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Toxicity and control efficacy of mixed parasitic fungal fermentation

filtrates against soybean cyst nematode

XU Yanli', LU Jiancong', SONG Jie"”, PAN Fengjuan'
(1. Northeast Institute of Geography and Agroecology, CAS, Harbin 150081, China;

2. Harbin University of Commerce, Harbin 150028, China)
Abstract: Parasitic fungi is a kind of biocontrol resources with potential to control soybean cyst nematode (SCN) . Fusarium spp. ,
Verticillium chlamydosporium and Paecilomyces lilacinus have been widely found in continuous soybean field. In order to study the inhi-
bition and control effects of these parasitic fungi on SCN, laboratory and greenhouse experiments were conducted. The fermentation fil-
trates were prepared from 12 strains of the 3 genera parasitic fungi isolated from SCN inhibition soil. The inhibition of the fermentation
filtrates on cyst and egg hatching of SCN and the lethal effect on the 2nd instar larvae (J2) were determined under laboratory condi-
tions. Four fermentation filtrates combinations with higher inhibitory effect were screened in greenhouse pot experiment. The results
showed that the mixed parasitic fungal fermentation filtrates of 16 groups had strong inhibitory effect on cyst and egg hatching of
SCN. The cyst hatching inhibition rate ranged from 59.1% to 87.8% , while the egg hatching inhibition rate ranged from 72.1 to
84. 7. The lethal effect on J2 of SCN was more than 94% at 48 h, and it reached 100% at 72 h. Combination of F =V +P -V +V —
21, F-V+P-E+V-25, F-9+4P-V+V-25and F-9+P-E +V -21 would significantly reduce the number of cyst, fe-
male, egg and J2 of SCN in root, and promote the growth of soybean.

Key words: soybean cyst nematode (SCN) ; biological control; parasitic fungi; fermentation filtrate
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FEnE" ", {H Hartwig® I Chen 25" 184 41 ZAF R K GLBOR AL R, T Kk B e 2k 7 9P i
W, MG “ ROt BAREIRT, XA G0 LI ghR oy Ze il -8, X Fhai
SOERE KRG EEXWARED ™, INERSEIIE LB, KE KSR S et g fe 1 -
MR, I FLMORE A Rt B AR PN 20 S5 2 B, IS P A 2 MR AR, A
o b B A AT S EOR T AR R, IR R R R B VR 7 S AT i
R L M 3R 2 H - 38 v R 0 7 A LR A BN EE R ( Catenaria auxiliaris) . WEMELR HUE  ( Nematophthora
gynophila) FEIRFALE  (Verticillium chlamydosporium )™ | 33 6 BL B X BRAR K & a2 i P ip 5 e T
HEAEH], 2002 AEFNB LI R MAER T EEZF T EPREEMAERNZERZ, MREMFER
( Paecilomyces lilacinus) FFESFEEFIH'" . Song FR A AR IG R 21 4F K 5% 1 -+ 398 b fin A 2058 10 1 571
VT 55 2 AN M R SRR 8 R, UERH T B0 38 b i) JC TR 1 R 7 MR A i VR F K T A B AR
FAM S i R R K AR 20 ZAF TR, R ORI U 1 Y JEE R A A IR 2R A
FRE P BB A T 3 AR 22 4F4RERY . Song 4RI DGGE HEA ST it 31 T AL R
WRAL NS A 6 AF A R L (8] -3 PR E TR (Fusarium spp. ) B3 B9MR I, IAHIIETE S5 EAE H
HOR T AR R 8 22 T AR VR WF TR T RS AR A A L A A I SR UL R A X K
M e L HUAY 25 A A — e i

RENHEERE P EEN LT ERBR, RRFETEZ MY IR A8, gy, HARmH™
Wy A — W SR AT RIS B, LR IR A R A RS L TR R, LR
St TN RAEAIT I AR (Fusarium oxysporum var. redolens) FIARSPEMEE (F. graminearum) KEEW, 7
AR R G N L s IR, FEXT g A EOEEAR Y L A R AR, PR R A I
RERTAMHIK S PE L ULk, ik AU i 4 e . Khan Z5WF50 260, 10 5000075 5 1 IO R
BB AR LT BTl A 22 Z R AR M, i 3 PR il A VR T IR AR S5 4y ((Meloidogyne jovanica) BP5¢E, T
P 2247 AMREELE BB BRI R 25 TR, DRI R P A AR 5 42 B e Ak i gy ) (BLL AR 9T 248
TR — 2 A LR B ROV R ML PR, i TR R A AR IR R R, M EYIE
fro I, ARE5ER 1 WA B K O REL B, SRR M A d AR ar A e, R R
WA o A R G L R FEE RN, B TE N AE 7 rh R G e 2k i) 2 ) A 25 B e R AR B

1 Mokt 7 ik

L1 #il{F4EHEH. ZARXERH

TEHERMREMTEHRE 4 NEK (P-1, P-V, P-40 M P-E), #RMEE4 PEbk (F-1,
F-5,F-9MF-V) MEHEBAR4 PRk (V-1 V-2, V=218 V-25), #XERF T EREB
PR e S[/48 SN R Y NI 1 - 22 o1 O R L oI Y S B 5 = WU B2 NS L 22 -1 M UE S
Wt G5 R R LA bR 25 K AR U . BRSPS R g (J2) BUEY .
0 2 AL AT A 11 PP PR TR X R T L ol A A B WU A R e . TR U2 AR

UKL RO R G AL R 3 SR IR, 2/ VR TR B R R 327 L INRE . e, AR A
FONEFE 25, %A RO R KM B 2k L 3 S A BN RR R . IR IR R O % T 4 W e B R
(PDA) | S S AGHERE IR (PDB) ™ AUKBIREE R 4L (WA) .
1.2 FEEEAXBEEHE

BB HECR R 0 PRI 22 7 PDA B3t BIRAE 7 d JSFTHCE AR 9 4 mm OB B 15 B, $270 T
100 mL PDB }E35¥ 7, 30 °C. 180 r-min "E %55 5% 24 h VE A 73, B4 mL B 7, #5120 mL
PDB BiFRih, MIEAAF FRGHFES d, 764 CH&MFELL 20 min (10 000 remin "), 13 O 40 B
DAL uE, BIA AT AR EURR A RO
1.3 XEMELXHBEESBEMMPR_EHH ()2) 2kHE

HHTE] S ~20 em MR R EMRE L, HEATL AT B ORORiE AR AR TP IR K E, B h S
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B (20 HF80 H), ¥ 80 Hifi sk M 63% el 2B 0, BLC S min (2500 remin™'),
ook P Ig, PRBORBVO T L B2, Jild CokKRIRAT

R A A ST (200 H AT 500 H) Ak, Wk @Y, H10.5% NaClO ¥ #E, /K ob
Ve, PIKBEKH] 2 0B, JAREWRIER] S 000 A -mL ™", Jid CIKARIRAT

Pkt B T 420 H G A L, A 0.4 mmol - L™ ZnClL E WA WEAL I, 25 °C 15 3348 h it AT
L
1.4 REFHEHERABRANAERELZAZHNE

$5 1.2 JrikbiIAe I 3 Fha A B R BRI 1011 lOR AT, SRS, Mkt mal s,
WA 1,

#1 EHRAARELR

Table 1  Orthogonal table of mixed parasitic fungal strains

AL ¥RS G W R B L SIS REME G Rk JEE S 46 TR T
No. Mixed parasitic fungal fermentation filtrate Fusarium spp. P. lilacinus V. chlamydosporium

1 F-V+P-40+V -1 1 1 1

2 F-V+P-1+V-2 1 2 2

3 F-V+P-V+V-21 1 3 3

4 F-V+P-E+V-25 1 4 4

5 F-9+P-40+V-2 2 1 2

6 F-9+P-1+V-1 2 2 1

7 F-9+P-V+V-25 2 3 4

8 F-9+P-E+V-21 2 4 3

9 F-1+P-40+V-21 3 1 3

10 F-14+P-1+V-=-25 3 2 4

11 F-1+P-V+V-1 3 3 1

12 F-1+P-E+V-2 3 4 2

13 F-5+P-40+V-25 4 1 4

14 F-5+P-1+V-21 4 2 3

15 F-5+4P-V+V-2 4 3 2

16 F-5+P-E+V-1 4 4 1

L4 1 IREE A BT SCN 20210 1y 520 . BT 61606 A0 2t M 53 30l & T 24 FL A0 MO 3% 53 v
(BAL10 1), BALIMA 2 mL IR A T /E BWABR, Uz ABFRECHXT IR, B00m3 kEX, 8T
25 CHHER M TR R, B3 diC M ery e dol, b imgR,
BEALINHIR (%) = (XFHRIEAL L O - A PRR AL B /%) BRI AL AR Hi % x 100%

1.4.2 JRAAFA B KRN SCN JRIFfLiyszm . 75 24 FLA0 L3 2tk b in A S BR B, #:4L 0.4 pL
(29200 %7), HFLINA 2 mLIBG &4 B AR, LI AR R, BAGEE3 WER, ET25<C
RifRfh et . 0 3 d iC SRR L e HUB,  THER A R R I i 2%

IR (%) =k dukt x 100/ {50 %

AXHIEI R (%) = (X RRIBEALE - LEFRIBEAL ) x 100/ %) REIFEAL 52
1.4.3 RA AL E AR SCN J2 B 00 . 7F 24 FLANMEE RO im AL e J2 (BE4L2Y 50 2% ), 4
FUINA 2 mL IR A 2L BB R B, LIS TR IR, AEANAbBE 3 IRE R, B F 25 CH IR,
AFAIAET h, 6 hy 12 h, 24 h, 48 h 172 h J5id R4 AL T g, a4t %,
LHIET R (%) =F0ET 2 AL/ 4k B x 100%
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1.5 FEERXREBRINTKEMEL R

TRIGE 3 FIALEE . 25 AXTHE . MK T ML B 02 i AR A %k E A AT + 20 K S 2 28
12 BEFEE NI E L5 R P X R G ML e 3 B SR R BR R BRI 4 NG, TR E AR, #
Fh 4 L 35 d 5 IR TR A 3 A TR R BB K 2 e Y B TR SR

RIS A SEHh, 28 B o R G A e, LA Vb 20 H AL, £8 121 C & R KR
1 h, K77 201 RS, 2 imA 300 em® KT+, HEEER T em, 148210 em, 58 cm, 7E
RmENTEIEATRER KRG, 7 d AT 2 bk, B TREPERK, 4 REE, KEMEL R J2 #
PN 1500 4%k, IRA AR EUR A BEROGA R 100 mL 0 KE 35 d g, AT K sk
AN, ME KEME . RO AR REE, JEK YR R 5T EOR 2K o i e 2 e Husli:

KEMRN 2. MO0 2 FE . BBt & R GARTE 20 CUKA PRk 24 h, BUH =R Tl
b, NG K G TEH UG NI . AR R B2 N L (80 HAFI 500 H), 500 Hifi b4 H k&
BB Y I B A B O A RE R 5 PN AR R B TR T VR . MR I O T 02 B M K Oy
EER 1.3,
1.6 HEFITSHF

% Microsoft Excel 2007 1 SPSS17. 0 14578038 /0 #r Ab B

2 HBREHH

2.1 RAFLEEEABRXEERLHZIE
X R M 2k AR P A LT K IR TP M TR A R R A R ], 16 2R3 5 3 2 LR UR IR X 0T MY
WAL HASREM GBI, BN HIRAE 59. 1% ~87.8% , SIS L (P<0.01), WEK2,
R2 BRFLHEAABAAANAERELABERULMER

Table 2 Inhibition rates of SCN cyst hatch in mixed fermentation filtrate

b3 RE KR N A2 7 Al ) 2
Treatment Mixed fermentation filtrate Inhibition rates of cyst hatch (% )
1 F-V+P-40+V -1 72.5+1.18B
2 F-V+P-1+V-2 70.6 £3.1 BC
3 F-V+P-V+V-21 84.9+3.8 A
4 F-V+P-E+V-25 87.8 0.5 A
5 F-9+P-40+V -2 66.3 +1.7 BC
6 F-9+P-1+V-1 66.3 1.7 BC
7 F-9+P-V+V-25 86.3+1.7 A
8 F-9+P-E+V-21 87.8+0.5 A
9 F-1+P-40+V-21 59.7+5.5C
10 F-1+P-1+V-25 59.3+1.7C
11 F-1+P-V+V-1 63.3+11.9 BC
12 F-1+P-E+V-2 64.1+3.5 BC
13 F-5+P-40+V-25 66.3 1.7 BC
14 F-5+P-1+V-21 59.7+5.5C
15 F-5+P-V+V-2 59.1+£7.2C
16 F-5+P-E+V -1 59.6£5.5C

TE: R 580 Duucan'S B2 W2 MEGER, ARGECFRFRZERMEE (P<0.01), T&F,
Note: Means in column followed by the different capital letter (s) indicate significant differences according to the Duucan’S multiple range test at

0. 01 level. The same is as below.
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HHPF-V+P-V+V-21 F-V+P-E+V-25 F-9+P-V+V-25f F-9+P-E+V-21 4
HEBEAAN R 80% LA L, e m THAALH; F-1+P-40+V-21, F-1+P-1+V-25 F-
S5+P-1+V-21, F-5+P-V+V-2HF-5+P-F+V -1 ZRBEAGIRF A A= 2 A A0 7 A 10 i 5
E—28, FHRAE 59% ~60% .

2.2 REHFEEERBER PN

16 AR5 7 A BRI A TR T AL P49 00 DR T M 0 0 e O A 249 H A S 38 4 1 P, Ak B % B B A R A
2.3% ~4.2% , MW RFMTEEXME, R 3; IR ARLE 72. 1% ~84.7% . Hh F -V +P -
V+V-21, F-V+P-E+V-25 F-9+P-V+V-25fIF-9+P-E+V -21 BLAX M F K 81%
~85% , W mTHAMALH (P <0.05), 5450 ge 45 R — 8, 1 B K o 4 2 o i 400 ) 200 5R
FaE

®3 REFLEEEABETXEMIELROPFLRMEMEH R

Table 3 The SCN egg hatch rates and relative hatch inhibition rates of in mixed fermentation filtrates

b3 RE KR LR PSRN RS
Treatment Mixed filtrate Hatch rates (% ) Relative hatch inhibition rates (% )

1 F-V+P-40+V-1 3.3+x0.3BCD 77.7 £1.5 bed
2 F-V+P-1+4V-2 4.2 B 72.1+4.6d

3 F-V+P-V+V-21 2.8+0.5 CD 81.1+4.7 ab
4 F-V+P-E+V-25 2.3+0.4 D 84.4+2.5a

5 F-9+P-40+V-2 3.4 +0.5 BCD 77.0 £4.5 bed
6 F-9+P-1+V-1 3.2+0.6 BCD 78.8 £4.4 bed
7 F-9+P-V+V-25 2.6+0.2 CD 82.5+2.5 ab
8 F-9+P-E+V-21 2.3+0.2D 84.7+1.3 a

9 F-1+P-40+V-21 3.7+0.1 BC 75.1+2.6 cd
10 F-1+P-1+V-25 3.9+0.1 BC 73.6£1.5d

11 F-1+P-V+V-1 3.2+0.1 BCD 78.5 £2.4 bed
12 F-1+P-E+V-2 3.7+1.3 BC 75.1+1.7 ed
13 F-5+P-40+V-25 3.9+0.7 BC 73.8£5.5d

14 F-5+P-1+V-21 3.8+0.2 BC 74.3 £2.5 cd
15 F-5+4P-V+V-2 4.1+0.1B 72.8£1.7d
16 F-5+P-E+V-1 3.9+0.3 BC 74.0+£2.6 cd
CK 14.9£0.7 A

e RERCTHRRZEFWEE (P<0.01), NEILTFHFRZEREE (P<0.05), FEF.

Note: Captial letters mean significant differences at 0. 01 level; Small letters mean significant differences at 0. 05 level. The same is as below.

2.3

\u

HFHEHEREREX 12 54

ﬁ% HALREH 16 IR A 27 4 HR & BRI B0 K M2 — i G A BOEE, WK1, IRGH 4
PR K WO J2 0 BOEAE FHREAE I ) G4 T 3855, 76 1 h 5@ 30 BOEEH, —i4h BT 7 13%
~31% , 24 h BZ 63% L) I, 48 h #4Z 94% 1) [+, 72 h iK% T 100% , 16 ~4bFE rxef A o e 25 iy — %
R FEREAREF-V+P-V+V-21, F-V+P-E+V-25  F-9+P-V+V-25f1F-9+P-E
+V2HH,1hﬁ4Aﬁ@ﬁ:%@EﬁL%t FET-325.2% ~31.3% , o3 T HALANEE; )24
h i, 33X 4 AN BB R4 R AET R R IA 90% LA L 7E 48 h BIIAE] T 100% B9 iR HAET R, A
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AEPRERRT T 24 hy F=V+P-V+V-21 F-V+P-E+V-25 F-9+P-V+V-25fI F-9+P-E+V
=21 A0b B0 S B A A AR W

1207
~ F-V+P-40+V-1
~ F-V+P-1+V-2
100+ = F-V+P-V+V-21

—= F-V+P-E+V-25
- F-Q+P-40+V-2
-~ F-9+P-1+V-1
-+ F-9+P-V+V-25
-+ F-9+P-E+V-21
— F-1+P-40+V-21
- F-1+P-1+V-25
&~ F-14P-V+V-1
-~ F-1+P-E+V-2
e B-54P-40+V-25
-e- F-5+P-1+V-21
-o- F-54+P-V+V-2
-+- F-5+P-E+V-1
—CK

J2BEToR
Death rate of J2(%)
=N
=)

I I
Time(h)

Bl HFEHEERBHEPTAREMELR_RGRIETE

Fig. 1 Death rate of SCN J2 in mixed fermentation filtrates

2.4 BEFLHEERABRENAKERELBEUR

ARG R N, MR A B Z B T B RN N R, IR 4, il IR A R R
5, RITARFEME BRI 27. 9% ~40. 7% , MIBEREBI% 33. 5% ~41.2% , SRRk 36.3% ~45.3% ,
RN 02 BBk 17.3% ~38.3% , Hh 8 S4B (F-9+P-E+V -21) XJARFEMER . HPE, DI FIR
W2 B ROTE 40% it , SRA BIRRCR BN B

x4 RAFTHEEFRBRMNKXEMEELREFHHR

Table 4  Control effects of mixed parasitic fungal fermentation filtrate on SCN

B AL Bii% Bii% B3
b3 L Control g Control frhon Control 2 Control
Treatment  Female-pot ™' efficiency  Cysts - pot =' efficiency Eggspot ™! efficiency J2-pot ™! efficiency
(%) (%) (%) (%)
3+12 45.9+9.6 b 27.9 43.3+0.9b 38.1 5131592 b 36.3 544 £22.6 b 17.3
4+])2 43.2+4.4 b 32.2 44.3+5.2 b 36.6 4650 519 b 42.3 513175 b 21.9
7+12 39.27.9b 38.5 46.5+4.6 b 33.5 4869 675 b 39.5 473 +31.3 b 28.1
8 +12 37.8%5.7b 40.7 41.1+3.6 b 41.2 4403 £52.5 b 45.3 406 £27.1 ¢ 38.3
2 63.7+8.1 a 69.9 2.7 a 8054 £1036 a 658 110 a

E (Note): 3: F-V+P-V+V-21; 4. F-V+P-E+V-25; 7. F-9+P-V+V-25;8. F-9+P-E+V-21

2.5 REFEERABENRKEERKEAETNZIN

AT WA LS R o, BeRh 2 [RIB i AR A L R B S R AR 2 A BRAH L, nTRSIn R SRR,
P KGRk MR AR, RIS IR 17.9% ~26.9% . IRG EFE KR 4 A A
i, I8 (F-9+P-E+V-21) KB RGAERKZME AL, HARIRAG K BRA AR 2ZRAN
BE; BR3SHIE (F-V+P-V+V-21) 4, 45 7558 SHiHIRA L WM AL R bk = 35 8 3 = T
HERh 02 YRR RE s A R G R b B, RO AEMR S EE T 2 8.1 ~8.7 g, M MK & B Bl A
25.4 ~26.0 cm, HEHRNEARA LRI (CK) 2R A8 (P>0.05) (K5), Uil 4 AR
Xof R A K 1 B B TR I
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x5 RATFLEEEABRMAXEERLZEHRM

Table 5 Effects of mixed parasitic fungal fermentation filtration on the growth and development of soybean

N by |- R o L fif TS H G i
b3 B _ . .
Fresh weight of shoot Fresh weight of roots Fresh weight of plant Fresh weight increase
Treatment Plant height (cm)
(g-plant ') (g-plant~!) (g-plant ') rate (%)
3+)2 24.5+1.3 b 4.31+0.3 a 3.8+0.4 a 8.1+0.7 a 20.9
4+]J2 24.9+1.7 a 4.33+0.8 a 3.8+0.8 a 8.2+0.3 a 22.4
7+J2 25.4+1.3 a 4.21 £0.4 ab 3.8+0.6 a 7.9+0.3 a 17.9
8+]2 24.8+2.4 a 4.46 £0.4 a 4.0+0.3 a 8.5+0.7 a 26.9
2 22.1+1.7b 3.7+0.2 b 3.0+£0.2 b 6.7+0.4 b
3 25.8+1.0 a 4.4+0.6 a 3.7+0.6 a 8.1x1.2a
4 25.4+0.3 a 4.4+£0.1a 3.9+0.2 a 8.3+0.2 a
7 26.0+0.4 a 4.6+0.3 a 4.1+0.3 a 8.7+0.7 a
8 25.6£0.8 a 4.6+0.1a 4.1+0.1a 8.7+0.2 a
CK 26.2x1.5a 4.6+0.4 a 4.1+0.5a 8.7+0.8 a

E (Note): 3: F-V+P-V+V-21;4: F-V+P-E+V-25; 7. F-9+P-V+V-25;8: F-9+P-E+V-21

3 Fipmitit

AR, REMUEREHE . JEIE AR A R AR S AR LR AR, T R PR R P R R
P ARSI, X g URA R, X SCN A B HIEM . mH, ki 4 A
B R M g2k R BT Jy o, T ELX g b R R R B B RRE IRCR

VREAUTT BT S SR R B B 3 A EL T A K M i AR, U HAE R R R
FWRFE AN K S L 27 A BT T P A MR 3 MO R ol AT J I A AR AR R R T
B AR AR Y, REEMRASHE, 10 AN ) R S e 2k rh 27 A= FL AT A R 4 7
AWML AOEHAAE R, RSO B B SR R A I 0 1 2 BT ) AR A TR 4L, I
Sb, WREMTE GRS A CIR, % AP AR L I R g AR KR, BUEL AR
PRI, DT i IR B2 1 R 7, B BRI T AE ) TR AR A T R A K M L st 45
SR, X ] TR A 2 A R R T B O M, O O A M e R kB A B
WA AR A AL A — ) & R B ITIRGE R (Meloidogyne incognita) YRR LA ICIE T, LM
A UT TR A Al o — 2 LA T A Y Chen 261 GH 7R 2R AR T4y B MO A B ORI (Fu-
sarium solani) ¥R BERON "W A IBATE Sy o ABETER Al 2R T e 2 i A AU IR &, Wl oE
O R AEE W AR, MWASREE I A R G L R A7l . ENER P F-V+P -V +V -
21, F-V+P-E+V-25 F-9+P-V+V-25 M F-9+P-E+V-21 AEX KT bplggs. Op
WAL AR A 12 ABOEAEIAER — 20, SR SE SR IRRE, 1 4 IR A WO R BB L i 1
#RARSE . TH, AREROTHEIERGAER, RN REAERETERNEE, ENMEENS e
ORI 3, P, WA [ A 355 P 1) 25 I8 A L SR 45 1) 70 B i v L B A3 17 P T A0 3 o 2 SR A Bl 7
MOR, (ERHE— 2RI A
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