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Abstract: [ Aim ] Monochamus alternatus is the major vector of pinewood nematode disease
Bursaphelenchus xylopilus in China. We aimed to obtain high virulence mutants of Beauveria bassiana for
biological control of M. alternatus through space mutation and laboratory selection. [ Methods] A wild-
type B. bassiana strain cfcc81357 isolated from M. alternatus had been carried into space for mutation
induction by the Shenzhou 8 Spacecraft in 2011. Then, the obtained spore diluents were spread on PDA
plate culture for single colony strains. Biological characteristics including the morphology, colony growing
rate, spore production, conidia germination rate and conidial tolerance to thermal stress were compared
between nine aerospace mutants and the original wild-type strain used as the control. Based on these
results, three mutants (B159, B252 and B305) were adopted for further bioassay against the 4th instar
larvae of M. aliernatus. By sprinkling conidial powder on pine log surface and injecting conidia liquid
into beetle-bored holes, the pathogenicity of the mutants B252 and B305 against M. alternatus larvae in
pine logs was assessed. [ Results] The results showed that these colony morphologies of nine aerospace
mutants of B. bassiana changed at different degrees, of which six mutants had the colony growing rate
obviously slowed down while only three mutants ( B159, B252 and B305) produced conidial spores.
Compared with the wild-type strain, mutant B252 and B305 had evidently higher virulence against M.
alternatus , with a corrected mortality of 100% and the median lethal time (LTs,) of 8.08 and 8. 56 d
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when applied at the concentration of 1.0 x 10 spores/mL, respectively. [ Conclusion] The results

suggest that aerospace mutants B252 and B305 may be excellent strains with great application potential for

biological control of M. alternatus.

Key words: Beauveria bassiana; Monochamus alternatus; aerospace mutagenesis; microbial control;

superior strain; pathogenicity
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Table 1 The morphology of aerospace mutants of Beauveria bassiana

T R i T HHILE
Strains Matrix color Colony color Colony morphology
i R ihe B, BT, R LU, DR
clee Light yellow Creamy white Powder-like, thin colony, uneven and fold, regular edge
. e K1 AR, I, BLHOPRT FR L
Creamy white Grayish white Felt-like, thin colony, radial mycelium on the medium
b5 e 16, D AR, WA
Yellow White, yellow edge Cotton-like, thick colony
b2 i A AR EVRE, AN, BRI
Light yellow White Cotton-like, thick colony, developed mycelium, irregular edge
B30 R A AR, EVRE, ALK, A
Light yellow White Cotton-like, thick colony, developed mycelium, irregular edge
5o it Nt BYAR, EE, PR, DR
Light yellow Creamy white Powder-like, thin colony with fold in the center, irregular edge
B2S2 WE A B Ik, W, hgRST
Light yellow White Powder-like, thin colony, regular edge
B260 B HE MR, WKE, ERFLRRIGE, WLk
Yellow White Cotton-like, thick colony with papillary projections, developed mycelium
s [ f16. ms e AR, BATE, PR
Yellow White, yellow edge Cotton-like, thick colony with sunken areas in the center
B305 WEA B Bk, R, LGSt
Light yellow White Powder-like, thin colony, regular edge

“ VX BRI A BRI Fk A wild-type strain used as the control. R[] The same below.

KL BRI AR UR AL AR I RS E S
The morphology of aerospace mutants of Beauveria bassiana

A: B122; B: BI30; C: BI59; D. B252; E. B260; F. B283; G: B305; H. BJ-1; I, BJ-80; J. B4 M Hikk Wild-type strain cfec81357 (CK).

Fig. 1
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485t il Jr 2250 Hr M, bk BI-1, B252 fi
B305 (YR A S B A AR ERA B E HAR6
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B2 Bkt AEEHTISE L R R 2L S
Fig. 2 The mycelial morphology of aerospace mutants of Beauveria bassiana
A: BI122; B: BI30; C: BI59; D: B252; E: B260; F: B283; G B305; H: BJ-1; 1. BJ-80; J: HFZE BB b cfcc81357 Wild-type strain cfec81357 (CK).

®2 HMABEAMXSTERNEEZER
Table 2 Colony growth of aerospace mutants of

Beauveria bassiana

G W% EAZ (em) RS BV AR (em)
Strains Colony diameter Strains Colony diameter
cfec81357 5.37 £0.06 B159 3.43£0.06 "
BJ-1 5.27 £0.06 B252 5.37 £0.06
BJ-80 2.27+0.21" B260 2.13+0.15"
B122 3.20+0.20" B283 2.27+0.06"
B130 4.23 +£0.25" B305 5.30+0.10

S URAE BENKF- P=0.05 5 B AERIB R cfec81357 MTLLH
A M2 5 (Duncan [C ) ; % 3 [A. The asterisk represents
significant difference compared with the wild-type strain cfcc81357 at the

0.05 level by Duncan’s test. The same for Table 3.

T = AR B159 P24 i 2 8,
B252 P H i B A (P <0.05) , B305 5 HF LR
HHRZESF AR (P>0.05) , IRy 3 75728 H b
A6 1 & 26 5 B A TR TR R A LU B, 5 AR T AR
B159 61 7 i & & LU BF AL B bk B 35 R RE (P <
0.05), FEAF kK B252 Fi1 B305 -5 & % L BF4E
BRI RE TR, HESARE(P>0.05),

®3 KBAEEEMXFTEHRNAEMAFHLE
Table 3 Spore production and conidia germination of
aerospace mutants of Beauveria bassiana
& em® AL ( x 107 41/ mL
g on RBROAO TGy e

. Spore production per cm?
Strains pore p P

Conidia germination rate

( x 107 spores/mL)

cfee81357 8.94 £1.48 75.83 £2.08
B159 5.14£0.29" 65.33 £3.01"
B252 11.01 £0.75" 74.67 +3.21
B305 8.62+1.14 74.50 £1.50

215 PR BRIOSLE A ) IR

A B EL S PSR 5 1 — DN AR bR, AR A
G NEURR DY 2e 5 TS AL A i Bl =)
FAASENE o BRA AR 20 AR A1 (4 i Ky s i L2k
R —ADEEN T AUFRERIN, KA E
PR AR T A B IS T 5 ~ 35°C (AR AR IR AR,
1998 ; Iskandarov et al., 2006) , AW H, FEE I
12 d RS IG TR RRAE 37TCIEIE P 3R 1 h,
ST AL IR, B159, B252 il B305 1T A 5 B bk
—FE, T HARE AP MR, (HENTZ R 225
A (P>0.05) (% 4),
T4 KABEEMXFEENRI7TCHRLAEL
EMBFHER
Table 4 Conidia germination rate of aerospace mutants

of Beauveria bassiana after exposure to 37°C for 1 h

[EL7S BT EHER(%)
Strains Conidia germination rate
cfee81357 58.67 +1.44
B159 59.67 +3.01
B252 63.00 +2.00
B305 59.33 £3.51

2.2 FAABESRFTEKRTRBRY 4 1045
HEER S

FERLE 3 AMBAS I RE B159, B252 il B305 X4
R4 4 WA R BUE A FRARF (£ S) . 2R
Bk B252 I B305 XA K 4F 4 I 4 U HLAT 55 1Y)
ORI, 1614 d B IESET R 100% , 5 i T
WP A R RR s T 78 B bk B159 XJAMHE K 4 1 4)
BB EE J7, 1616 d (IR ESE T Sn R T
WS AR B252, B305 FIEP A RUTR Ak, LT L A] LA
J W R TR R G B A 4 4 H i B0 ) B0
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b2, BN A5 3E A T kR S R A ik
TOrEE . X WU A R B252 1 B305 AL
BN BIRME KA 4 B BE T 5 RIAR 9 200 15 11
Je— B, A5 RFW] B252 I B30S Al REAE NI R
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x5 HUBAEAMXFTERMRBRY 4 R4 REBR

Table 5 The pathogenicity of aerospace mutants of Beauveria bassiana against the 4th instar larvae of Monochamus alternatus

R Ly FETA Larval mortality (%) KEFETH (% ) LT

Strains 4d 6d 8 d 10 d 12d 14 d 16 d Corrected mortality (d)
cfec81357 0 0 40.00 46.67 60.00 66.67 76.67 75.87 10. 89
B159 0 0 0 6.67 16.67 23.33 30.00 27.59 18.89

B252 13.33 26.67 36.67 53.33 76.67 100 100 100 8.08

B305 16.67 30.00 33.33 66.67 100 100 100 100 8.56

F 1%ont: i1 -80 FK 7K

Sterile water with 0 0 0 0 0 3.33 3.33 - 0.00

1%o0 Tween-80

x6 KAAEEMXFEERARERAELE

Table 6 Comparison of different treatment methods for aerospace mutants of Beauveria bassiana

VSLyIRN LS LECRAI LR FET- 4 L FET-R (%) KEEFET= (% )
Treatment method Strains Number of larvae tested Number of died larvae Mortality Corrected mortality
O B252 138 55 39.86 39.25
Sprinkling conidia B305 142 50 35.21 34.56

powder cfec81357 125 36 28.80 28.08
A B252 100 43 43.00 42.42
Injecting B305 100 42 42.00 41.41
conidia liquid cfec81357 100 32 32.00 31.31
0 K
ARALH(CK) - 200 2 1.00 -

Non-treatment

3 g

PR A7 72 ol A ) G A ol A 075 7 i b —
52 5 BB W i e e A A AR ARG, LK B
PR 57228 18 00007 R 7 28 A 81 S 8 S5 1) L i ol
PO o TAF AR W S8 . EARBITE P, RIR TR
B IR BRI AR B B A U5 T, AR
AR RARAE T A R = HRE T FIXHHA S K
TR EA —E R 2R . AR KR
FEARE S 5, AR AE B SO R T IR AN 5 T
AR 7 R R O 7 2 i 0 A M BT IR TR R Y
SRR, MR X Se R PR I AN [R] AL
[ RO EE , UEIA T AR A 2SS e s T R
IERAXUa YRR, HiFEA A2 AERE, el

A AR S A A PR 7 Sl ] RE A IR AL TR S
(Al S5, 2006) o i K U528 18 Bk B252 Fi1 B30S
TESOW S T3 T A A T BERIE R R IE R 28 57, B —2
K EEA AL AR B AR AL R SRR ARG
T CALFE AR EE AR AR, BRI RS
(AL S 1752 BRIk 2000 7738 8 1) S A

ABFTEH, T CARE v RTE S AN 2K A b
et O ARBRIE BRI AL Wbk, PRI 522 e
R AE R G A AR, e T 3 Bk
ERA R MR AL AR, 5% 3 ARIB AWK
FEALRE ST AL K BE 0 ST e TR E E T AR
R L B Sy, 732 O FAE A i B )
(LR 75728 B Ak B252 A B305, 33 19 4 T ik 8
R R A IR SRR R PR, B0 1w iR, i
SRR MR S RRIE R AR B A AME KA 4 B A
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