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WE: [ BE ] MM ER (arbuscular mycorrhizal, AM) E & MAELJEBG AR GAEERNA RO, Mg
T2 A0 BT 5T PO D R T EAR SR ML, MR R S SR A EE R . [ F ] FIHZH
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76.6%, H AR Fm B X RS TEPAZWIE R, XHEETE SRR L, R R B E NS4
W THE 100%., BRI TETE 4L 89.8%, Biolog fFARMIAZE S o, (VRS S AR BRI AE MR A A T 32.3%; 4
R S RUE ST 85.4%; VR B S UZE WG 122% R Wr 45 SRR, [E L 5 B oA T AR
PR MR A5, IF FEBCE T X ok G928 . SRR FIRIRZASHIR R . AT R WoR, A
F0 B IR AR E TR SO AR PR T TR AR 2R E IEAH KR, 5 AWCD fH . Shannon ZHEEHE HUR 4 & 18
BRI, (G50 ] 55/ A2 AR GO i 2 Ak 220 AV i 4 AR R B A BN, 1]
ERZRE T AM HEMEMRE, ZH DRSS TR R, SO T AR S, IS T 5
HOTH, HETE S AR OAT R R A

KA AME; AM HIE; RUMZEW; WPRREY; it

Synergistic effects of intercropping with wheat and inoculation with arbuscular
mycorrhizal fungi on improvement of anti-Fusarium wilt and rhizosphere
microbial carbon metabolic activity of faba bean
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Abstract: [ Objectives ] Intercropping and inoculation of arbuscular mycorrhizal fungus (AMF) are effective
methods for controlling wilt in faba bean. Exploring the role of AMF and intercropping is the prerequisite for
controlling faba bean wilt from soil microbial system. [ Methods ] A greenhouse pot experiment was conducted
using Funneliformis mossea (Fm) and Glomus tortuosum (Gt) as tested AM fungi. Six treatments were included as
monocropped faba bean (CK), intercropping of faba bean and wheat (IF), monocropped faba bean with
inoculation of Fm or Gt (MFFm or MFGt), intercropping of faba bean and wheat with inoculation of Fm or Gt
(IFFm or IFGt). After faba bean grown for 70 days (in flowering stage), soil and plant samples were collected.

The faba bean seedling growth, occurance of Fusarium wilt, rhizosphere microbial C metabolic activity in faba
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bean rhizosphere soil were measured. [ Results ] In comparison with CK), intercropping significantly increased
the dry weight of faba bean seedling by 93.0%, inoculation with AMF by 55.3% and intercropping combine with
inoculation by 100%; significantly decreased disease index of faba bean Fusarium wilt by 71.4%, 76.6% and
89.8% respectively. Inoculation of Fm obtained higher dry weight of faba bean seedlings and stronger inhibition
of disease index of Fusarium wilt. Studies based on Biolog micro plates showed that intercropping, AMF
inoculation, intercropping combining with AMF inoculation increased the average well color development
(AWCD value) by 32.3%, 85.4% and 122%. Principal component analyses demonstrated that intercropping,
inoculation of AMF, intercropping combining with AMF inoculation changed the rhizospheric microbial
community composition obviously, and utilization ability of carbohydrates, amino acids and carboxylic acids
carbon sources were significantly increased when intercropping with inoculation AMF. Correlation analyses
demonstrated that the disease incidence and index were significantly and positively correlated with the number of
F. oxysporum in rhizosphere, and significantly and negatively correlated with AWCD value, Shannon’s
diversity index and richness index. [ Conclusions ] Intercropping with wheat and inoculation of AMF have
positive effects on inhibiting Fusarium wilt and promoting the growth of faba bean. The intercropping could
significantly increase the colonization rate of AMF, and the combination of the two method could further enhance
rhizosphere microbial activity, improve rhizosphere microbial community functional diversity and inhibit the

growth of Fusarium oxysporum. As a result, the faba bean plant growth is promoted, and the Fusarium wilt

occurrence is reduced drastically.
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1.1 RIEH R

P % 5 ROl 89-147(Vicia faba L. cv. 89-
147), /NEWF A= 53(Tricumaestivum L.cv.
Yunmai 53), ¥k A oA LNEERE .

A3 5 TR 2 i 8k ) R AR & LAY Fusarium
oxysporum f. fabae(FOF) [ 4 B Fl 15 35 2 I
SE AT oy B AR SR

HE H N R G 1 AN, RET A
BE TR A, HHEAPLT A 14.7 g/kg.
A 1.25 g/kg. BHA 62.9 mg/kg. BEWE 35.2
mg/kg. HERCHR 61.3 mg/kg. pH 7.02., HHXFER Ny BE
PSR Funneliformis mossea (BGCGZO1A, it
A Fm) AT ER$E RS Glomus tortuosum (BGCNMO3A,
IR Gty, B A JE s R AR AR R S B
ST, P B AR 700 A KR 5 R 1 AR A3k
Ty, B 10 g WIS A 700 T
1.2 IRt

WG 2 AR CRT 3 A AM BB 2R
i, 3k 6 MAEHL (A AR BT FOF), B 1) MF,
TELAE (WIR); 2) IF, &Z5/NAZWEE; 3) MFFm,
BAAESERN Fm; 4) IFFm, [B/E4ERN Fm; 5) MFGt,
FAERER Gt; 6) IFGt, [H/EHERN Gto A AR 3
#A, it 18 4.

T AT T 2012 4F 10 A £ 2013 4F 2 A 7E
AR R E TP T . AM HE A 1.8 g K
TIRG SRR, 2 Fh AM B3 R4 &t
Y 54 g, NHERBILIE, A 54 ¢ KIEH AM 1§

FI LA+ 5 F A A 3B 8 S A . SR RIE TR
FOIEH A, A 0 3 R LA 3R IR 9 it A N(OJR
%) 75 mg/kg. P,O,(%45) 100 mg/kg . K,O(KiBRAH)
100 mg/kg.

G AP 10% B H,0, #17 30 min &5,
FH K B 7K o 0k 134 5 6 Bl 7 5 B 31 25 °C T HE A
3, MERFRFMEPRE S, HH02kg LM
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B TR, KA R ) KK 1 75% 2247,
JERRHE A 12 hd, SRS AR R 2540 B, F5 Aix
TAE 3 e, SRR R, A ) A
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2.1 [EMEFNIEEX AM EERE. BEMERA
EMEE KRN

2.1.1 MAEFIEERXT AM HE R R0Em A%
WM, BORA/NERRBT AM BEFERR; 5
EZMETS, 37 Fm X & U RWE ORI Gt &
18.4%; ESLMETF, Fm W &E . /INERRMIRYL
KL Gt 35 24.5% F130.7%. BRFERD AM ELE
R, MERGERGMEN AM HERYORE T
FE TR, HP Fm. Gt 209 HE A R SE s 20.9%
F119.0% (% 1),

2.1.2 [ /ERNEE O AR sl 7] T s M A AR Rk
ARSI SRR AEL I (MF) AL, AR
(IF) A% (MFFm. MFGt) ¥ i E AL T & TR BR
4 0 B B, Hod TF AL B R AR 63.9%, T
MFFm Hl MFGt Ab 3 i 2K 95.2% 1 74.3%, 5 [H]
VERT (IF) AHLL, $E5 (IFFm . IFGt) 1% T AR PRk
T HCE B 35 FRIK 96.2% 1 65.9%, DL IFFm AbEEfY
ORI . HRAMT, [EARE (IFFm. IFGY) 78
R R 0 B A AT A Y Y AR AL B (MFFm
MFGt) (3 2)

5 HAE (MF) #HE, [E4E (IF) BRI ORI
KRG IEFE %L 20.0% F1 71.4%; #Fh Fm, Gt i
FREAR KRR 70.0% F150.0%, 52 FRARR15 45 5k
93.9% F1 59.2%. FW/NAZ 5 T R/EFEM LY
M TEEAERN LSS KR, LR Fm &

B RO A i (6 2). 5 MF ARBEAHLL, MRS AL
H (IFFm. IFGt) W7 AN 2590 & R BRI 100% Al
40.0%; FETEHEEIEAE 100% 1 79.6%., FKH/NFE 5
e 7 AR5 o B PR R AR A A 2R AR, DA
[ FERERD Fm BORCR B (6 2).

2.1.3 [A)fF R R X i RN Wy v 1 T A i)
miE 1R, SR, RS 4R R

=1 AM EFRI/NERER (%)

Table 1 AM fungal colonization rate on faba
bean and wheat

Kb Treatment #% 57 Faba bean /NFZ Wheat
MF 0.0+£0.0d
IF 0.0+£0.0d 0.0+0.0c
MFFm 68.28+0.96 b
IFFm 82.56+2.56a 40.90+3.93a
MFGt 55.71+£2.18 ¢
IFGt 6630+ 191 b 30.29+1.98b

1 (Note) : MF—HEHF ISR T Monocropping and
inoculation with FOF; IF—[A] fE 3R It JT T4 Intercropping and
inoculation with FOF; MFFm— B f He i 2 TG 45 A 2 B PR A1 8 )
% Monocropping and inoculation with F. mosseae and FOF;
TFF m— [A] 4 22 i 25 P4 A 2 85 FJR AU JJ T4 Intercropping and
inoculation with F. mosseae and FOF; MFGt— SRR ALY bR %
FI4HI%k 71 Monocropping and inoculation with G. tortuosum and
FOF; IFGt—IRfE 3R IE Bk 8 85 Ik JI 14 Intercropping and
inoculation with G. tortuosum and FOF; [R5 8 5 ARl F R R A
RIALHEAITE 5% 7K 2457 3% Values followed by different letters
in a column indicate significantly different among treatments (P <
0.05).

F2 [EMEREM AM EELETRERMMRIIENE . HERLHENRBHEEYR
Table 2 Fusarium oxysporum density in rhizosphere soil incidence and index of faba bean Fusarium wilt under treatments
of intercropping and inoculation of AM fungi

s R (%) it SRAETT AL (< 10° CFUJg)
Treatment Disease incidence Disease index F. oxysporum

MF 83.3+289a 81.7+27.5a 33144+ 1644 a

IF 66.7 +28.9 ab 23.3+5.8bc 119.66 £27.1b

MFFm 25.0+0.0cd 5.0+0.0cd 15.95+3.97¢

IFFm 0.0+0.0d 0.0+0.0d 459+397¢

MFGt 41.7+ 144 be 333+11.6b 85.17+3.73 ¢

IFGt 50.0 +0.0 be 16.7 +2.9 bed 40.82+11.66d

# (Note) : MF—EAEREFNJH4E J11H Monocropping and inoculation with FOF; TF—[a|{E #4374 /115 Intercropping and inoculation
with FOF; MFFm— S AE 4 EE PO 45 Ak 2% 25 AN 42 f9 88 71 7 Monocropping and inoculation with F. mosseae and FOF; IFFm—A] Y $2 7128 75 45 A 3
B MIZRTEHE JITE Intercropping and inoculation with F. mosseae and FOF; MFGt—H{/E AT Bk 3 52 12785 VI B Monocropping and
inoculation with G. tortuosum and FOF; IFGt—H/{EHER I ERBEFE FNJL 15 J) 7 Intercropping and inoculation with G. tortuosum and FOF; []3]
BAE S5 AR PR RR AR R BRI E 5% /K L2555 8.3 Values followed by different letters in a column indicate significantly different among

treatments(P < 0.05).
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Fig. 1 Dry weight of faba bean seedlings and wheat under treatments of intercropping and inoculation of AM fungi
[7E£ (Note) : MF—AERER I U4 JJ B Monocropping and inoculation with FOF; IF—I[a]/ER:FI 2314k 7] i Intercropping and inoculation
with FOF; MFFm—SA/E3E B U 454 28 55 A IS AU 9k J) B Monocropping and inoculation with F. mosseae and FOF; IFFm—[a] /325 pu 45
R 2ERE AR A4 /] 1H Intercropping and inoculation with F. mosseae and FOF; MFGt—HAEHEFp I Bk ¢ 5 M 15 J) B Monocropping and
inoculation with G. tortuosum and FOF; 1FGt—Ia|{ERE R BR 92 5 IS AUk 7] % Intercropping and inoculation with G. tortuosum and FOF;
FE AN R SR 430 26 7R 7 st T Ak R 24 57 i 2% Different letters above the bars indicate significantly different among treatments in

shoots or roots (P < 0.05).]

Hi R R 3 E 100% A1 83.7%; 450 Fm ELE
B B R A MR A M T 90.6% Fl 44.3%,
PRl Gt B pE B S A T N A T
68.3% Fl1 25.3%, KHRWEFIER AM HIFHHEGE T
G MK,

5 MF fitt, BYEEZFE A (IFFm. [FGt) 3%
HOMA G4 N BT 155% M1 109%, B &5
M BT 72.0% F158.0%., IFFm. IFGt 435l
INAE ML BB 77.5% F64.5%, {EREGHL R T
H 48.2% 1 54.4%, RWMIERL A M AM K &
B Tl o) L e /1B L Ot 1 R s A L D €2
Fft Fm 254 F & B4 B3 A N PR Aok, H
XFF/INZ BN AEAEZE S, HeRh Fm AT Gt ELIE fiE
Mo ARG, RN R AR AZ B .

2.2 [EMEMEEXEIRFRME RS EMERN
A

2.2.1 75 SRR A W ik R R T 28 B AR Ak
(AWCD)  4nfEl 2 iR, 403 AWCD {H Fifi ks
FREFRIERC T E A, JoHIERG SR 48 h 5 2815 .
Kig®t 72 h iy, 5 MF AL, [EVEEEEALEE (IFFm il
IFGt) ] AWCD 4255 111.0% #1 133.0%.

2.2.2 7w SR PR Wik U5 A H R AE M Biolog-
ECO M R 8 EERE (K] 3), & GmRBRiE
PRI 6 2R IR A R TR IR AL B9 (CH) > 2
FEERZE (AA). RIRIE (CA) > BEY (PM) > e
(AM) > B FRZE (PA). 6 ZEMRiFEXT AM BB 25 ma i £
J&, 5 MF AL, $FP Fm ECEALEE (MFFm) AR R

20 ¢
1.8 |
1.6 |
14 F
1.2
1.0 |
0.8 |
0.6 |
04
02 |

AWCD

4 24 48 72 96 120 144 168
1 7%} (] Incubation time (h)
B2 FELETRIAMEDHEF R TUER
(AWCD)
Fig. 2 AWCD of faba bean rhizosphere soil
in different treatments

[ (Note) : MF—H{EHAI 4k ] 1§ Monocropping and
inoculation with FOF; IF—I[a]/EHFh 2 U4 7] 7 Intercropping and
inoculation with FOF; MFFm— L {F 2 EE VG 45 1 28 25 Rt 4k 71
W Monocropping and inoculation with F. mosseae and FOF;
TFF m— 1] £ 42 il JEE P4 45747 98 55 A9 614k JJ A1 Intercropping and
inoculation with F. mosseae and FOF; MFGt—FAA/ERFPHITE BREEE
FI4: U4 71 B Monocropping and inoculation with G. tortuosum and
FOF; IFGt—IH LRI Bk %2 85 F1J 4k ] T4 Intercropping and
inoculation with G. tortuosum and FOF.]

MAEYIX CH. AA. CA. PM., AM, PA ZEkIEM
FIFH 230 73.2% . 130%. 27.5%. 86.9%.
728% Fl 48.9%; %EFF Gt ELRALBE (MFGt) i HRFR i
MR CH, AA. CA. PM ERIEH H B2
68.7%. 114%. 80.2% Fl1 130%., FWIERh AM ELH
A3 (MFFm. MFGt) &35 1 BRIAE P X it
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PRI, Hor DR Pm B 2 TR BT (B 3).

5 MF Mt , TFFm &b B4 AR PR A 9%t CH .
AA. CA. PM. AM. PA ZEBRIEM A B E
63.6%. 164% . 51.8%. 118%. 1322% £l 125%;
IFGt A B MR PR A Y% CH, AA. CA. PM,
AM . PA i EHE S 112%. 154% . 68.5%.
76.7% . 816% F1 136%. FRWIE/EL1F T B A 4270
AM T RE I 3 5 S A G PRI A 4 Biolog
ECO # Hr 7S 28l i F H

5 MF ML, TF b3 b 35 58 S A M A 20
FEH (H) 4.3%, 6D Fm Al Gt ELR i H 4390 2 3% 42
1 7.6% Fl 4.4%; [VESEE (IFFm 1 IFGt) i H 3%
PEE 10.5% F110.5% (& 4). 5 MF L, TF ZbPEi
F P R AR (5)20.6%; HAT Fm Al
Gt P 7 AR PR P10 F & B 5 (S) B3R
175 23.8% F1120.6%; [HJ/E4% T (IFFm 1 IFGt) I 3%
1= S T84 36.5% F1 41.3%., FHI/INE 54 o VR4
Flv AM FLE P RE i 8L S AR H RS,

2.2.3 [AFE A BRI R AR B (ol A ) 22 REPE RS KU ST 2.2.4 WRPRBAEDIBIRAHRAE R R0 T

25 OMF OIF BEMFFm BIFFm [KMFGt R IFGt

20 |

TSR FH i

Use intensely of carbon source

TIEZEHY Types of carbon source

3 FRAE T EZRFRREIF B A LR
Fig. 3 Effect of different treatments on utilization of six types of carbon source

[ (Note) : MF—IAAESEFIJ U4 ] B Monocropping and inoculation with FOF; IF—I[a]/E#: AR 71% J] 7 Intercropping and inoculation
with FOF; MFFm—HUAE 421 B 79 45 4 28 55 M2 7 8 7) T Monocropping and inoculation with F. mosseae and FOF; TFFm—[a] {E$ 5 2 7545
2R IR HU 8 T 1A Intercropping and inoculation with F. mosseae and FOF; MFGt—F AVERFPHIIE BR2E 55 A7 5 7] 7§ Monocropping and
inoculation with G. tortuosum and FOF; 1FGt—Ia{EfFPHIIE BR 4 55 AR HU%E V1 T Intercropping and inoculation with G. tortuosum and FOF;
CH—k/KAL& 925 Carbohydrates; AA—%ZFLFRZE Amino acids; CA—RRZE Carboxylic acids; PM—E A4 Polymers; AM—Jlii2&
Amines /amides; PA—RZE Phenolic acids; AN [ 50325 A Rl B I T AN [R] 4b B 1) 22 57 1 3 Different letters above the bars indicate
significantly different among treatments with the same carbon source (P < 0.05).]

34 ¢ 35 -
L a a I a a
E\é 33 LA 1 30 i E 2 =
:(i 32 c T c a8 25+ ¢ a8
2 = £
=7 31| d #1520t
2 | s
£ 30 | HE st
N 2 g
K g 29| #3290 f
g @
% 28 F 51
2.7 s s s s s ; 0 s s s s ;
MF IF MFFm IFFm MFGt IFGt MF IF MFFm IFFm MFGt IFGt
Ab# Treatment

4 AELEXEIIRFRREDEETE SRR NFm
Fig. 4 Effects of different treatments on microbial community diversity index of faba bean rhizosphere microbe
[7£ (Note) : MF—HAEREFIJTE Sk J1 7 Monocropping and inoculation with FOF; IF—[a{E#2Fh 785k 71 B Intercropping and inoculation
with FOF; MFFm— F1E J22 Fh BE 75 947 9% 55 AN S 74 7] 7 Monocropping and inoculation with F. mosseae and FOF; TFFm—[a] 1 $22 Fh B2 75 4
HhE R MY HU4E T] T Intercropping and inoculation with F. mosseae and FOF ; MFGt—FAAERERP 1 E BR % 55 19784k 7 % Monocropping and
inoculation with G. tortuosum and FOF; TFGt— [AI{E {2 Rh 41 1E BR 4% 25 M1 704 J) 1 Intercropping and inoculation with G. tortuosum and FOF;
FE_EAS R FRER /R AL PR E] 22 57 B 3% Different letters above the bars indicate significantly different among treatments (P < 0.05).]
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T BT AR A P A AR B AR P BE T 25 A FE PCL A
K438 . MFFm fl MFGt 4b 3 5 MF 4 BiL7E PC1 I
AR, R B T & G ARBR R
W BEVR 25K, DAERD Fm AL SRR WU RE TS 4540 1Y)
MR T HA G Ab B, MIVEEZ R AL 38 (IFFm Al
IFGt) 5 AR AL (IF) 78 PC1 Fl PC2 E¥)4A B &
s, REMAESME T HEMEREN RS LR T
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KALEWH s T IR 4 Fh . FRER SRR 4 Fh .
REW Tl BB 1 FOAE RS 1 Rl AR
4 1FF MFFm Al Gt 4t#[5] . MF 5 IFFm il IFGt &b
B TA)f A AR 0 25 R 10 22 5 2 PR AR BRI AE 3 LR

6
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MES SN, FWHBKAGY . JILRARIRLE
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5 TAREIALEFH TRFRBEDRBRR S ER S 2T
Fig. 5 Principal component analysis (PCA) of rhizosphere microbial community carbon source
metabolism in different treatments

[7£ (Note) : MF—HAEREFIJTE Sk J1 7 Monocropping and inoculation with FOF; IF—[a{E#2Fh 785k 71 B Intercropping and inoculation
with FOF; MFFm—F1E f22 Fh BE 75 947 9% 55 AN 2274 7] 7 Monocropping and inoculation with F. mosseae and FOF; TFFm—[a] 1 {22 Fh B2 75 4
HhE R M A4k T T Intercropping and inoculation with F. mosseae and FOF ; MFGt—FAAERERPJE BR % 75 1974k 7 % Monocropping and
inoculation with G. tortuosum and FOF ; TFGt—aI{EfEFIE BR 3% 25 M2 70 8 1 7 Intercropping and inoculation with G. tortuosum and FOF.]
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£ 3 31 MRS PC1. PC2 HIFEXEH

Table 3 31 sole-carbon sources substrates with high Pearson’s correlation coefficients for PC1 and PC2
in the PCA of substrate utilization patterns of soil microbial community

IR Carbon source ¥ Substrate F 4 1 PCL FHSr 2 PC2

kA& 4 Carbohydrates B-F IL-D-F AT B-Methyl-D-glucoside —0.642 0.946
D-2 LR -y- N5 D-Galactonic acid-y-lactone 0.989 -
D-A B D-Xylose - 0.998"
i- IR EEHHEE i-Eryhritol - -
D-H ##% D-Mannitol 0.999" -
N-Z B 3-D- 2 il N-Acetyl-D-glucosamine - 0.991*
D-£1-4 —}# D-Cellobiose 0.626 —0.952
A M- 1-BEBRE: Glucose-1-phosphate -0.959 -
a-D-FLH# o-D-Lactose 0.998 -
D,L-o-H iR L D,L-a-Glycerol phosphate - 0.849

Z % Amino acids L-F5 4% L-Arginine 0.631 -
L-RAFkHR L-Asparagine - 0.652
L- XN L-Phenylalanine 0.947 -
L-#2%{ 2 L-Serine - 0.997"
L-75% & L-Threonine - -0.871
Hi%HE-L- 5% Glycyl-L-glutamic acid - 0.991*

BRRIALAH) Carboxylic acids NHEAZF I Pyruvic acid methyl ester 0.860 —0.785

D-FF R D-Galacturonic acid B -

v-FH5 TR y-Hydroxybutyric acid -0.994* -
D-7i % MiRZ D-Glucosaminic acid — 0.944
A<JHERZ Ttaconic acid —-0.705 0.915
a-J FifiZ a-Ketobutyric acid 0.862 —0.783
D-3E4LHR D-Malic acid 0.977 -
44 Polymers B I Z4EERG 40 Tween-40 0.688 -

R ILZLFEERE 80 Tween-80 _ _

o-FHKS a-Cyclodextrin -0.626 0.953
BEIR Glycogen —0.763 -
M2 A4 Amines /amides HHL 2 Phenylethylamine - ~0.744
JE& M Putrescine —0.748 -
MR 1E A4 Phenolic acids 2-F KR 2-Hydroxy benzoic acid - 0.836
4- 72 HRHR 4-Hydroxy benzoic acid 0.755 -

7 (Note) :  “-=” FIRHHFEZREL, —0.6<r<0.6 Means correlation coefficients, —0.6< r <0.6. *— P <0.05.

mosseae) VG JIKE A 2599055 5 76 BURAIK 89.3% 2, L (IFFm. IFGt) FY 7 5 AN 2590 & R IR 100% #
T/ HAEB B M/ LI RG T, HE AR 40.0%; JEIETE BT 100.0% F179.6% (% 2), M
2 BEARTE AL TS 70% 1 63%2, ABFSY  [RIVERE R H A SRS 220 A R e, U AE )
, SR GPENEREAE (MF) ML, BEERL RS FRCGHRD Fm FLRD AR ORGS0 I il ROR
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x4 BEHERARENFFEYSRFRIIEHE .
WA R A X D
Table 4 Correlation coefficients of disease incidence and
disease index with rhizosphere microbial C metabolic
activity and F. oxysporum density

TWiH RIRH VAR
Item Disease incidence Disease index
TR - .
0.741 0.921
F. oxysporum amount
AWCD -0.869™ -0.736™
Shannon #2%1 0.741* 0.593"
Shannon index o e
F 5 B AL . .
-0.743 —-0.604

Richness index

¥ (Note) : ** —P<0.01.

Ao AR RS S PG IR VR 2R G042 TR0 74 TR 220
FIAIE ST H L IR ER B AL B 25 28, BI5AN B2 18 1 Ak 2
M, HERERBEE (Glomus etunicatum) FIHR N
BRPEEE (Glomus intraradices) Ab A VPH AL 2506 &0k
FFAE R BN WAL, BB RCR 5510 40.8% il
29.7%"1,
3.2 EMERGEESERFRNEIR SIS H
4 & E IR ThAE

WM, JEAE T B0 A0 b PP R T R,
FLAREECRE B, S B AU L (B/F) KIEE
FEAG, TE IR 2 e TR, HIERUE
AV R R AZ B U, L, o B s g
A ST e SO MR EAE 3 v i A MR v e A 5 kS 1Y
HEAERERG BB IGTEOC A 2 AM H R AR PR
YRR . ZRAETREE AR & AM B
il AL TR E ML Z —, ARBFREEREY, £
M Fm F1 Gt I ) 7 GARPRBUAE YIS (AWCD {H)
E PR, BARRIN T A O 2N RN R R T TR
5, B RS T & GRUNE AR . AT
7N, A A R e A I 18 S AR BRI A W ik
ARG VR Z e A W3 AR OCOC R, R A]
B2 AM FLIA S/EWE S AE X R)G, FER 20
KB BE NS AL (A 4 o WA AT LA 5| 4 AR W 1
BT, B HBECBIAR BRI, A A R i s
BT R R, IS PR R

e AR, AR 46 25 ORI ()£ i 4
AT, RSN . RIEMIBFSE R, G
VEFIAT e W 25 B AR PR AE Wy s v 5 2 e, 3
il A% T A AR, ARBIFGE  RIE f AR BRI T
Hm THRAER T (K 2), JRKZERIERSG TR T L

TVE A ZREER N, RIEWRAWTEUR, ke
A= W ) FH A itk U5 o IS RIS R 3, [ B 3
TR WY W R, B R T RS
PR, WL T R G5 AN A
HOBERERS MRV, IE D2 ER IR
W B e AR R (AWCD i) X IR (RAE L
B P2 36.8%; [MAEJFH:F AM HIF (G.
etunicatum) J5 , HE R IRA Y EEUE A LR
LA 48.96%,  [FIET4 o Eh 448 S AR B S A W B
BN, R T LR Z2RIEW . JF
TREGY . FERIAE Y R IR A A Y 2 fF
UG AR, E/EER (IFFm F IFGt) 550
A GARBR R M R R (K] 2), R RS AR
AN R AM B, HEMBE T LER G HE
SR, VR RS AM EC TR i AR A 3 v G T 3 0
YEIR R Y B Fh S FE R, e 23 AR B st A=
PRI PR I B A WU RE TR S A R I R AR . B
T 5 2R RGN G. mosseae HFNF, Tl
HRZR ST I WE Y &L 35 5 TR EERD AMF AR FER

/N5 A S AME R G AM ELTE FEAR A S A
ZN R AT RE SR PR AR SRR AR,
mAM B 5 E TR JE, HRH 22 250 5 4 AR
2 SR VAN PN VAT e S8 S B L o Y VA=W = i3
PEBASTTIE >, WAR YA SRR, AM B R Y1
FRARAERG, A2 Sl G P AR 1 A= 28
A7 a5, DT sk 20 95 Dt 4 1 42 G o7 i I B3 A0 L 4
w0 WEFRBEEORE, AM B ARSI i K
FRM T EAE PR AL R B A SR, Ok AR EMR AR
HIEE T et AM BRI B, 87T AR
BLesToBE L8/l DT IR il 8 70 T 1) A A R 3
WA INZE /2 I EEFT AM EC B RS AR PR A= i
AT REXT A A I BE ) A R A A S TR
AR —E R IR A BRSO A 2 A 0 AT
0 Bl 70 T R A A g o R WA AR R G A
AM HL GG o S8 UE DR A, 3R S A s
PERNZ2 REPE T A A ARG 2 5 vh & 4% SRR

N2 N A T AME R M AM EL R A TA
2 G F A T RE 5 /N 5 A TR U 2 A A
K, TR 228 B AR 3 /N 22 A R 43 WA ) o] 2
PR, MERFRNZ 6, S DI LR
o8 0 AR A AR PR A A R B, TR T A
TR EERR R, TERAEKRE S R A FR 42
Fifr AM TR 008 22 31 7K R -5 78 TN (a1 B g o 22 495 17 40
i) P TR 22 95 O A 352
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RN AM LR A8 FE BB ACS AM B P
AR, TONPAESRIF PEFSIEBRETS (G. eunicatum)
X VG AR B 1 7 & A 7R 2 A6 4 70 R A S 35 0% 100 o1
YERT, AT ROV A 2200 1 &2, (R R N
FR#EEE (G. intraradices) STARFRER T . PG ZER
() K9 R AR TS PR A Te 2 s, AR gErh, H
VEZATF T HERD Fm 1 Gt B TR XRS ZE00 I 4 Tl RORAS
[, DAt Fm BEPRBCREAF, #ERh Fm B 5 A
GARBREAE DS oK G IS . RIS . MR
P PR S Al 5 ) M FH iR B2 2 5 T Gt LA AR B, /R
THEAAF AM BR S T3 EEWRR 20
4 2 3 05 2 1T 3 BSOS AR B B A 0 A v 435 4 1) 5 e
ANTE], e 285 M X B L B MR R . N S
SRR TR AM AR & T & SARPRUEY
XK ACG WIS | B 2 R TR 2 e IR ) R
AR MR BRI WU RE T 25 A T e 2 RIVE R F) AM FL I
WA O E W REENG Z —. ERERS
., AM HEBRE SR HEER AR KRR, X
REIE oL 1 R R ESURIERN, B S EAEME A —
FEMZINANL . HEA I AM HETERIE RS0
BRI REEHPNR Tz, BT RRS
5L,
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