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FEE . By 2B B —FR R ERAR X s T B R P A S, B A SRR L 20 em(CK) Wy ZBHFIEIR
J¥ 35 em(FLL) AUB ZBHHETRIE 50 em(FL2) X F KB T AL ], T AUBFIE T8 ZBHEVE R AR -+ I 25 i 5 i, I B A +- 4
T W RETS 2 R R S REXT S ZBHEVE R MA 13, 25 R B FL1 FL2 F1 CK Ab P E K 77 8 4> 5]~ 8.58.8.38 1 6.22 t/hm? , FL1
FL2 Qb= 38535 h 34.7%—37.9% , 1 0—20,20—40 cm )2 A ZEHHE R A0 30 - HERRG M SUAE VRIS Z R T
REZHEVEYS 0 3R T CK ARSE, i 250y R AR R B, by 2B WV e & 1 LIS M A0 T8 2 15 37 20006 2 1) ) B ik AT L 4
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Effects of deep vertical rotary tillage on soil enzyme activity, microbial

community structure and functional diversity of cultivated land
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Abstract: Deep vertical rotary tillage is a new tillage technique in China, which has an important effect on the quality of
cultivated land and crop yield. In this study, corn cultivated land was treated with conventional tillage depth of 20 cm
(CK), deep vertical rotary tillage depth of 35 cm (FL1), and deep vertical rotary tillage of 50 cm (FL2). The effect of
deep vertical rotary tillage technology on soil microecology is studied. Responses of soil microbial community composition
and function to ridge tillage are illustrated. The specific results are shown as follows. The maize yield of FL1, FL2 and CK
treatments was 8.58, 8.38 and 6.22 t/hm’, respectively. The yield increases of FL1 and FL2 treatments were 34.7%—
37.9%. The soil enzyme activities, microbial community diversity and functional diversity of the two treatments in deep
vertical rotary tillage were significantly higher than those in the 0—20 and 20—40 cm layers of CK treatment. The structural

equation model analysis showed that the activities of soil enzymes, the functional groups of bacteria involved in nutrient
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cycling and the community structure of bacteria were directly increased by deep vertical rotary tillage. The fungal community
was indirectly affected by bacterial community, which increased the functional groups of fungi involved in nutrient cycling
and the diversity of fungal community. This improved the utilization capacity and functional diversity index of soil microbial
carbon sources, which contributed to improve the effect of FL1. In conclusion, the study explains the mechanism of the
effects of silt ridge tillage on soil microecology from the perspective of microorganisms and provides a theoretical basis for

improving the quality of soil cultivated land by deep vertical rotary tillage.
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function prediction

A RS R EE A NG, W H AR S R ML BB RIS SR SRR
Re sl AP AR S IE A T5 Y W 1 6 it S A 35 1 A0 4 | e ) A A 3 4 ) 2 R | el - AR [
17 B RGIREMN F AR ML A R G I FRMEIA 7 T L5 BEAER T SR A i s &
14728 Ak 2 - 3 IR 0 11 B BB R, IR W 2 R T DL SON AR B AR E R R TE 1Y
o P A S e - 3 A S L B - 438 030 X A R i s i TR I %of - SR A R i 45 ) RN D g i I 9 —
e H ISP E FRA TR PR BFSE R, IR E MRS 2 2 &R R R AR, AR E T LR
i JEAEAN pH , He A bk 7 SR et M s i e kg s

FK (Zea mays L.) JEARAR E B FRIE—AFERANMY) , 2 BB MR EEYFIRDEMEY) , 2 4t 55 ™
s PARAEY) . BHE T — e s I ) A SV E W A ) s B A S ez — , KR oe = W)
RIFBEE D7 20 R R E R =t s RS R X RO A R 2 R MG G . AR, 1%
SRR BOK SR, PS5 TS g na], - HERAE, BL A R s HE A B TIRZ L2 0K A Y
TEA M ARG RE "™ B B — R ARV RHE BERE R EAME S T — R AR B
P BC 8 7S 7 SCIBUIE B AT B S LA A T, T DAAE AR L 392 R A 7 B R S AL A 50 F TR R S AL
I HJZPY . AR R R SO M KR MR AR RS T LR -
W)Lk A ) ZREE S AT SR VR SR 2 S AR R BB R AR AL 2B 7= TS T B
KA, SR, B AT AT RE R 2BV E X B S G M R D L e 28 R B DI RE RS

ARG A =i & 16S rRNA 1 ITS FEH 1lumina U5 F1 Biolog-ECO J5 ik, RGHLIF 5T T k3 ZEHHEXT +
e IR R T S5 R R - SERUE M D e AR PE R . ARSI B AR (1) SRR RIFHE I T B+
PTGV | S W) AR AR S5 R 0 22 57 5 (2) Z A AN RV O X - S0 A W i v Sh e 2 AR e ) g
SEWAT 5 (3) By ZEBRAE AN o] 52 0] -+ 3L AR M 2540 B M 5 SR W T RE 22 A M 1R 14 R DG | i EOK P LA B 42
Fto ARG AR ZEBAERORTE T 55 | B0 AR R 3% v 00 1 A R 4t 7 B 2 S PR AR 41 Rl 52 e B
XHE

1 #MR57EE

1.1 A b

RIS T 2019 4 4 H—10 H 77 5 % A A XA M L2 Bk Rk (106°63'N 38°95'E) #H47, J& ity
KBS K 1091 m, HIRFE 2 BRIRZER  TROW FZEK R 1755 mm, FEIRGHE 2—3 m/s, TTREH
171 d, AR A 184 mm , AFYS R 8.21°C , IS X + A%+, R HERI A 255 0.86 ¢/kg, 2R 1.10 g/kg,
A A 76.92 mg/ kg, AL 34.69 mg/ kg, HALA 214.03 mg/kg, A ALK 11.42 mg/kg, BEh 0.67 g/kg, FrK &
12.38% ,pH {5}y 8.5,
1.2 R ES R AR

KKK 5 1w ALK 900 m*(60 mx 15 m) , ¥ & 3 AL H B LS EREE 20 em (CK) K3 288
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VEVRBE 35 em(FLL) Ky ZZBHEVREE 50 em(FL2) . FOKH R4 AL BRAOREHL T35 501 4 4> 67.5 m® (15 mX
4.5 m) /NX, RGBS A0 4 RE R B/ NXCZ I3 1 m S6ETE , AR /NX A1 EE, 96 1 m, PUJR 3 E
TRPAT, 98 3 m,

HER K TR <R 5 57 SRR BT R ARAEHUE LIRSS A FRA RSk i 2 2O ZZ AU, 2 iR
PATE B HEEE A i 358 Ry 285 U, BRI R I H L AL A A b, 2019 45 H 3 H3&ML,5 A 16 HIEF,
10 7 18 HWHk, #EFhE S 82500 #&/hm*  ALELHHEREAL 0.12 kg/m*(N-P-K:30- 12-5) , FE NI — W i
AT a) A BRAA — 3, R HERAERTE] Y 10 H 18 H |, VAT S BUREEETE 0—20 ¢m,20—40 em HHEE B+
FE RS T 3 APATRES . B IR R A TCE A — B Lk 2 mm 05 5 4°CARAE T - SR T
J Biology-ECO M Z , 55— &R £33 1 mm 55 -80°C P-AF , FHF 58I A= I ETE S5 A I o
1.3 SRS M A

Rt P S TR 06 LG B 05 L L 24 h J5 1 g 138 NHL-N (22 s 3R ; Tt i % I wm k —4h e
3, L1 h e g 3OS SR 8 1) 22 5O 8RR e A 3,5- KR L 7k, L 24 h 5 1 g 4
B 2w iR,

1.4 HERA YD Re 2 I E

IR DI e ZREE F Biolog ik EATINGE O FREL 5.0 ¢ LIEES A 45 mlL 0.85% JG i 4=
BEER K = A ,25°C 150 v/min 373 30 min, PKI& 1 min, J5 5 & 30 min, 3075 B8R 0 O A D0 B
W TR B EERRREN 107 o/ mL, B TAE G o RS A K 45 4 1) B A & Biolog SR 11945
fLr, BRAL 150 L, #2bf 56 8 T 25°CH AR TP R 32 7 d, 505 24 b RS AR (G IGEE 590 nm 5 750 nm K
HYEE

Shannon $8%%( H) H TR FE R, iHEAXT .

H=- Y (P, xInP)) (1)
K, P, oA i FLAAEXT OGRS 3 A AR A X IR (B B R L2
Mclntosh ¥8%0( U) HFIFAEEE L — .

U= (n, xn) (2)
b n, R FLAYAR XTI SR

Simpson $8%0( D) T PPAL & WAL S5 i FE %4 .
D=1-Y P (3)

Kb, PSS @ FLIAHNT OGRS A ARA T OGRS R By R
1.5 DNA #lif&F1 PCR ¥ 3

%12 FL1 FL2 F1 CK — 3 18 A~ - 584E i 24T 1luminaMiSeq )7, #34E E.Z.N.A.® soil DNA kit
(Omega Bio-tek, Norcross, GA, U.S.) BLBH 5 HE1 T4 0 5 DNA $hd& , 1 H 1% 935 BEEE i F Pk A DNA
B P EUT &, f# FH NanoDrop2000 il 5 DNA ¥ B RN 40 B 41 1 51 9 % H 338F (5'-ACTCCTACGGGAGGCA
GCAG-3") fil 806R (5'-GGACTACHVGGGTWTCTAAT-3") , ELIE 5 | #2K A ITS1F (5'-CTTGGTCATTTAGAGGAA
GTAA-3") Il ITS2R (5'-GCTGCGTTCTTCATCGATGC-3") , B4R FF U . 95°C T AL 3 min, 27 MG (95°C
AP 30s,55°C iR K 30s, 72°C ZEH 30s) , 2R )5 72°C B2 € ZEM 10min, 52 )5 7F 4°C HEAT - AF (PCR ¥ ABI
GeneAmp® 9700 #!) , PCR JX WK Z A : 5XTransStart FastPfu 28 i 4 wL,2.5mmol-L™" ANTPs 2uL, #5149
(5pmol-L™")0.8 pL, Fi#514 (5umol - L™ )0.8 WL, TransStart FastPfu DNA B4 0.4 wL, &8z DNA 10 ng, #b
B2 20 pl,
1.6  Tlumina Miseq Il 3> A1 5 %5 4 Ak R

B[R —FEA Y PCR P=W1R A5 M 2% 35 BEEE RS U PCR 7=, FIIFH AxyPrep DNA Gel Extraction Kit
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( Axygen Biosciences, Union City, CA, USA) #4171 7™= Wy 4lifk , 2% 5 Big A 58 e H kA T, 91 A Quantus™
Fluorometer ( Promega, USA) X} [HI = AT % 2 . {#F NEXTFLEX Rapid DNA-Seq Kit #1782, FIH
Mlumina 23 & () Miseq PE300 -5 254707 (9 26 35 A W B 25 B A BR A HD )

1817 fastp ! BT LG T 5 I 40) 6 AT B 45 4 )T FLASH ' R P16 47 $6 4%, (871 UPARSE %, i 4
97% " AR EEXT FEHEA T OTU A FFHIBR I A1, FIFH RDP classifier' ™ X 43 5% J¥ 91 A7 W) Fh o3 2 1
FE, 4HTE LX) Silva 16S tRNA $0¥8 PR, BB LU X UNITE ITS 3508 78 | 1% B LU A R 70% . DhRE B4y B T
Tax4Fun A1 FunGuild JH T 40 5 1B
1.7 BdEsrtr

7200 (ANOVA ) K JH SPSS 18.0 2314k 4 (SPSS Inc., ZE[®) il Tukey 5, 76 P=0.05 .5 MAKF |-
AT, SE5R T AR (SEM) H T PEAL R W AE I &, A IBM SPSS Amos 24 #4743 7, 18 Microsoft
Excel 2016, Origin 2016 Fl R {2 K

2 #Z5H Results

2.1 K ZEREVE XS - AR A R K A R

F1HIH T FL1 FL2 F1 CK A3 AS[R] 1 38 0R B 1% - S5 R ity | B 14 5 1 il P 2 AL 0% 1 . A6 A ) Ak 2
T,0—20 em YREEA 3 FHEEE LR T 20—40 om TRFE. 0—20 om H /2 FL1 ARBEAY T RN 1 5 T
CK A3 P s 1 P RN s AL BTG 7 1 25 55 T FL2 1 CK b3, 20—40 em )2, FL1 F1 FL2 Ab 341 IR il 176
PEH CK AbBEEE = T 28.80% 1 4.45% , il PEBEBR B 15 1 b CK ALBEHRE & T 30.95% F11 16.67% , FL1 Zb B + 1 5%
FLB L CK ALPRAR T T 25.61% , {H 45 Ab BRIE] 22 S 44 3038 3] B 2 K- (P>0.05) , FL1 FL2 ZbFEy= 5435 4 8.
58 t/hm*Fl1 8.38 t/hm’, 5%F BEALBEAH L4255 T 37.9%F1 34.7% ( P<0.05)

x1 ARELTEALEETERHFEGE

Table 1 Soil enzyme activity between treatments in different soil layers

e Jik Bl P ol PR i S AL Bt i
Urease/ Alkaline phosphatase/ Invertase/ Yield/
Treatment -1 -1 1 p-1 -1 -1 2
(mg g 24h7") (mgg h™) (mg g 24h7") (t/hm*)
CK-1 40.49+3.10b 0.71+0.10b 14.80+0.90b 6.22+0.58b
FL1-1 50.08+4.70a 0.81+0.06a 18.41+1.13a 8.58+0.45a
FL2-1 42.43+5.56ab 0.69+0.00b 14.48+0.20b 8.38+0.66a
CK-2 27.40+0.40a 0.42+0.06a 4.53+0.95a -
FL1-2 35.29+7.75a 0.55+0.06a 5.69+0.15a -
FL2-2 28.62+2.60a 0.49+0.10a 4.36+1.70a -

CK. 1B HAERIFE 20 cm traditional tillage with a depth of 20 cm;FLI . K ZBHE R 35 em deep vertical rotary tillage with a depth of 35 cm;
FL2: #yZEHHEIRFE 50 cm deep vertical rotary tillage with a depth of 50 cm;—1.-2 735K 0—20 cm 12 .20—40 cm +J2; £ B A FEIE«
P2 (n=3)

2.2 M ZEBEVEXT TR W A 2

AT A v 3 I B ARSI T A R S AR D, 3RAS T 30730 4 OTUs, 45 26668 4~ 4H 15
OTUs 14062 M E B OTUs, Xf4-ARFF-HE R R T 1 MTA SN A B OTUs 47 T Flower plot 23T,
ST AN OTUs, 7F 0—20 em F1 20—40 em BY FL1 FL2 1 CK AbFRAEA 2296 4MHH[A OTUs, 0—20 em +
JZH FL1 FL2 il CK AZbFERA 405 OTUs 43 3l 81 206 A1 72 4~,20—40 em +JZ FL1 FL2 Fil CK Ab ¥4 A
4P OTUs 43 JillJ2& 135 .83 F1 194 A~ (1 1) . X F - EE OTUs, £ 0—20 cm 1 20—40 cm 1) FL1 FL2 Fl
CK Ab#IA 211 4AMHH[E OTUs, 0—20 em +JZH FL1 FL2 fil CK 4L BREFA B OTUs 43 51J& 129 .85 A1 102
A~,20—40 em + 27 FL1 FL2 F1 CK AbFEERA B E OTUs 43902 67,129 A1 88 AN(E 1), 7EITAE Fatr T
FEAR N AN B R 40 AR (B 1) o AFEZSFEAR P AN TE T TKEHES T 10 (R AR (BT 1) . AR
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Z8 |
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1 AEAET LS EYBTE AR R E
Fig.1 Soil microbial community composition and flower plot under different treatments
YT A XH : Proteobacteria ZF JEFT 1 ; Actinobacteria JLZE 1] ; Chloroflexi %725 1 ] ; Acidobacteria B2 #T 4 | ] ; Gemmatimonadetes %> BRI [ ;
Firmicutes 5 RE R[] ; Bacteroidetes U] ; Planctomycetes FERE] ; Nitrospirae T Ak B2 I‘j,
H AN H : Ascomycota T[] Basidiomycota HF [ ; Mortierellomycota #5885/ ; unclassified_k__Fungi A&43J5_k__ FF§

6] 4 2 A A BRI LA B T T R AT AF B iR A ] s — o Bamk
PRI IFIERAT 1], 35 78.85%—81.83%, 0—20 cm +J2 B0 . s o
I FLL FL2 Fil CK A A T 2 A R #E (P>
0.05) ST

20—40 em )2 FL1 Zb#EfY Rokubacteria 5 F1.2 § 80 |
FICK A2 52 5 (P<0.05) FIL2 (B IBHTIITS  §2 |
FLI AbJ2E 5 2% (P<0.05) , fF ELE{E R A 42 4 B g‘:
A WP BENT 1% R IA 25K others, 0—20 cm E 40
L2, FL1 A PR unclassified _k__Fungi 5 FL2 Zb#f T‘% a0 b
Z R F(P<0.05), 20—40 cm T2 FL1 &b PR T )

0

PR )5 FL2 (b #2583 (P<0.05) (K1), CK-1 FLI-1 FL2-1 CK-2 FLI-2 FL2-2
XL OTUs 193 E—4 wE
. ELf iy ML, it L/FiﬁﬁT%ﬁjzmg B2 FEET LA 6 MEBIRRFA
*Eﬁﬂ]g tﬁ'ﬁ*lﬁﬁﬁ( %% 2) o E" E/(JEEUQ ’ E 0—20 em + Fig.2 The relative utilization of soil microorganisms to 6 carbon
EEFI ’FL2 Lﬁ CK ALI\}E E/‘J gﬂ]% Ace . Chao *ﬂ%’t Zq;j:g;ﬁ % sources under different treatments
. . N RN 5 R [ A B ] 2 57 5 3% ( P<0).
SRBE(P<0.05);FL1 5 CK AP E T Ace +5 %L, VPRI R (P<0.0)
Chao T8RN R85 2% 5 & (P<0.05) ,FL1 5 FL2 &b [E] Ace #8510 . Chao T85 AR F5 5~ 3 #7458 5%
£ R F(P<0.05), 20—40 cm )2, FL1 5 FL2 43R40 T8 B A F6 5022 5+ . % (P<0.05) ,FL.2 5 CK \FLI1
AL FRAG A0 TR i AR R B2 S 3 (P<0.05) s FLI 5 CK Ab P [A) B3 o 3 AR P8 8025 7 2% (P<0.05)
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2.3 MZEBHMET LMY REE T RE 2 R

ARG H LARESE 96 h ARAF R EEE ST T IR YT iE 2 R e B AT M (2 3) . 0—20 em )2, FLI
AR AR TR FL2 AL FEAR HE 22 57 1 35 (P<0.05) , 2 430138 50h  FL1 AbFE S FL2 CK AbBEAH b 25 5%
% (P<0.05), 20—40 cm 12 FL2 A B ARG ECE FL1  CK AL FEAH L 22 55 W 3 (P<0.05) , ¢ 8 AR 48 4L
FL2 5 CK b3z [A] 22 57 3% (P<0.05) .

X AN A J2 45 b B ] A SRR MR B R IS DR A T A ATk 2 B0, DA SRR v R 4 bk
F,URIHRIRIE BEWH AFRRIS VU SNEI N £ EABCE A YR K (E 2) . 78 0—20 em
+JZH FL1 FL2 F1 CK BRI AR R Ssteili 22 5 W % ( P<0.05) . 7E 20—40 em 1 )21 FL1 5 FL2 ZbHEXT
e i Y5 B 1 FH 22 57 .35 (P<0.05) (1 2)

R2 TRIELAEELBEARFEREFEEMEESHEEN

Table 2 Soil bacterial community richness and community diversity index between treatments in different soil layers

e 4= & BEFH AL Richness estimator ZFEPEFREL Diversity index
Treatment Ace TR Chao #5%% Shannon F§%% Simpson 8%k
Ace index Chao index Shannon index H' Simpson index D’
YN Bacteria CK-1 3679+237b 3691+305b 6.52+0.03b 0.37+0.00a
FL1-1 3786+107ab 3781+70ab 6.57+0.09ab 0.36+0.00a
FL2-1 4077+76a 4127+119a 6.67+0.02a 0.30+0.00a
CK-2 4245+217a 4230+160a 6.72+0.05ab 0.32+0.00a
FL1-2 4309+207a 4292+234a 6.67+0.09b 0.33+0.00a
FL2-2 4282+60a 4256+43a 6.81+0.04a 0.27+0.00b
LI Fungi CK-1 400+ 1b 417+48b 3.97+0.15ab 3.68+0.49¢
FL1-1 479+35a 496+25a 4.26+0.20a 8.40+1.72a
FL2-1 423+23b 437+6b 3.78+0.04b 5.88+0.53b
CK-2 390+5a 353+74a 3.80+0.19a 4.44+0.47b
FL1-2 404+53a 379+77a 3.75+0.27a 8.63+1.49a
FL2-2 374+62a 374+65a 3.92+0.05a 5.98+1.22b
x3 AELTEEETEMENIIESEN
Table 3 Soil microbial functional diversity between treatments in different soil layers
Jrsty Shannon #§ %% Ca R e Sim‘[‘JSOI’I eI hgE Sha‘nnun £ F R4 Sim‘;.)son EiR
Treatment Shannon Meclntosh Simpson Treatment Shannon MeclIntosh Simpson
index (H) index (U) index (D) index (H) index (U) index (D)
CK-1 2.72+0.00b 3.27+0.15b 0.93+0.01a CK-2 2.81+0.10b 3.55+0.65a 0.93+0.01b
FL1-1 2.92+0.10a 3.92+0.20a 0.93+0.02ab FL1-2 2.89+0.00b 3.96+0.35a 0.93+0.01ab
FL2-1 2.81+0.00ab 3.37+0.25b 0.90+0.01b FL2-2 3.06+0.06a 3.92+0.55a 0.95+0.00a

TR EE LB PC1 AT PC2 Y BTHR R 0500 27.7% 1 16.6% , 0 PC1 AOBRIR 24 Bk &L
MR RIREMEB AW 5 PC2 AR IE £ LA RIREFHESE . 0—20 em 1 )21 FL1 A1 CK AbFEf; T PC2
1E3i, 52 PC2 b WRRIESE MBS, AFRURE e g, B U R FH 22 S48/ s FL2 A BRAESE — 2 fR, 5 FL1 A CK BE Bt
KOEAHZERE R (K 3), 20—40 em 20, CK AL FE UL, H FL1 FL2 fl CK AbBRARXT 735, Ui i
AL PR IR R A 2 5 (B 3)

2.4 MPZERHET A HEA0 R R B D RE T

i TaxdFun SEATELEMRUEY) KEGG DRI , A A AR BE 15 8 Ak 32 32 2 — AR %, 73

07 Far R 63.67% 1 17.29% (B 4) , A G ARighHm i - B3R T 41 AR, B S BoR TR 15 A4
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FIXTThAE L A E B, 76 0—20 em Fl 20—40 em + )2

o, FL1 FL2 I CK Ah B () 3 2200 0 ) R 35k A1 19 D g v s oKl

BN AR oKL S AR iz i 5 515 | Al :Eﬂ;

b & W A SR T AL & W AR RE AR (& 4) . | aFi2a J
FLIFL2 § CK AbB(E 020 em LRAGHII FAIAEE 5 | °77 - as
IR T 0¥ (P<0.05), 76 20—40 em £, g N

FLI FL2 Bk KA G P00 03w T CK 43 (P<
0.05) ,FL1 B2 RS Al P g A 22 09 AC ) A i
B4 E T CK 4 (P<0.05) , FL2 {55516 | fig 10 . .
AR R T CK AL (P<0.05) , 1o IS S 0

{8 ] FUNGuild X B =470 6E Guild TR (&L S) . B3 AEAET LR S RN FE R 5
RICA W E I B9 9 FhIREIA . i -5 /1 - Fig.3 Principal component analysis of carbon source utilization
AT AR TR R AR AR TR R A4S L of soil microbial communities under different treatments
95 TR - AR TR AR R R - AR B, 7E 0—20 em H)2
O FLL A TR - A TR s D - AR T A D RN A - AR TR B 2 S T CK(P<0.05) , FL2 (9 3k A T g A -3
HEHEBFEET CK(P<0.05), 1E20—40 cm + /2, FL1 (95 -1 A= -4 T B3 5 T CK(P<0.05) , FL2

FR9 0 T - 2B B A A T 3 R T CK(P<0.05) (1 5)

|
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[¢]

BokARE |
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WE TR ORE |
e |

BeER A

S A ARG 24 A
s |
WS A REAIAL & ARt
5 A I A AR
i ECAERR A 020
T A A AR
iz
vz |
e | B
iz

o

Ihifig Functional

a
b a

CK-1 FL1-1 FL2-1 CK-2 FL1-2 FL2-2

4 AEAETARELETETBEMEA AL (" ACSHE )

Fig.4 Functional structure of main soil bacteria in different soil layers under different treatments ( Pathway level 2)

2.5 WRAE YT BE SRR 0 A 25 D B e A

S5F 5 FEAR (SEM ) A4 il PR R % 4 SR W D R 2 MR R AR s e (R 6) o BEVE 7 20
ELFERN REfR R DI RF IS M D7 220 2% (18 6) . TN VR ZREVERE S i B - R L R 2
BEMER T 200 11% (& 6) , BHEJT M LBt (4N | BL B ) FETE 22 Rk RE i B - e s Mk T 22 1)
96% (& 6), BHVE | T HERUE YR VR 22 06 M S i TG 1k e R IR M D e 2R BT 2519 69%
(K6).

Mk 4 PR, TR 5 T IREG LB BRI A RIS (H) SRR E(U) R E R &
RAGKL(H') WFETFA R (P<0.05) 3 =Fh + 3B (Ure Inv Alp) ¥ 5 MUY E 5 AR A550(D) HBEREEZ
FEPEFE B ( Ace .Chao H' .D") FIELTH BETE ZAENEFEEL ( Ace .Chao) L TEAHIE (P<0.05) ; HIEMUE WA R 551
(H) S BEE Z R EFE 50 (Ace .Chao H' \D') FIEEBEE ZREMEFSEL(H' D) B3 IEHI 5 (P<0.05) .

http ; //www.ecologica.cn



5016 A % Ol 42 %

3 itig RS SR . n A
3 I - S A
31 K ZEHHER B T " .

T A YR TR T Bh RN A AT B R L B T E L .
Mg 30 R 2B MR A R i ik W gk Eﬁ%_mﬁ_ﬁg . H .
P A S AN | RUR T LB 2N B AR 2 2 BR[| b a b
FPBCE B T REE DAL BRI R BB AL B B wen | RN
o B, B B E MR E IR AR AR T AR | b a a
FIZAE,0—20 em F1 20—40 em )2 T EME ) S E & JAER | b b a b b a
BUSHEGHE B E T, AT, 41510 OTUs %k 2 I3 2 338

O I = O T &

R TR Y OTUs , 2R BH 4840 b 5 + A= 9 g
FI LB, ARG & B, By BB 5 4% Se Bk VE A HL i
AT YR B R RIS AR (B 1,36 2) .

T A S R AT B SR A 2B VR AR = T 1 T
JEBRAENE AR T RS R T R A R AR
TERLT A A R A ) 3h A5 AR Ak SR A i - 4

Bs5 AELEBETARLEFETEEFRMIIALEM (R
i )
Fig.5 Functional structure of main soil fungi in different soil

layers under different treatments ( Pathway level 2)

TR s A S HLBA 73 19 23 S A R S DL 2 - e R S5 A0 -l A= I e P 5 i sl 252 e =2

[ FE LR A A ) DTS T A TR R 2 RN R

AN, T AR AR BUE S0 T B3Ol B A A

NS AEM P B HE T BRI A SR T BT e R A BT e R A A SR R X e
R FUR RS M2 B T 2B0H 07 SRR R, S BT 450 D 4 B BE RS RO 2RV B AL 5
PHEA PRI 1,3 2) o B ZBRHESR T T8k L SR BUE IR, A1 (52 5 LR e AL i D RE Y
ARG I, S 24 22 0k - R A A PRBE AR A T BRI,

BT X

l0.27*
%2=2.80

(#H)

R2=0.72

R AR R df=4

P=0.60
RMSEA = 0.00
AIC =50.75

y

0.38%

GFI1=0.96

()

HW SRR

R*=0.11

WRE gy AU

IHREZ R R %
(H)

R*=0.69

6 HHMEFE | TEEENE ARMNEE SR T A Y ThEe SRS T IZEEL (SEM)

Fig.6 Structural equation model (SEM) of farming methods, soil enzyme activity, bacterial and fungal diversity index and soil microbial

functional diversity

Sk (LA R ARl AL B AR RS/ s R AR P A AR B A BT 22 10 UM 5 GFL: 40045 R BE 46 50 RMSEA SR R B T AR IR 2% 5 + P <

0.05, * *P <0.01, * % %P < 0.001

http ; //www.ecologica.cn



12 1] WREZ 5 A BB X - SR 5 1 IR MR E TS S5 A R Zh RE 2 BRI A0 52 ) 5017

x4 TIEBEE REMHESREMIIRSEEUREFERXES

Table 4 Correlation analysis of soil enzyme activity, microbial community and microbial functional diversity and yield

ZHTA Bacteria
Ure Inv Alk H U D

Ace Chao H D’
FEH Yield  0.498* 0.501* 0.270 0.600 ** 0.469 * 0.113 0.222 0.220 0.547" 0.021
Ure 0.870** 0.893**  0.299 -0.034 0.716** 0.654**  0.614™  0.731*" 0.740**
Inv 0.912**  0.216 -0.204 0.862** 0.790**  0.734™*  0.744*" 0.945**
Alk 0.199 -0.087 0.753** 0.695**  0.662"*  0.671*" 0.817**
H 0.177 -0.179 0.665**  0.620"*  0.663"" 0.863**
U 0.368 0.232 0.158 0.284 0.319
D 0.161 0.210 0.126 -0.191

E T4 Fungi

Ace Chao H D’
FE R Yield 0.113 0.0782 -0.074 0.356
Ure 0.759"*  0.781** 0.063 0.036
Iny 0.706**  0.731*" 0.088 -0.031
Alk 0.840"*  0.857** 0.081 -0.050
H 0.053 0.024 0.678**  0.664""
U -0.050 -0.048 -0.143 0.240
D -0.334 0.331 -0.113 0.213

Ure . JIR il Urease; Inv: e A Tifd Invertase; Alk: Tk P4 7 V2 FitE Alkaline phosphatase; H: Shannon 5% Shannon index; U:Meclntosh 5% Mclntosh
index; DL EFEEL Simpson index; Ace: Ace 841 Ace index; Chao; Chao 5% Chao index; H':Shannon #5%% Shannon index; D' Simpson a8
Simpson index; * P<0.05; * * P<0.01
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