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Use of an orthogonal rotation combination design to identify
optimal culture conditions for a Metarhizium sp. isolated
from Maladera ovatula (Fairmaire) larvae
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Abstract [Objectives] To determine the optimal culture condition for a strain of Metarhiziium sp. (MAXD170705)
isolated from muscardine-infected cadavers of Maladera ovatula (Fairmaire) larvae from Daheqiao farm, Xundian county,
Kunming city, Yunnan province. [Methods] The fungal strain MAXD170705 was identified based on morphological and
culturing characteristics and its ITS-5.8S gene sequence. Optimal culture conditions for the growth and sporulation of this
strain, including culture medium, temperature, light and pH, were determined based on an orthogonal rotational combined
design. [Results] The MAXD170705 strain was Metarhizium anisopliae (Metschn.) Sorokin. This strain can be cultured on
either SMAY, PDA or SDAY medium, but cumulative germination, growth rate, sporulation time and spore quantity were

best on SDAY medium. Optimal culture conditions were a pH of 7.0, 25 and a photoperiod of 16 h light and 8 h
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darkness. Cumulative germination was 100.00% by Day 4, the colony growth rate was 0.38 cm/d and the diameter was 2.73
cm. The colony began to sporulate on the day 3 and sporulation was 6.68>< 10° spore/cm’. [Conclusion] Nutrients played
an important role in the development of this strain. Optimal mycelium growth and sporulation of Metarhizium sp. obtained
from different sources was only achieved when nutrients were abundant and appropriate. In addition, external environmental
conditions were important factors affecting colony growth and development. Of the media evaluated, the SDAY medium was
the best for the growth and sporulation of the MAXD170705 strain of M. anisopliae. Optimal culture conditions were a pH
of 7.0, 25 and a photoperiod of 16 L © 8 D.

Key words Metarhizum anisopliae (Metschn.) Sorokin; Maladera ovatula (Fairmaire); orthogonal design; culture condition; colony

growth; sporulation
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Table 1 Design and results of L9 (3*) orthogonal test of strain culture condition
A B C D pH
Treatment Culture mediums Temperature Photoperiods pH Level combinations
1 1 1 1 1 A1B1CI1D1
2 1 2 2 2 A1B2C2D2
3 1 3 3 3 A1B3C3D3
4 2 1 2 3 A2B1C2D3
5 2 2 3 1 A2B2C3D1
6 2 3 1 2 A2B3C1D2
7 3 1 3 2 A3B1C3D2
8 3 2 1 3 A3B2C1D3
9 3 3 2 1 A3B3C2D1
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Bl 1 #E#H MAXD170705 BLA/NFRBEE AR
Fig. 1 The larva of Maladera ovatula infected by strain MAXD170705
A. MAXD170705 B. MAXD170705

A. The morphological characteristics of MAXD170705 strain infected larva of M. ovatula in early days; B. The
morphological characteristics of MAXD170705 strain infected larva of M. ovatula in later period.

B2 EHRHEERS
Fig.2 The colony morphology of the strain
A. MAXD170705d  SDAY B. MAXD170705  SDAY

A. The colony morphology on right side of SDAY medium of MAXD170705 strain inoculated;
B. The colony morphology on reverse side of SDAY medium of MAXD170705 strain inoculated.

3 N < Y —

B3 E#k MAXD170705 BT ZSHF4E
Fig.3 The morphological feature of the strain MAXD170705

A. MAXD170705 B. MAXD170705 C. MAXD170705

A. Mycelium morphology of MAXD170705 strain; B. Spore morphology of MAXD170705 strain;
C. Conidiophore of MAXD170705 strain.

214 RERBEDH 532 blast
bp GENBANK JN133852.1
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El4 ETITS-5.8S rDNA FIIMZRERNRFLXEMN (4B3%E Neighbour-Joining)
Fig. 4 The phylogenetic tree of Metarhizium strains based on ITS-5.8S rDNA sequence (Neighbour-Joining)

11

40

50% 1000 Beauveria bassiana

The numbers above or below the branches are bootstrap values when exceeding 50%.
Gene sequences of Beauveria bassiana is used to root the tree.
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Fig. 5 The colony diameter of MAXD170705 of Metarhizium anisopliae under the different culture conditions (cm)
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Table 2 Growth of MAXD170705 of Metarhizium anisopliae under the different culture conditions

cm/d d x10°  Jem®
Treatments The daily.increase of the colony The first sporulation The()sporulatior;
diameter (cm/d) day (d) (x10” spores/cm”)
1 Treatment 1 0.26+0.02 deCDE 4 2.7240.23 cC
2 Treatment 2 0.38+0.02 aA 3 6.68+0.12 aA
3 Treatment 3 0.29+0.02 cC 5 1.18+0.11 fE
4 Treatment 4 0.24+0.02 efE 4 2.02+0.11 eD
5 Treatment 5 0.29+£0.02 cC 4 2.26+0.28 deD
6 Treatment 6 0.23+0.03 fE 6 0.94+0.09 fEF
7 Treatment 7 0.25+0.02 efDE 4 2.40+0.17 dCD
8 Treatment 8 0.34+0.02 bB 4 6.07+0.29 bB
9 Treatment 9 0.28+0.03 ¢dCD 5 0.56+0.07 gF

F=27.00 P<0.01 F=440.89 P<0.01

+ 5% Duncan’s
1%
Data are mean==standard error, and followed by different lowercase letters in the same column indicate significant difference

at 0.05 level by Duncan’s new multiple range, while followed by the different uppercase letters indicate significant difference
at 0.01 level. The same below.
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Table 3 The conidia germination rate of MAXD170705 of Metarhizium anisopliae under different treatments

h
Treatments

% Cumulative germination rate

24 48

72

96

120

1 Treatment 1
2 Treatment 2
3 Treatment 3
4 Treatment 4
5 Treatment 5
6 Treatment 6
7 Treatment 7
8 Treatment 8

9 Treatment 9

30.00+0.01 cCD
48.67+0.02 aA
35.67+0.03 bB
22.00+0.02 eFG
26.67+0.02 dDE
18.33+£0.01 fG
24.00+0.03 deEF
45.67+0.02 aA

32.00+0.02 ¢cBC

47.00+0.05 cC
78.67+£0.05 aA
68.33+0.02 bB
34.67+0.03 dD
36.67+0.03 dD
31.67+0.02 dD

35.33+0.03 dD

73.00+0.04 abAB

49.33+0.05 cC

63.3340.02 dC
95.67+0.03 aA
81.00+0.01 cB
46.00+0.03 efD
48.33+0.08 eD
42.00+0.02 D
50.00+0.03 eD
88.33+0.03 bAB
66.3340.06 dC

84.67+0.06 cB

95.00+0.06 abAB

100.00+0.00 aA

100.00+0.00 aA
92.33£0.01 bAB  100.00+0.00 aA
66.33+0.04 eC 86.67+0.04 cdC
72.33+0.03 dC 90.67+0.02 beBC
65.33+0.05 eC 84.00+0.04 dC
73.67+0.01 dC 90.3340.04 beBC
99.67+0.01 aA  100.00+0.00 aA

88.33£0.05 bcB  96.00+0.04 abAB




- 1418 - Chinese Journal of Applied Entomology 56

2014
Metarhizium
anisopliae
2008 2008
MAXD170705 SDAY PDA 2004 WZW;
SMAY 3 pH=7 PDA 271
SDAY 2006
SMAY
PDA 25 2007
2007 LA LD 30 25
LA SMAY LD 2 25
PPDA 2 2012 CQM125
SMAY 2011 pH=6 PPDA 30
Mal0 SDAY 6d 8 d
16d 6.65 cm 2012
4.49x10°  MaYTTR04  PPDA 25
/mm® 2012 2014
CQMI125  SDAY JC002 pH=7 PDA 25
14d 35.0 mm PPDA 2015
SDAY SMAY Mal2l Czapek
25-30 L:D=0:24 pH=7
MAXD170705  SDAY
0.38 cm/d 6.68x10° MAXD170705
fem® 2007 25-30 20-25
2 LA 25 L:D=16:38
LD 2011 pH=7.0 SDAY
Mal0 0.38 cm/d
2012 3 6.68x
CQM125 SDAY 10 Jem® pH=8.0 SMAY
2014 MAX-2 PDA 25 L:D=24:0
PDA
pH
2007 Ansari et al. pH

2009 2010



- 1419 -

Alves etal. 2005 Zhaoetal. 2010 Song and
Feng 2011
MAXD170705

SE#k (References)

Alves SB, Tamai MA, Rossi LS, Castiglioni E, 2005. Beauveria
Bassiana, pathogenicity to the citrus rust mite Phyllocoptruta
Oleivora. Experimental and Applied Acarology, 37(1): 117-122.

Ansari MA, Evans M, Butt TM, 2009. Identification of pathogenic
strains of entomopathogenic nematodes and fungi for wireworm
control. Crop Protection, 28(3): 269-272.

Bartlett MC, Jaronski ST, 1988. Mass production of entomogenous
fungi for biological control of insects//Burge MN (ed.). Fungi in
Biological Control Systems. Manchester, UK: Manchester
University Press. 61-85.

Cai SP, He XY, Zeng LQ, Huang JS, Zhong JH, Ji BZ, 2012.
Susceptibility of Anoplophora chinensis larvae to the
entomopathogenic fungus, Metarhizium anisopliae. Chinese Journal
of Biological Control, 28(2): 293-297. [ s s

, , , , 2012.
, 28(2):
293-297.]

Chen ZA, Huang JR, 1997. Assessment of virulence on strains from

different origin in Metaizium anisopliae for the white grub.

Microbiology China, 24(2): 81-83. [ R , 1997.

24(2): 81-83.]
Chen ZA, Pan LC, 1995. Effect of different oils and carbohydrates

on the germination of Metarhizium conidia. Chinese Journal of
Biological Control, 11(1): 10-12. [ , , 1995.
, 11(1):
10-12.]
Chen ZH, Xu L, Yang FL, Yang LH, 2014. Identification and stress
resistance characters study of Metarhizium anisopliae isolate
MAX-2. Journal of Yunnan Agricultural University, 29(6): 834-839.

[ . : MAX-2

, 2014,

29(6): 834-839.]

Du KS, Chai LY, Xu YL, Lang JF, 2008, Isolation of a Metarhizium

strain. Journal of Microbiology, 28(6): 57-60. [ s s
, , 2008.
, 28(6): 57-60.]

Hou Y, Xia YF, Xu JQ, Liu FF, Lin XM, Du SF, 2015. Identification
and biological characteristics of a Metarhizium strain and its
virulence against oriental migratory locust. Chinese Journal of
Biological Control, 31(3): 333-339. [ , s s

, , , 2015,
, 31(3):
333-339.]

Hu QB, 2004. Research advance of occurrence and control of
underground pest grub in China. Hubei Agricultural Science, (6):
87-92. [ , 2004,

,(6): 87-92.]

Issaly N, Chauveau H, Aglevor F, Fargues J, Durand A, 2005.
Influence of nutrient, pH and dissolved oxygen on the production
of Metarhizium flavoviride, Mf189 blastospores in submerged
batch culture. Process Biochemistry, 40(3): 1425-1431.

Li JY, Xu QA, Dai XY, Wang GF, Ren SX, 2013, Study on the
biological characteristics of Metarhizium flavoviride. Guangdong
Agricultural Sciences, 40(9): 71-73. [ s s s

5 ) SM076

,40(9): 71-73.]

Li SY, Lei ZR, Li CR, 2007. Effects of medium and temperature on
the growth and virulence of two strains of Metarhiziium
anisopliae. Journal of Yangtze University (Nature Science Edit)
Agri. . V, 4(1): 4-7. [ , , , 2007.

2
( ): /
Lin HF, Li MY, Zhang SY, Li SG, Zhang CQ, 2011. Molecular

,4(1): 4-7]

biological identification of entomogenous fungi isolated from the



- 1420 -

Chinese Journal of Applied Entomology 56

brown planthopper. Chinese Journal of Applied Entomology,
48(5): 1401-1406. [ , , R ,
2011.

, 48(5): 1401-1406.]

Lin HF, Li SG, Zhang L, Wang PL, Zhou YW, 2006. Biological
characteristics of Metarhizium anisopliae var. major and its
virulence to white grubs. Chinese Journal of Applied Ecology,
17(2): 351-353. [ s , , 5 >
2006.

, 17(2): 351-353.]

Liu SS, Li KB, Yin J, Cao YZ, 2008. Review of the researches on
biological control of grubs. Chinese Journal of Biological
Control, 24(2): 168-173. [ s s s s
2008. . , 24(2):
168-173.]

Lu ZY, Gao S, Jiang Y, 2004. Screening of solid culture condition
for Metarhizium anidopliae. Chinese Journal of Applied and
Environmental Biology, 10(2): 223-225. [ s , s
2004.

, 10(2): 223-225.]

Miao CD, Hong K, 2007. Research progress on technology of fungi
classification. Journal of Anhui Agricultural Sciences, 35(22):
6695-6697. [ s , 2007.

, 35(22): 6695-6697.]

Pu ZL, Li ZZ, 1996. Insect Mycology. Hefei: Anhui Publishing
House of Science and Technology. 245-264; 323-327; 553-554.
[ s , 1996.

. 245-264; 323-327; 553-554.]

Qin XF, Lv WY, Du KS, Wang YB, 2007. Population survey and
comprehensive management of grubs in lawn. Journal of Henan
Agricultural Sciences, 36(2): 56-57. [ R R R

, 2007.
,36(2): 56-57.]

Shen JF, Wang ZK, Zhang JW, Yin YP, 2012. Identification of two
Metarhizium species and bioassay of their virulence against the
white grubs of peanut. Chinese Journal of Biological Control,
28(3): 334-340. [ s s s , 2012.

,28(3): 334-340.]

Song TT, Feng MG, 2011. In vivo passages of heterologous

Beauveria bassiana isolates improve conidial surface properties

and pathogenicity to Nilaparvata lugens (Homoptera: Delphacidae).

Journal of Invertebrate Pathology, 106(2): 211-216.

Song Z, 2002. Submerged culture of Metarhizium anisonplae.
Chinese Journal of Tropical Crops, 23(2): 72-76. [ , 2002.

, 23(2):

72-76.]

Song ZY, 2009. Study of isolation, identification and biological
characteristics about strain CQMall7 of Metarhizium sp.
Master's dissertation. Chongging: Chongqing University. [

, 2009. CQMall7

]

Su Y, Nong XQ, Zhang ZH, 2010. Genetic polymorphism of
Metarhizum anisopliae isolates and its association with geographic
origin and host species. Chinese Journal of Biological Control,
26(4): 428-435. [ s s , 2010.

,26(4): 428-435.]

Sun JB, Deng X, Song XS, 2007. Biological property and virulence
measurement of Metarhizium anisopliae. Forest By-Product and
Soeciality in China, 88(3): 17-18. [ s s ,2007.
88(3): 17-18.]

Thomas KC, Khachatourians GG, Ingledew WM, Ingledew WM,
1987. Production and properties of Beauveria bassiana conidia
cultivated in submerged culture. Canadian Journal of Microbiology,
33(1): 12-20.

Wang G, Xiong Q, Tian F, Xie YP, Xue JL, 2013. Isolation and
identification of a strain of Metarhizium and its virulence to
Carposina sasakii. Journal of Shanxi University (Natural
Science Edition), 36(2): 275-281. [ s s s

, , 2013.
( ), 36(2):
275-281.]

Wang M, Yin YP, Wang ZK, Liu JJ, Liao YF, 2014. Multilocus
phylogenetic analysis of the taxonomic status of 10 strains of
Metarhizium. Plant Protection, 40(5): 14-21. [ , R

s s , 2014. 10
,40(5): 14-21.]

Yan ZY, Xue ZD, Zeng LB, Yang RL, 2011. Isolation of a
Metarhizium strain and its biological characteristics. Plant Fiber
Sciences In China, 33(2): 84-88. [ R R R

,2011.
,33(2): 84-88.]



- 1421 -

Yang LY, Gan L, Liu L, Wen MF, Huang JS, 2008. Optimization of
environmental factors for the growth of Metarhizium anisonplae
var. anisopliae strains MA4 and MAIml. Chinese Joumal of
Ecology, 27(8): 1322-1326. [ s , ) s

, 2008.
,27(8): 1322-1326.]

Yin YP, Song ZY, Xie N, Wang ZK, 2010. Nutrition requirement and
culture characteristic of Metarhizium anisopliae strain CQMall7.
Chinese Journal of Biological Control, 26(2): 206-210. [ R

> s ,2010. CQMall7

,26(2): 206-210.]

Yu HH, Guo W, Li RJ, Lu XJ, Zhao D, 2014. Screening and
molecular identification of MetarhiZium strains against Holotrichia
oblita. Chinese Journal of Biological Control, 30(6): 834-838.

[ , , , , , 2014.

, 30(6): 834-838.]

Yu YH, Long XZ, Zeng XR, Wei DW, Zeng T, 2014. Biological
characteristics of a strain of Metarhizium that is highly pathogenic to
Dorysthenes granulosus. Chinese Journal of Applied Entomology,
51(1): 73-79. [ R R R R , 2014.

, 51(1): 73-79.]
Zhang MC, Yin J, LI KB, Zeng YZ, Wu JX, 2014. Research

progress on the occurrences of white grub and its control. China
Plant Protection, 34(10): 20-28. [ s , ,
s , 2014.
, 34(10): 20-28.]

Zhang JW, Wang ZK, Shen JF, Yin YP, 2012. Screening, identification
and culture characteristics of a highly pathogenic strain of
Metarhizium against Plutella xylostella. Chinese Journal of
Biological Control, 28(1): 53-61. [ R N s

,2012.
,28(1): 53-61.]

Zhang YB, Wu PP, Wang P, Liu J, Xu TS, Wang HJ, Shu JP, 2012.
Identification and biological characteristics of a Metarhizium
pingshaense strain isolated from Melanotus cribricollis larva.
Scientia Slvae Snicae, 48(12): 134-140. [ s s

> s , , , 2012.

,48(12): 134-140.]

Zhang ZL, 1984. Chinese Economic Insects Fauna: Coleoptera,
Scarabaeoidea, Larvae. Beijing: Science Press. 18-63. [ s
1984.

. 18-63.]

Liu Z, Lei ZR, Hua BZ, Wang HH, Liu TX, 2010. Germination
behavior of Beauveria bassana (Deuteromycotina: Hyphomycetes)
on Bemisia tabaci (Hemiptera: Aleyrodidae) nymphs. Journal of

Entomological Science, 45(4): 322-334.



