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B E: [F 5] &7 k4L & (Meloidogyne incognita) 2 & B RAEM F % ey —FARE LK £, £
EEF, ARARFEATERTEREGFHRE. (B8] 5B L5ZR FTHehHRELROHEHA
AR, FRIEEAGRAR. [FE) RAHBERA X0BEE, AA 24 JLBBRKR I EAREE 55k
AAREKRFRGAM®R, BEHEFHFESR ITS B oHFTLEL, M Lstdrikeg & Ripm
P8 40 FIAE A Ao 2 #54) RAGBIBAE A, AR 2RI E AR, [£R] Fk s —haté
FARLE K R AR F K RIE A AR IDCI58, B S4FMEMIR. ITS F 357, FHEEZAH YR
A F(Sarocladium strictum)., B AR K BEIERMN S FARE X R 2 B9 XA SHERXEN, 2R
AP 96 h Xt P YA E I A A 86.18%, X 2 #h4h RAGARER T F X 97.98%. REIREHMHRL
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Screening and identification of a plant endophytic fungal strain
JDC158 against Meloidogyne incognita

NING Shuoying!, SUN Xiaoyu?, ZHAO Lingxia’?, MEN Xin?, DING Changping!, CHEN Chuan’,
QU Jia™

1 Shaanxi Key Laboratory of Qinling Ecological Security, Shaanxi Institute of Zoology, Xi’an 710032,
Shaanxi, China
2 Shaanxi Institute of Microbiology, Xi’an 710043, Shaanxi, China

Abstract: [Background] Meloidogyne incognita is a common species of root-knot nematodes
damaging plants in China, causing dramatic economic losses in greenhouse vegetable
production. [Objective] To isolate and identify endophytic fungal strains against M. incognita
and determine their biocontrol effects. [Methods] The fungal strains were isolated with the
dilution-plate coating method and the strains with nematicidal activity were screened by the
24-well plate fluid model. The target strain was identified based on morphological properties
and ITS gene sequence. The inhibitory effects of the strain fermentation liquid on the egg
hatching and the survival of the second-stage juveniles of M. incognita were tested.
Furthermore, a pot experiment was conducted to verify the biocontrol effect of the target strain
on M. incognita infecting cucumber seedlings. [Results] A fungal strain JDC158 with strong
nematicidal activity was screened out and identified as Sarocladium strictum. The fermentation
liquid of strain JDCI158 exhibited high toxicity to the eggs and second-stage juveniles of
M. incognita, with a relative inhibition rate of 86.18% on egg hatching and causing the
corrected mortality of 97.98% in second-stage juveniles after treatment for 96 h. The pot
experiment showed that the biocontrol effects of the fermentation liquid of strain JDC158 at
different concentrations all exceeded 43.93%, which were significantly higher than that of 5%
avermectin EC. Moreover, the fermentation liquid of this strain promoted the growth of
cucumber seedlings. [Conclusion] JDC158 could be considered as an endophytic fungal strain
with biocontrol potential against M. incognita, providing a new microbial resource for the
biocontrol of nematode diseases in plants.

Keywords: Meloidogyne incognita; biocontrol strain; identification; control effect; cucumber

HR 4528 i (Meloidogyne spp. )& flk A=y TR 454k 1 (M. incognita) 78 3% [E % i & I 3%

1 fe ) — SRR IR, AR
AIZFAERE . RS FHEYY, TERE
FEFER 4 F, Howm oy a4l
(Meloidogyne incognita)f A # UL, L4528
TR EARTE O E, T E I AR R
SLEMEY R P, Ak, BEE IR E 5 R
AR AT, R IXIEAE R R
W, PR S EARSL R G FEBRAEINE, B

WAA . SEHEME, RS BG T B S
PTG . BRI Sh i BT, Ry SRR ALY
RIR;IG 5L,

PR R TG g A A A
PESFOE AL, TERLYD I 2 B v vh Tz B
AT RSS2 UG IR M BT IR A R IR 2
FLFE A TR (AN A AR A 1A AR BRA TR | 4k T A
[ GUUIE CE = SN I S N R S (B 5l I
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iR, FREEN A 2 AR IR 4
T %% (Paecilomyces lilacinus) )5 3H 25 J& . i
(Pochonia chlamydosporia), & 7 k477,
Iz T o A & e, YN A 2
FRAFAE TR AL H A 27 EM W E A K
R B R, R R,
FEL P A P9 AT i 2 b L AR 45 2 e A B T 1 1 Y
AT, 2 RN R )N,
BBk, A oy LB EaAe e . M
BT, CARGE B AR S 4 BRI N A
L AL 4204 /] T (Fusarium oxysporum) , &3
PR Hit 7] B (Fusarium moniliforme) . i 41 K 2
(Trichoderma asperellum) . =2 £ T 9
(Acremonium implicatum) ., BRE5¢ # (Chaetomium
gl obosum) FIA; 21 12 i 5 11 25 (Clonostachys rosea)
&, MAFF R ITERPL,

ACHIF 5 DN VR TAF R AR 2R v i 326 SR A5 X e
HR &84kt (M. incognita) H A3 A% MG ) P9 A B
W, FEIEESATEBRE . ITS P43 Hr % i Ak
HATSE R, IFEE— 2P 0E B bR TPk a0 B
ARG TGP, PR AR B RO e A= 4E
5 TE A e 7 AR 25 4k LU A Wy B 06 B AR BT Y TR D

1 M5 F*E

1.1 #¥&m

A9 T A8V <2 T I Y DX 182 it TN R P R
SRR E . ARG B A E TR, T OhRE
PRI > ES . BHRRE iR 454k (M. incognita) Bk
V94 S 9E B = N BTUR R By 209 3%
JNERFP A HAR 357, i AR RN A PR A o
HHERL, WL RMBHARAR, &
I S E IR 25 °C, YR 16L:8D.
1.2 EFE

Ty % S 3 7 W B I8 (potato  dextrose agar,
PDA) R 57 3 I Eh 84 45 05 N ) (potato dextrose
broth, PDB)3% #% 5: 2 2% SCHR[ 1 11T

1.3 FERFIF{NEE

PCR #3459 A T AW TR (i)
BIRAFA R HEEFA RGN &, KR
AR AL O ABR A H ;. DNA marker, 2xEx
Taq Premix, TaKaRa 23 l; S5%PT4ETR 2= FLiH,
PRI R A A . S ER RO, b
T PR A B AR A BR A ] 5 fE R R A
JERERHE AL A R AR SR ERIE G,
BEPG SR SIS i A IR F] 2 AR, kR
ol R, BEAREIAE; Bk, db
HOAN— YR HEAERAR; EEY AL,
Biometra 23 A) 3 AN LAMEFE, HAXERIEEFOE
AR,
1.4 FEHIRGELBINE G 2 HE
et okIR=3

R R IR 35 43 B T AR 2R R g o]
F IR E R P BR 25 AR Y B TAR &R, i
KIEVRJETE 1% NaClO R H IR 5 min, TG
AKIEVE 3 Wa FRB YLK 6%, Bl 5 %4 A 500 mL
KW =M IK IR S 2 min, BIFRT
100, 200 #1500 Hi, WA . K UEW T2
LU 3 500 r/min .0 3 min, 3 B, A
A 20 mL 40%EHE A R 50 mL .0
3 500 r/min &[> 5 min, B EiE W 500 Hf,
FH TG B KB Uk 25 B REME J5 oK 9 ol A =R, o
AR 25 BB R T 3 A i BRI
Fic il ¥k & >~ 2 000 Ki/mL .

W BRI E T W& 3Frh, AL
K 25 °CHEEREFE 4 d, W el 2 K —
A, Kl 2 el AR (A
W HEWZ 420 HUEMBEL PR, B R
1 000 45/mL.
1.5 BHRRRZRAEEFNSE

2w WE | FudEES L,
HAAZ) 1.0 om REFRARLS, WG DR E T+
i FJCH I H) 2R as R B, 75% L BEH IR i
1 min, JCHE/KEDE S K, 1% NaClO i Hi=
0 5 min, ARG 5 K, VIR AR
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HRFES B, N 10 mL /K, #E 5 min
JEWCH E R, WRTFEA 100 pg/L HERERD
PDA VA, 25 °CHE B G 7d, WIREFESIE .
TEAPRBCATRE 7%, T PDA 53838 R AP Hkl
LILIITH— R alifh, PRAFLELiR bR . TF V5 7E
25 CREFATP IR Td )R BT 4 °CIRAF .

1.6 FZHIEMEKRAITFIE

o B J5 difb 0 B Bk e AP T PDB #55%
e, 25°C, 160 r/min R¥5 3% 7d, KR
T 4 000 r/min £5.0> 30 min, B F IS4 0.22 um
VBRI VR, AR TR -

SR 24 FLARGE 0 0 6 M B AR, 7E 24 FL
M 500 WL JG TR A& B AR 100 pL 2 #3411
BIR(Z 100 %% 2 W4 H), WAES), Ll PDB
R X RR, 25 °CHtE 24 h #1148 h J57E R
R TSRS, ke, DL AUARE el B
AR ET- Y, KA HESE 5 Ik, iHE
FET R AGIESET- K

FET - 2%(%)=AE T ik U/ A 5 AL 50 1005

W TE BB T & (%)= &b 3 3E 7= 2 % B BE 7=
R)/(1-XF BEFET %)% 100,

KIEFET BT 85% 0T bk it J 4k A 33 35
3. 5AREU) M E R W 24 . 48 h B R,
Jrikfal b, TPREE TR AR IE AR TR IO i
A HUTE 5 Y B R
1.7 BfRE#HNEE

AL . F 6 mm $TLE R A& JIDC158
WPE, AT PDA KigRdtde, 25°CHi5E 7d
JE AR VR TR A, R B ik PP T 22 (R
Iy H AT

Oy F AP S I R SR DR 4 B HGR
SIREUE PR IDC158 (LN 4] DNA, KA A5
¥ ITS1 (5'-TCCGTAGGTGAACCTGCGG-3')
1 1TS4 (5'-TCCTCCGCTTATTGATATGC-3")¥"
A ITS A B, PCR W AZR (20 uL): DNA
(200 ng/pL) 1 uL, 54 ITS1 (10 pmol/L)FI ITS4
(10 umol/L)% 0.8 uL,2xEx Taq Premix 10.0 uL,
ddH,O 7.4 uL. PCR Wi 454 : 95 °C 5 min;

95°C 15s, 55°C45s, 72°C45s, 30 MEH;
72 °C 10 min, PCR =¥ 28 1%B IR BRI HL Ik
R A I, I 25 SR 258 2 GenBank U4
&, Eid NCBI = M) BLAST ZjRE(https://blast.
ncbi.nlm.nih.gov/Blast.cgi) ¥ & £ $& A L1 14 )5 51l
F+Z: 25 SCHR R B 19 7 A% 25 (Sarocladium) B #£: 19
ITS J¥512425 ) % H Clustal %4 He 20 B AH A
JF 50 1) g )95 L (8 F MEGA B v i 4R 1
(neighbor-joining method) M R FZ L B, H )&
YRECBEE R 1000 P, Hoar 28 v o
1.8 E#k JIDC158 & B#iE X Fa 5 iR 45
2 B OPIFEL AN 2 ER4 HAY S

15 24 FLARFPAEFLANA 50 uL BRESR (2 100 ki
BN), JIA 500 uL A9KR PEEDEW, 43l DA |
TR 2. 5 M 10 f5VE ML B, LITCH PDA Kigt
FeR xR, I R BB, BT 48
72 F1 96 h WAL H- it OP i ek i, 45 Ab PR
525 UK, T BRI ] S5 A X ] 4 261
AL 28 (%o) =240 B B/ 1A B S B < 1005 AR XS4
il 28 (Yo)=(XF RE S £k DI 50— Ak P 985 £k 51 450)/ % BR
PEALBR K <100, ACBRE A 5 IR,

1 24 FLA TP A FLAINA 100 pL 4 B 3% (2
100 2% 2 #44h 1), JINA 500 uL )& FETRW , 47
WUAARTRRE . FkE 2. 5 F1 10 54 AL B, LA
JGB PD B3R BE i i AR = S A e B A
3 F 48, 72 F 96 h MEFFSiit 2 #h4h fst
TR, SAMEE 5 )R, HERTRHKRIE
FETZ RPN FE T RS IEAE TR 5 kA b
1.9 BE#k JIDC158 KB i% 3 |5 IR
g5 Al C S AT v

K B 5 178 9% 2 (OF ki =201,
VV)E 8N, 2 EEA 4em, & 16cm ¥
RHEZL T, B AT 600 g, FEAR B NN 1 .
R ARG B RS A K E W — O, ff
FHAO T Ry 1x10°, 1x107 F1 1x10°4~/mL AT
PRABER 10 mL FEARALER, DUIMAFGERE 1000 5
[ 5% BT 4 B 25 L AR R BEPE X B, 5 DA TR /K
1 PDB K5 R IEAE M BAMEXT R . FEAR 5 d 518
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JAAR R AR 252, 7EREAR R 2 om SL P
5T 4 R 1 em /L, 4350 S mL
FE 20 f5 4 B, HeFh A2 1000 55, BT
N ARSI SR, B BEYLIRE 10 B,
FEFREAN 25 °C L OGEI 16L:8D, MR (60+5)%

RH, B %5FE 10 d HeK 1k, #fpZkd 30d )5,
MEkRm . AR, M B | REfE ., 25
Bridge ZF PSR PEAG AR PR BRI/ 0 , 7% Garabedian
EWG L R 1), TR R
BORBIGRCR o W18 T8 2= (5% PO bR B < 2
0/ SR B e R B> 100%; L4545
=LA MR ZE R PR B B VA SR = B
TS B AE B 5 50/ 6 B 15 804 100% .
1.10 HEZIt o

i Excel B/ 38 BE R , 1 SPSS #K {4

gttt g, %%‘ﬁ%@mﬁﬁ Duncan’s #i &
W22 4 HL 33 BT (P<0.05) .

x1 RESRIFE

Table 1 Scale for severity of the root-knot

2 ERS594

21 BREARGEEHENALEER
HY 53 &5 U ik
MBI R h o A 2 N AR R 30 B, 4

i AR AT X F 7 MR 45 26 (M. incognita) 2 #%4) H
A F AP TE AR 14 Bk, 5B 205 EE R
1 46.67% (£ 2), HH A 6 tRIE A RGEHER A,
24 h 1 48 h BCIEFE TR I 85% . L4k A
g S U, A 3 BRI IESET R
90%, FHrPE#E IDC158 &, 24 h 148 h £
EFETZ43 H3K 5] 96.20%F1 96.58% , F B H E.

1 B E B PUAR 25 28 da is P AR e PEGGR 3).
2.2 5E'|‘i"lil'7l‘5k JDC158 L ELER
2.2.1 EZYHE

Hifk IDC158 7E PDA ARG 4 R 35 7 d
S5 R P53 B A% M(37.90+0.84) mm. BV IE T

9% Level & FrifE Grading standard

AR ZR JOER YL AR 45 No root knotted

JRYARE5AR R 1% EL 18] /N F 20% The proportion of knotted root were less than 20%
JRYARZEMR R 19 HL 5] R 21%—40% The proportion of knotted root ranged from 21% to 40%

JRYL AR EEAR 2 EL 154 61%-80% The proportion of knotted root ranged from 61% to 80%

0
1
2
3 TG ZEMR R A L)~ 41%—60% The proportion of knotted root ranged from 41% to 60%
4
5

TR ZE MR 2 19 L 988 33 81% The proportion of knotted root were more than 81%

R2 TEEKRABIEGNFEARGEH 24

% 4 R B E 1 E

Table 2 Nematicidal activity of sterile fermentation solution from different strains against Meloidogyne

incognita J2

FE FEIESET-® Corrected mortality (%) FE Bk KIEAET- % Corrected mortality (%)
No. Strain 24 h 48 h No. Strain 24 h 48 h

1 JDC158 94.17+0.80a 95.18+0.37a JACI15 57.76+1.51g 58.57+1.23h

2 JDC202 91.16+1.08ab 91.77+0.74ab 9 JDC89 74.70+1.83¢ 76.11+1.66¢ef

3 JBC98 44.58+1.15h 47.99+1.011 10 JEC6 86.18+1.30bc 87.19+1.51¢

4 JCC345 71.78+0.93¢ 72.79+0.76f 11 JFCI156 63.84+1.47f 64.85+1.35g

5 JBC245 93.98+0.72a 94.59+0.61ab 12 JFC119 90.16+1.79ab 91.37+1.46

6 JCC61 81.91+1.55¢cd 82.91+1.11d 13 JECS52 93.38+0.52a 93.79+0.49ab

7 JACS3 61.93+1.96fg 63.73+1.83¢g 14 JEC59 75.96+1.39d 76.96+1.29¢

PR IR R TR

ATV " BEACER ) 91 4 Kl =22 0] 45 R 22 53 (.45 (P<0.05) . Rl

The data are means+SE. Different lowercase letters in same column indicate significant difference at P<0.05 level between

treatments. The same below.
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Fe, SRS E, REFH, RmE%, £ W, CHaEir, 28, adeTr
IR, NGHESE, BRABAREFERENE 1A, 1B), IEHRERKMGETE, Jof, 7677 /40 M0 15w 2R
W22 H AR M (1.66£0.24) um, /A AFHRIRRMEA  HERF(E 1C. 1D).

R3 TEIEKRABIEGXNEAIRGESZHR 2 LR E M E
Table 3 The genetic stability of nematicidal activity of sterile fermentation solution from different strains
against Meloidogyne incognita J2

5 R385 3 X 3rd cultured generation B 3556 5 1% 5th cultured generation
No.  Strain g p feEsEr% 48 h fZIEFET % 24 h AL IEFET- % 48 h RZIEFET-H
Corrected mortality (%) Corrected mortality (%) Corrected mortality (%) Corrected mortality (%)

1 JDC158 95.00+0.71a 95.37+0.53a 96.20+0.58a 96.58+0.4a

2 JDC202  93.00+0.71ab 93.39+0.51ab 90.00+1.30b 90.77£1.31b

3 JBC245 91.80+1.24ab 91.79+1.24b 85.20+1.28¢ 85.14+1.28¢

4 JEC6 82.20+1.16¢ 82.13+1.14c¢ 76.00+1.14d 75.86+1.11d

5 JFC119  90.80+£1.56b 90.78+1.56b 90.20+0.97b 90.16+0.97b

6 JEC52 93.00+0.71ab 92.95+0.72ab 85.20+1.02¢ 85.14+0.10c

1 E#k JDC158 7 PDA 1575 E PRSI  A: WIXIEM; B: WKSM; C-D: FEfssii
¥

Figure 1 Morphological of strain JDC158 on PDA. A: The front side of colony; B: The reverse side of
colony; C-D: The sporulation structure and conidia.
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222 RGABESH

Fikk JDC158 (1 ITS J7 4Kk 528 bp,
P25 E GenBank FR1GESE SN PQ686275, 4
BLAST #AFE R LT . AL 51 [R) A 2 #r
ARG KBWMWE, 250K Wik IDC158 5
X %5 3 £ B (Sarocladium  strictum) 2 F [6] — 43
X, FRAIAIYE R 98%, SEZ R EIL(A 2),
AW SRE, HHEE W EE TS
(Sarocladium strictum) .
2.3 EH#k JDC158 & EZIE & INEI R ;5 1R
Ee RPN 1L K 2 B R E TR RO E

Bifi 7 A0 BB (] 3G 00, B M 2 HLU B Y R

R BWTREAL, BOEINHER BN, Wik &k
PRV I VRO R T AR A5 6 LDl 48 . 72 1 96 h 1)
e IESNHIR 50 92.01% . 88.21%F1 86.18%;
K EEUETRG B 10 51, 48, 72 F1 96 h ¥R
R 25 2k HL B B R IE B0 46 645 5 R 68.09%
63.03%. 61.31% (% 4).

PRI A TR R0 B AR A 2 e 2 18 4 e EL
A A RIENE, AR AR BRI R AN 48 72 Fl
96 h MIRIEFET #5300 94.96% . 95.93% .
97.98%; K IR R 10 f56F, Ab3E 48 72
F1 96 h B IESET- 253 510 79.08% . 84.89% .
85.93% (% 5).

2 @ IDCIS8 ET ITS FIMAZAEW 15 N7 5 HEHE GenBank & 5%%5; FrR 0.05 X
FKIP IR ; 53 2 BRI 1000 IR IR .

Figure 2 Phylogenetic tree of strain JDC158 based on ITS gene sequence. The GenBank accession number
of aligned sequences are shown in the brackets; Value of 0.05 represents the sequence deviation; Numbers at
branch nodes present bootstrap value of 1 000 replicates.
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* 4 EHK IDC158 K ERIE R 5 IREG Lk ORI AL B9 2N

Table 4 Inhibitory effects of strain JDC158 fermentation liquid on egg hatching of Meloidogyne incognita
T e A A 48 h 72h 96 h
Dilution time g 1 ¢ GaRITIES S FEIE i 3¢ TS aRITIES
Egg hatching Relative Egg hatching  Relative Egg hatching  Relative
rate (%) inhibition rate rate (%) inhibition rate rate (%) inhibition
(%) (%) rate (%)
0 3.52+0.36d 92.01+1.01a 5.86+0.66¢ 88.21+1.42a 7.35£0.90d  86.18+1.67a
2 4.31+0.42¢ 90.37+£0.97b 5.50+0.41¢ 89.06+0.77a 9.34+0.74c  82.24+1.49a
5 8.80+0.45b 80.38+1.17¢ 13.08+0.65b 74.09+1.48b 16.11+£0.46b  70.26+1.13 b
10 14.58+0.48a 68.09+0.85d 18.63+0.42a 63.03+0.78¢ 21.2140.69a  61.31+1.08¢c

RS EIDCISS KEEIERNEARELH 2 iR R EEHFM

Table 5 Inhibitory effects of strain JDC158 fermentation liquid on survival of Meloidogyne incognita J2

LR 48 h 72 h 96 h

Dilution time g p-s%¢ BEIESET R FET-H BEIESET R LR BIEAET
Mortality (%) Corrected Mortality (%) Corrected Mortality (%) Corrected

mortality (%)

mortality (%)

mortality (%)

0 95.20+0.49a 94.96+0.53a 96.00+0.55a 95.93+0.55a 98.00+0.95a 97.98+0.94a
2 92.00+1.14b 91.64+1.17b 95.00+0.71b 94.89+0.72b 96.20+0.58a 96.19+0.58a
5 86.80+0.97¢c 86.03+0.98¢c 90.80+1.28¢ 90.60+1.33¢c 91.00£1.09b 91.00+1.09b
10 80.20+1.28d 79.08+1.45d 85.20+1.11d 84.89+1.15d 86.00+1.41c 85.93+1.44c

2.4 Bk IDCI158 kB2 %31 A R
R ENYENZARE R EE KA
A

53 S it fin 6L v BE SR 1x10° . 1x107 Al
1x1084~/mL F#k IDC158 KB G , IR 4L
35K 40.67 ., 34.67 Fl 24.00, i 25 v 14 hn i
ARG s Bl 99 h 43.93% . 51.29%F1 66.26%,
it 5 A B B T o AN T e B R R R
WG, BT 43.93%, BE ST 5%
FAT 2% TR 2 LI (3R 6)

TN Pk IDC158 A B . AHEET 5%
e RFLIMATCREK, HRE . R 2B M
B 19 i B L S S B O
WeHE R <108 A~/mL i, #Re, K. 258, b
b3 E A R EE S 0 23.90 em,
1430 cm. 6.02mm. 25.97 g f12.83 g, 4%k
RIRIFER 7).

= 6 Bk JDC158 KB AR T IRME A IRGLH
BN 48 B 2 5B 3

Table 6

Control

effects

of strain JDCI158

fermentation broth on cucumber seedling inoculated
with Meloidogyne incognita

b3 VEACEE S DIREEIE S
Treatment Disease index Control
efficiency (%)
1x10° 40.67+1.15b 43.93+0.36¢
1x107 34.67+0.67c 51.29+2.15b
1x108 24.00+1.15d 66.26+2.31a
5% avermectin EC 42.67+1.76b 40.23+1.20d
PDB medium 71.33+1.76a -
Sterile water 72.00+2.30a -

3 Wik

TN R A e T PR ZAE
by TRIRAFHE AL, I3 B e 2 HUE B MR
DU BTN, U AFoR A A8 R TERY . At
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Table 7 Effect of strain JDC158 fermentation broth on growth of cucumber seedling inoculated with

Mel oidogyne incognita

b ¥ B A E il Hb bR AR fif
Treatment Shoot length Root length Stem diameter ~ Shoot fresh weight  Root fresh weight
(cm) (cm) (mm) (© )

1x10° 22.58+1.52¢ 12.23+0.99b  5.63+0.24c 24.60+0.87b 2.73+£0.19b

1x107 23.83+1.23b 12.96+0.95b  5.68+0.18b 25.11+0.88ab 2.70+0.15b

1x108 23.90+1.51a 14.30+1.22a  6.02+0.17a 25.97+0.96a 2.83+0.20a

5% avermectin EC 16.71+£0.78d 9.73£0.45¢  5.18+0.36d 19.20+0.76¢ 1.74+0.18¢

PDB medium 11.46%0.75¢ 5.19+0.51d 5.02+0.28¢ 14.52+0.74d 1.45+0.16d
Sterile water 11.43+0.81e 5.21£0.46d  4.97+0.27¢ 14.48+0.58d 1.46+0.27d

8B TAEARAR 2R 53 B 3145 14 PR R 7 iR 45
S 2 WA A R E M N A R, Hrp
6 PR HUGPER R, BARR JIDC158 T 1 ik

W B IE I S AR AN ITS 40t , B
Pk IDC158 %5 % A A% 8 (S. strictum), -
W, BSE S strictum)fEr 2 kg T
% T 055 & (Acremonium)B, 2011 4F G A% =
K B JE (Sarocladium)®Y A4 T HAh K %
FE R (S, strictum) kR, ABFFE RIS IR A JDC158
1 ITS FFAARMIME R 98%, 7E PDA ik
25 °CHEFR 7 d WITRTE BE R AR AE AR L, Hedn )
MR | B LGS BRANB AR RS,
HREEBE . K/MEAE S22 12932330 T ik
JIDC158 WK EH A G, FHEE G, SHik
CBS654.96 . itk FSS8 JeA—3, 1 @i kk ICMP
19976 MYWEVEIET I, A, ik CBS
346.70 . UTFC-EP36 [# % IE A . i 1 3 A #
24250 P SOk R E S T B (S strictum)
HABBEMRTE PDA Ki 23k | 25 °CHi%% 7 d WA
YK HAE N 20-60 mm!2+253231 1 iRk IDC158 (1)
W75 B A2 M (37.90£0.84) mm. [, ¥ bk
IDC158 %5 0 B % B8R (S strictum),

Hr, CHMRIERNE%wHE S strictum)k
JEoh 3 ML R R R, W HAT R
JEBESRIRE 1, REMEXT 2 R4 A L B 15 £ 8L
I3, LB B R NLELAT AR B TR T 143, El-Sayed
ZEBT S 2 £ F- 55 (Cynanchum acutum)it F-4325

FI| 1 BV I 7 1k (Spodoptera littoralis) HA %
HUEPE Y B B T AR (S, strictum); Hajek 550°)
ABEA it Lycor ma delicatula) B i /3B 3) 1 bk
HAG 8 UG P % B RS (S, strictum), (HE
A ARL G0 B % AR (S strictum) R L
it .

=] P A AT T B iR A 4 4k L R )
A L R EORIE TV L0A, F ansR 7 s ]
(F. oxysporum) (il 2 &4l Bk B FLk d =
G AL LR TR A (A implicatum) (B3RS
SR HLU L T DR AR) O A AR (T, asperellum)
(B ARBEL d . Al o i A0 | 5 8
(Phyllosticta spp.) (31 il £k s 54214 | 17 A 25
JN o B ARAT B Rk B D, ) AN BR B A R
(Glomus spp.) (FFAEZ M, HIEERILLR) . K%
(Trichoderma sp.) (7428, HIERILLH |
75 A P ) F UL T B (Paecilomyces sp.) (2F
AEZE L, IO . HERRL R BT
FYPIE)), AR IRIE MR JDC158 R
TR, KEEIEWRANHIZE LY, 2 B4 H
FENG I E R0, I AR X e R 435 £k AL %) B A
2 WA HIHEEGCER . A, Akl R
FF 4R BE R 11084 /mL M FE#E IDC158 KK
AR AR 66.26%, HIFE PN E il 7T T Biif B
JINEE 5 i 45 2k R 25 #0075 85 (Pur pureocil lium
lilacinum) YES™ | 21 42 i B /155 (C. rosea)
67-14 By %% K % (Trichoderma harzianum)
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TRI2M! | Zffa K% (Trichoderma viride) Tvir-64%!
FRBIARCRE . HWAL, RN R4 I8
R —EBEMMRAEEN, BTN
o AT 5%

BT E R AR &R th 20 20615 1 #RAT
TRiiGrE RSS2 A (S strictum),
T T PR ES L A PN A B R, BT
A 7 TR 1) S B K o T & 32 B A0 T Ak A B e
J155 . PRAEDUA R BEAR . alifk Rt g AR
SRR, T S KRR B M e PR AR B T
BB IDCIS8 (AL AR L
KA T 2SR i — 5T

4 B

ASBIFTE B T IRAR JR R e s i i 1 AR
Xt R 7 AR Al 2 BB A B R HUTE PR A N AR
W, SIS AR E N R
WM ALEE . KRR RO T AR EE 2 R B A
2 e M BB TR AT, I B R4l
HARAEAE R . ARSI 17— P e 7 iR 4G
MR A N AR B, I o RS YEAE )
PR A TR 4 20 O S s PRI ST BRI T 25

& Tk~ W

TR . PR, SR, iR,
BE | BUOESCHME; BT S 558
FERDREE | BWIRRIN B . difh; Btk 5%
REMIE S MEE . AR, T Tk &
oS MRER . R, BHEE; T A
Z 55 R IR . R BTEEIE | Bk
s BRI S 558 TEAE, B UGe IR
A PRI, SRR, B SR,

1E& A 25 o RN W
{6 7 W0 24 A7 T R W A SR AR 5
AR I BRI R 4 A AR
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