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R . OMFEEPa R . S AR A R, BRI RA, W A A, R e A T ML
T s (SCOF) A 3 114 7 i b3k F fie i, > 28.99 g/, 550845 P ifiA T4 MLICHLIC HE(CCOR)AH H , b I35k i B S5 14 Jin T 37.90%;
QB HLTCHIEC AL ERIN ] 706 R 194K, Hrh SCOF 5 CCOF A3 Hhps J5 B i AE K Bond BEAT BIRRAIR T 24.53% 5 22.23%; O
HLITCALIEE 5 06 S B R 2 1 AR BRI Aol e, Hirh SCOF AbIRZE Fi iR BRI MRy AT s, AR . mokik
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FfE FRPRERA A, SO BER SR E N &R R A — A

KW Fili; HhYE; L BAERSThee

hEHZES: S154.36 XHEFRERG: A

Effects of Disease-suppressive and -conductive Soils on Tomato Rhizosphere Microbial

Properties

LIU Hong23, PENG Junwei'?, SUN Yang®?, HU Yang?, LI Jiangang>?", DONG Yuanhua’?

(1 CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China; 2 University of Chinese Academy of Sciences, Beijing 100049, China; 3 Pingyang Natural Resources
and Planning Bureau, Pingyang, Zhejiang 325400, China)

Abstract: This study is to clarify the changes of tomato plant growth and rhizosphere soil microbial functional community under
different soil sources. The experiment was conducted with the disease-suppressive soil and tomato bacterial wilt disease, and the
pot experiment and two fertilization modes were applied to investigate the effects of the disease-suppressive and -conductive soils
on the rhizosphere microbial functional community structure and growth of pathogen Ralstonia solanacearum. The results show
that: 1) The disease-suppressive soil has higher contents of organic carbon, available nitrogen, phosphorus and potassium, which
enhance the growth of tomato and inhibit the occurrence of soil-borne diseases. The fresh weight of tomato shoots in SCOF (the
disease-suppressive soil treated with organic-inorganic co-fertilization) is the highest (28.99 g/plant), increased significantly by
37.90% compared with the CCOF (the disease-conductive soil treated with organic-inorganic co-fertilization); 2) The soil treated
with organic-inorganic co-fertilization inhibits the growth of pathogen Ralstonia solanacearum, and the growth of pathogen in
SCOF and CCOF is decreased by 24.53% and 22.23% compared with the control respectively; 3) The soil treated with
organic-inorganic co-fertilization and pathogen inoculation alters the rhizosphere microbial metabolic function. The rhizosphere
microbial community in SCOF has stronger metabolic functional activity, and there are some changes in microbial populations
that utilize carbon sources such as amino acids, carbohydrates, and polymers. Therefore, the disease-suppressive soil treated with
organic-inorganic co-fertilization can help host plants to tolerant the stress of soil-borne diseases and maintain the healthy growth

of host plants, which provides a perspective for the occurrence and control of soil borne diseases.

OFRATH . EEK A RBEIL ST H (41977055) FIVT. 4 Tk ik W B Hh FIEH: @18 £ 101 (BE2022301) T B
* SEIREH (jgli@issas.ac.cn)
YEZ A Wik1993—), T, Widtaree A, WEFsd:, FENFE HEMAEY S LR EMYC. E-mail: liuhong@issas.ac.cn

http://soils.issas.ac.cn



B

XUBESE 0 5 S b %) i AR P A e o ) R 123

Key words: Tomato; Bacterial wilt disease; Disease-suppressive soil; Microbial metabolic function

F TS T R (4 2 Ji LA B A B X 48 B sk 25 1Y
— BRI SR, A ELAT i A IR A VR R AR
LR, AR A KR IR R AR R . XA
B BRI ARAE 7 A A 3570 e iy, H )25
W3R, T Ll e A W R IE A A . DRk
B, ROSRBUE R, RAEY R TR,
iG] % + e, AR ER SR TH
RPURWSL, Gl , 1AL LR I EIERR AT K
A, H R F iR 55 /R G (Ralstonia solanacearum)
5 | ) — b LAY 0 A T R R A PR
SR T e, BRI . B, . AERE
55 200 ZFpEY 1,

TR A 0 S BEXF A% s R A KBl iR A
AT S A TR K] A TR R S A TR
TR A e 8 SR | AR i LA i ] gk S R
il REE AL SR TR 1A 25 AR W RETR o 5 AT 1Y
SRR 1, T SR 2 AR AR AR
25 HoBGRERN U SRR, AL TR
do, 0 AR PR MR Z R R R, O HARBR &
EA R LM EWMEY), WZERFT B | B B A
BP0 SRR PRAT 25 i A W n] LI i B RS BT
3o D AT A o5 0 D A 5 A AR S A 5 AR 43 BEROR )
FAM e B DA AR S e g, B B e AR A%
WRIE ARG, TS SAEY BT 01,

T B2 Al A 7 v BB — A, Xof -3 ST A
KA A A 2 F AR it A AL it Al
Ay e R SRR Ak

PUBT Y&, B LR A, (R E Y AR K S
F, RELEEEY R R AT HLE S T LAE A
il AN ASCAT ) 7 - S PSR AR B TR B A 35 R Y
ot M HRE TG AR BEVE Y I es (14 37 0 ASR E/ R A2
KO8 pesh, AHUEHSHRZ @ ERELEY,
AT LAGE BEZF FAT B A5 AR R IR AR R, A B T
R A2 A T

S BHOC TR LA R L (HE R R
TERS Tl A WA v 2H AN 22 BEE YL, T - 25
B HEACHE XA AR A | AR HE B LA T g
T PR B s e e R T o PRI, AR SR LA
R A FERT R, B PR 1 FE A i
e, RAATEALFIA PLICHLECIE P A AL, i
T 28 F R, AR 7S [ N T % A%
T AR A R AR L] , IR R AR A Y
FEY) AL E  DIRENE LSRR Y LR R A B
B AR AR AR

1 #R5EFEZE

1.1 ik el 5%t

HER TR i R R A 1 903 By 4L T il (Lycopersicon
esculentum); it +3EHL A F VLI R 5 B S 4
FFEBFSE A (118°46'E, 31°43'N) K M il F 4k i HE1E
JZ(0 ~ 20 cm); MY - 33 RS 1 HER IR D A2
MRS, IR 1 R (T
Ki B (Ralstonia solonacearum) ©J B ¥k i 5 K
HX-RS201911(NCBI %3¢ : MZ267233),

F1 X TRAOIB MR

Table 1  Physicochemical properties of tested soils

+45 Fblbk(g/kg)  pH WA (molkg) A ABE(mglkg) HEE(ma/kg)  2&(g/kg)  EBE(okg)  4#(g/kg)
Bt 11.19 6.34 69.8 144 1.18 0.88 15.3
s+ 12.06 6.61 86.8 158 1.25 0.87 15.5

FE A T v Rk B g et I 5 T A R
AT o R AR R 5 mm G S TR
BRRSER EIO42 155 cm, FH 12cm, & 14 cm),
45 1.5 kg W+, 503t 8 M abrE, Hikfuts 2
Tl R (8 = 5 3% 1) . 2 Fita AE 7 =X OR i e
SHEMICHLEE) A K 2 Fhize i 7 X R R A 5 A
PR R ), R 2, A 3 AN EK .
HA AU & FLRT A HUIE(N @ P2Os @ K20=2% :
1% : 2%), i 180 kg/hm?2, HA LTt FH g «

FRZ (& N 460 g/kg)43 kg/hm?, it @fR4s (&% P.Os
120 g/kg)84 kg/hm?, iR (7 K20 500 g/kg)17 kg/hm?,
TEFAFN 3 F 2 =i — O I, S Kt
H ARSI R R AL AT, B 4 MR — )5,
PEPH A1 B 28R 20 ml YRR 5108 cfu/ml 11 75 A B
KR (T HEFE T 36 h IRE SRSt T B0, SR H
FACERTS R 3 UK, P LB KB R A &
5x10° cfu/ml), FAIEFRFMI N 45 d, HIH] & B &
TR, IS il F AR



124 +

4 5 55 &

x2 HERHHRRA

Table 2 Description of experimental design

b B ik

CCKR JEG =+ AN B+ Pl S T

CCK T =+ AT NS+ N B S
SCKR P97 =+ AT+ B i S T

SCK P09 =+ AT NS+ R B S
CCOFR TR -+ A HLIC PG E -+ 05 i o
CCOF B A MLICHLBC G+ AN 4200 i 1
SCOFR 9% -+ HLICHLECHE -+ A1 S o
SCOF 5 -+ MLICHLEC i+ A B SR ot

FE 7 At A I B 0 113 750 7 Al 10 203 S5 bk
1o LA B s AR AR i, O RAEIHARBR +, — &40
FF T —20°CIR IR VKA FH T 42 L+ 4% DNA, 55 —&B /14
FE2 4°COKA T o b7 H 3G W R AR e M o
TR TR T T CRRAF TR 7k ) B9, AR
AR F AR ZSRERE , X AORRE IR T IEA
PS4 0,1, 2, 34, 0%, BEREEEMN A
19, WA 0~25% (M 25555 2 9%, A 25%
~50% MM EEE; 39, MEMA 50% ~ 75% [yt
RZEE; 4%, A 75% ~ 100% MR ZEE. K
155 78 51 (%)=100 x 3. (& 5 P E <& s P EO Bz 1 Ak
B (e = B <R
1.2 TEEAERNE

- S PEAbE TT 0 PR AR S 4 pH AR
AR SACE . AL, 2. . 28, Hi
ES NI Ty, b, B3 pH SR K
I 1: 2584, pH it(SevenMulti Mettler Toledo,
i)W 5 A HLRRCR FH B A R B AR s 2R
FHERR-KEREE, IICEEENE; &S
APPSR A IR IR &, FHE T a1k 5 A
FEDIAE 5 AR FH B S HOLM E 5 A 3R
0.5 mol/L NaHCOs $£ 5, #4H 4 b vkl e ; 43k
SBIR ] 0.5 mol/L NHAC 2482, K IGREEEIINE
1.3 iRERTIEEREYABIEENE

K H BIOLOG 4:7Z#k(Eco microplate, Matrix
Technologies Corporation, 3 )/l & A [F) 4b Fi A
B - 3 ol A= 0 AN [ s TR ARG Y 3 A0 R
WR: MERFRE 5 g Bl R, RN A RS
45 ml $2 77 JC B o i A= BRER 7K (0.85%) By —Fa K, 7E
PR P IRR 30 min GG, #E; WHC3mI £+
BRI E 27 ml iR EE K, IRAT, R ERME
AL, AR N 103 TR JHHER K 1073
MR 51 96 FLA= &M, &HfL 150 pl, 7£ 25°C

fE IR ISR ThR R SR, 0. 24, 48, 72, 96. 120,
144 168 192 F1 216 h J5 FIHEFFR{LAE 590 nm i K
T I WO 2 (B (ODsgo)

HEEXT 0 ~ 216 h A IOCIEEAE A T00 28 4T,
RIKEFE 120 h (A Py A A AL T EJge a4
G TR E] 120 h YRR Bk U AT R 2200 Hr . 1%
TR 030 3 o P-4 23 6 72 Ak 3 (AWC D) K S e,
3R N AWCD = ¥ ODsgo/31, H:Hf' ODsgo M il K
k1 590 nm [ YEAE , 31 2 BIOLOG A= 754 b A i i
14 RETESHBEEHESHNE

AR PR 38 b R B Y B R 2 & PCR
PHEATINGE , AR 5 1R G A G A SRR Y
fliC F [, Hor, IEM 5144 : 5-GAACGCCAACGGT
GCGAACT-3', X [1] 5|4}y : 5-GGCGGCCTTCAGGG
AGGTC-3', HEARIRE#AE 72 Bk [22]

1.5 TEZELZMEIYINERRILE

FEI & AR AT R D A W A AR AR AR
FE R A DL AR T A A 123, g R 0
JE = A W A R A ML A R AR K Y R
Mo AHIFSE R 2 B B 3% R E 1%, Horp
BRI —Mh CPG [ 44 Kk 77 ik (192 /K firk 1o 28 11
1g/L, HHME 10 g/L, #i%ikE 59/L, pH7.0~7.2),
A 50 ul AY 1103 cfu/ml AU AR, 55—
M55 -9 10 g A A0 PR 3. Wkl il )s, &
(8 R L FH 4 00 BSE B A DA B L 5 & M P Ah
e DL ERAETE G TAEG R e il Bl R 1R
FFRILE T 28°C fHiRIEFA P AL FF 48 h, ik
Bdk 8 AMAbEE L 1 ASXTRR, o6 B AN N 1
MIZs HALEL, RAAEE 4 AER . KRS H)E, F
PR G AR BRER 7K (AmIZ ML) e 58 15 5% ik B A 75 Rl i,
it A A0 562 33 Kk 600 nm T (WG, DL R AE T
il v 1 A KA L o
1.6 HFEAESSITHH

FIFH Excel 2016 #E178dE4e11, KM SPSS 20.0
XA FRPRIEAT 22550, I LSD L7255 W
K, WEKFEHR 0.05. HH R3.6.1 XHEY)
REZFEPE S E2ERIE A R S B A T IO 20 Ar, R
999 YK Y54k B HESI K5 56 (MonteCarlo permutation
test, 999 permutations, reduced model) 7T i E VS
¥, ffiJf] R3.6.1 i “vegan” k4T PERMANOVA 7}
Mr, DA A £ . AERRASHERE . RN
PR 3 AN PRI ZNT B AE A G D RE A AR X S0
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21 AFLETHEAFERIETL

A RIS A AR F], Wk 3
N, ALK . SRR . AR S )
Kl SCOF>SCOFR>CCOF>CCOFR>SCK>
CCK>CCKR. 5 CCK kb L, SCK Ab FH it 1 55U &
ARV R, 23 mT 25.77% 5
20.49%, THEATAPLICHLEC AL EE(CCOR) 5, Al
fie . BBCA . A RUBE . BACE Y & I T
37.27%. 1.24 f%. 1.83 f55 1.51 {5, #BHKE, K
R TE R L IS I -, A HLICHLBCE AT

1M pH WG T B (P<0.05) . LA, Hefpim R i 5 A5
Tl A R T 1 g B T 2 G I R i) (P>0.05)
22 AESEBTHEMEKREKER

ANFEAEEET Tt AR RN E], anEl 1 B, e
s RN AR Pl T AT A Ak BB P R AR A K s T I
Jog LRI B AL EE, [H 22 IR B B E K
(P>0.05), F%AIi Ji bl J 7 Aol A v RN A ) 1 T R
%o ZERR - h T A HLCHLEC AN RS, {2 T 3%
SRR AR e Al b R o (1] 1), [l S8 1ot
SNk, Hirp SCOF Ah BRI 2 ihh [ Fff ey, >
28.99 g/tk, 5 CCOF AbFEAHLL, W& T 37.90%.

®3 FELERLREFMR

Table 3  Soil chemical properties under different treatments

50 (mg/kg)

R (mglkg)

Qb H pH LK (9/kg) A (mglkg)
CCKR 6.36 £0.16 b 10.27 £0.30d 66.69 +0.91 f
CCK 6.32+0.19 b 12.18 +0.86 ¢ 73.00 £2.90 ef
SCKR 6.72 £0.01 a 11.89 £0.22 ¢ 81.70 +=4.08 de
SCK 6.50 £0.11 ab 12.28 +0.56 ¢ 91.81 +1.22d
CCOFR 5.51+0.08 ¢ 16.12 £0.53 b 145.22 +7.04 ¢
CCOF 5.41+0.05¢ 16.72 +0.51 ab 163.16 £2.54 b
SCOFR 5.30 £0.06 ¢ 17.57 +0.63 ab 165.26 +£3.71 b
SCOF 5.56 +£0.08 ¢ 17.99 £0.75 a 180.12 +2.72 a

146.13 +6.46
149.29 593 e
168.55 +4.96 de
184.78 +£4.05 d
395.07 £7.73 ¢
42318 x4.71b
431.17 +13.94 ab
455,55 +17.23 a

138.15 +£5.83 d
149.48 +2.14 d
152.32 £2.75 d
164.57 +£1.82 d
343.35+16.33 ¢
375.03 £17.05 ¢
487.86 +21.93 b
577.38 £23.98 a

T RSB /NG TR SR A BEE 22 57K P<0.05 B % /KK, TRF.,

60 (A a
a

%b ab b b

40} @b

Ff (cm)

20

CCK CCKR CCOF CCOFR SCK SCKR SCOF SCOFR

40t (B) a
g 30+
K b
E‘ 20 ¢ be
5 bed bed bed
A4l
= 10t m d |—(—‘ cd

CCK CCKR CCOF CCOFR SCK SCKR SCOF SCOFR
k¥

(B /NG PR R 3o A BRI 25 535 P<0.05 B3R, TIH)

B 1 FRELEEFMERERS Q)M T EEB)
Fig. 1 Tomato plant heights (A) and shoot fresh weights (B) under different treatments

23 AREAVEBETEMSHREZERBR

ARE A JE 3 SE PI  , BEFP S TE  Ah HE
AP S B (10 A B v 35 B AG T B0 T B (18] 2A),
I Ti) Ak ¥ AR I 7 A ) =F BE AR 1 CCKR>SCKR>
CCOFR>SCOFR>CCK>SCK>SCOF>CCOF, #%#5
AR AT A T A R o il G 00 291 4 i = B T e T
AL T R A B, 3 BH B P 1495 D B RE S 3 N %
SERRBE AR G- b 52 B A 15 FAE YRR B AN TRt A Az 2

XoF 5 A 0 & A A — | ZEA9 = 2EA T BT
WL Tt (SCOF) REA A KA T At 1 & LB (&1 2B). BT A
b P T CCKR A 38 i) 2 it A e 75 Ao o 17 i 45 e
3T 74.81, HRJZE SCKR 43, 1fij SCK #1 SCOF
b PR F A TR ALK, 4390 0.066 5 O,
2.4 AEETRETEREMRISEIEENTL
AN R A 3T 7 AR B - S AR W 8 A 1 A
M, i/ 3 fin . SCOF AbB AR br + 38 A= i 1
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Fig. 2 Abundances of Ralstonia solanacearum in tomato rhizosphere soils (A) and disease indexes of bacterial wilt disease (B) under different
treatments
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Fig. 3 Microbial functional activities in rhizosphere soils under
different treatments

fxm, HIKJE CCOF, SCOFR, CCOFR b3, 434
J& CCKR 4hBHAY 1.97 f5 . 1.59 f5 | 1.59 f5 5 1.36 1.
[, J005  rh i 55 R 42 it 77 A B 1Y) 1 S i A
Wi M 43 ) 8 TR -, (B AE SCOF A3 Ay
2552 (P<0.05), AS[AIALH N Z AR by + 8 i ik
Py A TR B PR 2R AL R AN TA], 3% 4 TR . N
R A M 1, A HLICHLEC A B T AAR PR i
YRR E Y ZRAE M A EER KA G
FIHZ & AR AL EE , iR RS A Y SR 2L
B W AE 42 R Dt oA Ak 3 rh gl S A ) R I S e TR
FER IR R AL, F30°h SCOFR>SCOF, SCKR>SCK,,
CCOFR>CCOF, CCKR>CCK.,

®4 TRLETRFREEIN EEBRRXBNFBER

Table 4 Usage of main carbon sources by rhizosphere microorganisms under different treatments

b3 RSP e ZRAGYE IR e il
CCKR 0.45+0.04d 0.19 +0.00 bc 0.16 +£0.03 ¢ 0.26 +0.06 d 0.06 +0.01 a 0.06 +0.00 ab
CCK 0.54 +0.01 cd 0.09 +0.02d 0.21 +0.01 bc 0.40 =0.01 bc 0.01+0.01 b 0.05 +0.00 ab
SCKR 0.46 =0.01d 0.18 +0.02 bc 0.17 +0.03 c 0.30 +0.03 cd 0.05+0.01a 0.08 +0.01 a
SCK 0.65 +0.04 bc 0.07 +0.03d 0.25 +0.44 abc 0.36 +0.07 cd 0 0.04 +0.01 bc
CCOFR 0.64 +0.02 bc 0.22+0.01b 0.15+0.02 ¢ 0.40 +0.02 bc 0.07 +0.01a 0.07 +0.03 ab
CCOF 0.73+0.01b 0.15+0.02 ¢ 0.27 +0.10 abc 0.51+0.01b 0 0.02 +0.01 cd
SCOFR 0.71+0.03 b 0.32+0.01a 0.35 +0.09 ab 0.41 +0.02 bc 0.03 +£0.04 b 0.02 +0.01 cd
SCOF 0.92+0.10a 0.21 +0.03 bc 0.39 +0.04 a 0.63 +0.03 a 0 0

PERMANOVA 73 Hrf7n 1 A [a) b X AR B - 58
TR DA D RE2E 53 B RE R o A5 P A ILE WL
Ak B AR PR ol A A B D BE AL S ) i R J3E O 36.9%
T2 Fof g Ji 7 A L XH R s ol A 0 A 35 0 E 4 52 Wi A
5 26.8%, Jf EHLik WIS R 1 B AR B 2B 1t
A2 BR3P /KF-(P<0.01), #RT, 13
KRR PR A A 2 5 B i REEA 6.5%, H.

FFEAIA I 7KV (P>0.05) (3% 5). i — % + i
Py R A -5 A P ) Bl 5 26 T A L TR f b7 7
Pr(CCA), #RITIE 1530 £ rpoxt TR E P AU
PR B AT IR A 7, S5 2R o, feigo L
A T it ISt R DL 2 b B R e 4 R Bl A 0 2
RERH DXy, b, Al —REAS B 10 IX 70 3T 5 R 4ol
o TR B4 SRR E M D RE  XEAR PR B A D e e
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Table5 PERMANOVA analysis of rhizosphere microbial metabolic
function under different treatments

A5 R? P
JE A £ 0.065 0.216
Jite AR e S 0.369 0.001
PRI 0.268 0.003

SHRREE A 63.30%, FIFRARZS . BRI MRS
TR UG A T PR 1) 15 22 2 1 v i R 2P (CCOFR
CCKR)AL N T AE W D e B v A8 S (1) 2 2R 1 )
BRI EYEE . ZRUEYERHE
YIRh e 5 R FE RN I (CCOF . CCK)ALH R i A= 9y
R RERETE AR T N MIOC (B 4A). [RIEEHL, FEH
s b A BRI RIS LR A, B — L RB A W ) IX 44
T 55 AR HE R [ B ) B A W D RE RIS, XTAR BRI 4
fRIGITh BEAR TG B %y 53.81%, I ELAIFHFR IR
iy T2 23S 0 e A e WAL 1 e 2 ) o R 11 18 2t 2 s
JE A EM AL FE(SCOFR ., SCKR) LA ¥y D REZE S 1)
FENE, MA AR, okibEwIE. Z2R4L
B 25 1 B AR ) b R 1 34 22 R i A 2 o D A
(SCOF. SCK)AMHF Byl A= Yy T e fie i A8 = i %
P (& 4B). 2o, A SCHET Tt IE A2 Ao I
B4 B IO 5 0 A o A AR
FEAE IR A -, S5 R, ASHEFe i 1R I R
FAbA Y2 R L TR 2 SR R R | iR
975 J B i 1 B AR BRI E B T e 22 R A R
Wi PR 22 IR R AL B, SIS SR A ], 1 A
AR PR AE PRI D e 22 5 A SR s R R R SRR 2

(A)

| ]
Wl A
3 . |
=2 Ok . , AbFs
S A S AN @ cCKR
e ;
2D e : W CCOF
o ® ¢ CCOFR
PY L ERESWE
-1 [ ] k
| i 1 .
-1 0 1

CCAL (63.30%)

2.5 AREAAETRER T IEMEDIEL EEN ST

BREERKNZEN

ANTRI A 3R AR R b S Ji B 1 A A S A [
WE 6 FrR, Jod et AL HL(CK) Y A B A K A
4, HRJE CCKR, SCKR, CCOFR, SCOFR 4bFH,
AN SR B H iR 29 1+, A HLEHLE b #E T~
(CCOF F1 SCOF) iy ¥ i 1 A= 1< B i 52 3| 1 40
(P<0.05), 434l ky CK 4bHHf) 76.98% 5 79.32%. I
HWEAKR 5, 3095 + b B Ak R A A= K B AIR T8
(CCK>SCK, CCKR>SCKR. CCOF>SCOF), FH)
I TP AT R A LE AT T R TR 0 A A TR R Y
HERMERNLL)
2.6 TIEBUMR. MEYHERSEDEKSH

HIHE K1

I A3 HT AL R T A Y S AR A
(A9 155 8 A5 L R 190 A K DA SRR o 5 o = B 1) A 5%
M, BRI e A R AR AT AR R T, 4
REE 6)RM, HHAVLIK. AR, AR, HL
Btk o I PR ORI T o R B A OCOC R
75 2 i e o 222 W 3 B A DG OC %, BRI w1 H 498
BUIT . SR SRR 3 A B TR i A
{18 2 A R T T AT AR 1 A K o P AEE - 3Ei A  ) H
(R Ut 27 - SR R A S ), R HERRK AL &4
XK BRBBURMREEY, IF HER T RIEIL
B, HATRIR Y5 T AR B 95 15 18 BORN AR B [
AR AL ARG . BARH, Boktb YR, £
R G W IS IR AL A W A & i S 4R

(B)

*
1+ * :
.

2 4b 3
2 A 5CK
=)
Q ® SCKR
g 2| W SCOF
o 1% | ® SCOFR

CCA1 (53.81%)

4 BREAFIFLEB)FLIEREYINETR RS T ERIRERG Y BREI NS
Fig. 4 Canonical correspondence analysis (CCA) of soil microbial functions and metabolism of major carbon sources in disease-conductive soil
(A) and disease-suppressive soil (B)
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