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Identification of two Isaria isolates and bioassay of their pathogenicity against
tea tortrix Homona coffearia and smaller tea tortrix Adoxophyes honmai
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Abstract; In order to confirm the taxonomic status and biocontrol potential of two isolates of
entomopathogenic fungi, which were isolated from natural cadavers of Homona coffearia and Tenodera
sinensis , morphological characters and molecular analysis of ITS-rDNA were carried out to identify their
taxonomic position, the pathogenicity of the two isolates against the larvae of tea tortrix H. coffearia and
smaller tea tortrix Adoxophyes honmai were measured by indoor bioassay, and the optimum culture
conditions for the two isolates were preliminarily screened. The results showed that the two isolates were
both identified as Isaria cateniannulata and named as ICBS918 and ICTL911, respectively. When
H. coffearia were dealt with ICBS918 and ICTL911 suspension (1.0 x 10°* spore/mL), the corrected
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accumulative mortalities were both 100% ; LT, values were 3. 13 d and 3. 15 d, respectively. When A.

honmai were treated under the same conditions, the corrected accumulative mortalities were 100% and

95% , respectively; LT, values were 3. 25d and 3. 31 d, respectively. When H. coffearia were dealt with
ICBS918 and ICTI911, the LC, values (on the 8th day) were 0.47 x 10° spores/mL and 1. 01 x 10’

spores/mL, respectively. When A. honmai were treated under the same conditions, the LC,, values were

2.20 x 10° spores/mL and 1. 34 x 10° spores/mL, respectively. The optimal culture media (23 °C) for
mycelial growth of the two isolates was CPDA, and for sporulation PPDA. When ICBS918 and ICTL911

were cultured on SDAY medium, the optimal culture temperatures for mycelial growth were 24 — 30 °C

and 24 °C, and for sporulation 27 °C and 21 “C, respectively. In conclusion, the two I. cateniannulata

isolates have great potential for biocontrol of the larvae of H. coffearia and A. honmai.
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7H,0 0. 01 g W% 30 ¢ Bl 15 ¢ Z517K 1000 mL, £
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Fig. 1 Conidiogenous structure and conidia of the two isolates under the microscope (400 x )
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2 PCR ¥ #E#k ICBS918 0 ICTLI11 KT AL #E 5 A FR ik
Fig.2 Agarose gel electrophoresis of PCR product amplified from ITS region
of ICBS918 and ICTLI11 isolates

1 ~2. AR ICBSOI8 ¥ ITS FBt; M. DNA 4 FibnifE; 3 ~4. B ICTION /Y ITS H-Bt, 12 ITS fragment of ICBS918; M. DNA

marker (DI2000 bp) ; 34 ITS fragment of ICTI911.
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99

Paecilomyces cateniannulatus SL27 (EU363505)
Paecilomyces cateniannulatus zy.7 (EU363506)
ICBS918 (KC413974)

Paecilomyces cateniannulatus xs.7 (EU545153)
Paecilomyces cateniannulatus xs.2 (EU545150)
ICTLY911 (KC413975)

Isaria cateniannulata 6242 (GU734760)

Isaria cateniannulata 6240 (GU734761)

99| Isaria cicadae (EUS73331)

FPaecilomyces cicadae BA 001 (HQ874633)
Isaria fumosorosea CBS 337.52 (EF411219)

99 | Paecilomyces fumosoroseus INRA 45 (AF461746)

—_—
0.05

Alternaria alternata (AB470832)

B3 EF rDNA-ITS F 3R # ICBS918 1 ICTLI11 RIEXEHMNREL B
Fig.3 Neighbour-joining tree based on rDNA-ITS sequences from ICBS918 and ICTLI11 isolates and other fungi
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3.25d f13.31d, Bk ICBS918 Fl ICTIO11 AbBEAS
Bk 4l HUEE 8 K AY LC, fH 458 0.47 x 10° 18
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® 1 AHRERAESERRFRELEXZEMBEMZI/NEME 3 04 HBKN(8d)

Table 1 Virulence of different concentrations of spores of the two Isaria spp. isolates against the 3rd instar larvae of

Homona coffearia and Adoxophyes honmai (8 d)

A gk 4y H
N LB Larva of Homona coffearia
bk (f3F/mL) U, .
Tsolate KAEZIHPET R (% ) Hopg )= RitEAE (%)
Concentration Corrected accumulative Pathogenicity X2 LT, (d) Accumulative rigid
mortality regression equation (95% CL) cadaver rate
1CBS918 1.0 x10° 100.00 £0.00 a y=5.50x -2.73 5.31 3.13 (2.81 ~3.42) 85.00£2.89 a
2.0x 10’ 100.00 £0.00 a y=6.21x-3.43 1.43 3.57 (3.25~3.85) 80.00 £4.08 a
4.0x10° 94.72 £3.06 ab y=5.72x-3.52 1.16 4.13 (3.78 ~4.46) 70.00 £4.08 b
8.0x10° 89.72+0.28 b y=6.12x -4.17 3.27 4.80 (4.43~5.16) 62.50 £2.50 b
1.6 x10° 69.17 £4.17 ¢ y=5.27x-4.18 0.54 6.22 (5.74 ~6.84) 47.50 £2.50 ¢
ICTLO11 1.0x10° 100.00 £0.00 a y=6.59x -3.28 6.98 3.15 (2.86 ~3.40) 80.00 +4.08 a
2.0x 10’ 100.00 £0.00 a y=7.11x-3.77 2.28 3.40 (3.11 ~3.65) 77.50 £2.50 a
4.0x10° 92.22£2.61 a y=5.35x-3.37 2.39 4.26 (3.90 ~4.61) 65.00£2.89 b
8.0x10° 81.94+£2.74 b y=5.18x -3.81 2.30 5.43 (5.01 ~5.90) 52.50 £2.50 ¢
1.6 x10° 58.89+4.23 ¢ y=4.62x -3.87 2.37 6.90 (6.27 ~7.87) 37.50 £4.79 d
MBI
N ARV i Larva of Adoxophyes honmai
A g N N -
Isolate FEIE BT (%) 2ok 1 5 EyHEEER (%)
Concentration Corrected accumulative Pathogenicity X LTy (d) Accumulative rigid
mortality regression equation (95% CL) cadaver rate
1CBS918 1.0 x 10 100.00 £0.00 a y=5.36x-2.75 1.64 3.25(2.92 ~3.55) 82.50 £2.50 a
2.0x 10’ 95.00£2.89 a y=4.7Tx-2.60 0.50 3.52(3.15~3.85) 75.00 +£5.00 a
4.0x10° 84.72 £2.74 b y=4.99x-3.50 4.39 5.01(4.60 ~5.44) 60.00 £4.08 b
8.0x10° 69.17 £4.17 ¢ y=4.79x-3.87 1.60 6.43(5.89 ~7.19) 50.00 £4.08 b
1.6 x10° 46.11 £2.42 d y=4.51x-4.16 2.18 8.38(7.38 ~10.60) 37.50 £2.50 ¢
ICTION1 1.0 x10° 95.00+2.89 a y=4.58x-2.38 1.15 3.31 (2.96~3.64) 85.00£2.89 a
2.0x10 92.50 £2.50 a y=5.03x -2.98 1.11 3.91 (3.57~4.24) 77.50 £2.50 a
4.0x10° 87.50 £2.50 a y=6.29x -4.29 4.55 4.81 (4.47~5.14) 62.50 £2.50 b
8.0x10° 72.50 £2.50 b y=5.46x -4.35 1.01 6.26 (5.80~6.84) 50.00 £4.08 ¢
1.6 x10° 47.50 £2.50 ¢ y=4.80x-4.32 1.73 7.95 (7.13 ~9.49) 40.00 £4.08 d

FPE AT + bR, [RISEHRIG ARG AR 22 Duncan [CHTEARISERINTE P <0.05 K TERBE . X <Xis 00 =
11.07 , k80w S [ 35 2 5 52 FRFH4% . Data are mean + SE. Different lowercase letters in the same column indicate significant difference at

2 2
P <0.05 level by Duncan’s new multiple range test. X' <X(s,0.05) =11.07, indicating that pathogenicity regression equation conforms to the

observed data.

2.3.2 BEMAERKEERFREGYR

FFk ICBS918 7E 24 27 30 °C F AL K B fe bt
Rig® 15d W% HAR 553K 67.75.68.75.68. 5 mm,
SHEZMERARE AR ERT I EEE %
RFE 27 C F ek, Jigf 15d 15 2. 98 x 10° 1f
F/mm’, B E & T HEWRE (K 5-A), W IC-
TL911 7£ 24 °C AR M Fe bk, 1557 15 d Wi HAiAR

ik 61,25 mm, i FHTH B IR HAE 21 C 71l
R, 15d £ 9.95 x 10° 8 F/mm*, &5
B (K 5-B) .

H O F

>N

AR IEIE 25 2 2 S E S5 5 s SR L BT, %o 1
ZAN R 25 /NS R A AR ME LA 304 Al
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[ #afr A= Hidi Conidia production

80 A a . 14
b a

. 12

60 d g 10
§ E
£
40 £
¢ b
E b - g
£ —
= 20 4 %
£ g
0 0 £
o =9
5 . . 12 %
b 2 o
& 4 b i

m b 10
% b £

50

= -
40 =
¢ &
30 od T &

4

20
10 2
0 0
PDA PPDA CPDA SDAY Czapek

g HE Medium

4 HEFEXE K ICBSI18( A) 1 ICTLI11(B) B £ KR F=HAIF I
Fig. 4 Effects of media on colony growth and sporulation of the isolates ICBS918 (A) and ICTL911 (B)
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SD. Different lowercase letters on the bars indicate significant difference at P <0.05 level by Duncan’ s new multiple range test. PDA: Potato

dextrose agar; PPDA: potato dextrose agar plus 1% peptone; CPDA: comprehensive potato medium; SDAY ; Sabouraud dextrose agar plus 1%

yeast extract; Czapek: Czapek’s medium.

B, TR, R BT EY =B AR
H 25 705219 GenBank U408 A, Ay Jit L T 1) 43 S 4
FEPRHE TR A I B 43 K . tDNA-ITS J341 R
A AL 1S MRS A% S X, AT b T R g
PR IS Ry 1] B X (TITS) , HA A H T 97 1
rDNA-TTS A [a] X 42k (438 FH 519>, ik gk 32
T IR B A R A 2 2 0 AR IR AR A2
YoE B BRI b 38 DU E B Bk ICBS918 Al ICTL911
Y tDNA-ITS JF41], I 54 o7 p H e A AR TR A
XTI 3 8 R4 T B X 23T, BN A3 7K b itk — 25 1
FE 2 A TRARI A PREE R AL

AR = P EE 0 () 45 5 R A TR PR 1CBS918
FIICTLO11 X 2 Fhds it ige Bk 5 i HA TR 5 A % LI
P, 1.0 x10° 1 F/mL il T B R B G, X 5B
ISk 2y U LT (B4 0 R 3. 13 d A1 3. 15 d, X5/

L dk gl B LTy 505 3.25d #13.31d; H 2
A ERRLE R B FE R 27 AR MR AR, 3X 5 Han
A5 290 2 W PR e o 0 A0 A SR A0 I B T 1 O v O
PE B RRBE PR — A~ F BLAE AR, TRAT v 25 1) B o ke
IINFEIE R R R 25 A, BRI N e R
W] 2 AR AR 0 2E 7 B A & HidE T
FET ) it ] #7500 26 DA B i 25 ) ) v ok 38 I &2 2%
AR AS IR ISR i A R — 25 AR

BR IR Ay G SRR B s e PR R A Y
Az R R A i Bl B R R Gl R SR TR Y
WL O A A TR A e A A P A — s e
WG, RS W R W] CPDA K 323 R {UA
FIF IR R o 75 2, B AT H =, |
AW R AR CPDA 1537 3 M Hi bk 1CBS918
FICTLO 11 4 SR id AR 35 3R 56 | (H2 T Ak 1) B o ™



538

TN/ RS T

41 %

B #% EH % Diameter of colony

70
A

60

b
<
50
40 ¢
30
20 ) i
f

10 :

0

[ s frii#r=fakt Conidia production

a

2 35

70

60 b 2

W% % Diameter of colony (mm)

50

40

30

20

a

HLFTB AL fit Conidia production (x10°#2F/mm?)

d

15 18 21

a
a
30
25
b d
20
C
15
d
10
5
0
[
b
|i‘
24 27

c
d
d
30 33

L BE Temperature ('C)

B 5 REEXTE K ICBSI18(A) 1 ICTLI11(B) Ei&E £ KR =K &M
Fig.5 Effects of temperature on colony growth and sporulation of the isolates ICBS918 (A) and ICTI911 (B)

FEI O R I8 « AR, B EARR/NG FERERIRZ: Duncan [OBT E M2 IEKIRTE P <0.05 K225 83, Data in the figure

are mean = SD. Different lowercase letters on the bars indicate significant difference at P <0.05 level by Duncan’s new multiple range test.

FUREFRILEI A PPDA K95 3% ; BVE A Kol R ey
R sE oA A i e S AR /N, AR ICTL911
FE 21 ~ 24 °C A AR 3 5% 7 bR 1 210 3k 3 4 KAE
(24 °C) L5 5 Aopr e 40 R 1Y 3 RRIFBE
T Ped5 Pc287 Fl Pe305 1E23 °C i v& A K i R i
PRAGHT T 45 T — 8, AWFF TP B & 1ICBS918 7£
24 ~30 °C 71 il A= K R AR5 17 Shimazu' ™' X 30
INEEDL T B B AR I UL & B, 7E 22 2F B IR 8% 97
(malt extract agar, MEA) Fll SDAY £73%% I Hifzid
KRR 25 C, A E A4 KR 30 C,
A LA TR A o 30 A K T 3 T v T Ak e e 2
R AE 0 PR UL 7 B P 2238 B KRR R 20 °C L 1B
A 1 SRR W) DA R =2 ] e 3 A I B AR A R 2
S TR X B R BT A e )5 I AL TR R
AWFFEHERE ICBS918 7E 27 °C Frefil i i K, % 5
SRRSO R Y R Pe305 727 C R R £
25 R — 3 HIZIR BE 5 T bR Ped5 Fl Pe287 fe K
FEALERE23 C i m T A TP AR ICTLO11 11

AR 21 °C, WK ICBS918 1~ fiBE
TERTFICTION , HHA: K 0 ol 18 Y i 5 4550
WIS /N I gk e A ™ Y B R R RO R
i, BA TR A D A E R

% % X WK (References)

(1] RHEA. ZSR BBy, deat. Al 1 ek, 2002
99 -102

(2] TRBUE, WHFA. PR HEREHTAF R, G, %
BRlER AR AL, 2004 189 - 196

[3] PR, o E b KB, db st o E R Tk R,
2000 176 — 177

[4] Cranham J E. Tea pests and their control. Annual Review of
Entomology, 1966, 11. 491 -514

[5] Tatte, SFoUH: 284w e, 28 mRl24 4,
1989(1):20-25

[6] BRosiE. 2ot 22 2 bRt e 5 (R, [ At
T, 2012(1): 1

[7] Luangsa-Ard J J, Hywel-Jones N L, Manoch L, et al. On the
relationships of Paecilomyces sect. Isarioidea species. Mycologi-
cal Research, 2005, 109(5) : 581 - 589



53 FREBES  PIMRR SRI B B9 5 R X 2 35 R /N SR B B0 T 539

(8] HEommy. MIHEIBAIPIHRL. SR, 1981, 21(1)
31-34

[9] Liang Z Q, Han Y F, Chu H L, et al. Studies on the genus
Paecilomyces in China. I. Fungal Diversity, 2005, 20, 83 —101

[10] Weisr, Boshy, SEIR, 5. BIHE o m MR LRI
. P EAYIBIR, 2006, 22(3) ;226 —229

[11] sheide, SRAERY, WAEZR, 4. —LLilT d RbRk0 /i
HORPERPIERTE. MR, 2008, 34(2) : 46 -49

[12] fay%hy, REZE)N, TR, 45, DObk AR FUR Y S KT
ANIRAE AT T, MR, 2010, 37(4) : 341 -

346
(13] BoRE. ASWE duy dd B, M B 2= i, 1981, 11
(4):9-16

[14] XZ3e, BRAZ, Beomr, 4. FEELS B M BUN AU
BRI RBOR KA RIPTE. SRR, 1982 (1)
57 -58

[15] Shimazu M. Paecilomyces cateniannulatus Liang, a commonly
found, but an unrecorded entomogenous fungus in Japan. Ap-
plied Entomology and Zoology, 2001, 36(3) : 283 —288

[16] Mitsuhashi W, Shimazu M, Hashimoto H. Control of Epinotia
granitalis ( Lepidoptera; Tortricidae ) with Paecilomyces spp.
on cotton bands wrapped on the trunks of Cryptomeria japoni-
ca. Applied Entomology and Zoology, 1992, 27(2): 295 -
296

(17] WkmmdE. JUBRECR R BRI iR BRK
&, 1996, 18(1): 42 -43

(18] MR H, W%, 20, = Rmi A 25 R o0 B o R I
AR A L. N HASR, 2011, 22(5): 1275 -
1279

[19] Eaih, A, Bl 4. Jeqli e b % R Uk R B
TR GE M 5 2 REPERFSE. S5 RL2E, 2013, 33(6):
562 -569

[20] REy. PEAFE(E 4 H) . UEER BRAE W
Ka)w. dbat: Bleasihibiid, 2013; 103 - 107

[21] B, BER, WK%, 5. HEKIRK—F R
Jrik. BHSIFREAEYANR, 2002, 8(3) : 305 - 307

[22] White TJ, Bruns T, Lee S, et al. Amplification and direct se-
quencing of fungal ribosomal RNA genes for phylogenetics. //
Innis M A, Gelfand D H, Sninsky J J, et al. PCR protocols:
a guide to methods and applications. New York: Academic
Press, 1990 315 -322

[23] Tamura K, Dudley J, Nei M, et al. MEGA 4. molecular evo-
lutionary genetics analysis ( MEGA ) software version 4. 0.
Molecular Biology and Evolution, 2007, 24(8) : 1596 — 1599

[24] MR, RN, MR AT ehm A AR R R i A
WYE. WY, 2011, 30(3) ; 414 -420

[25] EEH, SotiE, THRAR, & A ar £ FHErY 28 |
YeE RFFIIIE. A 2AAR, 2010, 25(3) : 345 -349

[26] 23K, FEHRL. tDNA ITS [P 9IRS I 28 24T P Y
BRI, [RIBFBERR A2l 2000, 29(1) : 26 -28

[27] AeME, SR, BILE, . —BREAFG T aF L E B o)
EUE. HIMIRIPAA, 2010, 37(4) : 336 —340

(28] HIHIE, BBk, ARAR. JIT0IE I G ) 2 0 S T 1 7 AR S
BN TR A0 B B g . R E RO RL 2, 2012, 45
(12) . 2404 -2411

[29] Han Y F, Zhang Y W, Liang J D, et al. Culture characteris-
tics, pathogenicity, and genetic variation of Isaria cateniannu-
lata isolates. ¥R, 2012, 31(3): 341 —349

[30] sAkre, 2808 R 56 3 RICGEILY 25 MR 2 5%
RIS, LB IR0, 2008, 35(1) ; 38 —41

[31] phAewse, 2k, SRREE. =R A B R BFSE.
LRAO I ER, 1999, 26(4) : 440 — 442

(FTHE%H . E£45)



