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Table I The major physical and chemical characteristics of soil

R fﬁfrﬂbﬁ . g X el /kﬁ’f‘fi?fn 7@?&% ﬁﬁf‘ﬂl’fﬁ? Fayiy
Soil Soil organic Total Total Totelll Ayallable Available Avallgble oH Bullk
depth matter nitrogen phosphorus potassium nitrogen phosphorus potassium density
(gkg™) (gkg™) (gkg™) (gkg™) (mgkg™) (mgkg™) (mgkg™) (gem™)
0~20cm 16.4 1.15 0.45 20.1 86.1 18.9 129 5.3 1.26
1.2 At il B 2 ST R R R R R T ] A 0 T e

IR0 0 K B /N XA 8, B 44 Ab B
OTCAeXT IR ( TFREFFTCALRE, CK) 5 Q% HUFPHE,
N. P,Os, K,O &R 180, 75, 90 kg hm? (FP) ;
QFEFF 2 B IRF T H (9000 kg hm?) , N, P,0;.
K,O FI&} 180, 75, 90 kg hm? (SFP) ; @F5FF4
R HEFE BERE A I (9000 kg hm?) , N, P,0;.
K,O H& 4 180, 75, 90 kg hm2 (SFPM) .

B IRE (N 46% ) | BER —4% (N 18%,
P,0,46% ) . FilRHF (K,0 50% ) FIiZWEERES ( P,O;
12%) , 25 A3 F kAR ) s A T oK ik 2k
¥ 58.

A 3IREE, /PXEK 10m, 9 3.48 m,
TIFR 35 m?. JCAEXT HE 5 MU 9 A R A5 2 e
BE, REFFRCEREE, WHHEEEE; iR
T FH A TR UEA TR AT W 38 G Y, 3 8 U A
W FEFFHEIE R AL BRI AT 2019 4, EZEHI4E
W, FEFFZR R U AR 0 A TRk A 2
TE W R MER W . B REAT H RS, A LA e
FHEZHEABZ . AA0F TR TS0 5%, bR
HATHE 358 27 cm Fil 58 em, LM A4S, 9 A
ek

FH T8 FF HEJE 00 8 A TR AL 7748 RO B B A
Y8 7% 5 B R IR AT 5T I T Y SRR, &
HTPRAGRE R, AREME SRR 2R, B
Bl SROREE, AREEGAT] 5 < 107 cfug?, Hrp,

EHZE R A A T, PSR S h CGMCC
No.18001\18002. FEFF B Z I FH AR R 4 kgt
1.3 #H@mXESNERZE

1.3.1 LEHBAFHERERRESN T 2017—
2020 SERKBAEYINGR G, R LS IR A BURE R 4
0~20 cm #fZ+3, HROHERBERL, ot
BERE A B AR AT 0 0 e R .
SR BRI E TS SR

132 BEEARKHERRELSMNE 2020 FFKEX
£ 0~40 cm 213, SRR HHER R K
B A R E

133 LEmAMBEEASRELSNE 2020 FFk
RS R FHFSIR A BRI R 5 0~ 20 e #HZ L
g, RN IR CIRAREE | KGR A2 i 7
WEE, BT 4 C AT R, TR
SE o 3E DNA SRITHREGAF & (ORI 2 R
BRRAF ) $EHC, Hoal Bk B R =Y
( 3£ [ Nano 23 ] ND-1000) il . DNA #£ 5 4l ik
JE ik B HBEEAFNH Hlumina V-5 1) HiSeq i
AT
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INSEEROT, B P IR 97% h—FROT;
SRJE 255 2% 18 W) Fh Z2 M6 S 32 B2 1Y Weighted
Unifrac 1% it 17 UPGMA ( Unweighted Pair Group
Method with Arithme-tic Means ) 8 254381 ; {# H
UniFrac 34 Jackknifed SB35 3 TREAR 22 18] A9 A 5
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FHH Canoco5.0 #H47 E W33, $RHFEER IR
T3 R SR A e e DU A Y - S A R T
. SRR B AN R B A T e o, 4
Prati SR Afi 1] Canoco5.0 Al I . HoAx# MLEE %
H1 Excel #EATREBRMT A1, SR HA] SPSS 19.0 4R fF

ARG8T, ZH LR Duncan 35, 3K
SR 0.05,

2 HERSOH

2.1 FREEBEXR=EWTKL

M2 2 AT I, 2017 4F B KPR = 55 8 MU e
AhER (FP) AL, FEFFIRENAAE H ALt AL AE AL FE SFP
A—ERE TSR, THT 48%, HEFABE.
2018 4E IR B SFP Ab FHAH H FP b3 K AT KL = Ht
BT 10.88%, HAE 12225 A% 2019 4 A0
2020 AFAEFEIR FH ALY T KRR P AR FF 7= e
PEEPBIAR G L 2E R R, SFP ARk -
A FP AbFR > 4R R 12.36% ~ 28.62%, FEFFAEY)
T R B O 20.13% 1 9.40%., 5 FP AL FEAH L,
HEJE A T SFPM A3 5 PRAT (] 43 I = T 11.20%
28.72%, FHE)FAEE SFP AFRAH LL#FE, FHAT
R IR T 15.06% ~ 17.75%., T LI S
FEAFIA AR RGN, FoR = MRS FF Lk
B SRS, R BRI RR E MR TR .

R2 2017 ~2020 FREFHEEI ERK 2R
Table 2  Effect of straw returning on spring maize yield in 2017-2020

Ay Qb PR EkreH (kghm?) EFFAYIRE (kghm?)
Year Treatment Maize yield Straw biomass
2017 CK 5640.23 +877.85b 4291.92 £766.31 a
FP 8214.94 +160.78 a 4731.50 £ 15724 a
SFP 7823.99 +408.94 a 4441.76 £556.92 a
2018 CK 5718.00 +£39.47 ¢ 5658.00 +49.68 b
FP 7446.50 +139.16 a 5731.50 +157.24 b
SFP 8256.99 + 764.98 a 6498.28 +511.88 a
2019 CK 872845+ 14.46¢ 8797.00 + 348.52 ¢
FP 11300.00 + 175.00 b 10737.33 £63.08 b
SFP 12696.46 + 113.47 a 12898.37 £ 1216.73 a
SFPM 12566.50 + 146.00 a 12354.77 £ 100.58 a
2020 CK 443533 +£36241 ¢ 4800.50 + 344.46 ¢
FP 9080.00 + 128.97 b 9015.50 £ 129.91 b
SFP 11678.68 £ 794.50 a 9862.77 £ 1140.62 a
SFPM 11687.85+142.75a 10615.77 +185.91 a

IE: AFFREFRRARGHEZEREE (P<0.05) . R

22 FECEIEMERTEE NS MRNT

221 LEmMEADAFBEFEG T FETRBIE
FH RIS AT HEI I FH A AT LUK i - S e W 2, (R
TR 3. TERUEYE 5T, OTU ( Operational
Taxonomic Units ) J2 3L R 751 AR 3630 1 22 (L
T SXCH—A~ OTU, A5 EE BB R 97%; Effective
Tags 9 JG 46 179 13 08 )5 15 20 A U8 A6 90 B3R -2t i i
B WJE ARUTIVEL AW AN R A 21 A 20 TR
16S rRNA J:[H P 3T 1 gl iy, MBS  o

wFH A, 453 Effective Tags $U&: 318356 2%, “F
BP9 8O 62348.5, FRIFHIKEE 415.25 bp, it
BFEA OTU i M & F 9%, RITNTEY
HZ kM. 5 FP ALEIAA L, SFP A1 SFPM A
BUFH) OTU Him F Effective Tags KU Y48 Frd &,
OTU %4351 4 1140.33 il 1144.67, Effective Tags
BE 67945.67 f166591.0, 2Z508E. AL,
FE ARG o] LA A b =E B AR S 2, IR
FiE S HE A 22 55 R, HA YRk 2k
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Table 3 Richness and diversity indices of soil microbial communities under different treatments

s (e i ARUFIEL Chaol 8% ShannonZ A M £L
Treatment OTU Effective Tag Chaol index Shannon diversity index
CK 1056.329 +32.788 b 55358.668 +£7913.591 b 1123.591 +£24.812 b 5.434+0.012b

FP 938.328 +37.309¢ 59498.669 + 6950.341 b 1122.812+23.113 b 5.312+0.091 ¢
SFP 1140.333 £ 6.661 a 67945.667 +737.041 a 1174.719 £ 10.039 a 5.679 +£0.052a
SFPM 1144.672 £ 19.862 a 66591.003 + 593.872 a 1170.118+4.119 a 5.779 £ 0.092 a

P S A AL AN AR FL i R o

AT 2 BOR = B R B RS A
AN o 2R, S5 REV, FEFFERHIL
FIFS LR 18 B A0 TR A7 2 AR FR B0 423 BE R 2
IR (F3) o Chaol 1 Shannon 8505~ T 40HE
MR Z R 5, RS I b BAE 0 ~
20 cm LR WA BEES . 5 FPALEEAHLL, SFP A
SFPM KM Chaol $8BAG TS, 439k 1174.72
M 1170.12, 2R 03 Shannon T8 5HA Frighn,
S1MR 5.68 F15.78, 2R E. DRSS, 1
FEAFIA A3, AMIERR B9 5 A B IN T 20 B 19 2 4
PEFIEE
222 EBEMAMBELFTLY AL EKREF
i AT DA RRAR 3 rh i SR MRS R B AR, X
HErE A EAT PCA 0¥, FEF OTU B2 IR EBEK 0 Hr
SR NE 1a fra, DAL P RISHE, CK I
FP 70 R —ANEHE, WAl AR IR e, (H8h
LS, HikaE, HEIME; FFFEHAATE SFP
Fl SFPM S — 250, YR AR B, (H4h
FFEE—E 25

E— AT RS TN A 1-b i, JELRPUAR
FEAFE B IA 1 5 I0RAE A 5, A e

. = CK
- [ CKA | pp

CKC = SFP
CKB
FPA

| | FP(
... FPB
SFPA
r—: SFPC
{ |

SFPB
0.009

SFPMB
SFPMA
SFPMC

= SFPM

g S R, EEHERE, £ =&
B3 RTS8 A TR T 45 A A8 S 1 iR R A ) R
32.43% 1 22.77%. SFP Fl SFPM 43 1ii £ PC1 %l 1IE
], CK Fl1FP 7 4ifE PC1 i [nl .

223 BEmMEABRSHA FEFFREIL AT
T HE 6T 3 GG R S e 25 S S 2, R[] Ab B
T 28 16S rDNA &y i I 5 2 57 28 L W s 0 ol s
244011, TUAH, 262 Mg RN TR B, AR
V% 2R X = LR 2-a IR 2b, MTTKE
mt HE, MEFERET 2, BRI
RV SR RS D, 276 70 A b 3] 1 B AS
I, EEXTE S DIRERRE, SXTEHE ERA T,
FERE 2b, FEEESHEZELXBFA: TRET]
( Proteobacteria ) . TRFFE ] ( Acidobacteria ) . Ji
2 W 1] ( Actinobacteria) . Z A i B ]

( Gemmatimonadetes) . Y& W W 1]

( Verrucomicrobia ) . JEEEW ] ( Firmicutes ) . U
¥t W 11 ( Bacteroidetes) . % % W []

( Planctomycetes ) . %2511 ( Chloroflexi) . Mtk
W1 (Saccharibacteria ) 55 . 5H MIEACAILL, SFP
A1 SFPM 4k B ¥ W 251G 0 69 1T S AT 1)
( Bacteroidetes ) 4334T 18.18% F1 44.69%; %

PCoA-PC1 vs PC2

CK
& FP
+ SFP
< SFPM

PC2-Percent variation explained 22.77%

-10 0 10 20
PC1-Percent variation explained 32.43%

B 1 TEEMEESELSHNRR B IR (a) FEM S 5347 (b)

Fig.1 Hierarchical clustering tree (a) and principal components analysis (b) of soil bacteria community structure under different

treatments
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Fig.2 Heat map (a) and histogram (b) of relative abundance of soil bacterial communities at phylum level

W 1 ( Planctomycetes ) 53 3 34 N T 53.74% F0
60.50%; ZXE5 ] ( Chloroflexi) 43 &N T 4.79%
MM 12.35%; AEJEHT] ( Proteobacteria ) 4y AN T
2.51% M1 3.57%. SHMMALAALL, SFP Hl SFPM /b
P 2 AR T IR ] ( Saccharibacteria ) 533
WEAIK 27.23% H133.98%; HEZIAT] (Actinobacteria )
SR IREAIG 0.58% 1 12.34% . 5 H MAEACAHEL, FRFT
W] (Acidobacteria ) ZEATREER /N, SFP AbFERE N
T 3.18% Fll SFPM AbFEFEAR T 1.09%; ZF HE ]
( Gemmatimonadetes ) , SFP AbFRFEAR T 3.18% il
SFPM LB T 1.09%;

TEIK- L, AR TR 7 2 A T =2 5 LA 3a
FIFEIR B 3b, Bl A0 A I B9 A4k o3 A, Ab B A) B
PAVEZ WG M. INAKFIRE B, 0w TR
AR AT, B DI RE TR, X
FERASIHT, AIRE 3b, FREERE N £ TR
A2 W YW ( Deltaproteobacteria ) . 4 W W

( Holophagae ) . FHiE N ( Opitutae ) . PEHE N

( Verrucomicrobiae ) . %% W4 ( Chloroflexia ) .
17N = W R < I <

( Anaerolineae ) . WitF4EE 4 ( Cytophagia ) % .
5% BURAE AR L, SFP Al SFPM Ab FH ¥ t 25 16 i £
X kA JE B 40 ( Deltaproteobacteria ) 43 7l 34 Jin 1
112.16% 1 123.50%; 2WEH 2N ( Holophagae ) 73
BT 161.21% F1 181.37%; FHEN ( Opitutae )
gy S BE M T 74.219% F 98.08%; i T B AW
( Verrucomicrobiae ) 353N T 706.67% A1 1180%;

Candidatus _Pacebacteria

AT ( Chloroflexia) 43 W3 N T 136.03% Al
138.24%; V7%l ] ( Planctomycetes ) T BIIRAZ A
RN Z— ( Candidatus Pacebacteria ) 53 3G 1
239.13% 1 695.65%; KA ( Anaerolineae )
A BB N T 74.19% F 328.39%; W 4T 4 B 4N
( Cytophagia ) 5 5$I1HEINT 291.73% 1 249.32%. F
JEREARA EZR AR BN AR RERE, 2k
B9 A W 3 4 ( Spartobacteria ) . A< JR K 44
( Chlamydiae ) y-"EIE WA ( Gammaproteobacteria )
&, Hrp, WEAFFE Y (Spartobacteria ) 53 R FEAR
T 30.02% H128.11%; AKJFAKRE ( Chlamydiae ) 535
M 1K T 83.22% F1 65.77%; 72 B W %

( Gammaproteobacteria) 43 B B T 38.18% F1l
43.71%,

TEJE KT L, ARV A A X 3 B LA 4a
FIHARIE 4-b, IJEZKFIE F, 405 =F R AR feak
PR EIPERLLS, XPEAREEIRA T, MHEIRIE 4b,
S5 MU AE A HL, SFP Al SFPM Ab B 3 i 1) I 2 44
e JE A TR R & & ( Amycolatopsis ) 43 53 ¥4 il
T 149.88% F1 48.25%; M 1H & ( Dokdonella) 43
WEEHNT 112.55% 1 69.71%; Gemmatirora %y 53
JnT 220.89% 1 719.08%; Haliangium 43 )36 /0 1T
135.99% F1 159.66%; ¥AT1# & ( Lysobacter) 43 5]
HAHNT 101.25% A1 168.19%; Ohtaekwangia 43 51|
BT 207.40% F1 837.03%; Ramlibacter 43 534 i T
202.73% H1 661.79%; Sorangium 435N T 82.30%
M 110%. S% AL, FAIKAIIEA Rhodoplaner 5y
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Fig.3 Heat map (a) and histogram (b) of relative abundance of soil bacterial communities at class level

SIFEAR T 54.42% F1 46.48%; Reyranella 53 AR T
3.29% F1 28.07% . HiAt AR 532 J@ Fi Ak 38 (] A8 4k, 25 57

IRR 3%
224 FRRAEIEHEIRRESATSTH TN FE

FT IR B FH R IR HE 68 38 T XA B A AL AR TT,
{EREARE, PEWLE 4, 5 FPACFEAHLEL, 2017 A0

2018 4F SFP Ab B + A WL /350 16.81 g kg ! Al
1730 g kg', WE AT, HEHH¥ 25 AR E;
2019 4FF1 2020 4F SFP Ab BEAT AL T = i B 45 . 3%
TIEA LTSN 18.80 gkg ! F119.80 gkg !, ZF W
o XFEW, FEFFREA RIS R, W
SpZ A HA DL R THRCR A AR B . 2019 4R

R4 BHTCHWIEFS RSN
Table 4 Effect of straw returning on soil properties

A Ab 28 (gkg!) 2 (gkg!) 28 (gkg!) FHHUE (gkeg!)
Year Treatment Total nitrogen Total phosphorus Total potassium Soil organic matter

2017 CK 1.01£0.05b 0.55+0.01 b 20.1+0.11a 1587+0.41b
FP 1.17+£0.10a 0.59+0.03 a 204+0.10a 16.3 +0.40 ab

SFP 1.14+£0.05a 0.60+£0.01 a 20.6 £0.06 a 16.81£0.28 a

2018 CK 0.98+0.03b 0.54+0.04 b 20.0+0.13a 1532+0.43b

FP 1.18+0.04 a 0.58 £ 0.02 ab 20.5+0.12a 16.27+0.45a

SFP 1.16+0.02a 0.62+0.03 a 20.7+0.12a 17.3+£0.62a

2019 CK 0.95+0.01¢c 0.53+0.03 ¢ 19.8+0.10b 15.41+£0.44 ¢

FP 1.19+£0.03 a 0.59+0.04 b 202+0.15b 16.33+£0.48b

SFP 1.15+£0.03 b 0.65+0.02a 21.4+£0.05 ab 18.8+0.75a

SFPM 1.14+0.03 b 0.63+0.05a 21.7+0.23a 18.99+0.68 a

2020 CK 0.93+£0.05¢ 0.53+0.03 ¢ 19.6+0.12b 1546 +0.47 ¢

FP 1.16+0.01a 0.57+0.01 b 20.1+0.14b 16.39+£0.39b

SFP 1.13+0.02b 0.64+0.03a 22.1+0.16a 19.18+0.45a

SFPM 1.14+0.01 b 0.63+0.05a 223+0.15a 19.12+£0.23 a
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ARG, iR SpMef S Ea
FTels, AR BSA AL, 2. S8 S Ra i,
LW, PN 4, 2017—2020, SFP AR +4E4>
W& 0.60 g kg'. 0.62 g kg, 0.65 g kg Al
0.64 gkg™, TIERHEEN 20.60 ke, 20.70 gkg™" .
214 gkg ' F122.1 gkg, BRI, +3E44H 2019
1 2020 AFHENNEETRE, 2020 AEASFFIA HI AL 418 44
TR 2017 AFAEFFANS HALEERG N 7.28%, AAATR
TS FRAE AT DL S 2 4 v 11l . PR & e . SFPM
Ab B FH YA Al . B A B R,
2019 1 2020 4F4 WS mH 0.63 gkg'. 0.62 gkg ',
AN 217 g kg 1 22.3 g kg, 5 AL AR
FP ML 225 3 . AFRE I HIER R — e
M, 5 R AE LA PRI

225 ZAEEARRAEAZDRKSHEL St U
FENISERY, ANFEACEE AR NS S Bos, 1
0~40cm + )27, >2mm 1 0.25 ~ 1 mm HRBIELE
SAL PR o L, E L FP AR & LA

AR5 48.8% F1 47.88%, HATREIRIA & 50% L)
Lo WFFESEH S, SEMMALALL, R
T >2mm Ml 1 ~2 mm FREK ], SFP ZbHRHE
RE ] 0 ~ 20 em 1J2/NF 20 ~40 em 12, P4
i BAIRRZ R4 56.89% Fil 60.04%; SFPM 4k
PR AR LA 0 ~ 20 em +J2 KT 20 ~ 40 cm +)2
WA BL AN [ 2 IR 5 65.12% Fil 61.64%; FP
AbFHE < 250 um [ E & i ECLAAN S AR, A~
[E)J 2R3N 18.14% F1 18.61%.
23 THIEBUMRSTIRMARERESEMNKEHNXR
ATV AT . 2 N, P, KENAE
7, 38 TUAR e AT 58 O = e AN BV 49K
HIsZm . W S fros, 2593, 1+ SOM. TN,
TP. TK Xf T3 WA R R 45t A W 252, Jf
AT DL fif B - ST A WY BE TR 45 0 B8 1Y 41.24%
FE G FF R B8 H VRS FF HE 0 1 &R, TKAN
SOM X fil 2 8 B3 5% i & 1 3% 5 o2 B W A
( Deltaproteobacteria ) 5 SOM, TP, TK JriblRl—%

xS 0~40cm HELRHARFRERSSE
Table 5 Mass percentage of soil aggregates at 0-40 cm soil depths (mean + SE, %)

+JZ (em) Ab3R

Soil depth Treatment >2mm 2~1mm 1~250 pm <250 um
0~20 CK 33.98+4.68b 19.85+1.23b 3249+1.72a 13.68 £8.19a
FP 28.83+334¢ 19.97+1.01b 33.06+1.03a 18.14+3.38a
SFP 35.52+3.48b 21.37+023a 3291+1.51a 10.20+£3.20b
SFPM 4419+1.39a 20.93+0.12b 28.90+0.69b 599+0.57 ¢
20 ~40 CK 36.26+4.25a 22.13+021a 3329+349a 832+397¢
FP 27.56+0.14b 20.32 +£0.94 ab 33.51+046a 18.61 £+ 1.54 a
SFP 4093+2.16a 19.11£049b 2599+2.26b 13.97+243b
SFPM 3949+3.73a 22.15+1.03a 32.19+2.69a 6.17+£2.07 ¢
+ CK FP SFP « SFPM + CK FP SFP « SFPM
1.0 -
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Fig.5 Redundancy analysis (RDA) of soil bacterial community structure with soil properties (a) and soil aggregates (b)
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R, FREENDS, ZFMIT] (Gemmatimonadetes ) .
ERIEFT R 4N ( Thermoleophilaceae ) I AN ; B-
I EA ( Betaproteobacteria ) 5 TN FiAblE—4 R,
RIWF MK, MRIFEDN (Acidobacteria) | y-7%
W ( Gammaproteobacteria ) FEPLHAHL .

ARBFFELL 0 ~ 20 em A [FIRLER 4 -3 R AR A
WS T, 1 TOAR S T IR I8 LT - S8 20 11 75 2N
IRV A3 A SRR 5 AR VR B DD RERFIE A AR FLOC &R
SEHLRI, T IRES X U Y AN R R S5 R
WEEFL, JF AT AR - U E W VR A S A
9 34.15%. K 3-b s, traitl (> 2 mm) |
trait2 (2 ~ 1 mm) . trait3 ( 1 ~ 250 pum) Fl trait4
(<250 pm ) SPHIREEAFIZIALL, traitl (>2mm) |
trait2 (2 ~1mm) i THEMUER, 5 oL HHN
( Deltaproteobacteria ) FILIEAN K ; trait3 (1 ~ 250
pm ) Fl traitd (<250 pm) AP R, SRRATH
[T (Acidobacteria ) FTFRIEFH L,

3 itig
3.0 BHARZEBRARXNERKZEMIBBL MR

A

Kusw R, FEFE -] A %o 58K
JB. AL ARHLRGL, A FEKRAERKEFAE TA R
PR IRER, I I 4 sy FOR ™= 1520 ARBfgR
S5EMBACAH L, ZAEFEFFE HALFE AT UG 08
Tk, JFRGIN A PLAR S E Y, REFIR AL
S AR NS, SR AR S M 2E R A R,
SEAEARETE T SRR T, REHEYI AR,
{EALFR A RS e MEAR IR 22 5 5 MU IEAH 1, IR
SR AL B, 38 FH SAE R AT DU 3] 6 K 7= 5 14 3
FEMARL, L IEERREE I R T, AL A
WG, b e SEA g, xR
PRI AR EER], RIS A TR, IEFs
frdt oy LR RS B AR, seah, IRk
SRR R (AR Y B A S LS RE T Bl
Hahn . SEEREE IR A BT 25 S A RS AR IR HE
P, DL B gt FEANTA]

VIR I J 3 T A I fip i A 2 Bk A A 3 TR
FERBHE . FEF S A KEES W E AR,
NG W, RARRRERBERG, BALgERMF
L1 A ZR AR RE T IR W) A RE I BT YA K Ak
Yy, TP RE R, PR IR OR R R R

fife 5 A1 R LA 4 R R R UIAR G, Rk
TRRBEAR ) R, J& 1A LT L 1 R AD BReo, %
M JB5 3 AR 0T 3R 1 B A e A AR 0 N I i o
W, K EEREE, WA T ARENRY, 24
ERIE 2 ]S R A N i A | S
AL R EEUERE , IF oAl A 3R 5 A S0R
Jaea | ffi SRR HRE ,  [R)IE AT AR AR b
XAGFF 0 AR R, AE A p= SR AN A2 AR
KO ZAFRR S, ARSI B 45 SR AL e A RS AT M
JE 340 FEY LU AR IR M3 FE 7 o A S A 1 o A £ T
THRE

- SR A SRR T ol B A R AT R ELARS B 43 iR
MIAMLICHLE SRR, KRR 2 R A PR
R YT AR FE 2 TV 2 A RAR IS T e,
Fili A H R AT SRAA R 1G22 1 S AT SR AR A B
FEFEo =ty . 20 SRR . AR AR
AT 15 1 Js 235 0 o AN A 4 22 AR SR TR 1 T P 2R
PRI KA RIRA LA 9, Rl T HAR e .
AR R R, HARBIL X T 20 ~ 40 cm JZ
PRI TRF 0 ~ 20 em AYBCAS, RS FFHE I 4
XoF A HEA AR B R ST BIAR S, 0~ 20 em J2
BB T3 20 ~ 40 em HIBCEE . TG RP 4
14 Ji DRI G T O ik ) - A AN Rl i ), PR A
FFUR BB VRS it 0 7 A 2 R T D d b 7 RS 4 H
FBEEKMA R, HREFFIREE] 20 ~ 40 cm 2K,
PRl I A 34 A T 2 2 LA (e, TG R S A
WARSFAIY, MUEMEHEERRZ, L%

P E e
32 BHAREAARN TR EYEELS BN
S0

THORAEYINRAE, A A KA
RIRFEFRHEL, T R A I A E A E IO RS,
AL k. L R A, RS
RUEM BT R, ARSI R, FFHE Ha]
DABE N IR E ) = B B Z AR, IR |
FREER I FESRA . ADIPE] (Proteobacteria ) .
2 ¥ & 1] ( Acidobacteria) W2 W)

( Actinobacteria) . 3 B OJfl W [
( Gemmatimonadetes) . P& T W ]
( Verrucomicrobia ) . JEREW ] ( Firmicutes ) .
¥ @ 1 ( Bacteroidetes) . V% % @ ]
( Planctomycetes ) . 251 ( Chloroflexi) . Kk
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W] (Saccharibacteria ) . WK b ER SR EE
KA . IEWE N ( Deltaproteobacteria ) . 4=WETH
Y4 ( Holophagae) . FHiwWMN ( Opitutae) . PeiliA
N ( Verrucomicrobiae ) . LR ZM ( Chloroflexia ) .
17N = N R I <

( Anaerolineae ) . Wi4F 4 4 ( Cytophagia ) %% .
JE 7K b A 24 0 B R 1 AT . O
TR ( Amycolatopsis ) . T H & ( Dokdonella ) .
WP S (Lysobacter ) 5.

Hh G S 599 R0 LR e, A
Z5FRSMEA NI RERBE, HRFEE T HAM R
Ffuo-an, AR R IR AN T T Y LA TR TR, ZERRAR
T rh R R R E AN ISR, AR S, R
Mt 2 EE, BA7 Z M4 Rine,
LAY RS ARE R b R T E
BAEREY, AR TUR T K IR E RN
(A5 1R Ff 5 148 SOM. TN, TP. TK Ay AH Pk
AR BB ] ( Actinobacteria ) . 4= Wi T 49

( Holophagae ) . WiZF4EE 4N ( Cytophagia ) WITE R
BEHEMRMWAgERKMEET, R W]
( Acidobacteria ) . Candidatus Pacebacteria 1t 1.3
FHHA P EGAER EEMEN, EREI
( Firmicutes ) . fUFFIRIT] ( Bacteroidetes ) JZREfHA
BLER M INRERE, ZFRMIET] ( Gemmatimonadetes )
CINi-E 25F NI EZ8 REE L7/1i0] 5 N QR R iR
AR, TR RIS TP WL 2 fAH
K, MBS AR H EAR TP AR, (BfEY
W] AR P ISR ; Candidatus Pacebacteria
WANEIFR W] ( Planctomycetes ) B—141, J&
Z 5 A R D RE I, B AR
Planctomycetes J V% PERG AT LU A H 35 76 4
KA, WA SRR, Rt
TN A FREAG, WHEERINE, LA SRR EE
B, R (Actinobacteria ) BT H B4 FRAR
WIIRESS, BEEMAFE S E R LK, X+
R R AR B Bh 45 A 324310 2 A4 AT — e 1B,
S H AR EIR AR AR, 25N
( Chloroflexia ) WJTEFIAHXTIAGE, XIF L&
2R R AR B R AR AR R )
( Saccharibacteria ) J2 - IFEFEIEIACEITRHE . &
WIFS FF I8 B A S8 P A 70 R S AE A AT R A ok 7 rh e 4
AR R, XS ek T R

Candidatus Pacebacteria .

WhE, AMT IR R SR, X TR
RS, TR RAAEEE L

4 Z5ip

ZE LA, TEME I TR P R R
MARVE I TR FER AR AL R . SFP ARH K KPR
PR AR AT IR A $E T, 5 FP AREEAR L
AYHIEINT 12.36% F1 28.62%, A AIFGE M,
55 FP AbFEAH L, ARIEMEE A FH SFPM 28 —AFEFIEHE —
RIS T 11.20% ., 28.72%, EEAIFEME.

Aob 29 ] AE: L 8 38 FH 4 HE G ML K B AR
T4 TP, TK SaCA PG, 3K ARG Py
. SFP AbIE 34 HUB TR R BUAE VR BN AR — AR RIS
VUAESr510 18.8 g kg A1 19.8 g kg!, 5 FP 4bFfAH
b, 2503, SFPM AbFREE—AF RIS AR A L
B TN 18.99 g kgt M 19.12 g kg, 5
FP AbFAHLL, 2R W3, 1oh, (REME L HAF;
FRR A H AU 7 HI R B & e, 0 1 g
TP, TK i, FRMLT TN &ht; RS L HXT
)2 0~ 20 cm BRI BUEILT 20 ~ 40 cm HIER A
R4, BRI O - 98 AT SR A Y B0 & 20 ~ 40 em
LT 0~20 cm ERAE4L; FAEHIEM T > 2 mm
F10.25 ~ 1 mm PRI RIKMET & LB, e T 5%
454

I IR HE J65 38 L RIRS AT U A H X 36 m T 390
VI ZREVER R, JUHR — S R .
Sy O SE U RE MR OBE . o B W OH
OO 0]
5 | 7 S

B2 B WOH

( Betaproteobacteria ) . PRI (Acidobacteria )
- ( Gammaproteobacteria ) 55 =F ) i & 77
b HIEHEF SRS (SOM. TN, TP, TK) fi#
BT RV 41.24% W74k, ISR F R IE AR 1A
(0~20cm) fifERE T HRTETE 34.15% 7224k, feidk
T IR BINEER

AR, FEFHIRIRMEE L A& T A RS AT
TR A, IF HAEA MU R = i 42 7t 7
T TR HIE A R0, HARE , TERUZEMRER 2
RV TS A L

( Deltaproteobacteria )
( Gemmatimonadetes )

( Thermoleophilaceae )
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Effects of Low-Temperature Compost and Deep Tillage Returning of
Maize Straw on Maize Yield and Soil Microbial Community

LIU Hui-yu, HE Zhi-gang®, LIU Yan, WANG Xiu-juan, DONG Huan, LOU Chun-rong

(Institute of Plant Nutrient and Environmental Resources of Liaoning Academy of Agricultural Sciences, Shenyang 110161, China)

Abstract: To investigate the effects of different straw returning methods on maize yield and soil microbial community
structure in northeast China, a continuous field experiment was conducted in a typical brown earth area. Four
treatments of no fertilizer (CK), regular chemical fertilizer without straw returning (FP), straw returning with deep
tillage (SFP), and deep returning of straw compost under low-temperature (SFPM) were set up. Maize yield, soil
nutrients and soil aggregates were determined by conventional methods, soil bacterial diversity and abundance were
determined by high-throughput sequencing methods to analyze the effects of changes in soil environmental factors on
soil microbial communities. Compared with the FP treatment, the maize grain yield increased after two years in the
SFP treatment, and that increased in the year with the SFPM treatment. Moreover, the increasing trend of soil organic
matter (SOM) was consistent with that of maize grain yield in both SFP and SFPM treatments, and in which the
abundances of Deltaproteobacteria, Gemmatimonadetes, Thermoleophilaceae, Betaproteobacteria, Acidobacteria,
Gammaproteobacteria were significant increased as well. The principal component analysis showed that soil nutrients
(SOM, TN, TP, TK) were explained 41.24% of the variation of bacterial communities, and of which soil aggregates (0-
20 cm) were explained 34.15%. Maize straw returning with low-temperature compost increased maize yield,
improving soil fertility and soil microbial community structure in brown earth area.
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