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ABSTRACT

The melon fruit fly (Zeugodacus cucurbitae) (Coquillett) is a major economic insect pest
of Cucurbitaceae crops that can cause immense damage to the quality and quantity of agricultural
products. Practical insecticides have proven only slightly effective and also leave toxic residues in
the environment. The use of natural enemies presents a suitable alternative method to their control;
however, the determination of a species-specific to the host or prey and the rate of application must
be investigated. The objective of this study, therefore, is to integrate the use of entomopathogenic
nematodes (EPNs) and other bio-pesticides to control the developmental stages of the melon fruit
fly under laboratory, net house, and field conditions. Results from the field survey revealed that the
fruit fly population and fruit damage from the insecticide-based plots were higher than those of the
non-insecticide-based plots. The results on the effects of different EPNs species on both last instar
larvae and pupae indicated that S carpocapsae at 25,000 1Js/host presented the highest mortality
rate among all species; last instar larvae (97.50%) and pupae (95%). In comparison, S. siamkayai,
H. indica, and H. bacteriophora produced lower mortality rates in the last instar larvae at 90%,
67.50%, and 75% and in pupae at 90 %, 75%, and 42.50%, respectively. Metarhizium anisopliae
PSUMO2 at 1x10° spores/ml was able to kill the last instar larvae and pupae with mortality rates of
61.25% and 59.38%, respectively. After the application of 1x10,1x10°, 1x10° spores/ml., the last
instar larvae and pupae mortality rates reduced to 45.63% and 23.75%, 8.13%, and 50%, and
37.50% and 18.75%, respectively. The combination of the EPNs and M. anisopliae PSUMO02, as
well as the EPNs alone, proved to be superior control methods against last instar larvae and pupae

compared to that of the M. anisopliae PSUMO02 alone. The mortality rates of last instar larvae and
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pupae reached up to 100% and 85%, respectively. Results on the efficacy of bio-pesticides on fruit
fly oviposition under net house conditions showed that neem extract inhibits fruit fly oviposition
and decreases the number of fruit scars compared to other treatments. The number of pupa per fruit
post-spraying with neem extract at zero (immediate), three, and five days after spraying was 5.15,
3.50, and 2.70 pupae per fruit, versus the control treatment at 15.95, 14.05, and 9. 60 pupae per
fruit, and 14.55, 13.25, and 7.70 pupae per fruit via the M. anisopliae PSUMO02, respectively.
The field experiment produced results similar to those of the net house experiment. Notably, the
integration of neem extract and EPNs produced the highest control rate. The number of fruit scars
and number of adult fruit flies were 0.96 scars per fruit and 10.95 adults per 6 em’, respectively,
whereas the insecticide (1.46 scars per fruit and 18.53 adults per 6 cm’) and the control (1.6 scars
per fruit and 28.73 adults per 6 cm’) showed the lowest control efficiency. The cost of pest
management incorporating the integration of natural enemies was slightly high at 515 baht per 6
cm’ compared to the insecticide at 315 baht per 6 cm’; however, the rate of control and product

safety, as well as farmer and consumer satisfaction are much higher.
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2. UNAIUUAI (Zeugodacus cucurbitae) (Coquillett)
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Taxonomic Rank
Kingdom: Animalia
Phylum: Arthropoda
Class: Insecta
Subclass: Pterygota
Order: Diptera
Suborder: Brachycera
Family: Tephritidae
Genus: Zeugodacus
Species: cucurbitae
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v Y
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vueudsganie iinisnunn 37U aunezidnidudnduie Taslicnsvuldinoudos
S. carpocapsae 12.5 }UAYMT1UNAT TuRnsesrarevesuyaiuuaslupauaaaazvuia
[ I [ { Y] o [ o %
Tasuaeomilu 5 Scale aauaaalunini 3.10 TunnsuIulszmnsunadiuuadlududan

9 v & 1

LYY =\ <3 a = I A o 9 A k)
cue-lue taznuanMAKTien INudeyann uauaszezAanasudszeznuned voyan 1dun
a 4 aa 1
AAT1ZHANUUTUTIUNEDAMNUAUNITNAaDUUY RCBD tazif5oungunnuuanaig
] = 1 an an Y ..
vosnunaelunnaznssuls 1aeds Tukey’s HSD test (P<0.05) A28 1U5unsy Statistix 10
dy ° o 9 a ] [l 1 ax A 4 Y
UBNINTILINMIAMUIUAUNUNITHAAADNUIBYDIUAAZNTIWITIND TN ya TN 14111
a v A A am o v o W o I ¥ Y ! IS
puamninsanlunmsdaauludenismstamsdestuiidauuasinuacld 1dquawaz i

sz@NTNN

Scale 1 (5x8 T4.) Scale 2 (8x11 Fa).)  Scale 3 (9x14 “v3.) Scale 4 (10x15 ‘vu.) Scale 5 (14x20 Ti.)

7-8 3 11-12 0 15-16 I 19-20 3 23-24 7

NN 3.10 mumuazmqwawﬁwaﬂﬂaﬂﬂleaumam



38

unin 4

wamsIveazenilsiena

1. anpszansunasTuunaazdngsssunalumlaunsasnsdsriavouuny

nmsdrsdszannsuuasiuuaslumlaunvasnsdilgnuansnnluila 1 wodi uilag
A [ [ A 9 A A 1 = A o 1
nyasnsnlgduuumstanisdagie laslsasmiietwd1uas) N3uIulszaniuinn
~ q Y = = [ [ [ E-% % o w
wiaan lildansiadl Tastinasiudsznns Iuduan cue-lure IMAY 1,606 1ag 1,138 d2 aua1AL
HazUMNATINYTEFNTUNACIULAIIANALTEY 110D 14,107 4Ag 13,541 82 AINEIAY (15199
= a a o ¥ A o 9 H) ' o s
4.1) Feszezmamagan Tanuaduisunulsgmnsunasiuunadnnlunlasasadilamin 3
[ [ [ { ] @ P a
Tagwumaszavesdszannsunasiuuaslunuanunigalusieddaiii 5 uag 6 (3zozaa
o o o W 2 @ 7 3 v
ADNBOANA) 1N 370 275 274 1Az 469 #1 aud1ey uazisuanadludilarin 7 dudu il
~ = o ] Y 1 2’, A 9
(MW 4.1) WAMTANEIAWHUIVDINTIAY (UK Pa1e a19) Juulaunwasnsnaniinis 1uay
Tildensadl nuuwasiuuasroudihatena s nUsMIINaNNT AUV UAIN NN
< S 4 Y 1 ° 1
Taenun)osIFUANNUITSMIBININDY 60.54-61.89% HALNUIINATINANUAIHI TUNNA KU
Tumlasninms lFesaivinniuilasn luldensail midu 816 uag 795 @1 amddu (9131390
A = =2 [ V4 @ 1 1w a £ o v J .
4.1) IWOANHIDIANUFUNUTU 091998 WU AmdulseanTanauwus (Correlation; r)
1 I 4 v o o ~ o
32N NS IFUANNUTEI0URIAINUTIUINY TEWINTUNATTULAIINHALAINgNTIa 18 T
a (] 1 =< = Y < 1 = =\ o Y4
wlasnuasng 1A rogluead 0.07 83 0.61 FauaaaliriuNaNUTeMBUANANUTURUT
] 1 1 Y
TaonseluFauInA U IUULATIULAL (A15199 4.2) NEABANVITINIGVDILAITENUNINTY
I A 3 o )
A UNaNINMIINNTUYDITIUIULNATULAS
msdisdszmnsuuasiusaddunlaunvasnsdignuainnluia 2 woa wilaq
muasnsnilzluuunissanisdagieslaldarsad d5woulszansuinniwdasiluly
15103 laelnasinlsesns IUAUAN cue-lure IN1AY 1,306 uag 1,138 42 AUa1AL uaz
Ha3NUTLHINTULAIULAIINHALFEY NN 14,090 1AL 13,606 7 MNAIAU (115197 4.1) Wil
o Y { (] o P a
Miseavedlszmnsunadiuuaslunuanuiniga lusnddaiin 5 uag 6 (szozanaonoon
@) 17 412 301 301 1A2334 MUAIAY (AN 4.2) HAMTANHITHUIVDINTIAY (LY A

J g’/ A Y 19 ¥ v o w 1 @ 9
an) GluL!‘l]a\il,ﬂ‘]slﬁ‘iﬂ5‘1/]Q‘ﬂﬂJﬂﬁGl‘lﬂ!’ﬁ$1N1%ﬁ15ﬂ0ﬂﬂuﬂ1%mlﬂﬁﬁ NWUILUAIIULAITDU LU
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o a o 1 { I 4 [
MaerauInudrnanssdureaaInIniga TasnuleSisudanudomeminy
o o = 9 2w aa 9 (% . A 1 1
69.01 1A 57.57 AINAIAY FIAA19ADINUUN 1 LazaoanaoenV Dhillon et al. (2005) NNA1IN
o Y o A 9 = Y 1A ] a = <3 = a
uuaIuLaIz I IaeN s g5 e NNEea liun s lugannendess N UNgINaNa A
A2 318914V Sulacha et al. (2020) 14318911471 UUATUUAUNAT BBV 1BHALAINI
Tuggorgwatlszauna 17-30 1 nasesnaon
&’5 dy 1 = o 1 A 9 A A0 9 1
naunuMwaswaNu@emelunndwmialulasnims lgasial Talesndulag
,:; 19 ¥ = L% % o d‘ é 1 = d' 1 L a Q‘{
13 19san5a3 15 710 1ag 846 82 MUAINY (A1T199 4.1) Faa199101)A 1 aumduilseans
1% o 1 - [ o %
arduiusszn oS iFudanudeneue WauaIt U HILLTLTINTUUAITUUAIANALA
A [ =W [] [} = = Y I 1 =
ngnihaglunaanuasns Ua1rogluaig 0.39 84 0.53 FaaaliduNANUTIIGYDINA
[ v a v o [ H '
UAINANUFUNUT Iaensa l1FUINAUILIULNATULAT (A13199 4.2) FIANWFNI8VDINE
uaadinun Tuadenvuiln 1 vazillenfFeuiien 2 Jign nudwlasildarsniiinmaszuaves
[ ] A 19 9 = A VoA 9 A A 9
puasiuuasuinnudasih lildasiad eradiesninnuasnslunguitldarsad iin1sld
- ~ A < T D) A v
asind ludsnanuazaoiiouiunaiiu nNeduaen lEa1snNNTIIBNUNITAIUNIY 819
I o Y a 9 =1 a g: = = 9 o
Wuwarmh hinamsaiumuamsiauazinanisszuia 19 211gn ¥9a0andodny Magana
d‘ 1 1 1Y d' = 1 [ o W 1 Y a 9
(2007) NnaNszauaNudlumsdanuarsiessumsauuasdinalfifansduniuyea
1 [ Y 2 g: =\ dy [
suaslunguuyasiuwalil danslisienumsaee lumsnageuluanmmlasvewwasiu
1 4 a 1 @ 1 [
B. cucurbitae #OE13 1HWOTUNTUNIND 29 111 tazuNaiuLaInoud 1 9d uMIUaIs lunguy
4 ] a I [
aaim Tumleaa 15y aas Insvea 11udn (Hsu and Feng, 2006) :1nmsanufasenianionin

k4
1w A

d' 1 dd‘ a d‘ [y Ly 4 =) %’
au wun ludn 1 QUNYUDINIARAYNINY 26.16 °C ANNTUANNNT 67.10% Ysuaidu

A a v J

] k4
19.05 yaaans gainguau 15.75 °C 1437 2 gunglomemasINy 27.25 °C ANUTUTUNNT

U q QU
a aa

1 S = 1Ay
67.95% USuraniidu 20.03 ladans guugiau 15.55 °C azmiu'lda1iie 2 Thlgn Idaila

Ll U
;4

1 o A A A= ] dy A Y A ¥ 2 o Y o ' dy T | 2 @
UANANNU L‘Llf’NﬂTﬂWHWﬁﬂHW@QiHWH%iﬂﬁLﬂfNﬂu %Qﬂ?ﬂlﬁ‘ﬂﬁ]%EJLﬁﬁTuUlﬂJu”Ii]%!ﬂuﬂﬁ)ﬁ]EJ‘VTaﬂ
] E4
ﬁﬁﬂﬁ’ﬁimmgmmmumuazmmgﬁﬂwwuﬁﬂmmﬂuLmamﬂm u@ﬂﬁﬂﬂﬁﬂﬁWULLﬂJﬁﬂﬁu
a A A A~ 9 =
YUA Z. cucurbitae WINNTA TOIQINIAD B. nigrofemoralis QS Z. tau Tundasniinmislosarsiall

uaz lildasiadl e 2 Thlgn (Mmn4.3,4.4)
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. L Wavnumasiy . -
AnNa suupums MINUIs  WasLNaIU paldy  Aanu@erng  veaNannannlunn
> ﬁlﬂ = [.l Q
Ay 1Y a o [V umINHatay o v 1% ° a2 ° = o v v
‘].]gﬂﬂ N3 BFHAVDIAI (ﬂi\?) !!ﬁﬂ‘uﬂ‘ﬂﬂﬂ o AR HINIIAU HIUNAN HIUNALaY (%) VIINA AUHHUIVDINIINH
g A o) g 3/ (ﬂ’J) 4/
ﬂg‘l/‘l“lf (ﬂ'J/!!‘lJﬁQ) HANNIN (%) (Nﬁ)
g3 Ty, uu 301 169 35.96 21.26 AB
Tildased  hduaiuly, 4-7 L138 A 13,541 a1 482 492 50.51 61.89 A 795
1 MTANATIA 214 284 134 32.06 16.86 AB
?ia Tnana, uu 422 123 22.57 15.07 AB
1a151a3) nao Insilea, 7-8 1,606 A 14,107 nan 551 494 4727 60.54 A 816
o a 1
Tasilosmsu an 391 199 33.73 2439 AB
g03 Tuul, ST 472 231 32.86 27.30 AB
TilFensnll  shduatuld, 6-8 LI38 A 13,606 na 509 487 48.90 5757 A 846
2 BREGHGHETGN a 315 128 28.89 15.13 AB
aua Tnana, UU 316 119 27.36 16.76 AB
14a51a3) nao InSilea, 7-8 1,306 A 14,090 nang 495 490 49.75 69.01 A 710
o a '
Taslosumsu an 289 101 25.90 1531 B
F-test ns *k
CV (%) 87.63 84.87
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MU 4.6 IUUTEHINIUNAITUIAINNWAUNL Zeugodacus cucurbitae NgAABIAL
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LﬂﬂggcﬁuﬁmmL?f&lmsleumwaum 53‘”31\1!&@1&({]@11?111 N.F. 2562-UNT1AN .. 2563

i 2)

H 1w a £ v o v o Y
msnﬁ 4.2 mandseansandunus (Correlation; r) VOIANUFIM AN UTIUIULNAITULAS

d'd [ 1 Y g}J =
Tunlaunyasnsniinssamsuanaianumna 2 ign

T W a Q‘{ 1% -4
MANYTLANTANAUNWUT (Correlation; 1)

7 1 97 2
uiaunuasns (W.8. 2561-N.N. 2562) (91.91. 2562-1.9. 2563)
ANUTGMGUAINLITIUIU ANUTIMLUAINUIIUIY
HNAIIULAY HUAIIUUAY
lilsansad 0.61 0.53
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4 a wAa
2. wamsnaaeuluviesdlfiianms
2.1 Usz@nsmnvesldneudeanelsaununasnonueu agameauazanuduaas Tuung
= a A 9 A [ 1 a 1 Y A
pamsanlsz@nsnnuesldiaeudesns Tsaunuuas 4 wia wud Tdidoudse
S. carpocapsae NFAVANUTUTUFIGA 25,000 A2/vuou dwnsnim dvueuisgaiionisld
qaqA 97.50% T0IQINT A S. siamkayai H. bacteriophora WagH. indica HmMIAGBEN 90 67.50 11ay
75% AWAIAD (15199 4.3) FIAOANRDINVIIUNAABIVOA Cristhiane et al. (2012) Hag Toledo et
al. (2006) N lasiimsAnylszansmnldidouros S. carpocapsae Tumsaruaunueusgaie
[ a 4 @ a o
nuasiuwa ldwdmesisilion Ceratitis capitata wnasiuwa'ldvosdudons Juan Anastrepha
obliqua 1oz unasTuna ldewsn 1A 4. fraterculus v lvuouogaitielinisate iy 90 94.1
1Uag 90.5% MUAIAY
gft dy A Y A . Y o o Aa
neiinsh ldidoudosana Seinernema spp. a1t 180N IRINTNS
A A a Y = a A A Y A 1 A Aa 1
waoungaluaulaa enliaumguinnnganssumsnasunvesldifoudesuaazastianiinaso
Y o @ A ' 9 A A ~
NITVINIAYUNAIAAFNY Tagnun llﬁlﬂ@ul?l’e)fJGHUQ S. carpocapsae W S. siamkayai 9& Y

a [ 1 A % Y A 1 dy a a Y a A =
NHANTITNANYNUITDIIYD (Ambushes) uﬂwu"lﬁmauvlaﬂﬂquumnmmwumu nanuanszanm

Y
v A A

Y ] ) 1
1-2 1sudas Iasaz ldauveadidrdansedanindunuau drui lunaziiaiiesednimten
A A =2 o A Aa A A 1 @ Y
IAABUNFIUN (Jame and Gaugler, 1993) JUHNIZAVHBDNANITIAADUNGI 19U HUOUIBFANIY
o S 3 4 1 [
JemInleSisuamsmeluszeznueuiisngani lddeudosdna Heterorhabditis spp.
~ -4 o Y} ' 9y A N ~ 9
vaznlessuamsmevesnntd wun ldmeudeeviia S. carpocapsae N5zAVANY
Y 9 o 0 q Yo Ya 73 & = A . .
WNIUGIFA 25,000 AV MUY M INANUANNDSIFUANITA8GINGA 5990INIAD S. siamkayai
H. indica Wa H. bacteriophora {191 95 90 75 1A% 42.50% ANB1A U (A15197 4.4) 140411013
Aa ' J Id a = o T Y A
AATIEHHIAANMTUNHRIVNAUNUIIA LDSOGU’tN"l?fME]uPJ?JEJ S. carpocapsae S. siamkayai
H. indica Wa2 H. bacteriophora TW5282HiUUIMNY 9,987 4,234 10,722 16,756 /1MUYW ANAIAL
1Azl LD, HANNIND 22,316 16,285 53,113 71,926 A/MUOU ANAIAL YAUENATLD ,, 1UTLoe
ANUANIAD 10,011 8,357 14,283 36,696 AI/ANUA AIUSIAU LAY LD o, HAUNIND 23,187 24,565
70,300 81,244 §/@nud MUY (15199 4.5)
WenSeuieulszansamued ldideudssdo ez uaunuszezanud nuinly
= s 3 @ \ o Y & Y o s
szazrnuoulosFuansasnInn N UszezANIA FI00AAG0INVIIUNAADIVDI NIYWIA

(2560) lanadoulszanininldidoudosarosiug ine wuirldidoudes S siamkayai 1
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Uszansnmlunisnruauuuasiunsn Bactrocera latifrons Tuszozrivouisgaiie uazanuags
= A ' (4 Y A A @ 1 (X Y o v
019 94 1Az 86.66% Lilonuons1 ldiaoudosh 3,000 1Az 4,000 AIADHUDU/MNLA AINEIA
1 = v 4 a A Y A
IFUREINUITUNAADIVOL Rohde et al. (2012) Tanaaovuilszanininldifoudos S. carpocapsae
@ a 4 o 1w
Tunmsamuguunasiumdmesisiion C capitata luszozriuouisgatogannanudog 30%
Awv A1 a ' Y A Y o Y v [ A
naTEImuIeseN Tddeudesansadihaeszezueu ldanszezanua
A ~ A ~ =1 1 4 S = Y o a
iesnnvazivuewmaoui awxlinisldes mivoulaoon lud FaeandoanUNnANTITUNTS
Y o 1 @ Y A A~ 4 L] @ g o |
Aumd et fsve Idinoudesiliaivon lasen laditludrmhmanil uaznis
v E4
duaziiouvewnau1muie (Perez and Lewis, 2002) 4on11nUB0UANITITHIIA YDIHUDU
= 1 1w Y o I Y A 9 [BR] 1 o @ 9
wlvnalugnianugd ld ldaeudessunsason lundigrosinnandinrvesszezrvou 1

1Y 14

1 . & dyo/ = o A ! Y o Y A
NITTTANLA (Minas et al., 2016) ﬂﬂuﬂﬂuﬂ%ﬂﬂ“ﬂﬁ\iWaGlf)fﬂilflﬂ“l/l1@186116\‘111?(!,@6119]6811!3$8$

ho)))

[ [ Y a

A Ao ANUHUIVOIHIIANUR Grewal (2012) MsaveaslopnuivazianuANANITHAU
a2 19suAITE (Hazir et al., 2003)

MOAIINT Barberchecek and Kaya (1990) 18na1291 sz ansammatnitansuuas
vodldidourosineniuediu siiavedldidourdes vuiavesldidoudos Tag Adams and
Nguyen (2002) 518911 NVUIAVDI S, carpocapsae TUUIA 438 um YUIAVDI S. siamkayai SIRTApY
446 um dIU H. bacteriophora JUu1a 570 um (Stock et al., 1998) a2 H. indica JUu1a 528 um
(Poinar, 1990) Feaeandesfunanisnaaeslunsai inuil&ideudos s carpocapsae 1as
S. siamkayai HszANEN M lumadihateszozvueutogameuazanuaunasiuuaIgIn

H. indica Wag H. bacteriophora Tagwunannsatsinateluszezvueuldannszezdnudonaie
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HANAIINUY
@ Y 9
FLAUANUINIY v Y e 4 wmzya DA i
) MImevesrueulogamonadnu ldinoureouaaz via (% + SD)
vou'ldasurlos
o o n 2 2 ) F -test CV (%)
(/1199 191Y) Ss Sc Hi Hb
UINAY (ATVAW) 0.00 + 0.00 Fa 0.00 £ 0.00 Da 0.00 = 0.00 Ca 0.00 = 0.00 Da
1,000 20.00 + 0.82 Eb 55.00+ 1.29 Ca 37.50 + 0.50 Bab 40.00 + 0.82 Cab o 25.95
5,000 40.00+£0.82Db  62.50+0.96 Ca 57.50 + 0.50 Aa 22.50 +0.96 Ca o 18.17
10,000 52.50+0.50Ca  70.00+ 1.63 BCa 62.50 + 0.96 Aa 60.00 + 0.82 Ba ns 17.32
15,000 70.00+0.82Bb  92.50 +0.50 ABa 65.00 = 1.29 Ab 57.50.00 = 0.50 ABb o 11.81
20,000 87.50 £ 0.96 Aab  92.50 + 0.50 ABa 65.00 + 0.58 Ac 72.50 + 0.96 ABbc o 9.79
25,000 90.00+0.00 Aa  97.50+0.50 Aa 67.50 + 0.96 Ab 75.00 + 0.58 Ab o 7.42
F_test kk kk Kk kk
CV (%) 13.49 14.74 16.96 18

o

1/ o o o o v & ua & ' v oA Jd A ) { ' o @ ' ' aad y ¢ A
manmmmmn’qymzﬁfnﬂummwuw“lwmuua:mwmmanﬁmimmmmﬁﬂiuzma:ﬂ'ﬂanuuamm TufianuuanaanadanssauaNuFeNuA 95% (P<0.05)

2 . . . .
Ss= Steinernema siamkayai, Sc= Steinernema carpocapsae, Hi= Heterorhabditis indica, Hb= Heterorhabditis bacteriophora

aaa o A aa (%

* Thivdagneadanszauanuionu 95% ** lsddynuadanszauanu®ony 99%  ns= hiflnnuuanaiumedaa
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a s 3 I Y 9 o o 1y Y A J J 1 A A o Y Y A ' Y
319N 4.4 Lﬂa’imsu@mimfﬁuammmme’m!,mdwmwumsl"lﬁmeuﬂﬂﬂﬂaiiﬂummmmwuﬂﬂ‘iz@ua’mJLﬁllaJ"lluvulmﬂ@Nﬂu

sgduamiduiuves msmevesanuaraanu ldineudesusazasiia (% « SD)"
1&@ouroy
. . b \ ./2 " F-test CV (%)
(®/1U3I1AY) Ss Sc Hi Hb
ﬁmé‘”u (AIVAV) 0.00 £ 0.00 Da 0.00 + 0.00 Ea 0.00 + 0.00 Da 0.00 £0.00 Ba ns
1,000 2500+ 1.00Ca  40.00 +0.82 Da 40.00 + 0.50 Ca 2.50 + 0.50 Bb o 29.90
5,000 27.504+0.96Ca  52.50 % 1.26 CDa 4500+ 1.71 Ca 22.50+ 1.71 ABa * 39.34
10,000 6750+ 050 Ba  65.00+1.29BCa  52.50+0.96 BCa 27.50 + 0.96 Ab ok 16.90
15,000 7250+ 150Ba  72.50+£1.50Ba  57.50+ 1.41 ABCa 30.00+ 1.41 Ab ok 22.07
20,000 7750+ 096 Aa  75.00 £ 1.29 Aa 72.50 + 0.96 Aa 32.50 + 0.96 Ab ok 16.32
25,000 90.00 + 0.82 Aab 95.00 £ 0.58 Aa 75.00 £0.96 Ab 42.50 £0.96 Ac *ok 9.92
F-test H *3k *% *ok sk
CV (%) 18 17.96 19.30 47.26

and o A

o o @ @ o & o oA oq v a Jd A o { ' o @ ' ' 4 A
maﬂmmmmﬂqymmﬁmﬂummwuwiwmuazmwu‘wmﬂﬁmmwmﬂwmﬁﬂiusmazﬂaauuuazum "lmﬁmmgmﬂmmnﬁmmzﬂnmmmauuﬁ 95% (P<0.05)

2 . . . . . TSR .. .
Ss= Steinernema siamkayai, Sc= Steinernema carpocapsae, Hi= Heterorhabditis indica, Hb= Heterorhabditis bacteriophora

* Tlsddgneadanseaun s 95% ** hilvdAgynananszauanu®onu 99% ns=lilanuuanaeiumeada
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a ' 3 a a ) Y A 1 1 A o 9 v Y o
M1 19N 4.5 ﬂ’]ﬂj'llllﬂuwylﬂﬂ‘ﬂwaum’ﬂ\‘lllﬁ!ﬂ@up‘lf]Elﬂf]Iiﬂllﬂlluaﬂ‘ﬂu@]@ﬁu@u')flf:fﬂﬂ']ﬂlla$ﬂﬂllﬂllma\jjuu@m

528zM IS UADIAVD NAITUIAY

yiialdaourlos viueu Jugame Slope anuel Slope
nalsnuNUNaY LD, LD,, (R%) LD,, LD,, (R’)
Steinernema siamkayai 9,987 22,316 0.981 10,011 23,187 0.961
Steinernema carpocapsae 4,234 16,285 0.944 8,357 24,565 0.918
Heterorhabditis indica 10,722 53,113 0.942 14,283 70,300 0.947
Heterorhabditis bacteriophora 16,756 71,926 0.926 36,696 81,244 0.926
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2.2 UszANBN NV WBI WYY Metarhizium anisopliae PSUMO2 foviuouiagainanaz
ANUAUNALIUIANG
9
MInMsAnEIIzANTNIMUBUTE I UV M. anisoplice PSUMO2 fonuouioganie
v Y o J Y 9 4 = 8 d A aa o
HAZANUALLAITULAY WUNANUTNTUVOIdoTHUIUABYgIga AD 1x10° dilod/daaans M
~ R~ 4 [ Jd A aa
TanlosiFudmsmeluszozus Ny 61.25 % 59990108 1x107 1x10° 1x10° ailo3/Hadans
~ ] 4 [ o w o (] ~ )
TSI FUANMTNENINY 45.63 23.75 11 8.13% auaial TuszesanuAsuReInUILeL oY
Yy 9 J A 8 A aa A 7 6 5
nuANUINILYeIaosHYINAREgIga Ao 1x10° dilod/Naaans 399a911AD 1x10" 1x10° 1x10
d A aa P-4 Vo o w ~
ailos/Naaans YloTFUANITA1BNINDY 59.38 50 37.50 AL 18.75% ATNAIAY (A15197 4.6)

(%

4 v

1nd1ReaA U UNAADIVD Ekesi et al. (2003) JATNISNATDUI¥DI M. anisopliae ICIPE 20 0
14 d a aa o a

anudutuvesadosuviuaney 1x10° gdoi/iaaans lunisaruguuuasiuma liuensn

v Y o q YA s I & "o o v A

C. rosa Uag C. cosyra Wszezanua M lninlesisudamsaiomiiny 48.8 uaz 68.8% amaay f

F Y

ANVFUAY 12 % UASNITINATDUUDI Moraga et al. (2006) "lﬁ'ﬁwmimaam%ﬂ M. anisopliae

A Yy 9 14 6 d A aa @ 9

EAMa 01/58-Su innududuvesalosuviuane 3.3x10° ailos/iaaans auquuuasiuna 1

4

o ~ -4 o A a
C. capitata oS iFudmsaeluszosdnud 52.5% NANUFUAY 13% 1ANITNATOUVD
YA o ' P-4 Y o A YA o D] A a A =
aenuIndesisudaslnamesnuaisanunmiun Taegidelganusuaun 10% suilu
9 v ) 9
anuyunmuzanlumsnageuluanInaunIe uAndUNUINUNNTITBITDIANLFUVDA
a o a 1 4 ~ 3 1
Auud) Khlaywi et al. (2014) §31a5 0169071 anududuvesaesuvivaseigeiuiinasne
s 4 4 4 X2 9 Y o A A &
WodiFudanisareveaunasmnuvuale Tagldninisnaasuilsz@nsninveuies
. Y o ] o 9 . = Y 9 7
M. anisopliae N13z0z iU Ioganiovounadiuna'ld C capitata NaNMdI UV Id03
~ 9 d A aa o YA J < 4 = dy .
wruaeed 1x10’ ailoi/dadans i ldtnodisuanisaiegi 73.80 % uona1nil Shi and Feng
9
(2004) §3na179n11 T2EZM TN WAL TnveLNAIR IR NAADNITINIIA10UB AT IR 15U
= a £ A Y= [ dy ! !

MSANEIVDY IWFIANT UazAe (2560) N lAdnuIdnen Ve utesIne Isaunuuaslumsniugu
unaaiuwa'lsl B. dorsalis WO Metarhizium sp. 19 Tosian M14 uag M22 AR08 09Y 1x10°
d A Aaa =] d 3 ¢ Y o v I [ o w = a
dei/Haaans Tilosidudrinaledndyis 87.92 uaz 86.50% auaiausin ldariiaves

o A . <3 1 v A o g g
uyaseden ldnaaoudnale (Milner et al., 1998) aztiu lantivaretfasenin liide s v e1iul

Uszansammuanaianulal
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a s 3 & o ) v v o o 1y X A A
M1931391N 4.6 L‘]_IE]5LG]5‘LH5]ﬂ1i$‘ﬂﬂ"’|]@\11’?‘Ll’E]H’Jﬂq@‘VI1EJLL@3@]ﬂ!Lﬂl,!,llaﬂﬁutm@ﬂaﬂ‘wuﬂﬁlﬂﬂfﬁli1L51J831/1

o Y 9 s X o A " o
’imummmmmm@Qmil,lfuaua’ﬂﬂﬁﬂmw’eﬁnmmﬂuﬁﬂmﬂﬂu

ﬂ’JTﬂJLﬂTﬁJ%‘LﬁJ@QL%@i”IL%EJ’J mimﬂmaumaﬁuum (%)
(ﬁﬂ@g/ﬁﬁﬁaﬁi) (Means + SD)/l T-test
WupUTogang Anua
shindu (awgw) 4.38+3.15 Da 3.75+4.33 Da ns
1x10’ 8.13+6.25 Db 18.75+8.54 Ca o
1x10° 23.75+5.95 Cb 37.50+6.12 Ba *
1x10’ 45.63+10.28 Ba 50.00+3.54 ABa ns
1x10° 61.25+4.33 Aa 59.38+9.44 Aa ns
F-Test *ok *k
CV (%) 22.83 20.05

v o

1/ o v A u & ou oA . v a od A o 1A ' o @ A '
a7 nysmmmﬂqwamfnﬂummwuwﬂlwﬂguazmwmmaﬂ‘w@1mwmmmaﬂimmasﬂﬂauuuawm "luummu,ﬂﬂmwm

and o A 4o
ADANTLAVANULFDNUN 95% (P<0.05)

* ThivdAgmeadanszauauFeu 95%

ns = JHANNUANAIAUN DA
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2.3 M30ATINVed ldnenHaene ] SAUAINAIAINTNIINN VNS UV Metarhizium anisopliae
PSUMO02
= an Y A [ 1 a v A Y A
1NMIANEINTIenTIaved ldinourpene Tsaunuuad 4 ¥iia wui iwenay ldineudoe
1 o %’ < I o Y A g’/ a =\ S 2 4 aa = (=}
saunuinau (ganuay) unar 77u 1dineudosns 4 wiia Tnlodisudanissoadia 100% e lul
f Aa A A 9 A ] a o A = A )
ANUUANANNWADA TUNNNTTVID uazilonay ldRourpsnaaz viasmAUFo s 1Ie) NANUTNTUYDY
14 ~ 8 d A aa 1 9 A a . . J 14 aa
alesuvauanen 1x10°aes/maaans wuin lddeudesxiia S siamkavai H1losiFuan1ssendina
a = S 4 aAa Y A a
99.50% ¥UA S. carpocapsae Hes it FuAnIssen®In 99.75% latAoUN08¥UA H. indica wag
=\ - 14 Aaa = ] J aa ~ = a
H. bacteriophora 31Ja1FuAN13500330 99% a4 luiana1anaada @15199 4.7) Fadluldlusianis
g g . Y o aa 9 Aa
1PEINUAY IIUNAABIVUD I Ansari et al. (2008) 1an1A1TNATOUNITIOATIAUDI IF1ABUADEYIA
. A | . < o o " A s @
H. bacteriophora IWOWAUNUIYDI M. anisopliae Wunar 1 ﬂauuﬂﬂmﬁau wun Wlesguans
ana ] = 1Y = d’ o da/ = 1 [ Y A
59N 100% 15URSINVNTANYIVD Cuadros et al. (2016) 1101 1¥035 18 WaNTINAY 1T iR ukpe
o a aa Y A ~ 9 1 d” ]
H. bacteriophora HNI100 tazyinmssziiumsseatinve |dideuresi 0, 2, 4 uag 6 Ju wud wesi 1y
o I Y : Y @ ) ¥V 1 1
a1 ldinouclpenis FaaeandvafuN1TI1891UU0Y Mora et al. (2017) N'lana1in Tulsaunielu
Y 4 dy v o w A o o 14 dy 9
Taseas19ao5veusro s ez Hia 1A U0 LN aINIANUIUNIZIIZIINY tazaloS oI 1a1u1TUNUAN
Aa o Y & 9 v o w Y A g./z 1 Zﬂ dy I A o Y dy [
Amiuwasls s lassadrmisdi ldneudesivuanarsnnuuas nationdluaungiildizes b
Y
ansaznmaeldideurlosld az Koppenhofer and Grewal (2005) laoTuie1 m3l4¥es15 1wy
9 A g./z I a LL o o A dy Y A o o 1 a A
T&deuderimiunmsiasugnidenunaziu iilesnresiuas Idideudesriiaiuiusdadase ile

dnnlFanduis idlul§indaesu udnduindsz@nsawidionr 1195 miulunsmadou



d' Y A U 1 1 [ g =
A1919N 4.7 ﬂﬁiﬂﬂﬂlﬂ\‘l]lﬁ'ME]uPj’ﬂfJﬂ’OTiﬂLLﬂLLiJﬁ\‘ieluﬂﬁwﬁiliﬁlnﬂﬂl"]f@iuﬂlﬂﬂ

- mIzeAFIAfazeEnNaMANA1NTY (%=SD)" cv
NITUID F-test
1 3 5 7 (%)

Steinernema siamkayai +°L?j”| ﬂé'”u 100+0.00 Aa 100+0.00 Aa 100+0.00 Aa 100+0.00 Aa ns -
Steinernema carpocapsae +°L?il”| ﬂa"”u 100+0.00 Aa 100+0.00 Aa 100+0.00 Aa 100+0.00 Aa ns -
Heterorhabditis bacteriophora+1?l;1 f ﬁ"u 1000.00 Aa 100+0.00 Aa 100£0.00 Aa 100+0.00 Aa ns -
Heterorhabditis indica-&-'lf? n ﬁlju 100£0.00 Aa 100£0.00 Aa 100+0.00 Aa 100£0.00 Aa ns -
Steinernema siamkayai—i—!,‘;lif”e)i NV 100+0.00 Aa 99.5+£0.58 ABa  99.5+£0.58 ABa  99.5+0.58 ABa ns 0.53
Steinernema carpocapsaeﬂ% GERITTTR) 99.7540.50 ABa  99.75£0.50Aa  99.75£0.50Aa  99.75+0.50 Aa ns 0.48
Heterorhabditis bacteriophorm—!,‘%ﬂi Wey  100£0.00 Aa 99+ 0.00 Bb 99+ 0.00 Bb 99+0.00 Bb ok 0.21
Heterorhabditis indica—kﬁ:“’t]i NUY? 99.25+0.50 Ba 99+ 0.00 Bb 99+ 0.00 Bb 99+ 0.00 Bb *ox 0.19
F-test *% *ok *% *%
CV (%) 0.25 0.27 0.27 0.27

EJ
@

v
aaa

v o o o v ¥ o a 9 1 o oa od A o 1A ' o ' ' o y & A
”Gl’J?Jﬂ‘HiﬂT}:ﬂ?Nﬂi]‘H(ﬂ’JLaEJ’Jﬂu“I/N@]’JWJJWiﬂm!!ﬁzﬂ’)WNWLﬁﬂﬁ@]1mﬂﬁiﬂ1Lﬂ§81uLLﬁﬁZﬂ@ﬂNuLLﬁ&'LLﬂ’J "lnfmmmmﬂmmwﬁﬂmmzﬂummﬁanuﬁ 95% (P<0.05)

w* isd iy neadanszauaNuFe Ny 99%

ns = liTanuuand1eiuneana
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24 ﬂizaﬂﬁmw"lmﬂwvleﬂnﬁﬂsﬂummmsmnuwaimm Metarhizium anisopliae
PSUMO2 Aotideu agameatazanuauuas iuung
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; . 4 : - Y 4
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HaL 50 52.5% a1ua1ey uaz luanud 57.7 60 1ag 35.5 45% A1Na1A1 (113199 4.8) 11NNAA1INN
9 9 3 Y A a = a A % 9 =
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1ndiReanUUNABD IV Cristhiane et al. (2012) WU 1§RoUHBY S. carpocapsae TUTEANTAMN
Tumsaiuguruenisgamenvasiuwalil C. capitata 1070 90% uazdanums 141 ddon
a 1 o [ oA =\ a A o [] 1% [}
Hoowiia S. carpocapsae ST WMDY Tiszansamlumsdihatsguasuiu wumsany

Y A

an o 4 1 9 A A I = [
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awnsotfesiumdauuasdagununasldgunon 100% neiims 15 ldioudosswiu¥os: wie
1 Y A 1 =) 1 3 @ = 1 dy = 1 Y A
msuy MdifeudosnoumIaauiual 24 1109 Fanuiudesr lulinasenmsarevesldaou
Hos A0ARADINUIIUNAADIVDY Ansari et al. (2008) 11 141IN1TNATOUMITTOATIAUDI | TR0
a 4 1% ¥ I @ 1 o ]
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1 o Aa o v J [
Y09 Ansari et al. (2008) N lavhmsAnlfdunussenngldifoudos H. bacteriophora, S. feltiae
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dd’ 9 d A Aaa 9 1 A o % I [ 4
wyuaesdloin 1.1 x 10° alos/Uadans Tunisarugualeduaa Jo 3 1tunai 2 diled

1A J 3 J 1 v Y A S A X g Ay o o a £
Wy WidesiFuanisaie Ny 100% Glu"lﬁmauvl@ﬂm 2 BUA mlﬂuﬂgﬁuwummmﬁimm‘ﬁ

v A td‘d 1 ..
AU YI0NLTYNIN Synergistic

d' a A Y A 1 1 [ [ dy =
M1319N 4.8 ‘]J‘ig’d‘ﬂ‘ﬁﬂTWﬂ?‘iﬁl%vlﬁlﬂ@uF»IE]Elﬂ'é)Iiﬂl!ﬂmJﬁ\i‘i’)llﬂ‘]J!“]fE]‘iW’Uﬂﬂiuﬂ1iﬂ’3ﬂﬂu’ﬂuﬂu

[

JWFANMYLASANLALNAIIULA

9 v Y

Jd & d
nlosiFuamsme (%)

NRREVR (Means + SD)"' T-test
Hueu gAY anuel

hndu (muaw) 00.00 C 0£0.00 G

o5 55+0.58 Ba 45+1.00 DEFa ns
Steinernema siamkayai-ﬂ-‘lil"lﬂﬁbu 82.50+0.50 Aa 75+0.58 ABa ns
Steinernema carpocapsaeﬂi?ﬂgu 87.504+0.96 Aa 80+0.82 Aa ns
Heterorhabditis indica+1i!1ﬂﬁ‘}u 57.50+0.96 Ba 57.50+0.50 CDEa ns
Heterorhabditis bacteriophora+1il”lﬂﬂ&u 47.50+0.50 Ba 42.50+0.50 EFa ns
Steinernema siamkayaiﬂ‘%ﬂi Ve 90+0.82 Aa 70+0.00 ABCb *ok
Steinernema carpocapsaeﬂ%ﬂi VY 10040.00 Aa 82.50+0.50 Ab ok
Heterorhabditis indicaﬂ"]d;’@’i”l!ﬂdJEJ’J 57.50+0.96 Ba 57.50+0.96 CDEa ns
Heterorhabditis bacteriophomﬂ%@ﬂ@ﬂ? 50+0.82 Ba 37.50+0.50 Fa ns
Steinernema siamkayai ﬁvhumawﬂuﬁ?asu%m 19U 87.50+£0.50 Aa 75+0.58 ABa ns
Steinernema carpocapsae ﬁvhummeﬁclw'ﬁyaﬁﬁm 17U 10040.00 Aa 85+0.58 Aa ns
Heterorhabditis indica fumsusluidesude 1 5 62.50+0.96 Ba 60+0.82 BCDa ns
Heterorhabditis bacteriophora Arumaurludosden 1 52.50+0.96 Ba 45+0.58 DEFa ns

F-test

CV (%)

*k

10.7

*k

10.88
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NUN 95% (P<0.05)

* Thipdagmeatanszauauoiu 95% ns=lilinnuuanaaiunedna
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MEMORANDUM OF UNDERSTANDING
FOR INSTITUTIONAL COOPERATION
AMONG

MEMBERS OF THE THAI UNIVERSITIES FOR GRADUATE EDUCATION UNDER PISAI
PROJECT (ERASMUS PLUS CAPACITY BUILDING PROJECT)

This Memorandum of Understanding is entered into this 20® day of July 2018, by and between the
following Thai University Project Partners for Graduate Education in Agriculture and Natural
Resources under PISAI - Erasmus Plus Capacity Building Project:

PRINCE OF SONGKLA UNIVERSITY, with official address at 15 Karnjanawanich Road, Hat Yai,
Songkhla, Thailand and represented herein by its President, Asst. Prof. Dr. Niwat Keawpradub,

KASETSART UNIVERSITY, with official address at 50 Ngam Wong Wan Rd, Lat Yao Chatuchak
Bangkok, Thailand and represented herein by its President,

CHIANG MAI UNIVERSITY, with official address at 239 Huay Kaew Road, Muang District,
Chiang Mai, Thailand and represented herein by its President,

KHON KAEN UNIVERSITY, with official address at 123 Mittapap Road, Moo 16, Nai-Muang,
Muang District, Khon Kaen, Thailand and represented herein by its President, Dr. Kittichai
Triratanasirichai,

WITNESS:

WHEREAS, the partner university members have complementary objective and a mutual desire to
collaborate in a number of areas to pursue common education, training, and research objective, and

WHEREAS, the partner university members recognize the comparative advantage of joining forces to
improve the quality and relevance of graduate education in sufficiency and sustainable agriculture and
related fields to make these programs globally competitive and easily accessible to the clients in the
region.

Now, THEREFORE, and in consideration of the foregoing premises, the parties hereto have agreed
and do hereby agree as follows:

1. To collaborate in undertaking joint activities such as joint graduate modules/ courses and
dual/double degree programs in agriculture, natural resources and other fields relevant to the
PISAI project,
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2. To execute separate agreements in writing for any particular undertaking jointly implemented,
wherein a sharing of responsibilities shall be specified, such case as exemption of tuition fee
for the students under the PISAI Project.

This Memorandum shall remain in force for a period of 5 years from the date of signing by the
authorized representatives of the Parties hereto and may not be modified except upon mutual written
agreement of the parties herein, It shall be extended for another 5 years, unless either party gives
written notice to terminate the agreement at least six (6) months prior to the expiration date.

IN'WITNESS WHEREOF, the parties hereinto have affixed their signatures this 20® day of July 2018
at Office of the Higher Education Commission, Bangkok, Thailand.

PRINCE OF SONGKLA UNIVERSITY BY: KASETSART UNIVERSITY BY:
Asst. Prof. Dr. Niwat Keawpradub Dr. Chongrak Wachrinrat
President Acting President
CHIANG MAI UNIVERSITY BY: KHON KAEN UNIVERSITY BY:
N Nantochit™ e - ke
Clin. Prof. Niwes Nantachit, M.D Assoc. Prof. Dr. Kittichai Triratanasirichai

President President
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