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Biological Control of Egg, Larva and Adult

Oriental Fruit Flies (Bactrocera dorsalis Hendel)

4.1 Anh

UNaITUNBY (Oriental fruit fly (OFF), Bactrocera dorsalis Hendel) ¥1a1oWyHaiI113nI

a sy ' Y P o ' = & 3 £y o
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fam uaz dunan sazluan) o uuasiunestaianudidyrersugiomanyasmiag 1

w

ausodsaiuldnmsvaenuiasun'ls  Twamsunwsnszatend lludszmalng  TNverdy
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& o ° et ' 9 va ) A A
2yuATI uzau 904 uuasiunosiianudomesena i Tae (1) N9 ldluma lduasiiieiedouves
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Avurila (2) smeounwitenald uaz (3) WeboNwndonnweyduvgnnaiteloma M3
e A a & a { w 3/ LY o Q) @ o
auquiiidszantnmdons bilduuasuwsvesriug uazaamadinaly daanaiannludping

YOUNad (Figure 4.1) azamsonuaulszannsuyasissdigggmalui
4.1.1 msieaiumazmadamsuuaaTunas

msmuquilestwmianuasiunes Taenanmsmlld Ao (1) msgquannuazeinain
1 o o 4 o ¥ . . . .
(Cultural control) (2) ADVULNAIAUANTINIADUNAAIY protein hydrolysate (Bait application
. 1 LY 4 @ [ iy . . .
technique (BAT)) NOUMITHAUWUT (3) ﬂﬂﬂmmmmmmmé’ (Male annihilation technique (MAT))
o s g W o & = & et § ae
A28 Methyl eugenol 1A% (4) MIA1TINAVTOYANATU (survey)  HonfTounouns 4 35 wuis

Act 1 o @ o
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Mo TUsAY (AL, er al, 2010) TU29M5INBATAT MEMIALNALTUKA 11T TINNALATUNDY F)Y

¥
MMaen aail (uuas IsgSaul, 2553)

(%3

o Snvwiavlgnlfiazena Umsdausanemwaunis TildAasmanmiuly e ldusauay
v Jdo a U 1 o @ ]
dndfagsasuand  aunsaliduanelumshmennasiuwalidie wu wa uwew way
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daddesnaiuriianieg Wudy  miwdusaldsnlunlanlgn  vazwaldhgnihasuudy

i llisvianense e nau iiwetlestumsvenrowugiiuS mamuasiuwaliflunlas

A

o demadiunszmumilsdeiinn wieguwmadn ieilestumsiarsninuuasiuwaldisums
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Howa lunNwa1eg
®  WuAwmMsMNAL WA Inoou 57% EC Tuons 30-50 wa.ai1 20 8as N0 7 T/AT HI0 AAD

a [ ?;’ a
IwSrlod 40% EC Tudns1 40 wa.Ai 20 Gns
| Y 4‘! a ~ Y = et o Y ]

o wummmbey NlsznovdieTisAubasludns1 200 va wauasaiwwaa Inoey 57 %EC

¥ 5. { | 4 ~a J
$119u 40 wa. Tuad 5 Gas 0 7 Tuase TassunumBoRYADUINAIIEIA 1 DY

Life Cycle of B. dorsats { Orle

Figure 4.1 Life cycle of oriental fruit fly Y89UNa3IUNDY Bactrocera dorsalis Hendel

Source: http://ipm.ait.asia
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~< Ay ot @ 1 g v Lo - -
msfnyIMsaIugy Tagdssnwinasiunesdmmnmiums1d parasitoids 910ATZNA (family)
Braconidae, ~ Chalcidae  11a2  Eulophidae  #gnsaaadszsinsuuadiunesldne  90%
. Y = A oA a Ay o v
(www.spe.int)  uaselszima Inolianunainnatsvesie uasliisvarswiian ligniuniudie
4 a S Yo o : 4 vy oy &L Hdy ooy v
uvashgidagriudinihun 159y lanuadlunlaawzdgaiwegtaud Tunuilundralng 1wy
o ' o Y ' @
audnwa e 15nnuds s ingnudeyamsnumsidasananiniislunmsaingy
[ 9 o o oe o XY d’lﬁ £y 2 1 Y AR a
waviuma IeduiluszumBainemans  lumsiteiivadesnisiinun esadanniassalnd
kY ' ’ by as A A o 9K o o
udr hinugnsumudlsuuasdagies  eewwzawisoih l1dlumsmuguiidanuasiunes

1

a v o ¥ s A v Y a A
NARNANIINEATHAT LrlJUﬂ']islﬁlﬂJj51U%ugﬁq@iﬂﬂﬂ’]iWﬂﬂﬂﬁ’]uiﬂ‘lﬁﬂ’]ﬁlﬂyﬁﬁﬂ333J IWONTI

¥ ¥
o

aw s v 4 o v A @ < {
‘V]Qﬁfﬂﬁj ﬂ!ﬁuaﬂyqﬁ‘ﬁtlag’l%ﬁ“ﬁﬂ"lﬁ']ﬂ HAZIAENITINNITARLAIN (pruning) Wﬁ\?ﬂ‘lﬂﬂﬂl?\ﬂ?

B

ar P 4 ¥ @ 3
oy NHTUNAGON UAZINOZYNIWVRUNEATNTBI  UBNIING MInruau Taodamuwdalims s
Y =] ] Y ~ ::51’ Y Y= Y = a e
ﬂﬂﬂ%?ﬂw%iugﬂllﬂﬂﬂqﬂq ﬂUWWNQNﬂﬁJiyﬂlW‘MUWH Llﬂﬂﬂl’ﬂaﬂﬂ’luﬂWﬁﬁﬂH']'J&ﬂﬁ%‘fW‘Vﬂ@
=y o 1 w ] (Y @ =
Innenaas lunin Wy M3ldasanaazal (Singh and Singh, 1998) @15ARAYY  (dlpinia
Ed
galangal) ARG (Cleome viscose) (Sukhirin, Bullangpoti, and Pluempanupat, 2009) mionlairye

(www.scilru.ac.th) ¥N219 (Siderhurst and Jang, 2006) Hag win lned (Tongon and Bullangpoti,

LA A a ¢ . i = q ¥ A P g o
2009) MNIUIWDUATICYNT botanical-based insectides l¥naunuas i auns1LHFIaINUINILUNY
suuswsedad aaelusssunaein viaedunadoy Hudnguneanuas azadirachtins Geagly
v 1 wa o o a o ¥
NQY triterpenoids MNALIA (dzadirachta indica Juss) mﬁamaunmﬂumsmmLmaﬂﬂﬂﬂ‘umms
i (antifeeding) mm‘%myxﬁuiw (growth disruption) (Isman ef al., 1990; Prijono and Hassan, 1993)
o o P=y
uaxmﬁﬁuwu"gmmuuawmsﬂmﬂ (Pathak and Krishna, 1986; Shimizu, 1988; Riba et al., 2003)
o 2 Yo @ I~ o o o a o =YY oo
ﬁﬁﬁﬂﬂﬁglﬂ'ﬁ]\iVlﬂS‘lJﬂ'l‘SW@lu’l!fﬂua’lﬁﬂT%ﬂlmaﬂﬂNW’lﬂmﬂﬂﬁﬁ?&lq@ﬁ HUANYINDINTINITIVY
A oo d’ fq 9 ' Qs =Y d’o ¥ = ey
L‘Wllmll'ﬂﬂ&‘ﬂ@ﬂTi‘]Jﬁ%fJﬂﬂi‘lfﬂU'NLW3J']$ﬁ11ﬂﬁ“ﬁuﬂ%@@![uﬁﬁ'ﬂﬂﬂvﬂzﬂ@qﬂ ﬁ?ilﬂhllﬁxﬂmﬁﬂﬂﬁ
LYY 3 ] Yo = ¥ P=1 ai 1
NRAFFINGVDIUBENU (dnnona squamosa L.) 185uanuaulsttnyinnnii 15 Yarmun lu
g @ LR v A o o w o = FY ~ ] R
uazmaﬂuawmsﬂmmm’mi‘ﬁi3:umemuﬁnnmﬂumsm%mmmﬂmgwﬂﬂwaquﬂ 1% Asian
armyworm Spodoptera litura, cabbage loopers Trichoplusiani, 11018 diamondback moth larvae Plutella
[ ~ ar '
xylostella \JUAY (Isman, 2005) UATWUEIS acetogenins Ma1w¥HaumIsanauen lavInioonil
v H b4
(Santos dos and Sant’Ana, 2001; Isman, 2005) WenRINUAFADUTUreNIZIMelUAIEND Laiatac

(Lamiaceae) g lduindumsilesdunandnmsinunsuazmsunnd  wuedna  (Hyplis

K oA & & o W v A P i
suaveolens Poit) LﬁuW%ﬂuaﬁluszau TITHARUUIANATTINTITOAN Y DUUANLTY (Chisomboon, et
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al., 2003) MURUHUBMIEANDFhooE AU (FA1nsel RINYETTY, 2544) navyavne Idifoaven

(Tanprasit, 2005)
[ d
4.2 Tagilszasn

2 Anwva = o v ¥ A A o oA A v
1uﬂ1§ﬂﬂ‘1&ﬂu Vlﬂla@ﬂﬂﬂ‘}ﬁ'lﬁ'ﬁﬁﬂﬂﬂ’wuﬂmz ethanol YDIWYNHIUATIAAADNIUDINU (pre—
Y A A R . P & o
screened) 11A2 1ABIRDNIINWBNNAT median lethal concentration, LC,, miuneau 3 Wy Tagyims
£ ' v o o 1 a a ] . B g @ o =y
mﬂauqmmm's"lagmaqmmma HES ABNITINITYNAUINITISUTHAIN (antibiosis) 1H3§]Zﬂﬂ§%'m
'vmuwaﬁumm ﬁ!\‘iﬁ
=4 £ @ M T ' ) -
4.2.1 ﬂﬂmqm‘vmmsﬁﬂﬂwwami"lagmamuﬂmmmma
r'd
422 APYIGNTVOIASANAN Y LARIIADATAITITN (biosis) HNATTUNBITYOL 1A (eges) AIDDY
@ @
(larvae) LAY NANIY (adults)
r'd [
423 ARMIGNTVDIAITHANVDY 2 AITANANANARILAITAZ A UAREINU ADNTAITIFN (biosis)

@ ] @ o 3w
uadiuneIssoz 14 (cggs) AI90U (larvae) 1oz AIANTY (adults)
¢ ey
4.3 gUnssazisms

4.3.1 Tagquazasingl

[

nuasiunesfiszysuunaiiafuguds uaz yeast hydrolysate lafusiynsizHainaguiag
nuas  InsamsIseiadiionisinyns ﬁwﬁmmwﬁwmﬂsm%zﬁaﬁ’ua (Radiation Entomology
Group, the irradiation for Agriculture Research Program, Office of Atoms for Peace (OAP)), Ministry
of Science and Technology, Thailand le'f:ﬁNaﬂc‘i?amﬂ%'mﬁhmhﬂmﬂm”gmﬂmﬁﬂﬂ 95% ethanol,

Z . . . ,
hydrochloric acid 8¢ Sodium bezoate F0910 Sigma Chemical Co. (St. Louis, Missouri, U.S.A.)

4.3.2 FRENINTHAZMSIASBNASTAANLIDVBINTF DL

Tuazien foenin uazuusdnm uazmdaudnaniuluuinaumiinndomaluladys
ufs (me) wazdnalndifve arwazaalufisdeis suliiluFudn maudadt astc iy
1 2 Su duwdansdna ushnhdeuionduuay ssaiionsen Tnomagiaunnszseu

tS o g
Tavz ammiumnlduds valunazmaaiyldiunazidoa
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v a aa [ 4 o »
msana 19 wmaua 10 n§u 1w w50 95% ethanol 140 Hndans analuAsoIdna Buchi
§ a o I < [ [ g
model B811 (Germany) figaiinil 100°C Wlunat 12 %1 Tus szmvansanauazyi liudadunedis
4 { [ o A v q
1AT09 lyophilyzer (LabConco, U.S.A.) 1 -54°C I3 WAUMNEITANAT -20°C NOUMSNANDI LAz Tu

@ o a ] { '
A1INADDI ﬁgﬁ"IUWQﬁTiﬁﬂﬂﬁ,'lElﬁ'l'i']/l']ﬁ$ﬂ']ﬂ!ﬂll uazmuﬁ 4°C 5$1MININTNARDA

4.3.3 MSIDLWNAITUNDY
s - 24 4 . 2
Mz TuMesTEEAnUA luD 1l eNoUTze IAazg lUNT URBIVLIA 50 x 50 x 50
a . @ @ Y a3 v 8 o &R Y 1 YRR,

FUANAT (Figure 4.2) Mol 10-15 U anudoenaindnidudufuiodaagidngaawaniug iy 7-10
o v v g4 o v ¥ 4 I 1 ¥
Tugoun 101115 AWANTuAIY yeast hydrolysate WaNNUWIAT (1:1 wi/wt) iNounrasvesinig

oy g ' & VoY ) a2 v 4 w ~ ' A R o q
naznruPuiuumasvearh MausuduBuunsudes duauiomeionslaluemsiensanla
I~ Y] ?7/ o
ilusinsae (Figure 4.3) Tuermisifion 500 mL Usenoudiy wheat germ 300 NS, WiA1a 120 AT,

yeast hydrolysate 40 ﬂ%u, Sodium benzoate 1 A5Y 1Az HCI 1 mL

Figure 4.3 Artificial food and a cone-shaped device made from ripe fruits or artificial food for laying

eggs of female adult oriental fruit flies.
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[ v @ W 1 1 Y @ ' Y rj’ zﬁ o
‘Hﬁﬂ"lﬂﬂ'ﬂ@ﬂ"ﬂ 24-48 F21 109 MU (MUBU) ﬁﬂ@@ﬂﬂ?ﬂhl‘ll ghonroouImwan luaieveoi
] 9 & [ X v @ 1 P=N o o 2 o o o <3 w o w
TYDIAHTUNTOUUHININUYDURD maauma{;sﬂmmmiu 12-24 w3l LLﬁ&ﬂ?Q}LﬂHﬁUWIN’JU

o 11

4.3.4 mﬁmaauqﬂém‘ﬂd (Repellent test) 130 A9A (Attraction)

animald Tasnaaouluginsal Olfactometer 31N5¥VONYNY (Figure 4.4) Olfactometer 11
Tumnur I EANAAEIINEBIA 75 x 10 x 10 em (L x W x H) HazTiosdmanuunna 10 x 10
cm agﬁmawmmmwmm’m ﬂmaﬁ'umﬁa’mmmﬁﬁ;mimuaJJ Farlszneudie 1hea 1
ATY yeast hydrolysate 1 AL 1AL methyl eugenol 10 LLL LAY 1Jmafﬁﬂﬁnmﬁamwmmsfgmaﬁﬁ“ﬂ
fivmsnagey dulizaoudinima 1 a yeast hydrolysate 1 NT¥ 1Ay a15anady 1 N5y waele
msnaaoundalladmovaaeatnelain Udesuas (AazIme) NF0Inan afaaz Tanged
Fruifon (guaze) Ehdaunangfnssuveamaimelu 1 $2Tue Tudfinwa wdenuwassia b uag

Ed
NMINTINANDI 6 ¥

10cm
7
L0
8
A

75 cm

Figure 4.4 Olfactometer, sctting up with two 10-mL bottles at each end of the device; one for the control

and one test sample. A hole is in the middle for allowing the test insect into the device.

4.3.5 Mynaaeugnivesmsananemainly (Egg hatching) unaaiunes
o ¥ = o &R 3 o A
1“‘16“ 30 $09719UTNUNANNTZAHMTIUIUIA 1x 1 x | cm’ HEA 100 ML a5a@nanaiig
Y Y * 4 ' @ o t;l U At = =
LWJEJ‘UH@]NU‘NﬂQJJGUﬂQUhJ 24 %) 139 mﬂszmyulﬁﬂlu 50-mL beaker N0 151U 1 beaker WAy
o tady < @t g I ¥ <3| o
wu 'l Tddnitiudeen 19 carbamate 1y positive control 1 waz ethanol 111 normal control ¥

¥
NITNAQDL S K1
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4.3.6 MINATRUENEVOIMIaNADUNAIRIBOUIAENITIY (Larval feeding)
WIMUBUAIDDUITEN 2 (second instar larvae) 30 MnaaNneonan luudd 7 Yu lalu so-
mL beaker NUBIMTAOUNTUADEITANANIOANMTUTUA) TUBATIAIN 1:1 (wiwt) U beaker

Hudnuamruounatenielu 24 ¥ 1ud imsnaaea 5

d
4.3.7 MINATOUYNBYIT 15 A AANUNAIAI00UIANNIYN (Larval dipping)
WINUBUAIBOUTZEZT 2 (second instar larvac) 30 sanasrineonvinluuds 7 7u quluas
[ 3
anananududua1eg w3 3ui 1thaweutinnely 50-mL beaker 1@ beaker HUTIWIUAD

¥ ¢ 3
nuouNmenely 24 ¥ 119 ¥N1sNARD 5 91

d
4.3.8 MINATDVINEVOINSANAALUNAIAAAN I (Adulticide)
° - o [ 9 3 PR 4
UWNDIANANIODY 10-15 U ”lzﬂummﬂ 20 x 20 x 20 cm” NUUHULDY yeast hydrolysate

13 ¥ 9 ¥
(1:1 wi/wt) HEUAUAITEAAN A LU puuasiaenieu 24 92 Tug imsnaane 5 41

4.3.9 MINAAOUGNBUYDIANISADAHANTZHINANTANA 2 WY
¢ ' o 1
MINAABIAUTUNTHTDUAUNMINARDIGNTVDIATAY TAUMIHTNTZHIN 2 A15aAaN

msaaazarertiamenulusns a7y 1:1 (vv) Wadsanan I uTuA19e AU

43.10 MIAATIVINADA
= ¢ o < . . !
msuasedananloldsunsy Statistic Package for the social Science (SPSS) A1 LC,,
3n512¥ 1A Probit analysis UaEIATIEHANNTURUTVOIATAAAAIY t-Test VO Variance M3

o 4 2’; {
UATIZHNINUATN 95% confident level
4.4 HanInaavaazI 013l

4.4.1 gNBYIINIANARNDNS lauNaIIunediusin Ty (Repellent effects)
LY ' v & w ¥ @ A ' a
msnuguunaiunesTagms lauuasdauauds  IdmasanavesiyunazyialSme 1
Y o % as - '
N3y HBUAUAIIANUAY methyl eugenol FUTIUA15A19A (attactant) unavTunateyiin wuhes

b4
afaRY ethanol lanwasldlndiResnunaslaldgenii 6s% waz laldaniasanadiu (Figure
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45 A) M5ATARIY ethanol vosluwdauLIEnM (MLE/) tazminuuadna (MSE/e) ign lauuas
T8nniiqa 74% msadaluuusdnmdainh (MLEw) Taniiesiiga’la1difies 33.00 & 2.54% ile
WReufeussninasasannissiafodudel msasaluaznIda cthanol (NLE/) a1misa'ld
69.23 + 1.96% luaziasadieih (NLE/w) a4 46.41 & 2.59% qw’fgms"la'mm NLE/e > NLE/w
1.5 wh msanaluazinIdae ethanol (NLE/) annsa lauuasld 69.23 + 1.96% luasmasadaenii
(NLE/w) launasld 46.41 £ 2.50% qnimslaues NLE/e > NLE/w 1.5 11 (P <0.01) ansanaly
110uM1i1 ethanol (CLE/e) a1 lauuaald 70.00 + 1.42% 1@ lndieanvasanalutiosmiiana
Fre1i1 (CLE/w) 391814 61.23 T 2.10% qNn3903 MLE/e > MLE/w 2.2 1111 (P <0.01) 1% MSE/e >
MSEAv 1.5 W (P < 0.01) gnimslauasSunssvesasasananua sesdduninunlidesdail
MSE/e > MLE/e > CLE/e > NLE/e > CLE/w > MSE/w > NLE/w > MLE/w

anims lauuasfunewesasasaraulusandiy 1.1 vewnudududg  wuh
NLE/w + CLE/w (78.00 & 2.60%); NLE/w + MSE/w (76.67 = 2.46%) t1ag NLE/w + MLE/w (73.33
+ 2.25%) ifluyarauiTgniginiwazlndifvsiu Figure 4.5 B) CLE + MLE tag CLE + MSE

uerasgnsms lalndifeany 1seanas 50-65% (Table 4.1)

% Repellence

% Repellence

WIMAMARRAMRRNWY

AAINN

Y

3N

»

Figure 4.5 Repellent effects of the leaf extracts of neem (NLE), custard apple (CLE) and mintweed
(MLE) and the seed extracts of mintweed (MSE) on adultn oriental fruit flies. A, individual extract

treatments and B, combined extract treatments. Data were % Mean + S.E. andn =6.
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WU MLE/w 1182 MSE/w $01a3ugnF (synergistic effect) N5 18 499 NLE/w 1AaagnT (reduction

effect) M3 18909 CLE/w uazluyiiueufeidu NLEe angnives MLE/e uaz MSE/e o8l

o @

4 1 af ot
WodAgy gnsms laswasiunesvesasanad;ylu Table 4.1

Table 4.1 Repellent activities of individual and combined extracts of neem, custard apple and mintweed
leaves and mintweed sceds on adult oriental fruit flies at 24 hours. Data were expressed as % Mean *
SE,n=6.

% Repellence
Mean I S.E. (n=6)

Plant extract Water Extract Ethanol Extract P-value
Individual
NLE 46.41 £ 2.59 69.20 + 1.96 0.002**
CLE 60.23 1210 70.00 & 1.42 0.024*
MLE 33.33 £ 254 7333 1.45 0.000**
MSE 50.00 £ 2.43 74.00 & 5.04 0.031*
Combination
NLE + CLE 78.00 1 2.60 56.66 = 2.64 0.029*
NLE + MLE 73331225 60.00 1+ 4.07 0.033*
NLE + MSE 76.67 1 2.46 3333k 3.27 0.000%*
CLE + MLE 55.25 12.00 50.00 £ 5.43 0.937
CLE + MSE 66.25 1 3.64 61.25 1324 0.065
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE -
mintweed seed extract. ** significant difference at P < 0.07 and * significant difference at P < 0.05,
analyzed by t-test of variance

4.4.2 qnémmmmf‘fﬂﬁamsﬁn‘h} (Egg hatching) Y9323 T1UNDI
animsmuguianamsvesmsinldeeniufioon  (hatching)  vesdsaraluazm

foowin mdamuazmdauuadnmitaundudussning 2,500 — 10,000 ppm (Lg/mL) ( wuhgns

dugamsialgusuanduduvosmnsaia (concentration dependent) @1sanaludzial (NLE)

o o o 9 4 Y - FY Y 1 as 9 gy v 1 [ ]
HaziuaauIanal (MSE) anNaa g asaAY ethanol ‘V]‘ﬂ'ﬂ3JLGU§JSU‘L!Vnﬂuclﬁi]‘ﬂ‘ﬁllwﬂﬂﬂﬂ'l\‘]ﬂuﬂﬂ'm
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o W oo o

livd sty (Figure 4.6 A, D) @14 CLE/w sufamsin’lildinnnan CLEe fanundudus 2,500
ppm (Figure 4.6 B)  A39914nU MSE/e ﬁqw?;gaﬂ'h MSE/w Ainududusi 2,500 ppm (Figure 4.6
D) ?hqu§ﬂ1mmauﬁmmmmmﬂuﬂﬂ"himmmiaﬁawau“lu&mwdau 1:1 voIeIaNu udu
W N NEAUAUAMIENTYIE SRR (concentration dependent) 1A AITHANVOIATAA
#10 ethanol uaasgnimMssuimsinlyidinnnedaiited dadnamdudusi 2,500 ppm
oAU AN YN NLEAw + MLE/w iananasy NLE/e + MLE/e ifioadniiou (Figure 4.7 B)
UszAnFnmuesgninanududuiiaunsodudimsin1dld so% vie L, # 24 $2Tus
uaasly Figure 4.8 A 182 B UAz Table 42  MINAROUAIASARAMOINYT MSE/e Hand
UszdnTamgaga Ua1 LC,, 591.12 £ 30.26 ppm Uss@nTnimsesasmnie MSEw i LC,,
1,098.66 & 30.40 ppm d1sanaludzial NLE/w uaz NLE/e ise@ninmmuasIndifosiu T
LC,, 3,353.35 & 156.97 ppm uag 3,625.14 & 162.38 ppm W& Uag CLE/e Niszaninmwiios
ﬁqm LC,, IMAY 5,815.26 = 172.20 ppm (Figure 4.8 A L Table 4.2) Ysz@ANTMuv0Id1sanafe)
lumsdudamsWn'lvuuasSunesitesninunn lifosdsil MSE/e > MSEMw > CLEw > MLE/e >
MLE/w > NLEAw > NLE/e > CLE/e @umMsnadougnivesasasanauaansin’ly wuiais
HONTENTNAITARARIY cthanol TUszENT MWaNTgEMsHasEndvmnsaiadioth  CLEG +
MLE/e Tlss@n3nmuniiga m Le, 47519 2 31.90 ppm  11a% NLE/e + MLE/e A1 LC,, 19
666.76 1+ 62.27 ppm (Figure 4.8 B 112 Table 4.2) FIWFuI MLE/e m%uqm‘é (synergistic effect)
409 NLE/e 4n® CLE/e Tuvmizii CLE/e 1iNugn3 (additive effect) 1981 NLE/e MINIVANUNAIIU
nesszoz lNTends I¥msadamdauuednm (MSE) sfen vieldmsanaluuusdnm wiold
AsafANTNTE A AAnadan ethanol dawiu TiaslFmsadagumeadsuiiomsaun

2
seaeinlail
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Figure 4.8 Anti-egg hatching efficacy of the extracts of neem, custard apple and mintweed leaves and
the extracts of mintweed seeds on egg hatching of oriental fruit flies. A, LC,;at 24 of individual extract
treatments. B, LC,, at 24 h of the combined extract treatments. Data were expressed as Mean * S.E.

andn=>5.

Table 4.2 Direct contact toxic effects on egg hatching of oriental fruit flies by dipping eggs in
individual and combined extracts of neem, custard apple and mintweed leaves and mintweed seeds at 24

hours. Data were expressed as Mean of LC,, I o X

LC,, (ppm), 24 h
Mean * S.E. n=5)
Plant extract Water extract Ethanol extract P-value
Individual
NLE 3,353.35 1 156.97 3,625.14 = 162.38 0.087*
CLE 1,551.40 +67.23 5,815.26 £ 172.20 0.000%*
MLE 2,920.27 £ 55.92 1,798.12 + 87.59 0.000**
MSE 1,098.66 t30.40 591.12 +30.26 0.000%*
Combination
NLE + CLE 2,644.43 1109.53 1,567.75 T 31.84 0.020%*
NLE + MLE 1,207.63 +70.25 666.76 £ 62.27 0.003**
NLE + MSE 3,277.69 £37.02 1,001.48 =+ 63.59 0.000**
CLE + MLE 2,902.43 +50.67 475.19 +31.90 0.000**
CLE + MSE 2,934.66 1+ 54.94 1,880.97 1+ 41.46 0.000**
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE-
mintweed seed extract. ** significant difference at P < 0.0/ and * significant difference at P < 0.05,
analyzed by t-test of variance
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4.43 q“n‘ésvmm‘sﬁﬁ’ﬂdamsmuauéﬁéammm’a’uﬂaﬂﬂamsﬁu (Larval feeding)

MIABUDINUBURIBON (larvae) MuadiunoaTaunsiuasanavesiysiamen e
luomnsienluseduanududuveamsasame fu 7t 24 $alus wuhgnimsmugunuey
Lmaﬁu%uﬁ"y‘mmg%’uﬁu (concentration dependent) msaﬁ’ﬂﬁ%aﬁwﬁqw%ﬁﬂﬁ’wu@mmaﬁu‘ﬂm
meldnnasasadiy othanol  sniumsataluuuIdnMdIy ethanol fgndmsanuen’ld
mnnnsasadeiuiisuimies finrududum 2,500 ppm CLEA ¥ lAvuoumeldunniiga
Uszuna 64% (Figure 4.9 B) 11a MSE/e ﬁﬂﬁ’ﬁuaumaﬁ’aaﬁqﬂﬂﬁgmm 37% (Figure 4.9 D) &4
ffoond1 MSEAw 1.7 11 udiinanndudugs 10,000 ppm CLE/w 1ag MLE/e vl nueumeniisu
fodszun 82% (Figure 4.9 B, C)

AIUONIVBIEITAAAHAUADMFAIIVDIN LD UIAL WUNETHAUTENINATANARIY
cthanol Tignimsanuouldanhasnaszninsasaiadiondt (Figure 4.10)  NLE/e -+ MLE/c
anund g 2,500 ppm ﬁﬁ‘fwummwaﬂﬁ'umﬁqﬂ 69% (Figure 4.10 B) 1ag NLE/e + CLE/e
aududuga 10,000 ppm Msanuouunadlduniign 86% (Figure 4.10 A) Fuvitugnivea
NLE/e -+ MLE/e (Figure 4.10 B)

Usgdnimmvesfivaemshisanueumiasiuneslnomsay fivrsanainm LC, Fudag
11 Figure 4.11 uaz Table 4.3 wuh Msafaifor MSEe TlssA@nimumnniiga m Le,, 982.18 =+
45.60 ppm (Figure 4.11 A 1ta¥ Table 4.3) uax‘wudwmmﬁ”ﬂNauqﬁg%ﬁﬂﬁ’wﬁu NLE/e = MSE/e
TlseAnTammuiniiga i1 LC,, 1,194.63 & 46.64 ppm (Figure 4.1 C) Yss@nTnmues NLE/e +
MLE/e Indifearit NLEA + CLE/w @afifh LC50 1,486.76 £ 36.11 ppm 11a%1,551.01 = 82.27 ppm
MUEIRY (Figure 4.10 B L1ag Table 43) 91731 MLE/e $201e35q03 (synergistic cffect) ¥
NLE/e asifingni (additive offect) TWur CLE/e Fafums Msanueumaiiuneslaoms sy
msanasens arsadadevedludesmidiodh  (CLEw)  uazwesmsasalunusdnndae
ethanol (MLE/e) @aUa5anana A5 15a15NauTZ1 719 NLE/e -+ MSE/e 1102 @15HaNTEHI19d15

o A & a
ANAANIY ethanol YDIWYYI 3 YU
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Figure 4.9 Larvicidal feeding effects of individual extracts of leaf and seed extracts of neem (NLE), custard apple (CLE) and mintweed (MLE /

MSE). Oriental fruit fly larvae were fed with artificial food mixed with the extracts as designated concentrations.

Data were % Mean = S.E. and n

=35.
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Figure 4.11 Larvicidal efficacy of the extracts of neem, custard apple and mintweed leaves and
mintweed seeds on larval feeding of oriental fruit flies. A, LC,, at 24 h of individual extract treatments.

B, LC,, at 24 h of combined extract treatments. Data were expressed as Mean = S.E. and n = 5.

Table 4.3 Feeding toxic effects of individual and combined extracts of neem, custard apple and
mintweed leaves and mintweed seeds on oriental fruit fly larvae at 24 hours. Data were expressed as
Mean of LC,, T SE,n=5.

LC,, (ppm) at24 h
Mean + S.E (n=25)

Plant extract Water extract Ethanol extract P-value
Individual

NLE 3,371.00 1 108.27 5,621.70 1 101.43 0.009**
CLE 1,568.34 1+ 47.50 4,088.79 + 125.29 0.000**
MLE 2,707.80 +120.38 2,658.39 = 132.40 0.021*
MSE 2,128.22 +57.14 982.18 1 45.60 0.000 **
Combination

NLE + CLE 2,595.00 1+ 95.55 1,783.29 = 72.52 0.002**
NLE + MLE 1,551.01 +82.27 1,486.76 1+ 36.11 0.020*
NLE + MSE 3,062.30 = 81.81 1,194.63 t 46.64 0.000**
CLE + MLE 2,338.58 143.41 3,340.76 1+ 33.79 0.000**
CLE + MSE 2,700.43 & 65.13 2,166.98 = 79.67 0.000**
Note:

NLE = neem, leaf extract, CLE = custard apple extract, MLE = mintweed leaf extract, and MSE=
mintweed seed extract. ** significant difference at P < 0.0I and * significant difference at P < 0.05,
analyzed by t-test of variance
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4.4.4 gnBvesnsataneMITuFarHoUAIBaHINAIIHNBY Taamsgulumsazas
(Larval dipping)
MIMBVDINUDUUNAITUNBIN 24 2 Tuamonaimsgunuou ludmsazalevosasana
< [ £ ar Y [~ Y X o
FaRe)  anpuzvesgnimsanameIvesasanaluaziat  uazveslulazmdanueanmauny
o 1 £ s [ |§ W

A UTUVDIAISAA (concentration dependent) LAgNTVBIMTARATBIMY laiduADANMTUY

£ o @ %’ ] [ 1 s y o
LAZANIVOIMITANANNTISANAA I WAL ethanol uAnAInU TN arsanatiosniin CLE/w
Ttvuoumeldunfigaynanududy moszning 63-81% (Figure 4.12 B) asanaazin1 NLE/w

. ) '
1ag NLE/e Nauudududi 2,500 ppm taaagnsi v nusuniedesundszina 34% (Figure 4.12
P Yy v @ =Y £ Y ¥ A o 9
A)  Annududuga 10,000 ppm drsanannatianaaigns Indifvanu fe i livueumelszuiw
1 QJ [-¥3 H 1 as
70-80% SIUGNTVIMTAAANAN 1:1 (v/v) AN BTN
‘g [ =1 Y o w et 4 o 9 ?,’ ‘§

gnBvesmsana lui sl cthanol Mdanusuuuasldaniensadadien gnives NLEe
+ MLE/e 2,500 ppm thidnusumeninigailszuim 72% uazanududi 10,000 ppm 1uauAY
91% (Figure 4.13 B) ©UALT0I09NIA0 CLE/e + MLE/e (Figure 4.13 D) 1ag NLE/e + CLE/e

(Figure 4.13 B)

]
L. | V

YseAnTnmussn Ao NIsa MU NLLALITUNDRIMSARAIREIAD UM NADA1 LC,,
b4 W [
VOIAITANAUNDUNINUAAD UL (Figure 4.14 A 118z Table 44) MSE/w UM LC,, Yosngad
' W ' 4 a H = i o
MR 2,220.36 F 8379 ppm o8e lsnauEnsana@oIdisiuaaIisAnNa1sanAAIe ethanol
WHUDIANTHAUTEHINETANAAIY ethanol ADUYNA NLE /et+ MLE/e Uag CLE/e + MLE/e 1ifi
v oA Y o oA o w .
LC,, Viosngauazlndinvanu Ao 652.80 & 13.15 ppm tag 683.25 + 38.08 ppm MUMAY (Figure
Y i as Y] I~ =y £
4.14 B 1ag Table 44) wiiiulddanuiasanaluwednm MLEe ansaldifuasasugns
.. 1 @ Y 1 I A £ L.
(synergistic effect) Iupmsanaluisdu1anun wag CLE unzilluasiiugnt (additive effect)
3 ¥
14un NLEe  daiu msfisaszoziuouvoumasiunaimiomsquimis ldasananauiiians
Qs Y] 9/ [~ ) oq ¥V é’ o ~ 1
AnalunuednaIfag ethanol Huasndn  msdszynd ldminaassiionsnsziila lag msianu

g =y { N [
wsoarauunuaun Taudu i audlenuny (Hudy
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Figure 4.14 Direct contact efficacy the extracts of neem, custard apple and mintweed leaves and
mintweed seeds on oriental fruit fly larvae by dipping. A, LC, at 24 h of individual extract treatments.
B, LC,, at 24 h of combined extract treatments. Data were expressed as Mean = S.E. and n = 5.

Table 4.4 Direct contact effects of individual and combined extracts of neem, custard apple and

mintweed leaves and mintweed seeds by larval dipping at 24 hours. Data were expressed as Mean of

LC., ESE. n=5.

50—

LC,, (ppm) at24 h
Mean * S.E n=25)

Plant extract Water extract Ethanol extract P-value
Individual ‘

NLE 3,256.96 1t 190.82 4,300.95 1+ 259.78 0.020*
CLE 2,977.18 £ 67.07 5,429.48 £ 110.37 0.000**
MLE 3,222.85 1 152.44 2,650.98 1 143.79 0.028*
MSE 2,220.36 t 83.79 5,945.54 1 40.00 0.000%**
Combination

NLE + CLE 2,673.76 T 114.68 1,685.06 + 67.93 0.002%*
NLE + MLE 1,912.25 + 81.37 652.80 £ 13.15 0.000**
NLE + MSE 3,134.99 1+ 108.62 1,177.86 * 106.46 0.000**
CLE + MLE 3,029.40 1 83.91 683.25 1 38.08 0.000%*
CLE + MSE 2,928.19 £ 111.59 2,380.19 1t 121.02 0.081
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE -
mintweed seed extract. ** significant difference at P < 0.0I and * significant difference at P < 0.05,
analyzed by t-Test of variance.
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4.4.5 qﬂémmmsaﬁ’ﬂdam5mu@mmaﬁuﬂ panudin T Iaumsiu (Adult feeding)
anivesasataluaum deomin wavuuedm uezwdauuadnnnauluenmsiiioud
anududuang Iuaciunesdaudiutoiu funauazivsuuainely 24 $9Tue wui
ANMTULY 2,500-10,000 ppm asanaluaial NLEw uag 1uusedna MLE/w uamqw%l’gaﬂdw
NLE/e 1A% MLE/e (8nti08 ustens e CLE/w uag MSEw naanududuiignigessning ss-s0%
LAZF9N CLE/e Liag MSE/e odailiud iy (P < 0.05) (Figure 4.15 B uaz D) oe1elshnwgnt
Guamﬂmsﬁﬁ'ﬂﬁﬁﬂﬁimmmﬂ%umwm%’m‘fu (Figure 4.15 A, B, C ta D) f(’.l‘l!t]’ﬂ%“’lli)dﬁﬁﬁﬁﬂ
HE NN ARANUDIE15aRARIY ethanol AL IdAou BN NIMsHeNvBITTARAd T
(Figure 4.16) NLE/e + CLE/e ¥lfunasmuiiigannszauanudusu unasnio 59-95% (Figure
4.16 A) 1182 CLE/e + MLE/e W1 1¥uuasn1o 52-90% (Figure 4.16 D)
UszAnTammvesivvesmsanafelnomsnuvodnasiunesdududs wun CLEw 1
UsgAnIamgenimnmsana a1 LC,, 1,710.91 1 67.07 ppm 6191599031100 MSE/w 1A LC,,
2,021.28 & 83.79 waz MLE/w {1 LC,, 2,347.77 £ 152.44 ppm Tuvnsfi NLE/w uag NLE/e
Usganinmidaunaslid ia Le,, Aeudiage 4,239.07 & 190.82 ppm uaz 4,810.68 + 259.78
ppm AW&WY (Figure 4.16 A uag Table 4.5) sz@nimwaiuauuuasiunesdnduioiFes
AAFURI ClIEAw > MSE/w > CLE/e > MLE/w > MLEAw > NLE/w > NLE/e > MSE/e
Muesdsulszanimwvesivasadanaumiauvasiunesdaufuiodemsfnldhuna
NLE/e + CLE/e Monauuasldgega a1 LC,, 1,605.87 I 67.93 ppm #ag NLE/w + MLE/w i
LC,, 1,785.91 t 81.37 ppm (Figure 4.17 B 1182 Table 4.5) ai#inlé 91 CLE/e m‘%qu‘~§ (synergistic
effect) WRU NLE/e MLE/w (83003 (synergistic offect) AU NLE/w 18y CLE/e 1@3ugn3
(synergistic effect) 1R MSE/e sarjumsmsauasiunesiaufiusomsidmsadalutooni

A

CLE/w nial¥asananay NLE/e + CLE/e uag NLEw + MLEw lasldnausueivisvsenu

] ]
A

wdon ldaaduuuaI iU
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Figure 4.16 Adulticidal effects of combined extracts of leaves and seed of neem (NLE), custard apple (CLE) and mintweed (MLE / MSE),

Oriental fruit fly adults were fed with artificial food mixed with the extracts (1:1) as designated concentrations. Data were % Mean 4+ SE. andn

5.
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Figure 4.17 Adulticidal efficacy of extracts of neem, custard apple and mintweed leaves and mintweed
seeds on oriental fruit flies by feeding. A, LC,,at 24 h of individual extract treatments. B, LC,, at 24 h

of combined extract treatments. Data were expressed as Mean = S.E. and n = 5.

Table 4.5 Adulticidal efficacy of individual and combined extracts of neem, custard apple and mintweed
leaves and mintweed seeds on oriental fruit flies by feeding at 24 hours. Data were expressed as Mean

of LC;y+S.E,n=5.

LC,, (ppm) at24 h
Mean = S.E (n=5)

Plant extract Water extract Ethanol éxtract P-value
Individual

NLE 4,239.07 1+ 190.82 4,810.68 + 259.78 0.071
CLE 1,710.91 & 67.07 2,217.21 % 110.37 0.000**
MLE 2,347.77 £ 152.44 3,295.75 1 143.79 0.062
MSE 2,021.28 1 83.79 6,970.40 1+ 40.00 0.000%**
Combination

NLE + CLE 3,142.13 - 114.68 1,605.87 * 67.93 0.002%*
NLE + MLE 1,785.91 1 81.37 2,102.86 1 13.15 0.000%**
NLE + MSE 3,193.85 1 106.62 2,227.32 1 106.46 0.000**
CLE + MLE 2,483.26 1+ 83.91 2,349.39 1+ 36.08 0.082
CLE + MSE 2,784.36 1 111.59 2,568.26 £ 121.03 0.081
Note:

NLE - neem, leaf extract, CLE - custard apple extract, MLE - mintweed leaf extract, and MSE -
mintweed seed extract. ** significant difference at P < (.01 and * significant difference at P < 0.05,
analyzed by t-Test of variance.
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TumsfnmimsmvauIagiimmwuvasiunesdiemsanadonnluazen Tudeoni T
ar =1 w %’ 4 1 o 3’.: o
HNANAMBZINAAILNED A1 NI DUBANDIDS (ethanol) TasdTnsla nazmsdudivamunmsag
3
mywsauan Tasmsdugamsinly mstuvesdmuey msgudmuonlumsana wazmsiuvos
v G w c’s’/ I~ 37 Y =< as P ~ =Y
auandy nutlumsnaaea laalFa1sananen (crude extract) Fluaisanasziiarsinliviaisyiia
& o 1] U a -~ ) T :g' Y o
vasnrlziuiued wunmsana@ernnisrariaunsonuguunasiunes Id luszauihuna
o 1 @ 1 @ I~
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