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91nN15ANWINAYBILNAITULAY Bactrocera cucurbitae (Cougjllett) 7iintdasTsAuuag
Metarhizium anisopliae PSUM02 siawginsssnskauiuguasnisimusseziiseu wuin suduiouiasiu
uh B. cucurbitae wedifiindesnduszornannnt 48 $alus fesiduinmemeasuuasiasiuTome
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Yuil 4 way 5 wdnnisinde dugamuaUoiiiudnmstugraniuslifianuwanaty uenanilunss
wiasTuunanagiiindesiidinissondinndesife 5.0 0.1 Ju dunsasiuunanadisuazmaduniiog
melunsafierfuiiiinissendinnds 105 = 0.6 wag 11.6 + 0.4 Tu MudFU UANANIINNTIYAAIUANDEN
fifodfymeadid (F = 72.27; df = 5; P < 0.05) druuuasiunssveanssganiuauiidiaionissendinmiaiy
128-14.8 Yu dnfunssusariunanadofifadendmmsseniinnieiia 4.4 + 0.2 Tu dnuuuasiuuns
weaflouaziwauninagniglunsudedfuiidinissendinade 138 « 03 uay 139 0.4 Ju audidu
WANAN9INATIYAAIUANBETITEEAYNNEiR (F = 191.93; df = 5; P < 0.05) diuuuadiuuniveinsayn

AUANIANAENTTRRETIAMNAY 14.0-14.8 Tu

' 2
Wy < 1

mitdenduguaniudvetiuasiuuaunainin@es nuiuarfuununagnRaes TugNauiusiv
wuasiuunanadeuninlidunsdugnaniugegszning 5-35 Wosiudlutui 1-5 40111581579 wagny
nmsdugmaniuvosusariuuaunadsUnAniunsTugnauiugnioneliogszning 1-9 wWesidudlutui

2-5 vesmsdrmaudiiuunlinanas dwsugamuanuuasTulaunaguend wues@udnisfuguauiugne
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Abstract

Effects of infected cucumber fruit fly, Bactrocera cucurbitae (Couquillett), with
entomopathogenic fungus, Metarhizium anisopliae PSUM02, on mating behavior and immature
stages development were studied. The adult stage of female B. cucurbitae infected with M.
anisopliae PSUM02 more than 48 h showed percentage mortality higher 83.3%. The infected female
fly B. cucurbitae with the fungus was declined of an egg laying behavior and immature stages
development. The infected adult male and female fly with M. anisopliae PSUMO02 transmitted the
fungus to opposite sex in the same cage by mating behavior. Both infected adult male and female
fly B. cucurbitae with M. anisopliae PSUMO02 showed similar value of mating percentage on day 1 to
day 3 after treated. On day 4, infected adult male and female fly were decreased and did not detect
of this value on day 5 and day 6 after treated. The average survival time (AST) of infected adult male
and female B. cucurbitae with M. anisopliae PSUMO02 were lower than un-infected female (11.1 + 0.6
days) and male (12.1 + 0.4 days) in the same cage and control cage of male (14.3 + 0.2 days) and
female (14.5 + 0.3 days) with 6.2 £ 0.2 and 5.4 + 0.3 days and significantly different (F = 130.56; df =
3; P < 0.05).



The mating competitiveness between infected adult male fly and un-infected adult male fly
and vice versa were investigated. The fly from both testing cages showed similar of percentage of
mating on day 1 to 2 after treated. The infected adult male fly showed percentage of mating lower
than un-infected adult male fly in the same cage on day 3. The percentage of mating of mating of
infected adult male and female fly was not detected on day 5 and 6 after treated. The percentage
of mating of un-infected fly from control cages was not significantly different. The AST of infected
adult male fly were 5.0 + 0.1 days and significantly different (F = 72.27; df = 5; P < 0.05) from un-
infected female (10.5 + 0.6 days) and male (10.5 + 0.6 days) in the same cage and the fly from
control cage with 12.8-14.8 days, respectively. The AST of infected adult female fly were 4.4 + 0.2
days and significantly different (F = 191.93; df = 5; P < 0.05) from un-infected female (13.8 + 0.3 days)
and male (13.9 + 0.4 days) in the same cage and the fly from control cage with 14.0-14.8 days,

respectively.

The mating selection of infected adult male fly with M. anisopliae PSUMO02 on un-infected
adult virgin and gravid female fly was studied. The infected adult male fly showed percentage of
mating with un-infected adult virgin and gravid female fly with 5-35 and 1-9%, respectively. The
control cage with un-infected adult male fly (dorsal marked) showed percentage of mating with un-
infected adult virgin and gravid female fly with 4-26 and 2-8%, respectively. The AST of infected
adult male fly was 6.2 + 0.3 days and significantly different (F = 113.25; df = 5; P < 0.05) from un-
infected adult virgin and gravid female fly with 11.8 + 0.5 and 11.9 + 0.3 days, respectively. The AST
of the fly in control cage was 13.9-14.1 days.

in green house test, 50 cucumber fruits were collected from each fungal treated and control
cage. The fungal treated cage showed 3,106 larvae, 3,065 pupae and 3,022 adults. The control cage
showed 9,273 larvae, 9,238 pupae and 9,238 adults and significantly different from the fungal treated
cage (larvae X2 = 3072.291; df = 1; P = 0.000, pupae )(2 = 3097.288; df = 1; P = 0.000, adult )(2 =
3151.589; df = 1, P = 0.000). The proportion of fruit fly in control cage and fungal treated cage were
2.97, 3.01 and 3.05 times, respectively.

Keywords: Bactrocera cucurbitae, Metarhizium anisopliae, mating, transmission
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unin

wuasTuueadidainemansin Bactrocera cucurbitae (Cogillett) (Diptera: Tephritidae) §A15
wninszrglusiannuisvestan visluuneugu lwnfeu wazlunisiou wasrdadfidusndaeglu
Useimaduiie uavaunsadinvinaneielduinds 81 wila (Dhillon et al., 2005) lasianizeg98eRe
naznauntluaed Cucurbitaceae Wy uzse uadlvy unsly AAnes uAanN2T VIVY warviuwmaey 1udu
(Doharey, 1983; White and Elson-Harris, 1992; Allwood et al., 1999, Weems et al., 2001) ki@
silahiinsunssruiavateUsewa laud uides Uniaau wita @3dint win e wiade dulailde
u Faalus WauUud Lduiu 91a17n wavfines (Christenson and Foote, 1960; White and Elson-
Harris, 1992; Waterhouse, 1993; Clarke et al., 2001; Weems et al., 2001; Dhillon et al., 2005)
éfm%’uﬂssmﬂ"lmzJWUmsu:wiixUﬂ@ﬁﬁﬂﬂLLﬁ@maqﬁuﬁ (Clarke et al., 2001) LLaJawﬁmf:a%memtﬁama
uniielaodduSomadisldesorznsliunadilulunavesinieddly Muauﬁﬁﬂaaﬂmﬁ’mﬁuagma’lu
na uenniisesuNaiiiatuannisnslisidmaliidoaunidaunlsaividivhas vilvnaniuas

Savaufeufaszagifiuien (Collins and Collins, 1998)

v A o ad & aa e 9 & aa T
mMsmvauklaadnsiglaeT 3B luisnsnlisulutagiu Wwinsmuauuuasdngianudndes

LY )

msldansieiififudunsiereddidianiuszlovd invnsnsdldarsiad fuslaa uazanmwinden ms

s

munukiasdnsirlaediEinane s nsldidesdunislumsmunuuuasdngiafeliuisnimileid
Usvavsamuariouldiuodraunivais lasanzegwiainsliidenanvnlsavosasdamnsald
muauuuasingiylivareriauasunsriinaninsanivauusadldegaivsednsam %ﬁmau%ammmq
Iiﬂmaumaﬁiﬁmﬂ‘ﬂumsmuquLmaaﬁmgﬁ“ﬁ Wi Metarhizium anisopliae, Beauveria bassiana,
Paecilomyces fumosoroseus Wae Verticillium lecanii ImEJLQWWL% 931 M. anisopliae Hnsudnlule
AUANKNRIARFRYUAzERToE19UNIvate (Boucias and Pendland, 1998) Lagiinsideslsauuas M
anisopliae muq:uLmaﬁumalﬁiuwmaaqa \iU Anastrepha ludens (Loew), Cerratitis capitata
(Wiedemann), C. cosyra (Walker), C. fasciventris (Bezzl) hav Bactrocera papayae (W3 Wag 8un,

2551; usA wazAne 2554; Toledo et al., 2006; Quesada-Moraga et al., 2008; Dimbi et al., 2009)
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sanulun1939uasaildsladnunisldideslspuuas M. anisoplice PSUMO2 Miflasanginssy
115272319 LAEMIRAUNTZILATOU FINTINGANITUNIHAENRUGVOUNAITULAY B. cucurbitae ety
wosUims uarlsudeuneass eduuumadenlunsmiuauuuasiuuns wagndnideansldansa
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3. eANYNAYEISEIYMSIASYRUUB AT IULAS B cucurbitae InALSlaRensTugHaLTUSYBY
Lmaqi’uumLWﬂQﬁﬁﬂL%aiﬂsﬂLLuaa M. anisopliae

4. ileUszendldideslsauuas M. anisoplice Tunseussiuasiuuns 8. cucurbitae Tuaniw

159i50u
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N1INAasel 1 NAYDITTEZIANNITAALYDIIISALNAY Metarhizium anisopliae TuuuaIIULAS

Bactrocera cucurbitae LWﬂLﬁ&lGiawqanssun’ﬁ’mﬂ‘l‘li LLazm‘sﬁUﬁuﬁz

MINAFDUNAVDILTO I IALNAY Metarhizium anisopliae PSUMO2 faudlasiulag Bactrocera

. o [~3 Ly N A v 4 ' o o o g Ql'a 4”
cucurbitae FduigwAle UM SHANRUGLasWIaRelUey 20 Tu 31U 30 fa (§7) DAMTeTLY
JreeLIan 24, 48, 72 way 96 93U NUIISTELIAINITIARIDIITeLIaTIULALNALlsTiNan 931 LIUM
WuTeianusaele wazniswawvaslaidumirusu anue wazdiuTy sufutsuuasulaaneion
a & & ' o o c & € v @ e N ' f & & ¢
AnasHduIanuINNIn 48 9719 IUasBuUANISANLYeNAIR LA BINALLBUINNIN 85 WaslTus 34

LUATULAL WAL ENAATDTILAALTINIANLS188LLDER A9l

wasfusaawadlefiaadesniunan 24 42103 9ns1unuuNaadudu 30 5 J5mIuLuasTy
wasTiannsanslalEsiuay 18 §1 (60%) saufiuSeiantesnsiuiy 14 6 (80%) 91T uuLLaI UL
findesennuinansanslinasiisiuiuiinueuiiida 572 1 suausrusuiing 15 § S1uaus
wupuTddnLes 557 @ snusnusiliindusudute 103 shud wasiisunuiuduSeiivdesen 454

f7 (Table 1)

wuasTuLaanAsARadesTuIa 48 U 9INTIUIULNANSUAY 30 7 T unuLNasiu.
wRaRaLsaatalasIwIU 5 @1 (16.7%) dduTeRfnaasiaiuiu 25 67 (83.3%) 313 uluLuasTy

LASNLAEDTEANUINAINITOINRLTRALIINUIUAINUBUNTTIN 60 F7 ITUIUAINUDUTAY 12 §7 I1UIU



o Y v s ° s Yaly s o, o & e a [ = o v & o o A
AINUBUNLUINNLA 48 610 mmummmwluﬁmﬂummma 18 ANLe LazdAUIUAWAUIYNIUADTER 30

¢ (Table 1)

wasfuunaadofidadesudunan 72 4alus nsrununasEudu 30 6 IS nulmasiy
wnsiannsaslaldsiuau 1 & (3.3%) FduTeiiRndes1s1uiu 29 §7 (96.7%) 9N uIuLLATY
uwheTiideseanuitanunsensliasisiuiusavueuiiiiiin 7 @ Siuauivusuiinny 1§ S1uum
wuauUTIIRNUE 6 §1 SurusnueRliindududude 1 dnud wasiisuiudiduioimdesen 5 M

(Table 1)

wasiuunanailsfiaadesndunat 96 $alus Mndruruutasudu 30 1 Teuiuwlaiy
wasiiannsanaldldsiuiu 4 62 (13.3%) Fuduioiianaesidiuiu 26 f (86.7%) 9nsiuiuuuasiu
wefideseanuiausansliuasiisunuinueuiiitin 43 i Sunuivusuiinie 7 61 Ui
wuaudsnug 36 &1 Sruaudnudilditndudiudiate 12 dnud wariswausuduiefmdesen 24 &

{Table 1)

drugamuguAsLtatiukaunAlisNlAMYDST MNTIWILLLBUSLAY 30 71 T uduntasiy

= 'Y ¢ & ¢ a & ' - o ) o o
wnaansaelUla 100 wWasigus wuaduussiuaatunsanslauazidunuivueunisia 973 &9
PMIUMINUBUNAY 11 6§17 INUIUAIUUDUNIIANLS 962 G2 Fnusviamunaunsainasnu L dudiiiuTe

Tiiavn (Table 1)



Table 1. Percentage of gravid female laying egg, mortality and immature stages of Bactrocera cucurbitae (Cougjillett) infected with

Metahizium anisopliae PSUM02 with different latent infection times.

Latent No. of % eravid % mortality Total No. of insect
0.0
infection . female of gravid Dead
_ insect ‘ Larvae Pupae Dead pupae Adult
time laying egg female larvae
24 hr 30 60.0 40.0 572 15 557 103 454
48 hr 30 16.7 83.3 60 12 48 18 30
72 hr 30 3.3 96.7 7 1 6 1 5
96 hr 30 133 86.7 43 7 36 12 24
control 30 100.0 0.0 973 11 962 0 962
Xz-testl/ *% *% *% * *% *% *%

YThe number within columns are analyses with Xz test of goodness-of-fit; * = P<0.05; ** = P<0.01
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n1sNaasen 2 Anvinisdrenaaitasilsaunas Metarhizium anisopliae HIUNITNEURUSUDA

LUAIIUWAY Bactrocera cucurbitae

NSANYIAMNANNNTOTUANFNAUGUDMNATTUUA B. cucurbitae ARG o TUMAEEUNG

wendefneniumadund wazganiuny (neduazinallslifniiest) uuninwudas 50 ¢ (97)

v ¢ a

wudludun 1 nswsasiuunanalenfnielidndun15uaNaNNUTaNgn Ao 20 098311ABNTIYR

q

o s

AruANldndIun1sTvgNaNRugvNAY 16 diunsautatiuuasnadifaeiidadiun1sTuANauNuS

9

s P

Wiy 8 (X° = 7.204; df = 2; P = 0.027) Ju@l 2 nsuyamuAuiidadiuntsduananiuggenan Ae 20

s =

3maqmﬁammuaﬁuumL‘Wﬂéﬂam%ﬂﬁé’ﬂdauﬂwﬁuﬁmauﬁuéLmﬁu 16 @IUNTILUATIULALNALL

17
a a A

fiFadesiidadiunisugnaniugiviitu 8 (O = 7.204; df = 2; P = 0.027) Juil 3 wiasTuunsitfnde
aeunALazuNaTT UL idadun s Sugnaniugiuanats iy (F = 0.761; df = 2, P =
0.692) Jufl 4 unasfuunanaduaziwafioiiadesiidndiunisiuguaniufanauvdoifios 4 diu
wuasiuumansemuauldadiunisduanauiugivindu 12 (X = 7.385; df = 2; P = 0.036) wds N Ui 5
linunsduguaniuivousasuumuwauezmadefiiade duwuariuunanadunfiidndiunsdu

Ananiugvindy 4 Tuiun 5 uaswiiu 8 Tudun 6 audu (Fig. 1)
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Figure 1. The mating propensities of Metarhizium anisopliae PSUM02 treated males, M.
anisopliae PSUM02 treated females, and untreated Bactrocera cucurbitae (Cougillett) flies

(control group). The different letter in each day was significantly different (P<0.05) by using the

Xz—test (assuming equal distributions as the null hypothesis) and significant differences between

groups were also identified with Fisher’s exact test.
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LLuad'B’uLLmLWﬂQ’ﬁamL%@iﬂﬁﬁ%ﬂ%ﬂﬁi@ﬂ%% (AST) U 6.2 + 0.2 YU FauAn@1991n
LLiJaﬂ’qfuLWNL‘WﬂLﬁEJ‘?I'EJE;J:ﬂ’IEJIUﬂ’NLaEJ’JﬁuLVi’]ﬁU 11.1 + 0.6 T4 ag1sldvd AN NEDR (F = 130.56; df =
3; P < 0.05) A mSuuuasTuLanaSeiRmdes 1l AST Wiy 5.4 + 0.3 TuFauandsainuuasiuuns
LWﬂéﬁagjmduﬂmﬁmﬁuwhﬁu 12.1 + 0.4 Tu egniivdadfyneana (F = 130.56; df = 3; P < 0.05)
drunuasiuununesy (14.3 £ 0.2 Ju) uavineidle (14.5 + 0.3 Ju) 19anseynnIUaNaga1slunsy

wendudian AST luunnansiusgnsiitsdAgvneada (Table 2)

Table 2. Kaplan-Meier survival analysis of Bactrocera cucurbitae (Cougillett) infected with
Metarhizium anisopliae PSUMO2. In treated cages the population was exposed by contact with
infected males and females, while the untreated cages had unexposed healthy population. The

significant difference in AST of healthy females indicates transmission of infection by contact.

Average survival time  95% Confidence interval

Assay Insect n (AST)
(mean + SE)’ Lower Upper
Treated cage  Infected male 50 6.2 + 0.2° 5.8 6.6
Healthy female 50 11.1 + 0.6° 10.2 12.4
Treated cage  Healthy male 50 12.1 + 0.4° 10.6 13.5
Infected female 50 5.4 + 0.3 4.9 5.9
Control cage  Healthy male 50 143 +0.2° 13.6 14.9
Healthy female 50 14.5 + 0.3° 13.9 15.0

*Different superscripts in the AST column indicate statistical significance by Tukey's HSD test

(P<0.01). AST observations were limited to 15 days, i.e., the data are right censored.

dmSunsanasiuununaAg Ao nuITUesiSuRnITANgaLauNINTUMIUTIUIUTUNLAY
1nTU lnsnuesidudnisaioazan 2% luTud 2 way 3 Wesidunnisaieazay 6% wiun 4
Wosumnisameazau 42% TuTud 5 wag 6 Wasiudnisaieazay 90% luiuf 7 wasiasidusnns
Aedran 100% Lwiun 8 mud1iu (Fig. 2) @msunsuuasiuLaunAdsNAnges1 WUIILLaITULAS
wedefngesdivesigudmsmeazan 100% luiun 9 duusasiuununagnegniglunsauigiiuiu
1Y N ala dﬂll & @ & v . 3 o a
wasulnuwAlaNfniosiwullesiBuanmsaazan 33.33% tuiui 11 (Fig. 3) dmiunsagnaiuauil
Wesiuanmsaneazanvotuathunaguaginadionndt 14% (Fig. 4) '
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Figure 2. Cumulative percentage mortalities (mean + S.E.) of healthy adult female and infected

with Metarhizium anisopliae PSUMO02 adult male flies Bactrocera cucurbitae (Cougillett) in a

mixed population.
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Figure 3. Cumulative mortalities (mean + S.E.) of healthy adult male and infected with
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Metarhizium anisopliae PSUMO02 adult female flies Bactrocera cucurbitae (Cougillett) in a mixed

population.
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Figure 4. Cumulative percentage mortality (mean + S.E.) of healthy adult male and female fly,

Bactrocera cucurbitae (Cougitlett), uninfected with Metarhizium anisopliae PSUMO2.

n1sMaaadfl 3 HavINISAALTRsIlSALLAY Metarhizium anisopliae Tuluasduwns Bactrocera

cucurbitae WAERDNTSUYIVUNENNUS

msudsiuduananiudseninutariuunanagnAaesiuiuasuunanadund uasnisugadu

[y v v € '

JuAnauussEwIuuasuLaanmdsnandas i ulNasTuLnunadsUn® Iuiutiinas 10 Awonse

Y k]
(%

U 10 91 wuInsudatuduarauiuisninwuasiuwnanaAiiiawe s ivutasiuupanagUn A

L3 A

wazluiud 1 ua 2 vdsainnisdsas uasiumediinadesuazunasiuunanafunAfiiesigudnisd

Araniugliuansneiy danluiud 3 wasfuusanaffifagesiidesiduinsTugnaniugainid

Y 9
wuasiuwnanAgund uaslinunsdugnauiugrasuuasiuununagninidasluiui 4 uay 5 ndsan
msfaLge (Fig. 5) dmsugnaruauesiduinsiuananiuresutariuunanagiuaudiuusasiuun

wagUnilifienuunnsnsiuveniundisia (Fig. 6)
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Figure 5. Percentages of mating success in pairing (mean + S.E.) of Metarhizium guizhouense
PSUMO2 infected Bactrocera cucurbitae (Cougiillett) adult male flies and untreated adult male

flies. The different letter in each day was compared with independent sample t-test (P<0.05).
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Figure 6. Percentages of mating success in pairing (mean + S.E.) of marked and untreated adult
male flies (control). The different letter in each day was compared with independent sample t-

test (P<0.05).
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dmusunisnadeunsuitudugrantugseniuasTuuaLnaAlo DR a T TULLAL TULAILNA
a a o o = @ v aa ¢ & & P o s Y a @
deound Tudud 1 89 4 wwasiuunanadunafilesidudnsiuguaniugluuasiuunanmdioysde
anuzbiwananeiu dnluiud 5 liwueidudnsTuananiug v auuas TULALWALTULLIAYTULA LA
deRnlos1 (Fig. 7) dwsuyanivaulesiduinisiugraniugvesuasiuuaunmionuaudiy
wasfuunanafisUndldfinnuuanasiuremniunidrs sniuiui 2 Anuesidudnsduguan

wuglunuasiuuaanadenuiudasninuuasiuuaanadenagnaigiilan (Fig. 8)
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Figure 7. Percentages of mating success in pairing (mean + S.E.) of Metarhizium guizhouense
PSUMO2 infected Bactrocera cucurbitae (Cougillett) adult female flies and untreated adult
female flies. The different letter in each day was compared with independent sample t-test

(P<0.05).
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Figure 8. Percentages of mating success in pairing (mean + S.E.) of marked and untreated adult
female flies (control). The different letter in each day was compared with independent sample

t-test (P<0.05).

@ vada A A A Aa % a A o ot '
wlasTuuRuNAENAAWRTIALRAEN1TTENTIN (AST) Hounign Av 5.0 + 0.1 Ju JauANFAI9IN
wuasluununedgund (10.5 + 0.6 1) uazinegund (11.6 + 0.4 Tu) Negnrslunsufeliuegiail
dedAgnneada (F = 72.27; df = 5; P < 0.05) druuuadiuunaunaguaud inagund uazinadisunfves

nssyAAIUANIAT AST LilunnsnafiuegnsitudAgneadifiviniu 13.2 £ 0.4, 12.8 + 0.1 uaz 13.5 + 0.3
U (Table 3)
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Table 3. Kaplan-Meier survival analysis of adult male Bactrocera cucurbitae (Cougillett)

infected with Metarhizium anisopliae PSUMO02, in data from the mating competitiveness

bioassay.
Average survival time 95% Confidence interval
Assay Insect (AST)
. Lower Upper
(mean + SE)
Treated cage  Infected male 50+ 0.1° 4.8 53
Healthy male 11.6 £ 0.4° 10.8 124
Healthy female 10.5 + 0.6° 9.8 11.2
Control cage  Marked male 13.2 + 0.4° 12.5 14.0
Healthy male 12.8 +0.1¢ 11.7 13.9
Healthy female 13.5 + 0.3° 12.8 143

*Different superscripts in the AST column indicate significant differences by Tukey's HSD test
(P<0.05). AST observations were right censored by limiting observations to 15 days, i.e., the data

are right censored. The number of insect in each cage was 10 flies and 10 replications.

wiasiuununeifleidadesianadonisseadin (AST) tosiign Ao 4.4 + 0.2 Yu Faumnsing
Pnuasiuauwadiound (13.8 + 0.3 Fu) uasiwadund (13.9 + 0.4 Ju) Megaslunsufvafiuegnad
WodAyneads (F = 191.93; df = 5; P < 0.05) dauuuaﬁuu@wmﬁaLLGT;J% welaUnd uazinaguns
10INTIYAAIUANIAT AST TluansaiuegaiidedAnneadifvindy 14.8 £ 0.2, 147 £ 0.2 uay 14.0 =
0.4 Ju (Table 4)
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Table 4. Kaplan-Meier survival analysis of adult female Bactrocera cucurbitae (Cougillett)

infected with Metarhizium anisopliae PSUM02, in data from the mating competitiveness

bioassay.
Average survival time 95% Confidence interval
Assay Insect (AST)
. Lower Upper
(mean + SE)
Infected cage  Infected female 4.4 + 0.2° 39 4.9
Healthy male 13.9 £ 0.4° 13.0 14.8
Healthy female 13.8 + 0.3° 12.9 14.7
Control cage Marked female 14.8 + 0.2° 13.1 14.9
Healthy male 14.0 + 0.4° 14.4 15.1
Healthy female 14.7 + 0.2° 14.4 15.1

*Different superscripts in the AST column indicate significant differences by Tukey's HSD test
(P<0.05). AST observations were right censored by limiting observations to 15 days, i.e., the data

are right censored. The number of insect in each cage was 10 flies and 10 replications.

Wosidusinsmeavauveamasuunawadiifnos iy 100% 9 7 fundannisinide (Fig. 9)
wiasfuunanaliidndorannsodeveadesluguuasiuuaanaiisuasmagunifiegnielunss
WUl Tnsnuesidudmsmpazauintu 84.0 = 7.5% way 72.0 + 6.6% Tuiuil 14 ndanmsin
a(Fig. 9) dunauaunupSifuinismearauvauasiulsswauiuE wasTuunanaduazing

deunfisnni 36% (Fie. 10)

dmSuesidudnisavasauvosadiuuaunadefiniosmy 100% 7 7 Tundwinnisin
e (Fig. 11) dunnasiunsanafuasimediouniniegnslunsudefulinmuiesidudnismeasauiios
12.0 + 4.5% waz 14.0 + 2.5% luiufl 9 uaz 10 wdsanmsinie (Fig. 11) druganrupunulasidus

MIAgazaNvetariuLAIWAdeLANE wasTuunawagiaziwaiiounininit 16% (Fig. 12)
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Figure 9. Accumulative percentage mortality of healthy adult male, female and adult male fly,

Bactrocera cucurbitae (Cougillett), infected with Metarhizium anisopliae PSUMO02.
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Figure 10. Accumulative percentage mortality of healthy adult male, female and marked adult -

male fly, Bactrocera cucurbitae (Cougjillett), uninfected with Metarhizium anisopliae PSUMO2.
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Figure 11. Cumulative mortalities of healthy adult male, female and infected with

Metarhiziumanisopliae PSUMO02 adult female flies Bactrocera cucurbitae (Cougillett).
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Figure 12. Cumulative mortalities of healthy adult male, female and marked adult female flies

un-infected with Metarhizium anisopliae PSUMO2 of Bactrocera cucurbitae (Coudillett).
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N15NAaIN 4 HaYBINISAILNBALIBSILIAKNAY Metarhizium anisopliae 1A 8LUAIIULA

Bactrocera cucurbitae WAEHBLNATTULAINALTIET Lt uLaZHIUN ST UAN GRS

nsidendugraniuivesusasiuununAgNiadesfauuasiuwaanadsUnanliniun1sdu
AraNUS (virgin) kaziuNsTuARannugniauaelY (gravid) S1wiusinaz 10 damenss 31U 10 91
wudnmaﬁuumuwmﬁﬁamLﬂ?fasﬁuv{jmauﬁ’uﬁﬁmmaﬁuummeﬁaﬂﬂﬁﬁmumﬁu@wauﬁuéw%’amwhj
Tufum 1-5 vean5d1973 wagnunsdugraniuguetwuasiuuaunalisunfnliniunsivgnauiuglu
v o ° Y o v . 0 o o va v o s & €
Juh 2 vesmsdmaumisivunliuanas (Fig. 13) dwugamvanuuasiuununnuaud nueosidud
nmsduanauiusewuasiuuaunmisUnAnlinunsTuananiugunnIusasiuuaanalsUn ANk

a v o w a

nM3dugnaniugnioudlvegrfidodAgnisadaluiun 1 war 2 dwluiun 3-5 iesiGudnisdu

o

aAnauiugliunnsiuegaiidedAynneads (Fig. 14)
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Figure 13. Percentage of mating (mean + S.E.) of infected adult male Bactrocera cucurbitae
(Cougjillett) with Metarhizium anisopliae PSUMO02 on virgin and gravid female flies. The different

letter in each day was compared with independent sample t-test (P<0.05).
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Figure 14. Percentage of mating (mean + S.E.) of uninfected adult male Bactrocera cucurbitae
(Cougillett) with Metarhizium anisopliae PSUM02 on virgin and gravid female flies. The different

letter in each day was compared with independent sample t-test (P<0.05).

wuasiuuaunA Ao lA1RaENTT0ATIR (AST) Houhidn A 6.2 + 0.3 Tu Fauana19ain

[ IS a al L (% ' v 6 v [ % I aa v
wiasiuusaneeunanliiiunsduagnauiug (11.8 £ 0.57u) LaguiasiuuaunAlisUnAvaIunIsIu
ArauiugnIonaly (11.9 + 0.3 Tw) NegnslunsudsiiuedrsiitiodAgyniadn (F = 113.25, df = 5
P < 0.05) dlunsemupuuuasiuuaunaduind wasiuununaiounanliiiunisduguaniug Las

NunsTugraniugniaudluiial AST liuandsiuediidoddgmieata Lot AST agsyning

13.9 - 14.1 Y4 (Table 5)
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Table 5. Kaplan-Meier survival analysis of adult male Bactrocera cucurbitae (Cougillett)

infected and uninfected with Metarhizium anisopliae PSUM02 on virgin and gravid femate flies.

Average survival time 95% Confidence interval
Assay Insect (AST)
. Lower Upper
(mean + SE)
Treated cage  Infected male 6.2 + 0.3 5.79 6.51
Virgin female 11.8 + 0.5° 10.90 12.47
Gravid female 11.9 + 0.3° 11.09 12.67
Control cage  Healthy male 14.1 + 0.1° 13.62 14.50
Virgin female 139 + 0.1° 13.41 14.39
Gravid female 139 + 0.2° 13.40 14.40

*Different superscripts in the AST column indicate significant differences by Tukey's HSD test
(P<0.05). AST observations were right censored by limiting observations to 15 days, i.e., the data

are right censored. The number of insect in each cage was 10 flies and 10 replications.

Wesldudnsmuaranvasunasiuunanagiindosiny 100% 7 8 Tundnnisiade (Fie.
15) LLuaﬁuLLmLWﬂﬁﬁﬁmLs‘??aswaﬁmiamsmmL%aiﬂlﬂél,maﬁuumLWﬂLﬁaﬂﬂaﬁlﬁmumﬁuéwauﬁuﬁ:
wazuuasiuunawefiaunaiiunsfugnaniugnioundiiog aelunsafieatuld Tnewuwedidud
NIMBAZEUIINNY 38.0 + 6.9% Uay 48.0 = 4.6% (Fig. 15) diuganiupunuilasifudnismeasauves
wasTuunanefudud uwasiuunawadisunavliiuns fudnasiug wazuuasupanamdounii

msdueNaniugniaualisni 22% (Fig. 16)
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Figure 15. Accumulative percentage mortality of infected adult male with Metarhizium

anisopliae PSUMO02, virgin female and gravid female fly, Bactrocera cucurbitae (Couqillett).
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Figure 16. Accumulative percentage mortality of uninfected adult male with Metarhizium

anisopliae PSUMO02, virgin female and gravid female fly, Bactrocera cucurbitae (Cougitlett).
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]
YA

mM3veaasi 5 n1InuAuLUaLIuLAS Bactrocera cucurbitae inAiBlABABLLAIIULA UNARY

fnasilsausias Metarhizium anisopliae TugnmlssSay

Mnnsnadeun1sidites M. anisoplice PSUMO2 AuRuuaiasiuumt B. cucurbitae ineiily
Tnsofeusasfunpanadiiiadonluanmlsafounuin 1x2x2.5 was $nau 8 lsudou usarlsaseu
UgnAuuaInIIg iU 8 au Asadeuusniduasiuunanadiifndosuninssanslugmade dlsudey
ndadugaaiuay Weduumineenwaiifvuinmiuenissnna 15-20 wuRwasuagnioudmiunis
nildvesnasiukaanads Uassuuasiunasnadefiiiunsiuguaniuguarnieuansldeny 1520
Fudwiu 150 /7 LLasLmaﬁuLLMLWﬂQ’ﬁﬂqﬂL“?}Jasﬁmu 150 613 ehuéqmmuaﬂ%’uuaﬁuLLmﬂu’aaaﬂLWﬂ
flainanidest wdminudesuuasdunan 24 $alus aoslsadounsnvenyaillfiforuasyamunudiv
NAUAININE LI 3 waselsdou diuasddsufeundwesynilfiforuazyamuauduiiunaunini
$1uu 2 wadelssdeu (Frwrunaunsniudazlsadoutifrunuldwiaiu Fenwnumsiiudiedima
umInUANANAY) wazfudeiomnfuduna 5 fu wuilsadeuildidosiadisadoufiudiuna
LAIVAMLASIUIL 50 HE WUSIUIURINUBY 3,106 62 ANLG 3,065 Anus wazdifuds 3,022 &7
wonanEdmuFavueuiinnus i 41 fuadnuifiang 35 fnuk (Table 6) danlsuoudilildidondy
FUSIUIURALRE 50 NANUSILIURINLBU 9,273 6 Ginud 9,238 Anued wazifiuTy 9,238 @1 (Table 6)
uAnsnsnlsadouilidosogdituddymaatings (mueu X2 = 3072.291; df = 1; P = 0.000, fnus
X2 = 3097.288; df = 1; P = 0.000, fhude X* = 3151.589; df = 1; P = 0.000) dmfulsadouiilild
o1 wushurusvuey dnud wazduduteinnniilsadeudlfidesuinds 2.97 3.01 uay 3.05 Wi
Uy (Table 6) druradssurusmueu fnud wazduiuislunsfunauniniiignuuasiuuns
dvhanglumsmaaeuanimlsadeuusiazad G 5 ade) wuilsedouillduasiuunanadiiioe

~ o 3 LY [y v v & W 8/ ) =) P~ v & .
TIUIMUIUTUGNITLTAINUDU ANLLA LasMnItemilg ‘uaEJﬂ'J’lIixiLi@u@@ﬂ’JUﬂNﬂlﬁﬂfﬁL‘ﬁaiﬂ (Flg. 17)

Table 6. Total number of each stage of Bactrocera cucurbitae (Cougillett) from Metarhizium

anisopliae PSUMO2 treated and control cage in experimental greenhouse test

# of fruits # of larvae # of pupae # of adults
Fungi 50 3,106 3,065 3,022
Control 50 9,273 9,238 9,238
A7 test xxl/ > *x

1/ %%

= highly significant different (P<0.01) according to ¥ test of goodness-of-fit
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Figure 17. Average number (mean + SE.) of larvae (A), pupae (B) and adult (O) from treated

adult male fly with Metarhizium anisopliae PSUM02 and un-treated (control) adult male fly,

Bactrocera cucurbitae (Cougillett) from infested cucumber in greenhouse test. The different

letter in each day was compared with independent sample t-test (P<0.05).
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wuasTuwas Bactrocera cucurbitae (Cougjllett) (Diptera : Tephritidae) udjul,maﬁmgﬁ%ﬁﬁﬁ@mams%ﬁa

Wi WUNSLNSSEIATAUSEMA MsmuANeBiTeT1 Metarhizium anisopliae duismsuitaiiuiingiuds
nndeuuagliusyansamlunsaiuaugs naaNAISANWILLAITWLAN B. cucurbitae WALy 81 15-20 Tu g
pauLS LA NTou1al ﬂqnﬁwv‘?‘?asﬁ M. anisopliae PSUMO02 pnumviniuy 1X106 ades/ladans unan 3 wiil
wnilutsliunasindosiunm 24 48 72 uaz 96 Halue ahuéqmmuqmqﬂé’amf'mé"uﬂaam%a WU LA TUAS
edesiesudnaniliananiiossernanmsini@esuituuntu fie 60.00 16.67 3.33 uay 13.33% auardu iile
suifsuiuganuauiifiesifudinisndd 100% duedifudsasnmemeveuuasiuunawafiofidndesile
Sty nAINIANEE T RN TULLATISRSINSMELiiNTY 40.00 83.33 96.67 waz 86.67% MUy dusugn (F1)
WsTevFavuen dnud wasiuinte fsuuanasusternafiRufLTeuasuanaidsfndesiiunn sy
inei

MaAey: Wuasiuuns, sTEgnaINSRAe, Metarhizium anisopliae

Melon fruit fly, Bactrocera cucurbitae (Cougillett) (Diptera: Tephritidae), is type of insect which is dis-
tributed throughout the country and had a major impact on the economy. Control in this type of insect pests
with Metarhizium anisopliae is a method which is environmentally friendly and high efficient. The gravid
female B. cucurbitae, age 15-20 day old, was inoculated with M. anisopliae PSUMO02 (1x106 spore/ml, 3 min)
and incubated with different latent infection at 24, 48, 72 and 92 hr was investigated. The control was treated
with sterile distilled water. Egg laying percentage of infected gravid female fly decreased when the time of
latent infection increased with 60.00, 16.67, 3.33 and 13.33%, respectively. The control treatment showed
100% of egg laying activity. The mortality percentage of gravid female fly was increased with the increment

of latent infection at 40.00, 83.33, 96.67 and 86.67%, respectively. The number of B. cucurbitae offsprings (F1)
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(larvae, pupae and new emerged adults) was reduced when the latent infection of their mother increased.

Keywords: Bactrocera cucurbitae, \atent infection period, Metarhizium anisopliae

uuasIuwes  Bactrocera cucurbitae (Coquil-

Jadunnasiunaldytinuianiinnud1Agnig

lett)

iAswgnavadlan  a@1unTaIVINAgNANERNINISINYAS
Ihnnnin 81 vie lawn waedu waeln wadly wasuAu
maU 1rsz WU fae finus finden uagilnnes Wudu
(Dhillon et al., 2005) wiasiuLAIEIINTaAS1IANULES
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wnadurhugudnas 90 faduns vuiiguudesnmgl
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anisopliae
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wagiunduTy Wity 962 §7 dmsuilesidudnisaieves
Fufuouuasiunanadlofiandosssoznan 72 dqlua
fiofiudnsmegaiian Ao 96.67% sesasunfouuasiy
LfiAneT 96 48 uay 24 dalus Tnefieddusnng
#1Y 86.67 83.33 war 40.00% Mua1iu druganIumsll
nuasiunnisnigveutal (Table 1)
dmnsunsaelusseemnuauvaLasTuLAY B.
cucurbitae WU’i’]ijaLLmaﬁULLmaﬂL%aﬁﬂLfJuL’Jm 48-96
Flus wuesusnsmelussozfmusuwinfu 20.00,
1429 uag 16.28% MNARU Fawnninnsindes
Wuszezne 24 2l (2.62%) wazyaaIuAY (1.13%)
pwddu  uenaniwediusmseeluszezinudues
LuasTuLAsn UL uLmafiRades i lussornan 48
way 96 Flua wuesiguinismeluszezanuagds
37.50 way 33.33% euaieu d@uesiduinisaely
sypzdnuAvaILIATTuLAIwULLaT T uLAsRAT a5 1Y
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peeltydAeyMeans (p >0.05) (Figure 1)
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Tuwwasiuwaldl Anastrepha fraterculus (Wiedemann)
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86%
uaﬂﬂﬂﬂﬁﬁﬂﬁiwmumiﬁﬂﬁam M. anisopliae 1@

HHadednIINIIAEYIR A BTaDNAINANLAD
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var. fasciventris wuanusaneliislsaiuLaie 2
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Ausudioutasiunald B, papayae wuIeNudy
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Table 1 Percentage of egg laying, mortality of gravid female and total number of larvae, pupae and adult of

Bactrocera cucurbitae (Coquillett) infected with Metarhizium anisopliae PSUMO02 at different latent infection times.

__ Total No. of

Moo

\ .. ey . ...
24 hr 30 60.00 40.00 572 15(2.62%) 557 103(18.48%) 454
48 hr 30 16.67 83.33 60 12(20.00%) 48 18(37.50%) 30
72 hr 30 3.33 96.67 7 1(14.29%) 6 1(16.67%) 5
96 hr 30 13.33 86.67 43 7(16.28%) 36 12(33.33%) 24
control 30 100.00 0.00 973 11(1.13%) 962 0(0.00%) 962
Xz—testl/ % *% *% * *% *% *%

x 2 significantly different at the p<0.05 level according to Xz test of goodness of fit; ** = high significantly different at
the p<0.01 level according to Xz test of goodness of fit

? the value in bracket showed percentage of dead insect in each stage calculated from the total larvae or pupae of

each treatment.

60.00 A

50.00 A

40.00 A

30.00 A
Z Male

~ Female
20.00 A

Percentage of adult fruit fly inmerged

10.00 A

0.00 -

24 hr 48 hr 72 hr 96 hr Control

Latent infection time

Figure 1 Average percentage (mean + S.E.) of sexes (male and female) of Bactrocera cucurbitae (Coquillett)

(Dipterara: tephridae) infected with Metarhizium anisopliae PSUMO2 at different latent infection time.

2. WormansaavaIuasuns 1 (1): 54-58
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H LY v
WAV UYD31 Metarhizium anisoplize PSUMO02 DN 5 dUGHANNUS
HAZN3IOATINVONNAIIUMAY Bactrocera cucurbitae
(Diptera: Tephritidae)

Effects of Metarhizium anisopliae PSUMO02 on mating and surviving
of Bactrocera cucurbitae (Diptera: Tephritidae)

Py td w =
‘lhiﬁﬂ1 B5353@3R3" uaz H3a NIUN3'

Panisa Thamsawet! and Narit Thaochan

unARED: NsAnwnaTeudaialsAwias Metarhizium anisopliae PSUM02 fiRsmunuiu 1X10° @uladsie
19889 FaN1TTUAHANRUTULATNNIIIATANIBIUNAITULAS Bactrocera cucurbitae (Cougitiett) Wudn Aatfindt
unasTunaawafinadeniwefifuinriuguaniuganauiianFoufeufumaddnfluiud 4 wisann
nsfeide rfT';Lr?iuf;”m'ammﬁuummﬁéﬁ'ﬁrﬂL%mﬁmmmn’wwam%@m’lﬂégmm’iuu.mmﬂLﬁﬂﬂﬂ?\‘lﬁ WAz
mﬁ@ﬂ%ﬁjmmﬁ'ﬂ@aﬁ 6.16 + 0.19 uaz 11.10 + 0.55 JU AWML Li‘"}@Lﬁ%'ﬂ‘uLﬁmuﬁummu@mmﬁmﬁm"mm
LLNﬂdf?uLLmﬁLWﬂéLL@ZLWﬂLﬁﬂﬁﬁ’m’ﬁ?@ﬁ%ﬂLﬂgﬂiﬂLLmﬂﬁNﬁuﬂg}"ﬁI 14.26 £ 0.24 WAY 14.48 £ 0.26 11 ANNAAL
a3 M. anisopliae PSUMO2 ﬁmlﬁ’mﬁmjmuﬁuﬁﬁmzmﬁ‘ﬂmﬁmmmmﬁﬁﬂéﬂmmm

AANATY: Bactrocera cucurbitae, Metarhizium anisopliae, WNaITUWAL, NTEANTLE

ABSTRACT: The effects of entomopathogenic fungus, Metarhizium anisoplice PSUMO2 at spore concentration at
% 10* spore/ml. on mating and surviving of Bactrocera cucurbitae (Coquillett) were studied. The infected adult male
flies showed percentage of mating lower than healthy male flies at day four atter treated. The infected ones transmitted
the fungus to healthy adult female flies via their mating behaviour and gave average survival time (AST) value 6.16
+0.19 and 11.10 + 0.55 days, respectively. While the healthy adult male and female flies in the control showed not
significantly different in AST vatue 14.26 + 0.24 and 14.48 + 0.26 days, respectively. M. anisopliae PSUMO2 reduced
mating and surviving of infected flies.

Keywords: Bactrocera cucurbitae. Metarhizium anisopliae, melon fruit fly. mating

UNUn Wrinanediniduanndd 81 wiia (Dhillon et al.,

2006) Togan s ATATTNAREY 1TW UAINT uAely

wHasTuLRs (melon fruit y) Bactrocera fAa W LLF’]U(}"H@}ﬂ WAy U'mwﬁiﬂu tusius (Shah
cucurbitae {Coquillett) Sunnasunalimlonie e al., 1948) ludszmalnemunisuwingzaneues
fimnmdsoadtanin i fudnuazusld mei’uumﬁ’mnmﬂm@mi‘zmﬂ (HUDT3, 2544;
ide (Nagappan et al., 1971) LUATULAIEINNID Allwood et al., 1999) n13tlasiunndmuLuasTuuLas

T ATTINNTEANTIARINT AMERTNENNTEITNTNR NUINENFEANIRIUATUNT

Department of Pest Management, Faculty of Natural Resources, Prince of Songkla University
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dnffidefidudnisduguaniugl Luanineriy
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gnfsdemiidefifusinisduguaniugnanas
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wazliwuniadugnaniug udui 5 uaz 6 wdans
NARRL LANLNIITUANANATUGIBUNAITULALNA
gunfludussnans (Figure 1)

N199LAT1EY Kaplan-Meier Ja3ARAEN7700
%EmmLgmﬁmmuwmﬁﬁm%@ﬁ wudn JAn
\mdnerendAnsfign e 6.16:£0.19 u uansng
atieildedAyn1eadi fuganimanasau
(P<0.05) (Table 1) $29RINAB UHUAITULAILNA
Fefeglunsadenfuunasiusaanadfinndan
fAedsnssenTanuiniy 11.10 £ 0.55 Fu daw
FAPLANLNATULAUNAG LAz A T e
n1399RTAM L LANANTY (P>0.05) WinFU 14.26

+0.24 Laz14.48 £ 0.26 44 ANANAY Lagania
F1UIUTUNRIN13AN979 15 AU (Table 1)

Un-infectad

Time (days}

Figure 1 Percentage of mating (mean + SEM) adult male fly, Bactrocera cucurbitae (Cougillett), infected and
un-infected with Metarhizium anisopliae PSUMO2. The percentage of mating in each day was compared with

independence sample t-test.
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WAWATRT 42 UURAY 3 ¢ (2557).

Table 1 Kaplan-Meier analysis of average survival time (AST) of adult male and female Bactrocera cucurbitae

(Couaqillett) infected and un-infected with Metarhizium anisopliae PSUMO02 in laboratory.

Average survival time (AST)

95% Confidence interval

Assay Insect (day)
y Lower Upper
(mean + SEM)
Treated cage infected male 6.16 + 0.19° 5.82 6.54
un-infected female 11.10 £ 0.55° 10.19 12.40
Control cage un-infected male 14.26 + 0.24° 13.56 14.95
un-infected female 14.48 + 0.26° 13.93 15.03

"Data follow the same letter are not significantly different (DMRT test, 0L=0,05). AST limited to 15 days

nIUARdIUSRINTIRATINTBILNAYTULAY
WALTRATa WUt HP9N99anTinanaenIu
FrazAINNIRAme I AIHNNINTY Taaldnunng
sand3n Tuiud 8 udsnsfinmas (Figure 2) dau
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WANTRRATATY WUAILNAL T AN AT RAT B9
1 ﬂ‘p o =t 2
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AliunasiuusanAliaidninissesdinanas
Tnedldnsnnssendimnminiu 48% waannsdisa
dwnan 15 Ju douunasiuusamaiuasinadly
Tugnaauan B8a5In199eadanldunnsneiu

Poes

WINAU 86% WAz 90% V43an1941999 15 U sy

o

A61U (Figure 2)

1.00 -
0.80
=
=]
2 0.60 A
=]
2
S
a
g
= 0.40 A
24
0.2¢ 4
.00 )

—@—Infected maie —i— Infected female

—~O— Un-infected maie

Time {days)

—A— Un-infected female

Figure 2 Kaplan-Meier curves analysis of adult male and female Bactrocera cucurbitae (Couqillett) infected

and un-infected with Metarhizium anisopliae PSUMO2 in laboratory.
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NI3018NDATD31 Metarhizium anisopliaze PSUMO2 Tunaaaduuna
v
Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae) !Wﬂﬁgﬂ'ﬂ
g v d
wedie luruazsnumsHaniug

Autodissemination of Metarhizium anisopliae PSUMO02 of
infected male melon fly Bactrocera cucurbitae (Coquillett)
(Diptera: Tephritidae) to virgin and gravid female fly

Y = L4 s i
18l 555a3ns’ uaz usda NIIUNs'

Panisa Thamsawet' and Narit Thaochan"

unAnda: Nmmdﬂ’l?d’lﬁmﬂm%@‘a"l Metarhizium anisopliae PSUM02 m@dLLmﬁuummﬂi Bactrocera cucurbitae
‘T/ilt?lmL%mwi'ameffuumwmLﬁﬂ*?'h:ithumvmumﬁ‘muﬁuﬁ’wud'\u,mﬁuu,mLwﬂﬁﬁﬁmﬁ@mmmiﬁuﬁmu
WuﬁﬂULLNﬂQ’JULLE}\‘iL‘WFiLNSWN&'E]Qﬁﬂ’\utu@“’ﬂ\iﬂ’m’}ﬁ‘ﬂﬂ’m?\@ﬂL‘H'ﬂT’ﬂ‘ﬂ”ﬁLLN@QQHLLGNL‘VMLN?J%]H@’VJLQ iﬂ'ﬂWUﬂ’T
ﬂ’)?ﬁ"ﬂm“mElL”;l@EJ‘H'NLLN’N’JuLLGIGLWﬂNWﬂﬂL"ﬁ’ﬂi"\ LL‘N@Q’)‘L&LLHGL‘WﬂLNEJ‘V]vLNN’]uLL@ mmmﬁ*mﬁw«uﬁmmmwM’au
WAL 6.15 £ 0 29 11.82 £ 0.51 uay 11.88 £ 0.26 AumuaAY SINLLHﬂLl’N’W’mT‘OQ‘I}ﬂﬂ‘]UﬂNVllMlﬂL”ﬁﬂ?ﬂVluﬂ’]
ﬂ’)?ﬁ"ﬂﬁ“ﬁ’mmﬂﬂ'ﬂﬂﬁ:wﬂd 13.90+£0.21 - 14.06 £ 0.12 Ju

mﬁmm Bactrocera cucurbitae, Metarhizium anisopliae, WHaITuLas, N9 mﬂmwuﬁ mmmmsa@mqm

ABSTRACT: Effects of autodissemination on mating behavior of male melon fly, Bactrocera cucurbitae, infected
with Metarhiziwm anisopliae PSUMO2 1o uninfected virgin and gravid female melon fly were investigated. The
infected male B. cucurbitae could mate with uninfected virgin and gravid female melon fly and transmitted the
fungal pathogen Lo both female fly. The average survival time (AST) of infected male melon fly. uninfected virgin
and gravid female melon fly in treated cage were 6.15 +0.29, 11.82 £ 0.51 and 11 .88 + .26 days, respectively. The
control cage showed significantly different from treated cage with AST between 13.90 £ 0.21 - 14.06 + 0.12 days.
Keywords: Bactrocera cucurbitae, Metarhizium anisopliae, melon fruit fly, mating, average survival time

! mﬁ%«?_&'wﬂﬁ%{@maﬁmﬂ*ﬁ ALVENLNTETTNTNR UMY AEAIIATUATUAT

Department of Pest Management, Faculty of Natural Resources, Prince of Songkla University
* Corresponding author: nariti@psu.ac.th
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50 A

a # Virgin female
# Gravid female

Percentage pairing of mating

Day atter treatment

Figure 1 Percentage of mating (mean * S.E.) of infected adult male Bactrocera cucurbitae (Couqillett) with

Metarhizium anisopliae PSUMO02 on virgin and gravid female flies.

50 1

40 1

30

20 # Virgin Female

# Gravid Female

Percentage pairing of mating

10

Days after treated

Figure 2 Percentage of mating (mean # S.E.) of uninfected adult male Bactrocera cucurbitae (Coudiillett)

with Metarhizium anisopliae PSUMO2 on virgin and gravid female flies.
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Wiy 11.82 2 0.51 way 11.88 + 0.26 Ju daugn
PALANUIRL UL AUNAE waiasTuupana il
ez R AR aEn T Tand R sl
wang1eiuet 9lTud Aynieaiin (P<0.05)
Wil 14.06 £0.12 13.90 £0.14 Ua 13.90 £ 0.21
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Table 1 Kaplan-Meier survival analysis of adult male Bactrocera cucurbitae (Couqillett) infected and

uninfected with Metarhizium anisopliae PSUMO2 on virgin and gravid female flies.

Average survival time (AST)

95% Confidence interval

Assay Insect .
(mean % SE) Lower Upper
Treated cage Infected male 6.15 + 0.29° 5.79 6.51
Virgin female 11.82 + 0.51° 10.90 12.47
Gravid female 11.88 + 0.26 11.09 12.67
Control cage Healthy male 14.06 + 0.12° 13.62 14.50
Virgin female 13.90 + 0.14° 13.41 14.39
Gravid female 13.90 £ 0.21° 13.40 14.40

*Different superscripts in the AST column indicate significant differences by Tukey's HSD test (P<0.05). AST

observations were right censored by limiting observations to 15 days, i.e., the data are right censored.

LNRITUWAN B. cucurbitae mmmwmmm M.
anisopliae PSUM02 anunsafnamenidesllg
wuasTuuaswafle it unazunsuasiug
16 Tnsunasiuusanadansnsuguaniugiy
AL aamAaTsTaaesenield uenainigda
HAADEMIINITATAATIAR AITDIULAITULAUNA
Fleagesannus 39a1nnnsmaasses Dimbi et al.
(2013) "iéfﬁﬁmiﬁﬂmmidwmm%@‘m M. anisop-
liae fiuuuaviunaliliwedana Ceratitis cosyra, C.
fasciventris Wax C. capitata W0ENNUNSALAHAN
g wuduasiunalimadfnadeiin LT,
WNTL 2.6 0.1, 2.9+ 0.2 Wax 2.9 £ 0.1 AMNAIAY
pasuuasTunalwaTeUnd Rl & desnilen LT,
Wiy 8.1+ 04, 104 + 0.4 usz 105 £ 0.4 Ay

#7671 wanannil Sookar et al. (2014) 3189 U431
WNAIUUEN B. cucurbitae WWALNRATINE3NID
‘ P . . e
unsnszansmerliguussiunnanamiodnfivas

a % ar = & 5 =8

A durasrTuAunwAlefdudnisanete 69 +
5% WATABAARBINUNITNAABI1EILN AT LALUSA
(2557) wudFasNiBIeuNaTTuLRURAL AR TS
Mawnsotienemdesliguuasiuunanaiiy
ﬂﬂamﬂsimnwmmﬁuﬁ‘lém,@::@mﬁmwmii‘@m
FARIRILNAIAIGE

491

a

WNAIIUWEN B. cucurbitae IWAKTIRALTEIN M.
anisopliae PSUM02 #nnsntnenaniiailyg



774

wuaTULAunwAR e WL sl R s aNug
LalaewnAnssun 19U NANAUTTBIULRS UAY
AlFunasiunnunmileivaesanueiidnnis

PO
78ATIANANAY
AIBLIAM

mu%ﬁaﬁlm”i‘”uvgu@wgumﬁé‘fﬁmﬂ
NUINUNAHAITAVUATUNT 5@@%@%‘?{
NAT550364S 18veuAuanuiteaiduas
waluladinminensiuazningnsassuaifiang
NN TnudipAnEuu Ienduasnan
wetund Audaruandngialaadiuriausend
Audnale warnIAdTINIAANIARIRT ALY
PINENIFTINGIR NN A DA TAUAIUN ST
et funnl WAYANIUT AaeAN TR LT
N394l

LRNANTANNDY

nssdgmaineas. sl dnasgiazesing. htpivww.
doa.go.th/th/dmdocuments/O1eco_vegetable.pdf.
Fuite 20 Fuanau 2557.

UTA Hnndun uazandn Junaduaed. 2551, Use@ninw
ﬂ’\?ﬂ')‘i_lﬂu‘ﬂ’r]\u%’ﬂi"l Metarhizium anisopliae 11
unasTunald (Diptera:  Tephritidae). AnanAnans
INERT. 39(FAM): 21-25.

WA Foduns. 2554, nnsAnnsedderlsauLafiaduly
L*nm’«w"w'?ﬁmﬂlﬁm'aunmaLﬁ@mimuqmm@ﬁum@
14 (Diptera: Tephritidae). TaUANTI48 AMASEIANT
FAMTARIAT AMENTNEINTETTNTNF WUINaNde
AITATUATUNT. 49 Wil

-

wAunERT 43 auRwy 1 (2558),

Unifien 535189Rs LAXLEA 0dums. 2557, nateade
Metarhizium anisopliae PSUMO2 RN ISLARasig
WATNIITRATIATBINNANTULRS Bactrocera cucurbi-
tae (Diptera: Tephritidae). WAMNLEAT. 42(RLAW):629-
6833,

st Asa . 2544, unaeTunalifdndyranlsnalng
RAZNNTLWINTEATE. WiD 13-18. Tw wuavTunalilu
dszinalng. w@na1nimnednguardniingn. I8
Auvigaunannsainaneasuadsunalng $ain,
NIUNA <.

Clarke, AR, A. Allwood, A. Chinajariyawong, R.A.L Drew,
C. Hengsawad, M. Jirasurat, C. Kong Krong, S.
Kritsaneepaiboon and S. Vijaysegaran. 2001. Sea-
sonal abundance and host use patterns of seven
Bactrocera Macquart species {Diptera; Tephritidae)
in Thailand and Mataysia. Raffles B. Zool. 49:207-
220.

Dhillon, M.K., R. Singh, J.S. Naresh and H.C. Sharma.
2005. The melon fruit fly, Bactrocera cucurbitae: A
review of its biology and managemant. J. Insect Sci.
5:1-16.

Dimbi, S., N.K. Maniania and S. Ekesi. 2009. Effect of
Metarhizium anisopliae incculation on the mating
behavior of three species of African Tephritid fruit
fies, Ceratitis capitata, Certitis cosyra and Ceratitis
fasciventris. Biol. Control 50:111-116.

Dimbi, S., N.K. Maniania and S. Ekesi. 2013. Horizontal
Transmission of Metarhizium anisopliae in Fruit Flies
and Effect of Fungal Infection on Egg Laying and
Fertility. Insects 4:206-216.

Sookar, P., S. Bhagwant and M.N. Allymamo. 2014. Effect
of Metarhizium anisopliae on the fertility and fecun-
dity of two species of fruit fies and horizontal trans-
mission of mycotic infection. J. Insect Sci. 14(100),
Available: http:/Awww.insectscience.org/14.100.



LONAITLUUNNYLAY 4



This article was downloaded by: [Prince of Songkla University], [Narit Thaochan]

On: 10 March 2015, At: 00:13

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3]JH, UK

Biocontrol Science and Technology
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/cbst20

Effects of autodisseminated
Metarhizium guizhouense PSUMO02
on mating propensity and mating
competitiveness of Bactrocera

cucurbitae (Diptera: Tephritidae)
N. Thaochan® & A. Ngampongsai®

® Department of Pest Management, Faculty of Natural Resources,
Prince of Songkla University, Songkhla, Thailand
rossMar ’ ’
@ ¢ I Accepted author version posted online: 18 Dec 2014.Published
online: 06 Mar 2015.

Click for updates

To cite this article: N. Thaochan & A. Ngampongsai (2015) Effects of autodisseminated
Metarhizium guizhouense PSUM02 on mating propensity and mating competitiveness of Bactrocera
cucurbitae (Diptera: Tephritidae), Biocontrol Science and Technology, 25:6, 629-644, DOI:
10.1080/09583157.2014.1000265

To link to this article: http://dx.doi.org/10.1080/09583157.2014.1000265

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the
"Content”) contained in the publications on our platform. However, Taylor & Francis,
our agents, and our licensors make no representations or warranties whatsoever as to
the accuracy, completeness, or suitability for any purpose of the Content. Any opinions
and views expressed in this publication are the opinions and views of the authors,

and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content
should not be relied upon and should be independently verified with primary sources
of information. Taylor and Francis shall not be liable for any losses, actions, claims,

| proceedings, demands, costs, expenses, damages, and other liabilities whatsoever or
howsoever caused arising directly or indirectly in connection with, in relation to or arising
out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden. Terms &




Downloaded by [Prince of Songkla University], [Narit Thaochan] at 00:13 10 March 2015

Conditions of access and use can be found at http://www.tandfonline.com/page/terms-
and-conditions




Downloaded by [Prince of Songkla University], [Narit Thaochan] at 00:13 10 March 2015

Biocontrol Science and Technology, 2015 Taylor & Francis
Vol. 25, No. 6, 629-644, http://dx.doi.org/10.1080/09583157.2014.1000265

Taylor & Francis Group

RESEARCH ARTICLE

Effects of autodisseminated Metarhizium guizhouense PSUMO2 on
mating propensity and mating competitiveness of Bactrocera cucurbitae
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We investigated the effects of inoculation by Metarhizium guizhouense PSUMO02 on
mating propensity and mating competitiveness of Bactrocera cucurbitae, with a view
on pest management. On day 4 postinoculation, the M. guizhouense-treated male
flies had significantly lowered mating propensity and mating competitiveness, while
the treated female flies had reduced mating propensity on day 4 and reduced mating
competitiveness on day 5. The mating propensity and competitiveness of treated
male and female flies then further declined until death. Kaplan—Meier survival
analysis of treated male and female flies gave average survival times (AST) of 6.2 £
0.2 and 5.4 + 0.3 days in the mating propensity assay, and about 5.0+ 0.1 and 4.4 *
0.2 daysin the mating competitiveness assay. The AST of untreated flies ranged from
12.8 £ 0.1 to 14.7 £ 0.2 days for comparison (observation up to 15 days). Untreated
flies had decreased AST and mating characteristics when exposed to contact with
treated male flies, indicating transmission of the fungal infection by such contact
also to untreated male flies. Surprisingly, contact with treated female flies did
not affect the AST of untreated males or females in the same cage. These results
corroborate the potential for pest control by autodissemination with treated male flies,
which transmit the fungus to a healthy population better than the treated female flies.

Keywords: autodissemination; Metarhizium guichouense; mating propensity;
mating competitiveness; Bactrocera cucurbitae

Introduction

The melon fruit fly, Bactrocera cucurbitae (Coquillett) (Diptera: Tephritidae), is an
economically important insect pest in the tropical areas (Dhillon, Singh, Naresh, &
Sharma, 2005; Shah, Batra, & Ranjhen, 1948). Its preferable host range covers over 81
plant species of the family Cucurbitaceae (Dhillon et al., 2005). This fly is distributed
in Asia and Southeast Asia (Allwood et al., 1999), particularly throughout Thailand
(Clarke et al., 2001). The damage caused by melon fruit flies impact negatively the
quality and quantity of fruits (Lall, 1975; Mote, 1975; Rabindranath & Pillai, 1986;
Srinivasan, 1959). The fruits attacked in their early stages might fail to develop
properly and drop off or rot on the plant. Since the damaging fruit fly maggots are
internal within the fruit, they are difficult to control with insecticides. The manage-
ment of a wide range of fruit fly pests with entomopathogenic fungi, such as

*Corresponding author: narit.t@psu.ac.th

© 2015 Taylor & Francis
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Metarhizium anisopliae and Beauveria bassiana, has been studied (Dimbi, Maniania,
Luk, Ekesi, & Mueke, 2003; Ekesi, Maniania, & Lux, 2002; Mochi, Monteiro, De
Bortoli, Doria, & Barbosa, 2006; Quesada-Moraga, Ruiz-Garcia, & Santiago-
Alvarez, 2006; Toledo et al., 2006; Yee & Lacey, 2005). Especially M. anisopliae has
effectively controlled tephitid flies (Dimbi, Maniania, & Ekesi, 2009; Lezama-
Gutierrez et al., 2000; Quesada-Moraga, Martin-Carballo, Garrido-Jurado, &
Santiago-Alvarez, 2008; Yousef, Lozano-Tovar, Garrido-Jurado, & Quesada-
Moraga, 2013). Metarhizium guizhouense Q.T. Chen & H.L. Guo as well as
Metarhizium pingshaense and Metarhizium taii are, entomopathogenic fungi that
belonging to the M. anisopliae complex, are currently recognised as varieties of
M. anisopliae (Bischoff, Rehner, & Humber, 2009). These strains caused mortality of
the flies similarly to M. anisopliae. Direct application by spraying fungal propagules
onto adult stage fruit flies is difficult in practice, because the adult flies are fast and
mobile, so that autodissemination (horizontal transmission) is an alternative strategy
to be considered (Furlong & Pell, 2001; Quesada-Moraga et al., 2008). The target fruit
fly population is infected by contact with contaminating devices that expose to
entomopathogenic fungi (Dimbi et al., 2003; Ekesi, Dimbi, & Maniania, 2007;
Maniania, 2002; Maniania, Ekesi, Odulaja, Okech, & Nadel, 2006; Vega, Dowd, &
Bartelt, 1995). These devices attract the insects, contaminate them and allow them to
escape so they can transmit the disease further by mating or by other contact (Dimbi
et al., 2003; Ekesi et al., 2007; Maniania et al., 2006; Quesada-Moraga et al., 2008).
The success of this technique depends on the ability of the contaminated flies to
transfer fungal conidia to healthy flies, in particular during mating (Sookar,
Bhagwant, & Allymamod, 2014; Toledo et al., 2007). Clearly, such contacting
behaviour can contribute to the fly-to-fly transmission of the fungus pathogen.

Fungal pathogen infections can modify behaviour and reduce mating competi-
tiveness and attractiveness of the fly (Dimbi et al., 2009). In the current study, we
investigated the effects of fungal inoculation on the mating behaviour, namely both
mating propensity and mating competitiveness of male and female B. cucurbitae
under laboratory conditions. The control of B. cucurbitae with M. guizhouense
PSUMO2 might contribute to successful management of this pest in cucurbits, and
this motivated the current laboratory study on the transmission and reproduction
effects of such infection.

Materials and methods
Insect collection and culture

Infested cucurbit fruit (Cucumis sativa L.) with fruit fly larvae were collected from an
orchard at Khor Hong district, Songkhla province, Thailand, were kept in clear
plastic boxes (20 cm X 25 cm X 15 cm) with perforations on the lid for ventilation. The
bottom of each box was covered with a 1 cm layer of sterile sawdust for pupation.
Pupae were sieved and kept in a clear plastic box (10 cm X 10 cm X 10 cm). After
eclosion, adult fruit flies were transferred to a gauze cage (30 cm X 30 cm X 30 cm) and
reared with cube sugar, water and yeast hydrolysate. Bactrocera cucurbitae were
identified when they were 10 days old based on the morphological characters
described by Hardy (1973), White and Elson-Harris (1992) and Drew and
Hancock (1994).
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After identification, the B. cucurbitae were reared in a cage (30 cm X 30 cm X
30 cm) and provided with cube sugar, a water-soaked sponge cloth and yeast
hydrolysate, which were changed daily. The flies were maintained at 12:12 h light:
dark photoperiod at 75-80% relative humidity (RH) and 27 + 2°C. The male and
female flies were kept together in the same cage until they mated. The female flies
were reproductively mature at 15-20 days old.

Fungal strain

Metarhizium guizhouense strain PSUMO02 (accession number AB981657) was
obtained from the culture collection at the Natural Biological Control Research
Center (NBCRC), Southern Region, Department of Natural Resources, Prince of
Songkla University. It was originally isolated from an insect cadaver (Tibicen sp.
[Hemiptera: Cicadidae]) at Nakhon Si Thammarat province (Thaochan, 2011). This
strain was selected in a prior study as the most virulent among various candidates
against adult Bactrocera papayae (Thaochan, Chinajariyawong, & Suasa-Ard, 2011).
Stant monoconidial cultures of the strain were grown on Sabouraud dextrose agar
plus yeast extract (SDAY; 10 g/l dextrose, 2.5 g/l peptone, 2.5 g/l yeast extract and
20 g/l agar) for 15 days at 27 * 2°C in darkness. Before inoculation, the viability of
conidia was assessed by spreading 500 pl of 1 x 10° spore/ml suspension on SDAY
and incubating at 27 * 2°C in complete darkness (Dimbi, Maniania, Lux, & Mueke,
2004). At 24 h, the percentage germination was determined by assessing 100 spores
at 400x magnification. A spore with a germ tube longer than its width was
considered viable, and the viability was higher than 95%.

Effect of M. guizhouense PSUMO2 on the mating propensity of adult males and
females of B. cucurbitae

To evaluate the mating propensity of M. guizhouense-treated male flies, 50 adult
male flies (10 days old after eclosion) were exposed to fungal inoculums by placing
them into a cylindrical glass bottle (5 cm X 10 cm) that contained 3 ml of the spore
suspension (1 x 10° spore/ml), and keeping them exposed in this manner for 1 min
(modified from Dimbi et al., 2004). Then, each M. guizhouense-treated male was
placed in a clear plastic box (10 cm X 10 cm x 10 cm) with the air ventilation hole of
the lid (5 cm) covered with gauze. One untreated virgin female fly (10 days old after
eclosion) was then introduced into the same plastic box. The flies were provided with
cube sugar, a water-soaked sponge cloth and yeast hydrolysate. Thereafter, the flies
were observed daily from 18.00 to 21.00 h. Mating was considered successful if
pairing of the male and female lasted more than 10 min (Dimbi et al., 2009). For
evaluation of mating propensity, the M. guizhouense-treated female flies were
observed similarly as above, with each M. guizhouense-treated female held in the
company of an untreated virgin male fly (10 days old after eclosion). The control
group pairings were of untreated male and female flies (10 days old after eclosion).
These experiments were replicated with 50 pairs per treatment.

The bioassay was conducted with a 12:12 h light:dark photoperiod at 75-80% RH
and 27 + 2°C. The mortality was monitored for 15 days and dead flies were removed
daily, immediately surface sterilised with 1% sodium hypochlorite followed by three
rinses with sterile distilled water, then placed on sterile wet filter paper in sterile Petri
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dishes. The latter were sealed with parafilm and kept at room temperature, and the
development of mycosis on the cadavers was monitored for 5 days.

Effects of M. guizhouense PSUMO?2 infection on the mating competitiveness of adult
male and female of B. cucurbitae

The M. guizhouense-treated male flies were inoculated as described earlier. Ten M.
guizhouense-treated male flies and 10 untreated virgin female flies (10 days old after
eclosion) together with 10 untreated male flies (10 days old after eclosion) were
released in one and the same gauze cage (30 cm X 30 cm X 30 cm). For visual
distinction, the untreated males were marked with a small dot of a white correction
fluid in water base (Liquid Paper®) on the notum of their thorax, before the
beginning of the 24 h experiment. Such marking has no effect on the mating
competitiveness of males (Thaochan et al., 2011). The flies were observed daily from
18.00 to 21.00 h. Mating was considered successful if the male—female pairing lasted
more than 10 min (Dimbi et al., 2009). The mating competitiveness of treated and
untreated males, with virgin female flies, was determined by comparing the numbers
of successful matings using a t-test with 10 replications. In the control cage, 10
marked male flies with a small dot of a white correction fluid on the notum, and
10 each of untreated male and female flies were released in the same gauze cage
(30 cm X 30 cm % 30 cm). The observation of mating competitiveness and number of
replications were as above.

For the evaluation of M. guizhouense-treated female flies, 10 M. guizhouense-
treated female flies and 10 untreated virgin male flies (10 days old after eclosion)
together with 10 untreated female flies (10 days old after eclosion) were released in
the same gauze cage (30 cm X 30 cm X 30 cm). The flies were provided with cube
sugar, a water-soaked sponge cloth and yeast hydrolysate. For visual distinction, the
untreated females were marked with a small dot of a white correction fluid on the
notum before the beginning of the 24 h experiment. The observation was similar to
the other competition experiments above. In the control cage, 10 marked female flies
with a small dot of a white correction fluid, and 10 each of untreated male and
female flies were released the same gauze cage (30 cm X 30 cm X 30 cm). The
observation of mating competitiveness and number of replications were as above.

Temperature, RH and photoperiods were the same as for the previous experiments.

Statistical analysis

The mating propensity data for M. guizhouense-treated males, M. guizhouense-treated
female and untreated flies (control group) were analysed using the y*-test (assuming
equal distributions as the null hypothesis) and significant differences between groups
were also identified with Fisher’s exact test (Ruther, McCaw, Bocher, Pothmann, &
Putz, 2014).

The relative mating competitiveness of treated/untreated males/females were
analysed using an unpaired 7-test. The average survival times (AST) were determined
with Kaplan-Meier survival analysis. The data were subjected to multiple analysis of
variance, and Tukey’s honestly significant difference test (@ = 0.05) was used to
compare means. All analyses were carried out using the SPSS 11.0 programme for
Windows (SPSS, 2001).
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Results

Effects of M. guizhouense PSUMO02 on the mating propensity of adult male and female
B. cucurbitae

The mating propensities of M. guizhouense-treated males, M. guizhouense-treated
female and untreated flies (control group) were different (Figure 1). On day 1, M.
guizhouense-treated female and untreated flies were significantly different from M.
guizhouense-treated male flies (y*-test, > = 7.204; df = 2; P = 0.027). On day 2, the
M. guizhouense-treated males showed the lowest mating propensity (y>-test, y° =
7.204; df = 2; P = 0.027). On day 3, the mating propensities were not significantly
different between the three treatments (;(Z-test, 7 =0.761; df = 2; P = 0.692). On day
4, the mating propensities of M. guizhouense-treated males and females were
significantly lower than for untreated flies (> = 7.385; df = 2; P = 0.036). No
successful mating was observed on days 5 or 6 in the M. guizhouense-treated groups.

Kaplan—Meier survival analysis and cumulative mortality of B. cucurbitae infected
with M. guizhouense PSUMO(?2

The M. guizhouense-treated male and female flies had 100% mortality with mycosis,
and the lowest AST at 6.2 + 0.2 and 5.4 + 0.3 days that significantly differed from
the 11.1 * 0.6 and 12.1 £ 0.4 survival times for untreated females and males in the
same cage (F = 130.56; df = 5; P < 0.05; Table 1). In the control cages with only
untreated flies, the AST exceeded 14 days with no significant difference between
males and females.

The M. guizhouense-treated male and female flies had 100% mortality by days
8 and 9 after inoculation, respectively (Figures 2 and 3). The M. guizhouense-treated
male flies transmitted the fungus to untreated female flies in the same cage, so the latter
had a 52 * 5.8% mortality by day 10 (Figure 2). The M. guizhouense-treated female
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Figure 1. The mating propensities of Metarhizium guizhouense PSUMO2-treated males, Metarhi-
zium guizhouense PSUMO2-treated females and untreated Buctrocera cucurbitae (Coquillett) flies
(control group).
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Table 1. Kaplan—Meier survival analysis of Bactrocera cucurbitue (Coquillett) infected with
Metarhizium guizhouense PSUMO02.

95% Confidence interval

Assay Insect AST (mean £ SE)* Lower Upper
Treated cage Treated male 6.2 +0.2° 5.8 6.6
Untreated female 11.1 £0.6° 10.2 12.4
Treated cage Untreated male 121 £04° 10.6 13.5
Treated female 54+ 03" 49 5.9
Control cage Untreated male 143 £ 0.2° 13.6 14.9
Untreated female 145 £ 0.3° 13.9 15.0

In treated cages, the population was exposed by contact with infected (treated) males and females, while
the untreated cages had unexposed healthy population. The significant differences in the ASTs of healthy
females indicate transmission of infection by contact.

*Different superscripts in the AST column indicate statistical significance by Tukey’s HSD test (P < 0.01).
AST observations were limited to 15 days, i.e., the data are right censored.

flies transmitted the fungus to untreated male flies whose mortality was 33.3 + 4.5% by
day 11 (Figure 3). In the control cages, the untreated male and female flies had 14 * 4

and 10 * 3.2% mortalities based on 15 observation days (Figure 4).

Effects of M. guizhouense PSUMO0?2 infection on the mating competitiveness of adult
male and female B. cucurbitae

The mating competitiveness was not significantly different between M. guizhouense-
treated and untreated male flies on days 1 and 2 of observation, when in a shared
cage (Figure 5A). On day 3, however, the number of matings by untreated flies was
significantly greater than the number of matings by M. guizhouense-treated males.
M. guizhouense-treated males did not mate after day 4. In control cages, the marking

of healthy male flies had no significant effect on mating, on any of the observed days
1-5 (Figure 5B).
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Figure 2. Cumulative mortalities (mean * SE) of untreated adult female and infected adult male
flies. A mixed population of Buctrocera cucurbitae (Coquillett) with exposure to Metarhizium
guizhouense PSUMO2.
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Figure 3. Cumulative mortalities (mean * SE) of untreated adult male and infected adult
female flies. A mixed population of Bactrocera cucurbitae (Coquillett) with exposure to
Metarhizium guizhouense PSUMO02.

The mating competitiveness of M. guizhouense-treated female flies was not
significantly different from that of untreated females on days 1-4 (Figure 6A). On
day 5, M. guizhouense-treated females did not mate at all. In control cages, the
marking of healthy female flies had no significant effect on mating, on any of the
observed days 1-5, except on day 2 the marked healthy female flies showed more
mating than the unmarked female flies (Figure 6B).

Kaplan—Meier survival analysis of B. cucurbitae infected with M. guizhouense
PSUMO02 in the mating competitiveness bioassay

The M. guizhouense-treated male flies had 100% mortality with mycosis, and the
lowest 5 * 0.1 days AST, which was significantly different from the untreated flies
(F = 72.27; df = 5; P < 0.05; Table 2). The initially untreated male and female flies,

100.0 - =@—Untreated male =C=Untreated female
80.0 -
60.0 4
40.0 -

20.0

Cumulative percentage mortality

0.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Day after treatment

Figure 4. Cumulative mortalities (mean = SE) of untreated adult male and female flies of
species Bactrocera cucurbitae (Coquillett).
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Figure 5. Percentages of mating success in pairing (mean * SE) were affected by infection but
not by marking used for observation purposes. Metarhizium guizhouense PSUMO2 infected
Bactrocera cucurbitae (Coquillett). (A) Infected and untreated adult male flies and (B) marked
and untreated adult male flies (control).

exposed only by contact with inoculated male flies in the same cage, had 11.6 + 0.4
and 10.5 £ 0.6 day AST values, respectively. These values were still significantly
lower than the values for flies in control cages without exposure (Table 2). In the
control cages, the marked males, unmarked males and females, all untreated and
without exposure, had about 13-day AST values without significant differences
(Table 2).



Biocontrol Science and Technology 637

-

(A) 300 4 @ Untreated female
Treated female
o0 a
i
£ 200
e
g
5
=
4o
=1
3
S 100 -
3
="
0.0 = 1
B) 30.0 - a # Untreated female
= Marked female
o
£ 200 -
3
.%ﬂ . a a
St
'z
Iy
e
< 10.0 4
3
5
0.0 = T

Days after treatment

Figure 6. Percentages of mating success on pairing (mean + SE) were affected by infection but
not by marking used for observation. Infection with Metarhizium guizhouense PSUMO02 of
Bactrocera cucurbitae (Coquillett). (A) Infected and untreated adult female flies and (B)
marked and untreated adult female flies (control).

The M. guizhouense-treated female flies had 100% mortality with mycosis, and
had the lowest 4.4 * 0.2 days AST, which was significantly different from the
untreated flies (F = 191.93; df = 5; P < 0.05; Table 3). The initially untreated
male and female flies, exposed only by contact with inoculated female flies in the
same cage, had 13.9 £ 0.4 and 13.8 + 0.3 day AST values, respectively. These values
were not significantly different from the flies in control cages that were not exposed
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Table 2. Kaplan—Meier survival analysis of adult male Bactrocera cucurbitae (Coquillett)
infected with Metarhizium guizhouense PSUMO2, in data from the mating competitiveness
bioassay.

95% Confidence interval

Assay Insect AST (mean £ SE)* Lower Upper

Treated cage Treated male 50+ 0.1% 4.8 5.3
Untreated male 11.6 = 0.4 10.8 12.4
Untreated female 10.5 £ 0.6° 9.8 11.2

Control cage Marked male 13.2 + 0.4 12.5 14.0
Untreated male 12.8 + 0.1 11.7 13.9
Untreated female 13.5£0.3¢ 12.8 14.3

*Different superscripts in the AST column indicate significant differences by Tukey’s HSD test (P < 0.05).
AST observations were right censored by limiting observations to 15 days, i.e., the data are right censored.

at all (Table 3). In the control cages, the marked females, unmarked males and
females, all untreated without any exposure, had about 14-day AST values without
significant differences (Table 3).

The inoculated M. guizhouense-treated male flies had a 100% mortality by day 7
(Figure 7A), and transmitted the fungus to initially untreated male and female flies
in the same cage by contact. This caused 72 * 6.6 and 84 * 7.5% mortalities by day
14 to males and females, respectively (Figure 7A). In the control cages with no
exposure, marked and unmarked males, and untreated females had clearly lower
about 30% mortalities by day 14 (Figure 7B).

The inoculated M. guizhouense-treated female flies showed complete mortality by
day 7 (Figure 8A), and transmitted the fungus to initially unexposed male and
female flies in the same cage by contact. This caused 12 * 4.5 and 14 * 3.2%
mortalities by days 9 and 10, to males and females, respectively (Figure 8A). In the
control cage without exposure, marked and unmarked females, and untreated males
had clearly lower about 16% mortalities by day 14 (Figure 8§B).

Table 3. Kaplan—Meier survival analysis of adult female Buctrocera cucurbitae (Coquillett)
infected with Metarhizium guizhouense PSUMO2, in data from the mating competitiveness
bioassay.

95% Confidence interval

Assay Insect AST (mean * SE)* Lower Upper

Infected cage Treated female 44 +0.2" 39 49
Untreated male 13.9 + 0.4° 13.0 14.8
Untreated female 13.8 £ 0.3° 12.9 14.7

Control cage Marked female 14.8 + 0.2° 13.1 14.9
Untreated male 14.0 = 0.4° 14.4 15.1
Untreated female 147 £ 0.2° 14.4 15.1

*Different superscripts in the AST column indicate significant differences by Tukey’s HSD test (P < 0.05).
AST observations were right censored by limiting observations to 15 days, i.e., the data are right censored.
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Figure 7. Cumulative mortalities of Bactrocera cucurbitae (Coquillett) exposed to Metarhi-
zium guizhouense PSUMO2. (A) Infected adult males, untreated males and untreated females
and (B) marked adult males (control) with untreated male and female flies.

Discussion

The mating propensities were similar for M. guizhouense-treated and untreated flies
during the first 3 days after inoculation (Figure 1). Similar observations have been
reported for other Diptera: Toledo et al. (2007) in Anastrepha ludens (Loew), Dimbi
et al. (2009) in Ceratitis spp. and Maniania, Okech, Adino, Opere, and Ekesi (2013)
in Glossina morsitans morsitans Westwood, have reported similar frequencies of
successful mating over the first few days after infection, for both treated male and
female flies and untreated flies. However, Watson and Petersen (1993) reported that
treated flies have a lower mating frequency than untreated flies, for the house flies,
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Figure 8. Cumulative mortalities of Bactrocera cucurbitae (Coquillett) exposed to Metarhi-
zium guizhouense PSUMO2. (A) Infected adult females with untreated male and female flies
and (B) marked adult females (control) with untreated male and female flies.

Musca domestica Linnaeus. These differing observations could be due to varying
effects of fungal pathogens on different insect host species, and even variation by
isolate within species. The changes in insect behaviour resulting from a fungal
infection are normally observed within the last few hours before death of the insect
host (Eilenberg, 1987, Miiller-Kogler, 1965). In our experiments though the A.
guizhouense-treated male and female flies mated less than the untreated ones on the
fourth day of infection, with no observed mating on days 5 and 6 while the untreated
continued mating (Figure 1).

The mating competitiveness of the M. guizhouense-treated male and female tlies
(Figures 5A and 6A) was similar to that of the untreated male and female flies on the
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first 2 days after infection (Figures 5B and 6B). This agrees with Novelo-Rincon,
Montoya, Hernindez-Ortiz, Liedo, and Toledo (2009) and Sookar, Bhagwant,
Khayrattee, Chooneea, and Ekesi (2013) who reported no significant difference in
the sexual compatibility between fungal treated and untreated flies, indicating that
the presence of conidia did not significantly reduce mating propensity or the mean
time of copulation during the first days after inoculation. Moreover, our results
indicate that the M. guizhouense-treated male flies were capable of transmitting the
pathogen to untreated females through copulation (Sookar et al., 2014) and to
untreated male flies with lekking behaviour (Haq et al., 2010). Similar transmission
of fungi through sexual copulation has been demonstrated before, by the inoculation
of treated male passed the fungi to uninfected female flies (Dimbi et al., 2009;
Maniania et al., 2013; Novelo-Rincon et al., 2009; Sookar et al., 2014; Thaochan
et al., 2011; Toledo et al., 2007). However, in our investigation the M. guizhouense-
treated female flies did mate with untreated male flies, but this path of transmission
had only a small mortality effect.

Our findings are different from those by Sookar et al. (2014), who found that
females were capable of transmitting fungal conidia from treated females to
untreated flies. We found that the male flies preferred to mate with untreated female
rather than treated female flies, in the mating competitiveness assay. This
phenomenon could be related to the number of conidia on the body of an untreated
fly, after it has mated with an infected fly. Prior research suggests that untreated
female flies that had paired with fungus-treated male flies, showed an increased
density of conidia in the dorsal thoracic sclerites and a high mortality (Quesada-
Moraga et al, 2008). In this case, the higher efficacy of treated male flies to
horizontally transmit the fungus is of great practical importance, as the treated
female flies are mainly monogamous or oligogamous, which highly limits their
horizontal transmission efficacy and their potential to spread the inoculum in the fly
population (Quesada-Moraga et al., 2008).

The AST of M. guizhouense-treated male and female flies were comparatively
low (Tables 1-3), and male and female flies treated with M. guizhouense PSUMO02
could transmit the fungus to untreated flies in the same cage, causing relatively low
AST values (Tables 1-3). The transmission may have been indirect, as Dimbi et al.
(2009) observed untreated male flies receiving a fungus by attempting to mate with
sick, dying or even dead female flies. Such behaviour enhances the transmission of
infection in the fly population, and this is supported by the low AST values that we
observed for untreated flies. However, the ASTs of untreated male and female flies
mixed with M. guizhouense-treated female flies were not significantly different from
controls (Table 3). The rate of fungal transmission to healthy population from
treated female flies was lower than from treated male flies. Quesada-Moraga et al.
(2008) reported the rate of fungal transmission from treated male flies to untreated
female flies as 90-100%, and from treated female to untreated male flies as 60-90%.
On the other hand, it has been reported that males are better transmission vectors of
a fungal inoculum than females (Quesada-Moraga et al., 2008).

We have demonstrated that, under laboratory conditions, the male flies
inoculated with the entomopathogenic fungus, M. guizhouense PSUMO2, could
transmit the infection to both female and male healthy flies by mating and contact,
but the treated female flies showed less effective fungal pathogen transmission. Based
on these experimental results, an autodissemination technique should be feasible in
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the management of B. cucurbitae and potentially other tephitid fly species. The
practical application of these results may be pursued by a scale-up of the studies to
field cage and open field conditions.
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