bioorganic fertilizer; TC ; FE GV EANTE 35 At A= )4 HLAE Conventional tillage without
mulching, and no bioorganic fertilizer. ; TF . A& GEHFEATE 55 i 2E 47 HLAL Conventional tillage without mulching, and bioorganic fertilizer

WL R A B AN B Alpha ZREPERS S (K 2), Z5R BN, RFAFET ACE 550K
4092.07—4579.71, Chaol $§%R 3627.36—4209.83 , F Ik 5 H A 10.42—10.55, 2 FRF5 50N 0.997—0.998
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YRR o Rt T2 A DL PR 22 A8 BRI, 08
AN F & BEHE A (ACE HI Chao $5%0) & 3N TC>NF>
NC>TF ; i Z2 #1448 % ( Simpson H1 Shannon $5 %% ) 1 5
MR EaH, RN NF>NC>TC>TF, 5 TF A FEAH L,
NF 4b B 1, shannon 48§ %4 Fl Chao 1 £ 73 ! 35 I 1
12.5%H17.95% , 1l Simpson F&EEAL T 2.73% . 4k
b ARGERHEAE— e B BRI T AN I 0 2
PEFREL, AR T s TR AL
2.4 HETIKCEARR FE1E

2o o) v A DU P A5 SR AT 0, N 4 A b B R
AN R SRR T 27 171,86 49,125 H 213 BHAN
315 J@ o AR b 3RA5 34 AR (RLAE R BEE K
FERECAh ) B AU 2 B < 19 PO 2 A I o Hofth, 75 31
20 MEBE(E 4) . HAEZE T T ( Actinobacteria) A2 JE
B 1T ( Proteobacteria) 2% 725 I ] ( Chloroflexi ) 1118 #T &
I'T( Acidobacteri ) AL ] (AHXS FRE=1%) , HARXS
ERE A 26.90% ,26.20% (15.80% Fl 13.50% , 1] %
P # ] ( Gemmatimonadetes ) . il 1k 2 i€ # [
(Nitrospira) | % %F & ] ( Planctomycetes ) F1 T B 1]
(Bacteroidetes) S5 Z AR H ] (X FE<1%) . H
PEL 4TI BRI A PP DAL 3R X 060 SBR[ ] /K A R

o0
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Fig.2 Species accumulation curve of different soil samples
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TF 802
621
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353
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3166
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573

FREP A T s P S T AR R T A AR R
TEAE A YA HLIE Ak 38 rh 3 2 30 NC>TC; i it
YA DUIEE ST TR AR 32 B 2 B NF<TF, iR
PRI D22 R R AR AR S A 53X AT R 5 A 7 A B T
AK, MHN, JEEERTT (Firmicutes ,0.3% ) FARXS = 1
AN FAEDIAHLALES ,NC e TC B2 30 25% , it F A
PIAHLIL)S , TF A1 NF W53 0 7 50% F132% , %45
RO, e S S AE AP ZE S G EA A T
TN RIS A 2L

AE o A 1 2T 2 A AR 8 AR AL BE 08 56 TE ) b
TETE 20 00 22 S FARRIPE o D\ - AR TR 1Y AT 50 >
AR R (I 5) o 4 FPab B 4n e 4 i 2 8 AR T B 28k, Horb TF Zh b 225 TR 1] Y BB
T E ( Roseiflexus) RO = R A s NF AbHE R LR T TP RS R R ( Nocardioides ) ML HIE
( Solirubrobacter) "N AL F T J& ; TC Ab B ) A8 JE 1 ] ' ( Proteobacteria ) FY #5 2 % "0 MY 18 J& ( Sphingomonas ) .
Nordella J& 1% 4= #3988 1 & ( Bradyrhizobium ) ,FRFT B 17 B 2 04T 1 )& ( Blastocatella ) ELAT 55 HoAth Ab PR &5 1Y
FEIARHIE ;NC AL B Haliangium J& FI4UL 61 %€ i J& ( Kibdelosporangium ) o7 58w - F . b, TF Fl NF |
TC A NC A —2 Ui WIFE S MR A A WUIE A S EAE T, FZELUR S A A UL R HE
2.4.1  ATET IACEARXT B 28 SR b

ANTrl b B STEAR P R I AR T T B RORER 8 22 St e M 2R R (18 6) o T 3B A TR v A TR AT 121 T
( Acidobacteria) JiTZ 1] ( Actinobacteria) %% B[] ( Armatimonadetes ) AR HEK T ] ( Saccharibacteria ) A AH

269

E 3 OTUs #Hfk4RE

Fig.3 OTUs Venn distribution diagram of soil bacterial
communities

TF . % 45 Bk A % 25 it 4= 9 A HLIE Conventional tillage without
mulching, and bioorganic fertilizer; TC : {5 HEVEA 7 35 ATt AL W)
HHLAL Conventional tillage without mulching, and no bioorganic
fertilizer; NF. #8320t 4= ¥ A7 HLAL No-tillage, mulching and
bioorganic fertilizer; NC: %k 35 A jifi £ % A ML No-tillage,

mulching no bioorganic fertilizer
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I T 1] Actinobacteria

I A JEH 1] Proteobacteria

|| 45E] Chloroflexi

l RAFH] Acidobacteria

I Ml Gemmatimonadetes
l AHALURTER T ] Nitrospirae
l FEHI] Planctomycetes

I HUAFH ] Bacteroidetes

I e ] Verrucomicrobia
l B F ] Armatimonadetes
I JEEEHE ] Firmicutes

I WEB ] Cyanobacteria

l A4y K H] Tectomicrobia
I WEHEA ] Saccharibacteria
l ARA»HH] Latescibacteria
l L1 YEAT ] Fibrobacteres
| swiichlorobi

l TM6_( Dependentiae)

l BRCl1

l WS2

0 0.2 0.4 0.6 0.8 1.0

B4 [TkF LT BEEEBEENAR

Fig.4 The composition of soil bacterial community at phylum level

SPEEAE TF 5 NC A A B E2%5% (P=0.046,P=0.018 P =0.013 fl P=0.016); BLHI]
( Actinobacteria) %% H B[] ( Armatimonadetes ) il fL B2 i€ B4 1] ( Nitrospirae ) FIUFT 5 ] ( Bacteroidetes ) & #H X}
FHEEFENF 5 NC bR % 22 5 (P=0.042 P=0.023 ,P=0.032 Fl P=0.040) , 4Hk{ERtE LD A L
REVE A 722 B AR B2 B ] ( Nitrospirae ) F12E FLHU B [ ] ( Gemmatimonadetes ) [ A XS = B 7E TF Fll NF H13Y
IKFN B EAKF-(P=0.0212) ; 11 25 B 1] ( Proteobacteria ) MY A%t FBEFE TF 5 TC AbHE A B EE R (P=
0.026) . IAF, ZEH MU ] ( Gemmatimonadetes ) 7F NF 5 NC Z [ 3K 3% 5. 2 7K (P=0.005) . Htbvd B,
it FHAE ) A LI 25 2 5 e L SR A R VR S5 A 7E T 1K B 25 5%
242 ANFEAREET A SRANR R A S BER T E R

FEF R B, R AR 8 2 4E R 5381 (NMDS, Nonmetric multidimensional scale analysis ) 2 52 i+ 38 441 B
IR B ZFEME (Stress=0.106) , @1 7 Bon , AN FEXT IR BV B 2R =28 T B2, P K
TRTR TS 25 (B A3 AT S50 . e ANt AR 4078 HLAR AL ER S, TC F1 NC &b 2 ) 40 B B 75 78 25 0] 430 A 1 AR G 35
A A0 Yt A A 1A LIRSS , TC A1 TF NC Rl NF AR FRE IR 5 B, 25 SR K

A T 3B 2 B (1 8a) , - HEAH T Y 7 B8 0 ( ACE F1 Chaol $5%5) A Z A 45 £ ( Simpson F1
Shannon $5%0) 5 13 pH AR C/N FERIEAR G, 5 3R Tt A &K A HUBRFIRCE YA Y i i
WA G . XA R BT A0 O SL R BN 88.57% L e I K- 2 i, 4R 1 1] ( Actinobacteria ) |
RIS 1] ( Chloroflexi ) AR ALIRTHE [ ] ( Nitrospirae ) FUAHXT £ FE 4 5 +HE &K i Blf@ & A VIR BB Y
TR E ARG, 5 3 pH RN B SRS (L 8b) s AT 1] ( Bacteroidetes ) FIZRFE B ] ( Proteobacteria ) Y AH
X 25 SRR A B SO EAR G, 5 A Y A Y BB L C/N FE R LB S i ORGSR
( Gemmatimonadetes ) IR FT P4 '] ( Acidobacteria ) 5 3R C/N Fb 2 1IEAHOC; o AE L S5 T IR B 1A 1]
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Fig.5 Heat map analysis of the main bacteria at the genus level in each treatment soil
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Alysiosphaera J& ; 5 i#7 F K 1# J&: Pseudonocar Haliangiumdia; 5% %% W J& . Streptomyces; /N PR 0 If J& . Micromonospora; 43 ¥ ¥ #i J&
Mycobacterium; lamia J&; Parviterribacter; 1 321 FF B J& . Solirubrobacter; 253 R B J&: Nocardioides; Devosia; Microvirga J&; £F 4k
J&: Cellulomonas

(Planctomycetes ) 5 11 C/N pH FIHSff ZBLEA G, 5 L 58l 808 Sk ARG, F s 1 fFE s 2
4395 85.68% F19.37% , /HEFF il BT AR i BETE 95.05% - i RN A FE VR S5 A AL i 22 S v, 59 40, Al R
IR 2 2 S 55— PP i 2 ) A DR A v, e pH T LU W A= W Rtk ( SMIBC) 4331 2 R A
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Fig.6 The differential analysis of soil bacterial community of soil samples of the different treatments based on the phylum level
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Fig.7 The distribution of soil bacteria in different treatments was
analyzed on a nonmetric multidimensional scale
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fertilizer; NF. k7 35 it 4= 9 45 HLAE No-tillage, mulching and
bioorganic fertilizer; NC. 4 #f 7 35 /A Jiti 4= 4 A HLAE No-tillage,
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M 1] ( Gemmatimonadetes ) FHALIRE R[] ( Nitrospirae ) ) 5 1 i & i AH G ; Z5 2 1R 1] ( Proteobacteria ) 5 4% 25
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Fig.8 Multivariate analysis of bacterial diversity index, the distributionof soil bacterial communities based on the phylum level between soil
physical and chemical characteristics

Actino; Actinobacteria Jit £ B[] ; Proteo; Proteobacteria 28 JE B ] ; Chloro: Chloroflexi %% %5 B [1; Acido: Acidobacteria 2 AT & [1; Gemm
Gemmatimonadetes % EA i 5] ; Nitro; Nitrospirae FEALAZHER ] ; Plancto: Planctomycetes 752514 [ ] ; Bactero: Bacteroidetes $FF 15 7 ; pH TN
TP AP AN AK Fll TOC SWC ,C/N ration ,SMBC 43 5|4 38 pH | A28 A2 AW AR 280 S8 BT R A LB | b S Kk ik U LE L 3
A= YA Yy ; Chaol \ACE ,Shannon ,Simpson 43|48 Chaol $8% ACE $5%5 F ¥4 BUMI 73 AR 46 £ B th SR AR IR [ AL 2L NC (1—4)
FOR B BEARIAE A DUILRY 4 DER ; NF(1—4) R38Rt A= YA UL 4 AN FER  TC(1—4) RN EHHE AR B L
AHEAC DY S TF (1—4) FoR G BHEAE R A= YA P A U 2
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Table 3 The Effects of different treatments on yield of winter wheat

AL P Treatment PR Yield/ (/)

2016 4F 2017 4F 2018 4E
G EAE ATEA YA VAL (TC) 2895.83+3657.49a 797.55+245.43ab 1937.50%299.50a
G EAE S A DAY (TF) 3000.00+518.19a 954.37+176.24a 2291.67+308.07a
G S A AE WAL (NC) 2666.67+518.19a 707.10+84.63b 812.50+291.67¢
T BE A A HLE (NF) 3031.25+184.39a 713.61+151.01b 1395.83+266.80b
HEE Tillage (T) 0.65 0.28 0.0028 **
JiEAE Fertilization (F) 0.73 0.03" 0.0001 **
A HAEH] Interaction(T x F) 0.42 0.24 0.35

%*ﬁfﬁjﬂy‘ﬂ]ﬁiﬁﬂﬁ%, [R] B N ] 7 B e 7R 25 53 135 (P<0.05) s NC: e #F 3 55 At 2E 9 A HL No-tillage, mulching no bioorganic
fertilizer; NF; S8 55t 4= ¥4 HUAL No-tillage, mulching and bioorganic fertilizer; TC : &Gt $EVE A w5 ANt A=) A HLAL Conventional tillage without
mulching, and no bioorganic fertilizer. ; TF : f& GERF AN 3 i 4E ¥ 4T HLAL Conventional tillage without mulching, and bicorganic fertilizer

3.1 R[EVAb B e PP i R &/ N 7 B S TR

AWFSEUESE , R 2R TR, 233t i 3B AL PE Bt 22 57 ARG b R A /N Bk B T A
A= A HUIE SR8 850 n 13957 0 5 | R L4 pH BT LA A0 MR & 43X 5 Duineveld 551 fff
FER—E, 5 TC HI NC ALBHAHLL , TF F1 NF AbBE W88 1 5 S 2/ &, 20 i oy A A HLE
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e SR A

x4 EWMFFE5TEMAFRFEE Pearson HHX M

Table 4 Pearson correlation between crop yield and soil bacterial abundance
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ﬁﬁﬂ: %EE[EIH -0.63"" -0.19 0.3 0.51* 0.53" 1

Nitrospirae

Vi T
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=i Yield 0.28 -0.12 -0.02 -0.35 -0.23 0.04 -0.15 0.17 1
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Fig.9 Preipitation]l distribution in the study area from 2015
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J2 RS T R I 2, T BB 5 | A4S, i K
AEAS ST, L E P R — R R, X5 TR B st 4 i —5, A, B 55 A AR
Jiti A A BILHE Ak 3 5 i A AL B (NF T TF) H,2016—2018 4E4& /N3 1 77 4 17 8 T A it A= 0 A HLAE ik 2
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Hh T B2 AR E VAR | RERS e F T 3 TR ERR SR 106 A, 38 hn SRk w0 10 45 R R MER P R RE )
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T I P LR B AR YR bR DU RO A Bt , HARE v 45 A R AR 84k 22 ik
WES RGP TG MB35 A=W PE A R R B, M BB 25 MR A T o B BRI, R AT
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Vs ZFEPEFE 20 ( Simpson $850) M5 B840 ( Chaol $540) ¥/ A TR [FIFREE 52, TF Ab3E 4 HEAA R 4=
AR B(ACE 1650 2 , ZFEIERRAR, T NF AL BEAIARE . 20 iAo X SR GERHERT I , e St shie vt
BRI A IR I A OC

TR Y R 2 R AL YRR TR pH K R AR RS A OGRS
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Hlumina MiSeq =38 5 P HAR B & R A TA: 9y B F s S it 17— K@ 0 7 & RE S5 PR U kb o3
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35.11% ,3X FEIE I th THRAE XA R A5, i Wy 5 A A i sh AR 4 1A FLBRIE, R 1 s U E My s
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