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Abstract: Soybean [ Glycine max (1.) Merill. ] continuous cropping may lead to yield decline, enriched pathogenic
microbes, and soil degradation. Although the problems can become serious, the mechanisms of how the bacterial community
is affected and possible links between these effects and cropping systems remain unclear. Therefore, we comparatively
investigated the bacterial diversity and structure of the soil samples collected from soybean continuous cropping with different
years (CC—) and cropping rotation with maize (CR) using Illumina Miseq sequencing methods. The results showed that
soil pH, total N, total P, and available nutrient content were significantly higher in CR5 and CC13 treatments. Compared
with short—term continuous cropping, CRS5 and CC13 treatments increased the number of OTUs ( operational taxonomic
units ) , value of PD ( phylogenetic diversity ), Chaol index, and Shannon index of bacterial communities. The cluster

analysis revealed that the bacterial community compositions were affected both by the cropping system and cropping years,
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and soil pH, TN (total N), TP (total P), AN (available N), AP (available P), and AK (available K) were the main
factors in driving bacterial community structure (P<0.05). In addition, a variance partitioning analysis ( VPA) revealed
that the effect of soil pH was a primary factor in determining bacterial community composition. In this study, the results
showed that soil nutrient content and richness and diversity index of the bacterial community increased under CC13
treatments, which indicated that long—term soybean continuous cropping improved the soil environment to some extent. This

study provides scientific data for studying the ecology of soybean continuous cropping.

Key Words: high-throughput sequencing; soybean continuous cropping; cropping rotation; bacterial community;

bacterial diversity

ARIC B AT H S IR R FE R R e A S % 4 R B, 2P AR AT
RUES A AGARRAE 5 R R, K T S AR SR e VT A L il DX 3k A7 7E . Liu 550 S ARG X K G VR = = 4
TR, KGR 4 B AT B R 8 40% , 1 H -0 A s v 2Rk, CAMRIEN, K%
VB FECRIERALE BT | T SR Wy R T 5 0 A2 Ak | 0 38 it 7% 1 e TR AR 2 23 I 1 Ak g B 24 T
20 Ak e B PR e A g R B A e R G VR R A A ) R B R T

I YR A A A R A3 TR R AR S R SR NSRRI AL | RS Ry
TR SR L RIS e id i B mEAER Y . BAMFIEUESS, gk W B R 2 R A
R fg A T R R R, BRI AS IR T Bk MR AR T LA, X e
TR Tt AT 0 AR S T RE BT 8 3L

H AT IR R T, S P EV5 G5 A 4 I PR PEAR A SC R SE 45 RAFTE 22 5, 4 Tang 551 R
FHBERE SCE D7 5 6 R AR A AR AN B R I8 25 A 7 R U], R AR AE T e 4 TR Hi e Fn 2 R PR e Al e %
R, A A TR R B R R S L A RS B, 7 AR B - 8 R S VA RO A R VR 4
Fa) VT FEAR B - v 40 R RE VA S5 40 32 3 VR RS AR i 250 R P 0 30 PP R Xuan 5517 B9 6 B ZE K A5 -
FORFARRE - A AR R b A0 RO A o B B 3 s TOK R VEAb T, SR, —LSeBF e 4 2R R S /R 2%
TR AR REE S5 H A 2 AR MR B0 A Kk WA Ml TIA W ASIR] (ORI 52 J7 1: ( DNA 8 SRS Al
EDT ) AR A AR A 2RI E A IR S B SRR TR i 225 A

B X R A DX R T A, T RS T 8 0 B0 1 R ) )t DAAE DG T 1A T T2 W0V S5 AL T i
FEIE RSB AR BEBER FB Uk ( DGGE ) Bl i i W72 ( PLFA ) S80Il & i iF 98 T Be 7 — e FE
BRI T AR RS A R SR AR L A TR AR T T AR ST SR T Mlumina 755 38 520 X 2R
JEITAE ER BRI L X R GO [RTEVEAERR (3,5 F1 13 48 ) AR G-F KA VEIR R T 1320 8 V& 2540 2 i Fn 2
FEVEM R EAT TS, B AR AR BRAAC A 5 20N A0 RE IS A M AU e ZRETE R R C R . [RIISSR
HLIE XN 43T ( Canonical Correspondence Analysis, CCA ) FllJ7 2243 f#43-H7 ( Variance Partitioning Analysis, VPA)
T3 1% A B OR S2 e R A R 7 4t 1 A 2 A Y T B RR B BR Bl (A1

1 M5 F®

1.1 R A

ARG A7 T BB VT AR BB B3] 3 B (50°157 127N, 127°27'407E ) |, 56 b 55 Ja v Yl o ol 1 25 XU
16 ARSI -1.5%C AR R 450—600 mm , 3 N IEME/NKE A8 0.5 hm? , R - KRS VERIR
Y IX AU 1 hm®, 38R0 R 2+ R ) 39t A AN A B X — B (AR A AR A o - iR — e
100 kg JRZE 4 kg FIBERR — 40 83 kg) .
1.2 REsET

AHWFSE P BUOR G EME 3 4EALBE(CC3) KRG IEME 5 4EAFE (CCS) R HEAE 13 4E4EF (CC13) AR G-
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12 4] XIBRTS 45 AN [R]R L AT BIR XS S 40 B v 45 A B 52 3

KAEAE 5 AT (CRS) MR T8, T 2015 467 A 7 HIER G IFAEM R AR T AEMER T8, 7R850 X AR
FHBENLRAE T R AR 0—20 em #F)2 148 BAFE s BEPLR AR 10 A HIERESE N — 1 EE B0 4 RGE
52, RS L BR AR AR R A S T 2 mm 0 BT VKA R RRAR RS0 4°C PR E, Hoh
FRATFE S RAE 22 - 80°C VKAE 2 B 3R E M) 5 DNA
1.3 Bk
1.3.1 3 B e

145 pH (R A pH i E PR 30 min J5 19 EEK BRI (1:2.5 w/v), TR (TC) MIEE (TN) H
TR T (VarioELIIL, Germany ) #ll &, 3 4B (TP) | W (AP ) H ] 1% 220 3 730 # & 4t (SKALAR
SAN™  Netherlands ) #EA7 0 52 £ 48 441 ( TK) F 540 ( AK) F A A6 56 B 3T (1CPS- 7500, Shimadzu,
Japan) HEAFISE  BLAT, R FIRRE K S5 F02 0 5 - e R (AN) 1T
1.3.2 DNA #H

% Fast DNA® Spin Kit for Soil (MP Biomedicals, USA) , % B8 U B 45 #E 47 + B 604 9 5 DNA A $ B,
F2HUS A9 DNA I TE 22 #h ¥ (10 mmol/L Tris-HCl, 1 mmol/L EDTA, pH 8.0) i f#, 3 /] NanoDrop® 2000
(Thermo Scientific, USA) I DNA & & & it , -5 DNA fieJ5 PR 47T -20°C VKA H 45 .
1.3.3  misaEy

DABRERCA) e 9 8 DNA SR, A @ F 5 149 S1SF AT 907R ' XF 4114 16S rRNA JE[H 4T PCR ¥
. 25 wL B9 PCR K ZH &4 2.5 pl. 10 x PCR buffer,2 wL 2.5 mmol/L dNTPs,0.25 L Taq i (5 U/ulL)
(TaKaRa, Dalian, China),0.5 wL E[FIR 59,2 wL FEA DNA WK, K B2 K AN R % 25 pL A&,
PCR F W 440 . 91781 95°C 5 min; ARG 25PE 95°C 1 min, B 63°C 1 min FZEM 72°C 1 min, 3£ 30 PME,
e 2B 72°C 5 min, B 3 IREE IRE 5 A Agarose Gel DNA purification kit( TaKaRa, Dalian,
China) #47404k . PCR 4lifk )5 0971k 3] b #3835 4 )2 7] (Shanghai, China) #|H] llumina-MiSeq V- & #17
XL 5 53 AT
1.3.4 S alaer

FTF Mlumina PE 300 M, B 70K 0453 40 B 19 FASTQ JE 4R 731 SC 4, il i QIIME Pipeline Version 1.8.0
(http ://qiime. org/ tutorials/ tutorial.html ) "*" -7 ¢ 5147 43 At 5 il . FH FLASH (fast length adjustment of
short reads ) A4, X B4 e 90 2047 R0 B 42 , FF 25 B 7 504 /N T 200 bp, -3 45343/ T 20 P55
B 5 18 1 Uchime algorithm[zz] B LR SRS E R, G, i3 RDP (ribosomal database
project) (http://rdp.cme.msu.edu/ classifier/ classifier.jsp ) XA S PG BT 2805 B R, st CD-HIT
7L BT 97% WAL /K SF- 64T OTUs 4325 50K 43 . FIH PyNAST ( Python Nearest Alignment Space
Termination tool ) ' B4R 45 4~ 43 25 BT 1 A0 R 1k e B B A7 B2 40 M, TR) st A FastTree 014G 8 25 45 iF
e
1.3.5 Sita#r

ARMFFE I TR T/ NFF) CC3 AbHR K T A A BRI 7 5B BEHLI T 25 3.0 J7 4%, 1T o A1 B ZHEMESY
Fr. Hoh Chaol F880 3L T R G UEALIE B (0 PD 1, IS4 M7 AS TR Rk 1 B2 1 40 B8 22 RE P B 28 1k
KF, HT SPSS(18.0 A #fd: , I One-way ANOVA %A [l b B i) - 33 B AL PR 40 11140 287K S F A4
X o ZAEEFEEGHE TN R T 2201, [FIES, FIH R(v.3.3.1) 544 (R Development CoreTeam, 2006 )
HEATERIE 3T ( Cluster analysis) JEXF S04 (CCA) FIT5 2253 73 At (VPA) | LU AS [l Bkl o 321, 4 1
FET5 25 A0 2 B A8 AR A RS R

2 HREHS

2.1 R[AbFE A S5 Y BRI
ANEAL PR - SEFALPE RN EE 1 s, SiEVERLTRAR IE , 528 (TC) A4 (TK) &b, KT-E ki
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YEANEE(CRS) 2546 = T 145 pH 2% (TN) (2 (TP) & & MR F7 5> (AP (AK Fl AN) &8, b4h, Xk
AR BR R S 3 PR A MR R B, R R0 ( AP) S S AEIEAE 3 AFAL PR (CC3) ik Bl i R {E AN, RGEE
13 FEAFH(CC13) Y TC TN FEZL IR AN AK & i34 22 TE/E 3 4E(CC3) A1 5 4E(CC5) b3

F1 FEAEN T EERE R

Table 1 Effect of different treatments on soil physicochemical properties

e XS £ X Exdl A Uy Uy ga
Treatment pH Total C/ Total N/ Total P/ Total K/ Available N/ Available P/ Available K/
(g/kg) (g/kg) (g/kg) (g/'kg) (mg/kg) (mg/kg) (mg/kg)
CC3 4.61+0.00d 15.75+0.21¢ 1.08+0.02d 0.68+0.01d 18.93+0.19a  155.68+2.99d  19.95+0.63b  122.77+6.95¢
CC5 4.69+0.01c 18.78+0.11b 1.24+0.00¢ 0.71+0.00¢ 18.93+0.02a  172.15+£0.60c  16.27+0.10c 122.57+0.19¢
CC13 4.77+0.07b 22.75+0.60a 1.51+0.02b 0.75+0.01b 18.77+0.04a  179.98+7.36b  16.47+0.84c  209.28+16.77b
CRS 5.01+0.01a 18.59+0.09b 1.58+0.02a 0.79+0.01a 18.88+0.0l1a  206.89+2.27a  23.43+0.04a  249.20+2.75a

(1) CC3: #AFE 3 4F, continuous cropping 3 years; CC5: {1 5 4, continuous cropping 5 years; CC13 ;34 13 4, continuous cropping 13 years;
CR5.#41E 5 4 , cropping rotation 5 years; (2) H Duncan 41t (n=4), [FFT R 5 AN [ﬂ?ﬁ%ﬁﬁ\‘%%jﬁ%([’k()OS)

2.2 AHEIKEARXS

AWFFEALFRAT A0 H 51 618029 4% (30087—44615) , LA 97% HYARLKSE#E4T OTU B2, 13115 2696 4
OTU, 5346 7E 37 4@ ) (B 1), H i #F 5# ] ( Acidobacteria) (20.13%) . L £k % '] ( Actinobacteria )
(17.15%) .a-ZFIE B 1] ( Alphaproteobacteria) (13.55%) . B-ZEE ] ( Betaproteobacteria) (11.74%) (4t B[]
( Chloroflexi) (8.69% ) 1% Bl B 1] ( Gemmatimonadetes ) (7.61% ) 2 - 3 th B AL 3V 17T (AH X £ BE R T
5%) , b RIS AN T 5 1Y 78.87%

XoF LA R IA) 20 P T AT AR B C R R IR, E R LA TR 1T R AT U1 1) RIS 2 A 1 45 Ah BHE 1) 2 S AN Jb 3
- T TR CC13 A (A 6T =F 3 28 8 AL BE CCS A CRS, i B-Z8TE I 114 CC13 Ab B rp & BRI,

CC3-1 [ 1 [T T N
CC3-2 ] T B W
CC3-3 ] N N IE
CC3-4 ] [T Wl . A
CCs-1 E— T = AR
3 AR
CC5-2 I T W ok
£ 0053 [ T W mm 55
£ ccs4 ] EE N EEe R
£ ce I T PR
e ginee
3 CCl13-2 [ ] [ TN gy BRI
CC13-3 1 T W W O AR
CCl13-4 I [T e B FEEETT
CRS-1 ] T W E ﬁén
CR5-2 I T W o e
CR5-3 [ ] [ T I BN
CR5-4 [ 1 [ T I W]
0 20 40 60 80 100

IR
Relative abundance/%
E1 AEMHESETEAREIKETEHEEMAR
Fig.1 Composition of soil bacterial community at phylum level with different cropping systems
CC3: #%AE 3 4, continuous cropping 3 years, CC3-1, CC3-2, CC3-3, CC3-4 A4 NEE ;CC5: #AE 5 4F, continuous cropping 5 years, CC5-1,
CC5-2, CC5-3, CC5-4 94 N, CC13. %A 13 4, continuous cropping 13 years, CC13-1, CC3-2, CC13-3, CC13-4 N4 NEE ; CR5.5E4E
5 4, cropping rotation 5 years, CR5-1, CR5-2, CR5-3, CR5-4 F 4 MHEE
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XIBRTS 45 AN [R]R L AT BIR XS S 40 B v 45 A B 52

5

5 CC3.CC5 1 CR5 XL, 43 B 16.24% (18.45% F1 4.36% . AN, 525 B 1A A B 1 T ZE 48 /E CR5 4

B eb R T AR AR B

ANTE) Ab PR ook U B S ORE B A — S8 40 B ) 28, W vE B W ) ( Planctomycetes ) . 8-74F JE B ]
( Deltaproteobacteria) \FUFT i [] ( Bacteroidetes) . y-ZEJE | ] ( Gammaproteobacteria) JEEEFE ] ( Firmicutes ) F1%%
I ] ( Armatimonadetes ) , FoAHN 3 BEAR TG BIAE 1%—5% Z 18] . FAHIAT B T TR 8-ZRFE W | 11 ¢ FE Ab 2
CRS At AT 288 00 38 o T e A A B 5 PR B 1) A1 PR A 1D AR 2 B 7 CC3 M CCS AR B AP 2 351 T CC13

I CRS AbFR; MHF- 85 B 1) 7E 4 DBHELL B b /A BFa g

WLSEUE PRS- o7 N TE - W Nl T il B R R T

P ( Cyanobacteria ) 7E 1), 24 >3 BEARAR AR B B8 T LA SR 2SI AR 1]

IEAN B 5% LA I 2] 552 4SS TR0 s, e 43.
25% W 7)1 B4 RDP TR I 1A WA 9 4 2615 8
(unclassified) , A 49 F 140 405 & A9 AH X 3= 5 43
KT 0.5% 1 0.1% , Ho Subgroup _1 BYAH X 3 FE i
5,153 6.84+0.78, LK i Gemmatimonas . Gaiellales |
Solibacter F SC—I-84 HIXF=F 53524 3.88+0.30,3.66+
0.52.3.56+0.08 F13.42+0.11,, I bb &b 3 ] 240 14 J& 7K °F
AEXF R R A, RS Solibacter F1 SC-I-
84 £ Ab P[] 22 S R W %5 CRS AL 3 W & FEAR T
Subgroup _1 M Gaiellales ) AH X} = & TR =T
Gemmatimonas BYFIXT FEFE . M Ah, B 5% K B0 3% 1F 4k #
CC13 AR AEAL B CRS 43 %) 2. 35 B4 I T Spingomonas
(FBE>1.5%) M Nitrospira ( 5 >0.5%) B9 FH X F B
(K2),

2.3 Alpha ZFEIES T
ANFEIBHEAL BEAY Alpha Z2REMEFREUE LG R N 2

10

N CC3
B3 CCs5

HAXT

Relative abundance/%

Subgroup 1 §
Gaiellales [
Solibacter E

Sphingomonas B2
Nitrospira 3

E
£
1S
£
=
£
£
Q
&}

Eil) 2

Genus name of bacteria

B2 AEFESETBYHEEKFE TEEEHRER
Fig.2 Composition of partial bacterial community at genus level

with different cropping systems

FITR o £ A0 PR 7E 35 R B KT 98% , i I AHIF 5% AR A5 A0 41 181 e 91 7 = 8 e g, JHL ) o R T DA i R 4 T A %
SERI S ZFEME T . ARG 25 A B IE] 7 5 B LA T 21 3.0 T3 4%, LA LLER A3 B AR TRl AL 3 Alpha 22414
KA, BURFTLUE AR 3 CC13 Fl CRS Y Alpha ZHEPEFEEL, (45 3K15 19 OTUs i \PD {E . Chaol F8%4FI
Shannon $5 4034 0 3 & TALF CC3 A1 CCS5, MHKME/EALRE CC13 SHAELTE CRS M2 S AR E, X4 RE
B, R K G AR A BRI T R0 R AR MR B, (BRI R S R0 Alpha ZFEHEAEECA K 1

F2 AEEILERBEVRESHENZNE
Table 2 Effects of different treatments on the diversity of bacterial communities

st OTU %4 PD fH Chao 1 #5844 Shannon 4541 FES
Treatment Number of OTUs Phylogenetic diversity Chao 1 index Shannon index Coverage/ %

CC3 1756.8+42.15b 122.64+1.64b 2283.2+74.35b 6.20+0.03¢ 98.47+0.00

CC5 1799.6+39.74b 124.46+3.14ab 2395.8+101.81ab 6.23+0.03be 98.38+0.00

CC13 1870.1+41.72a 128.55+3.12a 2429.8+57.48a 6.26+0.04ab 98.34+0.00

CRS 1884.7+24.73a 127.75+1.66a 2450.4+69.45a 6.30+0.02a 98.44+0.00

(1) OTU; AI#AESrJSBAIT , operational taxonomic units; PD: REE
g AR FhERoR 225 B3 (P<0.05)

2.4 MEBEELE M

: B Z kM phylogenetic diversity; (2) F Duncan $58511 (n=4), [47%L

FET Bray-curtis B B ANV A5 A AL B0 RIS 0T BT N 18T 3 o, 2R BRI 45 4 2 R o S AR AR AL

BECTAE) ANEEVRAREE (TR ) PORAAE, D/ SR 4

Ab TR B A0 R AR VR A AL 25 S W . AN TEIE MR AL B Y
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ﬁﬁﬁ%ﬁ?*,@%‘]? CC13 ﬁfi(ﬂz% H),@,ﬂ;ﬁl@ﬂz% 035 —
CC3 I CC5 REBAMSLMT T — DB (W D UL 5 L
W B JEAEAEBR I — 2D A | L AR AT 25 4 14 4

SR, “U '
L JFFT L9 Xk 137 4047 2 B, + 48 pH TN TP AN AP 0'15 i .
FlAK AN BEE S5 % B A b F IR F (P<

me

0.05) , ELFATHIEIA 74 5k - Fokde feabamm bl ™ [5%;7ﬁﬁﬁ[§:¥
SO S ke pH X A R SR 19 95 5 Bk °“'r§ .

b a <

cusyaa8iuggice
BRI 4) o BOOb D7 225M AP (1 4) Bl ikt ° T FTEESL887CEEEEEE
iA‘ NowNG EI'H‘ é%“‘/aﬂ‘ﬁ“><‘ |OR®]
A1 AN R A %JEE’E@ B]la—&li?‘ifﬁ# ’J;@tﬁﬁ o R EeE ERoR
77.76% , Hor pH XF 4= B G A= W v 728 A6 Y BT %k%ﬁ% (CR5) (CC3) (CCs)  (CC13)

A

K, H9 8.49% 1M - HESHALIN T TN TP MU 5y B3 KRS Tk S T RAE R LS
Xﬂ‘éﬂi [ﬂ_’ilﬁ%]] %’“E/‘J/\ H%*ﬁ“%‘;jﬂ 32.06% Fig.3 Cluster analysis of soybean soil bacterial community under

different cropping systems

1.0
[ )
.‘.‘. AP.
0.5 ° N TP
[ ) ° °
S 0 > AK
= AN soh
o 0.5
% TP
S ot AK AN
o b TN 5.20%
LSy ® CC3
o CC5
CCl13
20 r o CR5 i,
-10 -05 0 05 10 15 20 22.24%

CCA1(46.53%)

E 4 AEFMESETIRAEHESMENERFRNEEXNESTITESBEDH
Fig.4 Canonical correspondence analysis and variance partitioning analysis between soil bacterial community structure and environmental
factors under different cropping systems
CCA ; HLE X 43 #T , canonical correspondence analysis; TN 42, total N TP ; 42, total P; AN %A, available N; AP 3k, available P
AK AL, available K

3 e

HEAE B BB, 750 TR Y) P B BRI Rl Y AR ST AR E FEVE K
PR TR B AR K A 98 pH TN TP FIEALFE 4> & i (AP AN Fl AK) ¥ 3 3 TEE R E, X
S s AUV 2R R TSR A AN B, BRI TR RS, FTRE S R E R R
PR 2K 56, TR B IE K EﬂérnE‘Jﬁﬁ%ﬂlﬂﬂT%ﬁFTﬁtéi%Lﬁﬁ%/\iJJH 5N AE R AR
BROK G A EL, 30 VEAN B T 058 TC S8 %A W 7R ML, %45 05 Martens'™ ]38 A9 TC & B eSS AL HL
B TV PR S5 RARYE . R EGX A2 509 5 R AT BEJE B T ARMF R R G- F ORI EIR R JA 5 48, Hir
FORFEN 248 RS FORAEY R, FORFREER M KT RO #H (HRA 2 0 FOREREER TS R DLV S5+ 1
TC F=H BE AR ST e Ah | X HAS ] 4 4 4 BR A 3 1] A -+ S BRAL PE AR 284k 2 B, CC13 19 388 pH  TC |
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12 4] XIBRTS 45 AN [R]R L AT BIR XS S 40 B v 45 A B 52 7

TN TP R4 AN FlAK &5 H) 357 T CC3 M1 CCS AbFE , WK T K VR — e R s 1 11
Wl AR T ISR A, AR U IR A I AR A IS & B, B 3 VR A BRI R T A | 48 22 [
FFE: 55 BAPE 20 TR LU A BRI N — L6 23 5 1 S8y 10 P R A Joit 38 A Ak 10 o A ) S 8 1 4 v 2 e B D
Y TS5 50 A5G s R B B4 v A E A

TR Y Z B E B N PR A S T RE M AR L AR UE A AR R S E N
(RPN A i 14 RGN T 3R P 0 R R T S B S i 2 e TR Y AR, R
TAREFAE T 28T A 90 Z R AR A 78 25 AR R ) G, Venter %5 XA [ Rt 7 =X F 418
A Z FEPEF R BUE AT T I SCRE AT/ 5 A R B R MEAR R P AU 15.1% 1 3.4% W GUAE Wi Vg - & B
MRS, AR5, RE-FORBIERRT  ME V% alpha Z2FE T8 800 % & TR0
AR B CC3 A1 CCS, M-S K WIEVEAL B CC13 2250 AW, AN, AW I8 A BLAR T HE 7% 1) ZRETERE 20 S £
& pH TP (AK AP Il AN 1 35 IEAHIC R (P<0.001) , ZRIMT H A HE T A R R BE T, A Wi v Z ek
PR A5 R o) A SRR T e ) | Zak S5V BFSTIE SC AR 4018 2 REVE AR B 3 AU B TAE R
A= Wy ANIEAE ) SR AR AR 1 I, T LR 43 e HOR SR A W T B R U E ) 2 R i ) — 2
B ORHRAE M R R K G VAR BR AR 7T & B0, K E AR I A (10 4R L) Ah BRI I T 4= 6l A v 14 ==
MR, A, AR TR G KIENE CC13 4T, 3E5R 0> & 5 A AR E R B0 T, R4
TORT ISR 1 S S BUMAE Y AT R B 4G

UEAESR , +- 48 pH 7E4N B VA 45 T8 b 19 S AR FIAS 21 T F8 00 MRS iE " e 20 B8 1 R 25 )
ABFE T R RIS BE RS T R — 2 5 K I MR GO RIFSE0 b  E pH B 7R R AN R
TREEH R AR R . AR R E AR R E ) 518 3 pH 19 R 7 HA 0.4 4> pH L,
BT CCA FI VPA (3 M2 SR 3R W] 118 pH 5 - HEAR TR Vi O AH DG 1 fc 8, LX) 20 TR 7 9% 295 4 728 Al 1) St
TURRA R T HABAE— > LRGP 7, U RAR ) B2 k2 5 3% pH Y738 Al 2 5 RS A0 TR RV 2540 K A2 03 S 1Y
EBIKSA T, Degrune 5 XA [FI Rk il B T 40 B HEVE 25 M B I8 tAE S, Ak 39 pH FUA 0.3 ANz 1Y
AR AR S pH 5520 BRI v S 2 R RS B AR W 3 BAR S (P<0.01) o BEAT, CCA S5 s TN (TP
AR5 AN AP Fl AK 5 40 TR HEVE G5 AATEAR G E 2R (P<0.01) , H VPA 5 5R75 1 3% 00 & B X A0 R A E VR 445
F A i B E TR 3] 32.06% , UL BHER 13 pH Ab, T HEFR 7302 5 R AN [R) ke ] B2 v 1 34 T RV 2540 281k 1Y
3 — FETTHA

Yin %R WOR, 5 EEA L, S VR R BB BURMUE M BETE 45K, SR, Jiang 4517 R Venter
S R AR A UM TR R AR FURRI I SE F- B4 Ve =X Pk 47 B 45 R 3 2 S 30 5%
iR 2R ARWTFTEET e il D PP BOR BB TS 45 R W R AR AR AL BT A A0 TR R E VR 25 A TR R 280
P 43 — R T A €C3 . CC5 AR CC13 AbBRER — ANy A S, A K 5 - KA 1R A
HEAEAN [ AR FR X 40 R AR S A 9 5 me , HeAh AR5 A I — S 4R TR 7R [ 1KF B BRI 5 kA T
A, NI e R T Y AR T P AU TR DA R VR A AR A v 2 R ey T R A [ ) SRR
TR IR 0TV v T2 B ey, U] F SR T T S2 A ] B S el I 1 2 B AR AL 5 B FR BLOC R IRFF— B, SR,
HoAth s B IR BT TR AT B2 TR 1T -2 BT T 0 2 BE VA A 0 2 728 Ak, U BH AN ] ) oo o 7
—EREE LT AR T TR r BUAE R DS AN ST R B TS Y R R D R G 2E R T R
( Gemmatimonas ) " FIHE - 38 rv (14 TV A4 982 S0 A0 JS Y P s P40 i AL B B U ( Nitrospira ) 7050 VEAL B Fp (1 AR X 3= B
R T A AL B AR T 2 B TR s e A s R RIS S A X A A P
B, oA B TR RE R R R 7K A R 5 0 SR Sy i — B > 1 4 2 21 61 8 ( Sphimgomonass ) AR X =
FEFEZEAE 13 AFEAL 3R b AR 3 B2 B e, i 2 5 TR R R 08 B A - S R I, O B B TR A B i
BT Wed O AN I A K MR A 0 B R 2 AL B0 A A 56 RO R B, K D R N T RA KK B
( Trichoderma harzianum)) JEIE 7] JE V. B ( Pochonia chlamydosporia) F13L 75 2% B ( Paecilomyces lilacinus ) Y%
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i, PRI L0 AR B S R AN R A TR LRI A SRR A R R A
AR T SRR IR AR A B T ARG £ A L AN AR SR RO ST A R R B, KA R A Pk
AR A TR R SR

£ LI AT R B D) T AR AR B R G- FORAR AR IR 2R T B0 A T T 4 h 7 SR S PR3 v 3 o Dy i
SEHIAR AT, LW RS IS AR TS A A LSO A T LR I 5 — BB AR T ARG B S2 R AR LS A2 T
AR, FErP R IR B A O B T TR SE S IR B Y JREBE B [ DA =2 8 AL 5 S IR R A G AR — B TR B
TR ] BT R IR AR T BRI 1) AT DR AR A Ak PR i 97 0 3 LA 0, 100 00 328 3 i AR X =2 2
HEAh, SR FIAR EE , CRS AR B 8§18 1 400 B v 10 2 o BE R 2 Rk R 5, U AR A A B Bl Tl 1
WG, AR AT A B IEVE CC13 ARSI 5§ 1 e o0 35 fa MR BRI 9 1) - T M 2 R A
BT R R ISR —E R B Ll T R R 31 1 R BRACRE ), D A MR it T E SR A AE
P, AR e A I e B 3R B TR A A B v 2R T B SE ], SR TG T R -
PR =3 Wl A S AR IR AL PR E IO (Y P AEAIL R v 75 2t — P9
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