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erodera glycines)ja, EHME R EAREA T AM A B AKX RRFEHE. AFied. LAMHEEPOD).
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The Effectiveness of Arbuscular Mycorrhizal Fungi to
Antagonize Soybean Cyst Nematode Disease

LIYan LIJun-Xi XU Li-Juan ZHAO Hong-Hai LIU Run-Jin"

(Institute of Mycorrhizal Biotechnology, Qingdao Agricultural University, Qingdao, Shandong 266109, China)

Abstract: Soybean (Glycine max Merrill) seedlings were inoculated with arbuscular mycorrhizal (AM)
fungi, Glomus mosseae, G. etunicatum, or/and soybean cyst nematode (SCN) Heterodera glycines in
split-root systems. The dynamic changes of colonization of AM fungi, penetration rate of SCN, disease
index, activities of peroxidase (POD), phenylalanine ammonia lyase (PAL), B-1,3-glucanase and chiti-
nase in roots were analyzed. Both two arbuscular mycorrhizal (AM) fungi were able to decrease the
disease index and penetration rate of SCN whether in one compartment or the other compartment of the
split-root systems, the AM fungus and SCN inoculation in the same one compartment showed greater
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effectiveness than that in the two compartments. Compared with the treatment with SCN, the number of

cysts in rhizospheric soil, cysts on roots and SCN in roots decreased by 47.4%, 58.9%, 46.6% and

50.5%, 67.0%, 57.5% respectively in the treatment inoculated with G. mosseae or G. etunicatum, and

inoculated with SCN 3 weeks after AM fungal inoculation. It was indicated that AM fungi could sig-

nificantly inhibit the development of nematode. The activities of the four enzymes in roots colonized by

G. mosseae or G. etunicatum could be induced in a period of time. The AM fungus not only competed

with SCN for colonization sites in one compartment, but also activated the defense mechanism of soy-

bean, elicited the defensive enzymes in the other compartment. It was suggested that AM fungi can both

systemically and locally antagonize SCN.
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5% = B, MK AR (Arbuscular mycorrhiza,
AM) ELIH e fE — €2 B LS Pim Y iy, JLHE
T S e R A RCR B B R R 2R e R 3
AM  H i 0] B 3 AR 45 26 B (Meloidogyne incog-
nita Kofoid & White)ft) & F FZ5 4, BAE 1972
4F, Fox FI Spasoffl™ ¥y YR E T 4 & I i 2% £k i
(Globodera tabacum solanacearum Miller & Gray)5
AM H AWK E #1255 [ Gigaspora gigantean (Nicol.
& Gerd.) Gerdemann & Trappe]AH B3 il itk 46 2%
SR, Francl F1 Dropkin ZEI8F 98 UESE T AM HH B4k
BR % % [G. fasciculatum (Thaxter) Gerdemann &
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SCN ZH ik i85 AR YL R ™, 75y FAE2E |
PEE R B H R SR B P55 A R AM
BRI A 1 £ U f 5 517 AR A 9 8 A e
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systems), ¥ REMRR 00 =, S HIAEMBE R
PR NAK, JFEF TR SCN R AM FLE AL B, @
3 43 BT AS [ 25 ] 0 Ak 36T K 5 875 40 P il 1 375 R 3K
A, DR AM B IH] SCN . s K E IR
PEFBLEINY, AR SCIRIE T 5T O A0 485 2

1 HRETHE

1.1 iRIedrsl
1.1.1 AME®E: H =M% (Trifolium repens L)Y %
i BE VY BR 2 55 [Glomus mosseae (Nicol. & Gerd.)

Gerdemann & Trappe, G. m]. I ERER(G. etuni-
catum Becker & Gerdemann, G. e)ffl . HEHMEL .
HR AN DA 22 Je 35 57 5L AR RN ) -
1.1.2 KERELH: 3 5S4 /NG H PR
B i A Pt 5 4 1L
1.1.3 K= (Glycine max Merrill) @#: “& 5 1157,
1.1.4  SRIEF R A VRS 7 R R;
FER, WA H AR IFIE R 2 SERB R
1000 mL (10 cm x 10 cm x 10 cm)AI432, Ik %
B DU IE PR 3 % 8] oA AT 4 B A 48t
1.2 gt

W+ (pH 7.5, & W 0.31 g/kg, LB
16.8 pg/g)id i J5 = iR K E (1 x 10° Pa, 1 h), K
Tt FH O SRR 4 3% 1T T B )5 76 5 1 i 19 KRR 6 o
BrE, 2-3 F EME, HAEIR R —5rh 1 ETE
SRR FE R G L, R HAE S AR A E N4
SRR RIS 8 LB (1) CK (AN EFPXTHR); (2)
G m (BARET R | S =M VIR E); 3) G e
(B ki) 1 5= Mo ERRET); (4) SCN (45 3
Ji 1 5% #F SCN); (5) G. m + SCN(1) (B Ak B 7E 1
SE MRV RS, 3 A5 SCN); (6) G m +
SCNQ2) (BHEITE | SEHEM G m, 3 HFT 2 5%
M SCN); (7) G. e + SCN(1) (BARITE 1 535 425
WERRGET, 3 )5 HERN SCN); (8) G. e + SCN(2) (¥
FETTE 1 S =P Goe, 3 5T 2 5E M SCN),
BEDLHED, BALBRERE 25 K. BRITOREF RS
HEAMLL AM EEEMYY 5000 £ R
(PO FEAk )G 3 ARl SCN, Rl K R i e 4k iy
ARG 4000 AN/ER, XFREII A SE B K E A AM
FLE A R, 5 RER S SR
TR, MRS 1 KRR 2 d %408
P CREE, AEALERFANLERE 3 2, #RS AR
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HCI Rk, 0.1% BRPEM LYt . 7F BX51 OLYMPUS
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SR ERAREDI I, TR SRR
133 ZHEFPHRER: SEXGEEIE, KR
FICAZZ IR 0.1% MM S ZL By, Z Wk 3 min,
FEFLER M PR 2 d, ARG TE BB R R AT 4 i fR g
B
1.3.4  BEIEMERYMRE: A A5 e DT &
FiEF 96 M 3 B AL W Bl (Peroxidase, POD)YE M %2,
0.5 g RGAMRZRT/NMIFERS, il 5 mL SRS il
(50 mmol/L . pH 6.0, & 1% PVP Fil 15 mmol/L #iJ&
L), VKIBWEEE, 4°C. 15000 x g B .0 15 min, H
VR A BTG . RO 3 mL R 2% Rk
(0.01 mol/L, pH 6.0, 7% 0.1 mol/L H,O, Fll 0.25%%x
BB 10 pL ffF, 20 2 min J505E ODarg.
7R TN 2 R % & i (Phenylalanine ammonia lyase,
PAL)IEPEMIE, L 0.5 ¢ KEGARR T/NFekh, Jin
5 mL HI R 2% 1 (0.1 mol/L . pH 8.8, 7 1% PVP Al
15 mmol/L $i3k 4, %), vKIBHFES, 4°C. 15000 x g
B0 15 min, BV E BG4 . ROV 3 mL

AR 22 wh3% (0.1 mol/L , pH 8.8, %% 0.025 mol/L fJ L-
KNARR, —3 0o 2:1)00 1.0 mL B, 4°C Fi
1 hJ&, fin0.5 mL 6 mol/L ¥ HCI H 1k 2 i, 5
OD;990

B-1,3- 7 OB A TS PRI 52, S B 0 2R U
2, BL0.5 g REAMR R BT /M, I s mL B R
ZZ (0.1 mol/L, pH 5.2), vKIGHFEE, 4°C. 15000 x g
20 15 min, BB, 0.4 mL (19 2.5 g/L B A
Z Wi (Sigma A A, T LIRES IR ZE b ), n
A 0.1 mL JBE§HE, 37°C {£38 15 min, ZEIINA
0.5 mL #i& 3], JR&%, 100°C /K 10 min, ¥ &1, F
A 0.5 mL A EH R R, S O 605 I 2R 4R K
3.5 mL, #4])5 660 nm Ab b e, MRAEFRMERZE, oK
HR X IO 1) 3 T B A

JUT TR P E 2 B8 Boller 25U ik, il
P2 T B R B-1,3- % MG . K 0.2 mL B
0.2 mL IR&JLTH(F 1 mg JLT Bi+#r, Sigma A
7]). 0.4 mL 0.1 mol/L pH 5.2 W IR ZE thik iR &
37°C /KR 2—4 h, 5000 x g 8.0 5 min £ (1)) .
B35 0.4 mL, 150 uL 3% 2 il (Sigma 23 ) |
50 uL 0.05 mol/L pH 7.1 MR 2% bk, 37°C /KB
i 1 h, F 585 nm FH@, DAES8 0 # AL
T R4 1 nmol N-Z Pz SL# 2 b p o 14
5 1A,

K1 DRBEFRET AMERMAERELHRERFERM

Table 1 Effects of AM fungi on soybean cyst nematodes and disease of soybean seedlings under split-root systems

b3 Rl = g K (/250 g ) R IR (/) HRAHRE (/) ARk
Treatments Cysts in rhizospheric soil (Number/250 g soil) Cysts on roots (Number/plant) SCN in roots (Number/plant) Disease index
CK 0 0 0 0
G m 0 0 0 0
Ge 0 0 0 0
SCN 194 a 112 a 73 a 572 a
G. m + SCN(1) 102 d 46 cd 39 cd 23.7d
G. m + SCN(2) 138 b 61b 52d 4130
G. e + SCN(1) 96 e 37d 31d 209d
G. e + SCN(2) 125 ¢ 54 dc 43¢ 29.6 ¢

H: BHIARRVNE TR P=0.05 KPS BE. RPONEM45 5 MNELR. CK: W G m: BN 1 5= BEHREE, G e
RO 1 5 e 4 B BRI AT SCN: AR5 3 A 1 5 FHfh SCN; G m + SCN(1): BoAkI1E 1 5 3 He P BE PY IR 7, 3 8 /5 58 SCN;
G. m+SCN(2): BAkAH7E 1 52880 G m, 3 JHJ5 T 2 5% H:Fh SCN; G. e + SCN(1): BARNAE 1 5 =LA ETREE, 3 JJ5 HFh SCN;
G. e + SCN(Q2): B#kit7E | B =M G e, 3 G T 2 55 M SCN. T,

Note: Different letters in columns means significant different at P = 0.05 level. Data were determined 45 days after inoculating. CK: Control;
G. m: inoculated G. mosseae in Room 1 when transplanting; G. e: inoculated G. etunicatum in Room 1 when transplanting; SCN: Inoculated
SCN in Room 1 of the split-root systems 3 weeks after transplanting; G. m + SCN(1): Inoculated G. mosseae in Room 1 when transplanting,
inoculated SCN 3 weeks after transplanting; G. m + SCN(2): Inoculated G. mosseae in Room 1 when transplanting, inoculated SCN in Room
2 of the split-root systems 3 weeks after transplanting; G. e + SCN(1): Inoculated G. etunicatum in Room 1 when transplanting, inoculating
SCN 3 weeks after transplanting; G. e + SCN(2): Inoculated G. etunicatum in Room 1 when transplanting, inoculated SCN in Room 2 of the
split-root systems 3 weeks after transplanting. The same as below.
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1.4 FEESR
% H SAS V6.12 (SAS Institute Inc.)5t ¥ ff ik
T 200,

2 5RE54H

21 AMEEMAZMREZHAREFENZMN
2.1.1 AM EEX SCN A KA BEWENE: AM EH
5 SCN #:fp T[] —ZE S A 1%, AM K W&
REAIR T AR R P M 0 . R L i S 0 T AR P 2
Hrb, # AM FEE M SCN 4% T [ —= i kb 28,
X SCN B4 IR W AL T4 TR 2= A A0 2, 1
H3M G e KB B E KT G m AbFEGEE 1),
AM FLH I SCN £:5h T [l — s A o = A0 3, 3
BEEREAL T R GG a5, o, LG e + SCN #
TRl — = A BRSO o . AM ER 5 SCN
AT AR E, AM BB R R ] DL 2 R 15
i

2.1.2 AM EEX SCN RERFMZM: 7 AM
KA 3 G730 A = HeFh SCN, 2 duiz Ye skt
R TR, MR SCN M, Zlifz
PR IR R FTHEHE 1), R AM AR H
LR, oAb, BREMREL LS AM HE#
ot [7] 2 Ah B 0 2k AR G ORI TRl TR ) 2 b
#, H G et G m HREA NG LR AZ YT,
2.2 FHEMAIEX KSR AR PBGEEEE T L
A

221 TEUAYEEPOD)EMTk: WLEFM G m
8 G e, fE[F—ZB AR EHER SCN 5, KEMRNA

60 A —*— CK
——— G.m
—_ —— G. m+tSCN(1)
=z 507 —— G. m+SCN(2)
g —— SCN
% 2 40t
g )
K2 30t
N> ]
£3 15 ,
a
2 10}
0

BEFPSCNJG I E]
Days after inoculation of SCN (d)

40  OSCN @ G. m+SCN(1)
N G.e+SCN(1) §G. m+SCN(2)
351 @G, e+SCNQ)

LR YR
Penetration rate of SCN (%/d)

LN R,
9 11 13

PERISCNJE i [a]
Days after inoculation of SCN (d)

E1 #MAMEENASRELRERERNZN
Fig. 1 Effects of inoculation with AM fungi on infection
rate of soybean cyst nematodes on soybean plants

POD [iff i P34 45 3] T 1 5 & (B 2). B3P SCN
AR, TG PEAESS S ORIN B w0, W HER AM B
JE FE R — AR &= B SCN, Bl I 5 3
Rk 3 e, 1T L0 T SRR SCN b3, Bt
M AM HE G m 5 G e #EE T REGHWM
POD ik

222 EASBMMBEEPAL)FEMIK: #EF SCN
MG mk G e FRIFIANELIL PAL B
VI P AR B e AM B S R SCN 1Y
AbFE, PAL TG 1 2 o S AR AR TR,
Heb, AM EE 5 SCN #f TR 7R RS M —=
i, PAL RS M FURZEREIER A R F AM
FLPFI SCN 280 T[] 73 = AL 3, (B HARfE R A
FA—F(A 3),

80 r B —%— CK
——G.e

70 1 —— G. e+SCN(1)
—— G. e+SCN(2)

60 r —— SCN

ARG
POD activity [U/(g FW-min)]
B
S

BEAPSCNIF it [A]
Days after inoculation of SCN (d)

2 EMAMEERN/SIAZHMELZAEAZIRNESELYEEEETL
Fig. 2 Changes of POD activities in soybean roots after inoculated with AM fungi and/or SCN

Note: A: G. m; B: G. e. The same as below.

© PERFERHBE DA RAATIBES4ESE http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



1614 R X R 2010, Vol.37, No.11

2.2.3 B-13-BRHEBEMETH: HIE 4 M, AM 224 JUTRESEMT (L R AM EFH M SCN &
FL I FIl SCN %0 F 7] — = sl AN [a] = A0 B AY B-1,3-75 PARERD SCN ALFRAY JL T BB T X8 = T AN FE Fh o)
FNEBE VG PRI, Y0 TN A XS B ol gl SCN HE {H AR SCN ALBE A JL T B M B E f5

AL B MG TR, 25 13 KT B2 BROKF- (18 5)
701 A —— CK 80 B —%— CK
—+— G.m - G.e
— 60 f —&— G. m+SCN(1) —_ —A— G. e+SCN(1)
-l —e— G.m+SCN(2) 1 ; . —— G. e+SCN(2)
= L = ——
e E 50 —— SCN =2 SCN
g2 2 B 50
&3 40 =)
§ £ 30 § g ¥
2 I =
g '§ at }\Wé g 30 T
R T == T TN P e et
& & F
10 10
O 1 1 1 1 1 1 J 0 1 1 1 1 1 1 J
1 3 5 7 9 11 13 1 3 5 7 9 11 13
HFPSCNJF I [A] BRI SCNJG i [A]
Days after inoculation of SCN (d) Days after inoculation of SCN (d)
3 BEMAMERMN/SAEMELZARASRATAABRFEIEFETL
Fig. 3 Changes of PAL activities in soybean roots after inoculated with AM fungi and/or SCN
—%— CK
~ 9 A o G.m ~ 10 B —%— CK
z %0 —— G. m+SCN(1) 2 100 T -0-G.e
&0 —— G. m+SCN(2) I —&— G. e+SCN(i)
2 70 —— SCN =} —— G. e+SCN(2)
< ac <
g 5 gs
® = #2260
X B . & 50
o & ¢ & 40
—_ — &
| : ) 8 30
3 Q -~
E £ 204
g 10 € 10
< 9 < 0
1 3 5 7 9 11 13 1 3 5 7 9 11 13
BEFPSCNJF I A BEFPSCNJE i /A]
Days after inoculation of SCN (d) Days after inoculation of SCN (d)

4 EMAMEEM/SAZRRELHRFERAERA -1,3-BREHEFEETL

Fig. 4 Changes of p-1,3-glucanase activities in soybean roots after inoculated with AM fungi and/or SCN

- G.m —e G. m+SCN(2) —o— G.e —+— G. e+SCN(2)
T —— SCN T —— SCN

20 | ¥Z§>\¥/I\ T 25} MT = _

15

I - \f/ T L tw

30 A —*— CK —&— G.m+SCN(1) 35 [ B —%— CK —&— G.et+SCN(1)

10

JUT A
Activities of chitinase (U/g FW)
-
JUT RS M
Activities of chitinase (U/g FW)
" [\e]
I (=)

1 3 5 7 9 11 13 1 3 5 7 9 11 13

HEFISCNJE R IR] BEFHSCNJG i8]
Days after inoculation of SCN (d) Days after inoculation of SCN (d)

5 EMAMEEM/SASHEELRSCCNERERAILT REELETK
Fig. 5 Changes of chitinase activities in soybean roots after inoculated with AM fungi and/or SCN
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3 i

SRR R G A R R, ¥ SCN 5 AM K
WM TR —ZF XA E, AM ERYIHE WM
LHEMER . BRMERBYRERE, R AM HH
Al gt 5 SCN SRR FDEE W), IFi5AS
KRGHERPURTE, MFEUEERE . 72 AM HF
U5 AR B RV il A 4 S PR i 2 v, POD 1S
A e B R R T T R S A AT B
BRI SR ) A R T A T AR, O ) B T
Y, SR MEAET I He R W R g, N2
TR BT A U, Volopint' ™ % B P BR 4% 55
(G. intraradices Schenck & Smith){Z YL WIAR & 1)
WM Bt, PAL ERECEANGHESA R BE, R X
T R 3 T TR AR A AR S A R RO, AR
XFRW AM ELIR RETATE 75 M BT N, SR 5 B
M. Garmendia ZUSVHFFE MU R S BR BB
(G. deserticola Trappe, Bloss & Menge)JE il )i,
TESE 7 REFIA KN E] PAL 61 & R 281k, H 278
Xf BEAE R T PAL I PEFR AR (VE 4R 5L R H 454 pal
K9 1 2238, B B H2 P A AL 3 2290 18 (Verticillium
dahliae Kleb){Z YLtttk 14 d J&, PAL i MEA R RS A BF
BN o ARG REE T R, AM B R7E S5
A5, M523 SCN MR YLET PAL PG H 7t
., AR E AP S % 0 #E 1A A, #E—2
EKUIH AM BB R AUSR T AM
HR Y, i H TR RS, 2R A
i AM FLE A S LT BTEGZEM ] SCN {2 Y it i rfr
ACHEEAEH], M B-1,3-7 SOME I AR b AT FLE,
ATREANEE . ARIAE T e R AM HE)G, 75
F—= o AR = A SCN, Ho p-1,3-#) B b EEE I
A R Yy T A AL B, R B-1,3-H
RUGTE AM H A S0 R P g2 dufz Qe it 72
Rl AR A B AR, 7 A S RO [ 46 SR i
FIREYS AM H e R AR SO A5 1 R BEA R A G
X F X — S EHARAGT . S e A B 1 45 PO
KEZ ML RRYSE, PO D5 R &R N
BRI BULT Bl s v e, IR LT RS k2R
R RGMEEL BRI EVIHE, AR,
JUT 5 Pl M 0 4 v B bR I5 S 0 ) B B2 v K R0t
BT R AE LR AP ERY . ARSI R T Bk
iR, B AM E AL T Bl s v r s B

FEREPL SCN Fi i e FHZAE A R 2, Jods
Fl AM E 5% %] SCN RYMAEFRAR A POD,
PAL. B-1,3-7% S B AL T BB X 4 R s vk e
W I TEE 3 K, B 5 B A S A O B R Y
&K T TR AR S 1 00 [R] I AR B2 56222 (45 4%
SRR ATRTT

FATIA N BE VG Bk P R AN EBR B R A LI R
TR AR Y, BRRETE R — = AR B R R S
SCN ZE4fZYefi s, NREXT A= R Rifs T =k
BRI il AT R R X R W BE VY BR AR )
ERRFERHICHT SCN 1R BE 2 SR it 02 RS0k
1), T HASFERPLEA IR ARE .
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