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| solation and culture of Beauveria bassiana and its
pathogenicity to four important pests
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Abstract [Objectives] A strain of entomogenous fungi was obtained from dead Holotrichia parallela Motschulsky larvae
collected in the field, and its species and culture characteristics, as well as its virulence to four important agricultural pests,
were measured and compared. [Methods] Fungal growth media were purified and cultured, and fungal morphology
identified under a microscope. The colony growth characteristics of the fungal strain was observed, and its growth rate, spore
yield and germination rate determined. The pathogenicity of the strain to the four pest species was determined by bioassay.
[Results] The fungus was identified as Beauveria bassiana. Morphological differences in colony characteristics were
apparent between fungal colonies cultured on PDA vs SDAY media. The growth rate on PDA was significantly higher than on
SDAY, but the spore germination rate was significantly lower. The two media did not differ significantly in sporulation rate.
The fungal strain was most pathogenic to Ostrinia furnacalis and Chilo suppressalis larvae, which were significantly more
sucesptible to it than Agrotis segetum and Mythimna separata. The fungus was most virulent to 5th instar larvae of the same

pest species than to 2nd instar larvae, and it was significantly more virulent to older instars of Agrotis segetum and Mythimna
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separata than to younger instars. [Conclusion] B. bassiana is pathogenic to the larvae of important agricultural pests such as

Chilo suppressalis, Ostrinia furnacalis, Agrotis segetum and Mythimna separata, but its pathogenicity varies between species

and instars. Nonetheless, the maximum corrected mortality of Chilo suppressalis and Ostrinia furnacalis larvae after infection

with this fungal strain was > 94%, which indicates that it has potential as a biological control for these pests.

Key words Beauveriabassiana; strain; isolation culture; bioassay; pathogenicity
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Fig. 1 Morphology of Bb170428 strain
A, RHREESR 3 d MRZZIES; B, RItkEEIR 6 d URIZZ . THE . TIEE; C RitkEEFR 10 d WML TR

A. Mycelial morphology of the strain cultured for 3 days; B. Mycelium, spore stalk, and spore morphology
of the strain cultured for 6 days; C. Spore morphology of the strain cultured for 10 days.

2 BEEE Bbl70428 EEARFE

BREEFNEEES
Fig. 2 The photographs of Beauveria bassiana
Bb170428 colonies on different mediume

A. PDA BiFREE 5% 15 d KBS
B. SDAY K7 34555 15 d WHTEE A,
A. The colony morphology cultured on PDA medium for

15 days; B The colony morphology cultured in SDAY
medium for 15 days.
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SDAY RiFRdE | H KN 1.34 mmv/d, T-K
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Tablel Colony diameter and growth rate

e s o W54 K H 4 Colony growth diameter (mm) H K
Medi Average daily
cdium 3d 5d 7d 9d 11d 13d 15d growth (mm/d)
PDA 3.23+0.46 4.13+£0.45 7.56+£0.54 13.21+0.55 20.09+£0.93 24.16+1.05 25.52+0.99 1.70+0.07
SDAY 2.13+0.26 2.89+0.55 6.40+0.19 10.56+0.37 15.09+0.26 18.06+0.57 20.17+0.41 1.34+0.03
P {H P value 0.022 7 0.039 4 0.025 2 0.002 4 0.000 8 0.000 9 0.001 0 0.0010
E%ﬁ Signiﬁcant * * * k% k% k% k% k%

TR PR EZE . *FRRTE 0.05 K225 3 **FIRTE 0.01 K25 8. PDA RIFRERIR 15 d R
JEIEAS ; SDAY KigRJEHiFE 15 d MBS .
Data in the table are mean+tSD. * indicates significant difference at 0.05 level; ** indicates significant differences at 0.01
level.PDA : The colony morphology cultured on PDA medium for 15 days; SDAY : The colony morphology cultured in SDAY
medium for 15 days.
R 2 HH Bbl70428 ERMIBEFENHTHRERHELE
Table2 Sporulation and germination rate of Bb170428 strain in two media

r—_— - s iporulation i x10° sporis/dish) _ ﬁyg;ﬁ@% B (%)
Medium ey w2 B3 w4 HES (>10” spores/dish ) Germination rate
Repeat | Repeat2 Repeat3 Repeat4 Repeat5 Average sporulation
PDA 8.62 8.59 8.75 8.74 8.55 8.65+0.09 87.02
SDAY 8.50 8.62 8.49 8.70 8.43 8.55+0.11 90.80
P{H P value 0.146 5 0.0150
B3 PE Significant _ *

MNEERALE, *FRTE0.05 KT EFEE, K4, Ko, KT,

— indicates no significant difference, * indicates significant difference at 0.05 level. The same as table 4, table 6 and table 7.

% 3 H¥k Bbl70428 Xf 4 FEH 2 #44) RN E
Table3 Bioassay of Bb170428 strain on 2nd instar larvae of 4 pests

FE e Concentration i H1 %L (k) B IESET-®E (%) Cumulative adiusted mortality
Pest (x10° cfu/mL) Number 3d 5d 7d 9d 11d 13d 15d
25000 90 8.89 2805 5500 5823 6538 75.64 80.77
s 2500 90 6.67 15.85 4125 4430 56.41 66.67  78.21
L . 250 90 4.44 12.20 22.50 36.71 44.87 50.00 53.85
Chilo suppressalis
25 90 3.33 10.98 20.00 27.85 37.18 42.31 43.59
2.5 90 0.00 4.88 10.00  20.25 2692 30.77 32.05
25000 75 10.67  26.67 3478 4627  60.61 72.73  81.82
T et 2500 75 8.00 21.33 3043 38381 4848  63.64 7424
Ost;irfi;i:'ri:;éalis 250 75 8.00 14.67 26.09 3134 4545 53.03 57.58
25 75 8.00 14.67 21.74 29.85 34.85 3939  46.97
2.5 75 2.67 8.80 17.39 23.88 2879 34.85 39.39
25000 90 4.44 23.33 28.89 35.56 44 .44 47.78 55.42
2500 90 3.33 13.33 17.78 23.33 26.67 32.94 42.17
HHE R
Adrotis seqetum 250 90 2.22 12.22 14.44 2333  26.67 27.06 3494
9 9 25 90 0.00 10.00 13.33 18.89  21.11 2235  27.71
2.5 90 0.00 8.89 10.00 16.67  21.11 2235  24.10
25000 90 8.89 20.00 2444 2584 2941 3529 4235
) 2500 90 3.33 11.11 14.44 17.98 18.82 2588  37.64
. Rt 250 90 3.33 6.67 10.00 14.77 1529 2235 3294
Mythimna separata
25 90 0.00 3.33 6.67 8.99 941 16.47 30.59

2.5 90 0.00 4.44 5.56 5.62 8.24 15.29 2941
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2.5%107, 2.5x10% 1 2.5x10° cfu/mL (AT,
T PR ARG R 2 i 4 s BB T AR, B
1RYLE R RE K, 4 B E B RS ISR T 3535 ;
i 25 A A PR AL -3 B A BN, U ISR T R
B e, FAk Bb170428 X R ffk B2 1y
FORIEFN LI 2 el B O R, X R ik
b B B ARG R 2 4l R A BOR IR,
2.5x10° cfu/mL FRALBE 15 d EiHRIEFET- R
I3 AE] 81.82% . 80.77%. 55.42%FH1 42.35%.,
HRAE TR #R Bb170428 {2 4 J5 45 3 AL IEFET
RGBT R, SRAS Bb170428 X — LI |
VP T AU | 5 4 R ORG HL 2 I 4 A G 7 [l
A5 R4 3R y=2.551 3+0.361 2x (r=0.977 3 ).
y=3.000 9+0.308 2 x (r=0.9903 ), y=3.118 1+

0.207 3 x (r=0.983 6 ) il y=3.942 1+0.089 0 x ( r=
0.974 1); Xt 4 3 B A EFC R HE LCso 43900
6.01x10°.3.06x10°,1.20x10° F1 7.75x10"" cfu/mL.
X 4 FhE 2 W R BRI KN WP K
WE> AV MRS M RS R L, SR e R L
RN E B UAS TR R 2 Pl sl 2257,
FLEEE IR WL 4, THPE Bb170428 X 4 FhE it 2
WBa R eSS, o, AR £
KIEF N ZRARE (P>0.05), M5HME
FE. R HRWE AR EZES (P<0.05), &
M RS R R ) AR B 2 5 (P<0.05 ),
PR Bb170428 i — AR ME AN P FOKIE 2 #5340 H
(FE S d i, G35 T M B RORG L, A
LA A R AT E =1 L L

R4 HEHk Bbl70428 3t 4 MIEHR 2 R B NLEK
Table4 Comparison of the virulence of Bb170428 strain on 2nd instar larvae of 4 pests

L4 5] i 95% {7 IX.[1] B

Comparison group Ratio 95% confidence intervals Significant
T ARIE ;Y E KR Chilo suppressalis : Ostrinia furnacalis 1.964 8 0.674 4-5.724 1 -
TAkIE - FEHLEE Chilo suppressalis @ Agrotis segetum 0.006 7 0.002 6-0.028 0 *
“AkIE : KGR Chilo suppressalis : Mythimna separata 0.000 0 0.000 0-0.000 2 *
WP FEKEE - 5 H-E 2 Ostrinia furnacalis : Agrotis segetum 0.003 4 0.000 9-0.012 4 *
AV T K BE : kG Ostrinia furnacalis : Mythimna separata 0.000 0 0.000 0-0.000 1 *
FEHLE R - KL Agrotis segetum : Mythimna separata 0.001 2 0.000 1-0.024 7 *
232 W SELHHAMNESN HkBbI70428 B WA EIEREK.

TARE YN KR | b PR RS L S #5 4
PIRLIESET R 5, RATEE Bb170428 X 4
Pl B 5 4l B3 BAT BOm T Eow 11, bR
5 3 d PG, KR 2.5%10° cfu/mL DI H
FEARBRAG —AREE | PP EOKEE | BEHLCE R S IR
AL T AN, 2.5%107, 2.5%x10%, 2.5%
10° cfu/mL AbBERE B S B340 Bt A BET-AMA
Mo Bl A FRES A B , A5 U IESE T %35
R, I B AL PR TR AR TR AR B R N, A% E R
RESET Rl 3K, 2.5%10% cfu/mL b
PG 15d, TAREE | PPN E KR | b R ROk,
eI LI ol s A 8 | B |
94.55% . 94.64% . 80.00%F1 54.76%. JEYLH Ik
Bb170428 [P FOKIEF —ALEE 5§40 du )3
FeRd s, HUCHEHERR S #ahdy, T S

FIPE Bb170428 J&e —fLIE | VP FOKIE |
B PR RORG S WA U 15 R EE Dy | Y
TR y=2.293 7+0.443 8x (r=0.9792) . y=
2.150 5+0.468 7x(r=0.986 3 ) . y=2.842 7+0.313 2x
(r=0.9932). y=3.864 8+0.120 5x (r=0.9610);

FIEAFHE LCso 201 . 1.25%10°, 1.20x10°,
7.72x10°, 2.63x10° cfu/mL, FHXJ 4 fhadi 5 %
4 AR KN < WY T K> > B
FE>HR o SR EFE i B L i 2 v B O
SERBEENES, R 6. Htk Bb170428
BRI G —ABIE R FOKIE 5 W4 R ) 22
SARREFELSN (P>0.05), SR ERE
W R EES (P<0.05), HIEH Bb170428
X ARBE I P FORIE S 54 H 035 ) e,
Frim TR PR ARG IR 5 Al X B M R
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Table5 Bioassay of Bb170428 strain on 5th instar larvae of 4 pests

i e Concentration i di%k (3% ) EIMEIEFET-% (% ) Cumulative adjusted mortality
Pest ( x10° cfu/mL ) Number 3d 5d 7d 9d 114d 13d 15d
25000 60 10.00 28.33  49.12 67.27 83.64 94.55 94.55
e 2 500 60 6.67 16.67 35.09 52.73 63.64 80.00 83.64
. R . 250 60 5.00 13.33 29.82 43.64 50091 61.82 63.64
Chilo suppressalis
25 60 3.33 11.67 22.81 34.55 43.64 54.55 56.36
2.5 60 0.00 6.67 12.28 27.27 38.18 41.82 41.82
25000 60 11.67  26.67 43.33 5345 70.18 87.50 94.64
. 2 500 60 8.33 18.33 25.00 3793 61.40 78.57 87.50
E.E{ME*E’E‘ . 250 60 5.00 16.67 21.67 27.59 42.11 57.14  67.86
Ostrinia furnacalis
25 60 5.00 13.33  20.00 27.59 4035 4643 51.79
2.5 60 0.00 8.33 16.67 24.14 33.33 37.50 42.86
25000 60 10.00  20.00 25.00 35.09 4286 57.14 80.00
= 2 500 60 5.00 11.76 ~ 20.00 26.32 28.57 44.64 67.27
".ﬂﬁ%ﬁ% 250 60 5.00 8.33 13.33 19.30  23.21 32.14  54.55
Agrotis segetum
25 60 1.67 8.33 10.00 12.28 14.29 3036 41.82
2.5 60 0.00 5.00 8.33 10.53 12.50  33.93 34,55
25 000 90 2.22 4.76 16.67 28.57 4048 54.76 54.76
2 500 90 2.22 4.76 10.71 25.00 39.29 4405 48.81
. Hik 250 90 1.11 3.57 8.33 11.90 23.81 29.76  42.86
Mythimna separata
25 90 0.00 0.00 7.14 11.90 17.86  27.38  38.10
2.5 90 0.00 0.00 4.76 10.71 13.10 20.24 32.14
%* 6 HE#k Bb170428 Xf 4 MiEH 5 R4 T S LLER
Table6 Comparison of the virulence of Bb170428 strain on 5th instar larvae of 4 pests
L4 5 I 95% {7 IX 1] N
Comparison group Ratio 95% confidence intervals Significant
TARME WY EKEE Chilo suppressalis : Ostrinia furnacalis  1.043 3 0.274 7-3.962 6 -
TAkE - FHEFE Chilo suppressalis : Agrotis segetum 0.162 3 0.052 3-0.503 7 *
T ARIE : K5I Chilo suppressalis : Mythimna separata 0.003 2 0.001 1-0.009 2 *
W E KR © B2 8 Ostriniafurnacalis : Agrotissegetum  0.155 6 0.059 7-0.405 4 *
I FE KIS : oKid Ostrinia furnacalis : Mythimna separata 0.003 1 0.001 3-0.007 3 *
WML R - K Agrotis segetum : Mythimna separata 0.0199 0.0122-0.032 5 *

5 YRR RE ) B TR L 5 g L,

233 WEAMEHRARRBHBRPZIALRE £~
[F] ¥ FE TR AR Bb170428 Y LI 7P FOKIE |
WP . KGR 2 R S WA RS A 15 RIAL
IEFET R UL 3. 4 Fh iy 2 00 5 1840y
FEIEFET ZR B AV BE 3 ¥ K, Horh — 4k
WL TR P K R AN ] HU 0 B ey M IE AR T %8 8
ikF| 80%LA I, TE[R—HFUE T, Bb170428
JERYL TARIE | YN EOREE | MR L KGR S i

PR IESE TR IR T 2 b4, RIUTZ R
XTS5 Wl B 15T 2 W el RSt
W EL 00 5 1k FL A TR BR Bb 170428 Xof [R]— s
B RS R 25%, 85RWEK 7.
Bb170428 XY FOKIE . —AKEE 2 1 F1 5 1#¥4)
BN EZRAEE (P>0.05), {HXFEHIFZE
it 2 Wahdm 5 BahE I REES (P<
0.05), FUWIZFE X HEHbE T . K i w4l
MO 1 03 TR 4
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Fig. 3 Corrected mortality after 15 d of infection by Bb170428 strain on 2nd and 5th instar larvae of 4 pests
A. TAREE; B, WPHEOKIE; C. BHIZE; D. Kil,
A. Chilo suppressalis; B. Ostrinia furnacalis; C. Agrotis segetum; D. Mythimna separate.
K Frrf R 2255 3% . Data with * indicate significant different.

R 7 HH Bb170428 X 4 ME HARE RBHZ AR
Table7 Comparison of the virulence of Bb170428 strain on different instar larvae of 4 pests

L A28 1) 24 95% A X [8] M
Comparison group Ratio 95% confidence intervals Significant

TALEE 2 4 H 5 4R 4.799 6 0.991 8-18.598 9 -
Chilo suppressalis 2nd instar larvae : 5Sth instar larvae

I KR 2 840 H - 5 8 4h i 2.5505 0.899 0-7.2359 -
Ostrinia furnacalis 2nd instar larvae : 5th instar larvae

WHIZE 2 4R 5 R4 R 1.56x10° 49.495 8-489.278 5 *
Agrotis segetum 2nd instar larvae : Sth instar larvae

R 2 WAL 5 ahh 2.01x10° 1.16x10%-3.49x10* *

Mythimna separate 2nd instar larvae : Sth instar larvae

3 itig

ASHITFE I PR B 4 F 4l HUA N 23 8 | Al il —
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FEARIE . T4k, ITS FA5E0r T IR3I MR B B
B BN R E R 28 (RS ZRSE, 20085 £¢
=INEE, 2016), EAEEFFHELS G ITS 751
SEOTTRRIE T 1A TR 1) 68 S 2 A

FIPE Bb170428 FEAN[A]E5 3= 500 A8 KA PELE
2R, 78 PDA HiR b iAo B B W AT
SDAY kit , nlBEL 2 Fhls IR 8 F5 LA
A X, PDA EFREET A D A& A kIR
PR AR MEICE | PR EE TR (3
SRAE, 2018), HEA FUMERE A K P UL T A
FYIB, 7E SDAY iRk iy LR B E T
PDA H;7#3k, HIEEHH SDAY Kb &
M, MEAKEAFEE AR MR
FERNER, A¥HINNEABRERERTI A
M A AR (BA5REE, 2008 ), kR Bbl170428
1€ PDA 1 SDAY 2 Fidi g3k () = & - Jo i
W2, —JrmRFIETE PDA B3RS A K
B, #F SDAY $5 3R i &% 5, WE A
s FH—Jrm, 2 M IR R S A A, L
AR R AR AR b R B Y T A A
m (BRLEAE, 2011), mAFEE 2 FhessRdt
T PR AR AN R

AHFFE T #ikk Bb170428 X [f]—3F 2
W4y HURT S I 4 B 77, S5 AR R — 3
HOG S il U R R 2 4 B AR
PP EOREE 5 3 F1 2 i) UGB I 2R A RE,
XTECHB IR R S WA IR RE KT 2 i
Al e X AT BB HUAR AT b Y R R S AP A
SRR R A A O, T ARE T I T A Ry o v
B, KT RN, WMERK, S RN
SREEAR;  BEHE A SRR AR 4 A RO,
FRERT AR, WAL, AR R
K, TR AR A L3, BB, ART
FBR R T A MR, Ik, AEEEEATE
- SR 4 2 2 e S B 7 o A 1 AT S
PIBTIA

PR R 1S B A R 1, (R
PR 2T 32 B R — 8 B, i LX) 3
o Sy B2 5, SRRV A AR TR AS ] B
P R T — ok Y 1 4 B 6 AS ] B BB 7 1 RS TR

( Wraight etal., 2010; 5K JEZESE, 2016 ), —fk
WSS ORI | b P RDRG B TR Ak A
7E R ERE R, ARSCUFSLH P Bb170428 X iX
4 T A Bom M, (RSTR] E R 380 e
B 25 5% . ARIE S0 B T R Bb170428 X —
PRI | S R SRR i A o a4 R B T B
B, IR IESET R Al 35 94%LU |, RIHZHERE
XF ZARHE I ORI B B A W By i
TERE, IR AR R, 35 A A AR E
R LERIBT IR, DO B AR 3 LA €4 B 45 s /b
2z A 25 1 FH e B B B 3
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