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Abstract

Agricultural product losses caused by the infestation or contamination of
insects made their quality were not acceptable to the market. The post-harvest
pest management for quality control project was conducted by the Postharvest
Technology on Field Crops Research and Development Group, Postharvest and
Processing Research and Development Division during October 2010 to September
2015. The objective of this study was to find out the optimum technology for
controlling post-harvest insect by using alternative methods, such as fumigation, bio-
agent, physical control and studying on biological, ecological and distribution of
these insects, to reduce the chemical use. In this project consisted of 5 topics that
the results were as follows:

The results of The proper fumigation practice and good efficacy of fumigation
study were concluded. The best method for phosphine Fumigation practice in silo
for controlling insects must prevent the leakage of gas and got air circulation system.
The effectiveness of phosphine fumigation in optimum concentration dependent on
exposure time. The efficacies of phosphine fumigation under Tarpaulin sheet
thickness as 0.05, 0.1 and 0.2 mm were as same as Neo sheet (PE+Nylon) thickness
0.06 mm for controlling all stages of insects. Integrated pest control to the coffee

11



bean weevil, Araecerus fasciculatus De in green coffee were using of light traps in
conjunction with using of phosphine fumigation if necessary. For the use of methyl
bromide study was found that the use of methyl bromide at 30 ¢/m3 for the expose
time 90 minutes could control all stage growth of Thrips palmi Kerny in orchid flower
but the use of methyl bromide at 32 mg/l in 0.25 liter flask for the expose time 120
minutes could not control all stage growth of Solanum fruit fly, Bactrocera latifrons
(Hendel). For ECO2FUME fumigation study was found that the fumigation with
ECO2FUME could reduce the period of fumigation by increasing the concentration.
For example, the fumigation on maize against all stages of Sitphilus zeamais and
Tribolium castaneum was fumigated by ECO,FUME dosage 25 ¢/m3 (350 ppm) of
ECO,FUME for 3 days, dosage50 g/m3(700 ppm) for 2 days and dosage 70 g/m3 (1,000
ppm) for 1 days. The efficacy test of ECO,FUME on T. palmi was found that all larval
of T. palmi could not killed by the ECOZFUME® fumigation at 2,500 ppm for 24 h at
6°C but those larvae could not completely develop to adults.

The biological agent development and its application of controlling on stored
product insect was found that the low temperature at 10°C was the good condition for
storing pupa of rice moth parasitoids, Bracon hebettor Say in 1 week but could not
keep the pupa of parasitic wasp, Anisopteromalus calandrae (Howard). It was found
the technique to mass-rearing of Assassin bug, Amphibolus venator (Klung) used red
flour beetle, T. castaneum as prey and the efficacy of these predacious bugs for
controlling the stored-product insect. For the study of using plant extract for controlling
post-harvest insects was found that the mixed tobacco extract at the ratio of
Burley:Virginia as 1:1 which concentration at 20% by using water as solvent and
dipping time for 60 minutes was effective to control mealybug, Ferrisia virgata
(Cockerell) on rambutan fruits. It was found that the 3 kinds of herb (Aglaia odorata,
Melia azadirach, and Lansium domesticum). extracts at 20- 30% concentration could
control  Sitophilus zeamais and Cryptolestes pusillus in field storage. The essential
oils of Myristica fragrans and Alpinia conchigeraoils could control Callosobruchus
maculatus, Callosobruchus chinensis in labolatory condition but could not control
insects in the warehouse. The essential oil extracted from Litsea cubeba could control
cigarette beetle (Lasioderma serricorne (F.)) and drugstore beetle (Stegobium paniceum
(L)) in labolatory condition.

12



Physical control on stored product insect learned about how to use heat,
modified atmosphere treatment light trap to control insects. It was found that the
effective heating conditions to control 2 insects, Lasioderma serricorne (Fabricius)
and Stegobium paniceum (Linnaeus), in coriander seed were 60°C for 3 hours and
70°C for 2 hours and in dried chrysanthemum and dried mulberry leaves the
effective heating conditions were 60°C for 2 hours and 70°C for 1 hour. The radio
frequency (RF) heat treatment to control Sitophilus zeamais and Rhyzopertha

dominica was found that the efficient condition to control was 25% of power level

(670 watts), after holding temperature of maize over 50°C for 90 seconds. The study
of modified atmospheres with carbon dioxide (CO,) and nitrogen (N,) was found that
99.9% N, and mixture gas of 20% CO, and 80% N, were applied with four species of
insects in one ton of rice could completely control all insects at 12 days. It was
found that rice packaging with filling N, in four kinds of bag (foil bags, PET bags, KNY
bags and NY bags) could control insect within 1 week. The good storage of four dried
herbs (safflower, coriander seed, chrysanthemum and mulberry tea) could packed in
2 kinds of plastic bag, NY/LLDPE bag and PET/CPP bag, with suitable rate of oxygen
absorber, it would be control all of insect in 1 week. In dried garlic storage could be
use sticky wall light trap for control important insect, pineapple beetle (Urophorus
(Carpophilus) humeralis (Fabricius)).

For biology and ecology of stored product insects and controlling them was
study on dry fruit beetle; Carpophilus hemipterus Linn. in dried longan and it was
found that life cycle reared with dried longan were the egg stage took 4.15 + 0.81
days while larval stage and pupa stage took 17.30 + 2.003 and 4.85 + 1.31 days
respectively. The efficacy method to control of this insect was using wall type light
trap at the level 2 meters from the ground for collecting adult of this beetles and
phosphine fumigation at rate 1 tablet/ 1 cubic meter of dried longan if it was
necessary. For studying of losses of stored maize which were artificially infested with
maize weevil, lesser grain borer, red flour beetle and flat grain beetle was found that
ten adults of each insect could considerably multiply in quantity and massively

caused weight loss in stored maize.
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Phosphine resistant strain of two stored-product insects, red flour beetle,
Tribolium castaneum and flat grain beetle, Cryptolestes spp. was conducted in the
years 2556-2558. The result was showed that red flour beetle population from 125
rice mills found only 4 populations showed resistance and flat grain beetles from 47
rice mills showed resistance 33 locations but there was only 2 locations showed
strong resistance.

Keywords: Post-harvest, Pest Management, Quality Control
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Proper Fumigation Practice and Good Efficacy of Fumigation
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Abstract

Fumigation is the most effective technique used for rapid controlling the
pests on grain, fruit and vegetable. Fumigation is carried out mainly with two types of
fumigants, methyl bromide and phosphine. Whilst ECOZFUME®, the new fumigant in
Thailand, is effective in controlling insects. But all fumigants must be find a proper
rate with kind of insect pests and commodity before using. For this project to find
out the proper fumigation practice and the good efficacy of fumigation for controlling
insect pests.

Fumigation of maize in the silos of 3,800 tons with a phosphine rate of 3
tablets/m exposure times in 7-day to control 3 pests of maize, Sitophilus zeamais,
Tribolium castaneum and Crytolestes ferrugineus was studied.The results showed
that the preventing the leakage of gas and air circulation system in silo is the best
method for controlling insects. it could control the S. zeamais, T. castaneum in all
growth stage. However, it could not eliminate all of the C. ferrugineus.

The study of phosphine concentrations to control stored product insect pests
was determined using phosphine concentrations and exposure times against all stages of
S. zeamais, Rhyzopertha dominica, T. castaneum, Oryzaephilus surinamensis and
Lasioderma serricorne Fabricius. Tests were conducted with phosphine concentrations
ranging from 25-650 ppm (0.03-0.78 mg/l) depended on insect species and exposure
times 1, 3, 5 and 7 days. It was clear throughout the present tests that the exposure
time was very important. The effectiveness of phosphine concentration depended on
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exposure times. The exposure time for 1 or 3 days, egg and pupa were all killed at the
higher phosphine concentration than larva and adult. In the same species, the most
tolerant stages were eggs and pupae. When the exposure time was extended to 5 or 7
days, the use of lower phosphine concentration was effective to control insects. Because
egg would became larva and pupa would tumn into adult which were susceptible to
phosphine. Therefore, the use of phosphine could increase the exposure period without
increasing the amount of fumigant. The results on toxicity of phosphine concentration
and exposure time of all species showed that stored product insect pests varied in their
tolerance to phosphine. R. dominica was the most tolerant to phosphine whilst the
tolerance of the other insects were not much different.

The efficacy on pest control of phosphine fumigation under the different 3
types of gas proof sheet as 1) Neo sheet (PE+Nylon) thickness 0.06 mm 2) Tarpaulin
sheet thickness 0.05 mm 3) Tarpaulin sheet thickness 0.1 mm was studied. Maize was
fumigated with aluminium phosphide as 3 tablets/m’ under the different types of gas
proof sheet which the period of fumigation was 7 days and the efficacies on pest
control, S. zeamais . and T. castaneum were investigated. The result showed that
the fumigation under all types of gas proof sheet could control both insects in every
stage. Although the efficacies of fumigation under gas proof sheet thickness as 0.05
and 0.1 mm to all stages of insects were as same as Neo sheet and gas-proof sheet
thickness as 0.2 mm but it was carefully used because it could be easily torn and the
joint of the sheet would slip.

Integrated pest management (IPM) has been applied to control the coffee
bean weevil, Araecerus fasciculatus De Geer and the tobacco beetle, Lasioderma
serricorne (Fabricius) in green coffee. IPM treatment focused on the use of light traps
in conjunction with the use of phosphine fumigation if necessary by comparing with
farmer process (not control insects). The results showed that the IPM treatment
could control insect infestation better than another treatment. It was found that the
lisht trap to trap adult of coffee bean weevil high throughout the experiment. For
the loss of coffee bean from the insect, it was found the high number of damaged
grains reached 20.8% for comparing treatment while the IPM treatment showed only

1%.
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The efficacy of methyl bromide to control Thrips palmi and Bemisia tabaci
were investigated at 18, 20, 22, 24 26, 28 and 30 g/m3 g/m3 for 90 minutes, under
laboratory. The results showed that at the different concentration of methyl bromide
at 18, 20, 22 and 24 gr/m3 for 90 minutes, the eggs of T. palmi could hatch to larvae
as 17.6, 0.4, 0.4 and 1.1%, respectively. The hatched eggs were found at the
concentration of methyl bromide as 24, 26, 28 g/m3 which the percentages of
survival on larvae were 2.0, 2.4 and 2.4%, respectively. But these larvae could not
develop into adults. The percentage of survival on larva was not founded at 30 g/m3
for 90 minutes. However, at the concentration of methyl bromide as 18, 20, 22 and
24 g/m3 for 90 minutes, the percentages of survival on larvae and adults of T. palmi
were not presented after exposure five hours. However, methyl bromide was not
effective to control larva of B. tabaci because it could not completely eliminate this
insect. When the concentrations of methyl bromide were 18, 20, 22 and 24 g/m3 for
90 minutes, the percentages of survival were 3.3, 6.6, 3.3 and 6.6%, respectively.

The experiment was done to study the effect of methyl bromide fumigation
for controlling the egg and larva stages of Solanum fruit fly (Bactrocera latifrons
(Hendel)) which is a quarantine pest of fresh chili. The dosages of methyl bromide
were 0, 24, 28, 30 and 32 mg/l in 0.25 liter flask for 120 minutes and the fumigation
was done under laboratory condition. According to these dosages, egg could develop
and hatch as 100, 86.7, 80.0, 73.4 and 46.7%, respectively. The mortalities of
Solanum fruit fly on the first instar larvae were 16.6, 77.2, 88.6, 92.3 and 97.5%
respectively. Whilst the mortalities on the second instar larvae were 26.6, 73.3, 86.6,
83.3 and 93.3% and on the third instar larvae were 14.3, 68.2, 74.9, 79.5 and 88.9%,
respectively. The mortalities of Solanum fruit fly on all instar larva at three hours
fumigation of every dosage were 10-30%. The result showed that every dosages of
methyl bromide fumigation could not totally kill egg and lava of Solanum fruit fly
thus these dosages were not effective to control the insect.

ECO,FUME fumigation in stacks of maize under gas proof sheets was carried
out to study the optimal dosages and times of ECO,FUME fumigation against all
stages of S. zeamais and T. castaneum. The experimental design was CRD, with 3
replications and 4 treatments. The experiments were divided into three sub-groups
(1) The treatment was applied with 25 cg/m3 (350 ppm) of ECO,FUME for 3, 4, 5 days
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and control treatment. (2) Applied with 50 g/m3 (700 ppm) of ECO,FUME for 2, 3, 4
days and control treatment. (3) Applied with 70 g/m3 (1,000 ppm) of ECO,FUME for
1, 2, 3 days and control treatment. Phosphine concentration was stably controlled
as specify dosage during the period of fumigation. The results on the optimal
dosages and times of ECO,FUME in maize fumigation showed that no insect of any
stage was alive at all dosages and times. These experiments showed that fumigation
with  ECO,FUME could reduce the period of fumigation by increasing the
concentration therefore the fumigation on maize against all stages of S. zeamais and
T. castaneum was fumigated byECO,FUMEdosage25 g/m3 (350 ppm) of ECO,FUME
for 3days, dosage50 g/m3(7OO ppm) for 2 days and dosage 70 g/m3 (1,000 ppm) for
1days. The concentration of phosphine must be controlled as the specified level
throughout the period of fumigation which could eradicate all stages of the insects.

The experiment of ECOZFUI\/\E® on Thrips palmi was set up under laboratory
condition.The concentrations of ECOZFU!\/\E® were varied from 500 ppm until 2500
ppm and tested with eggs, larvae and adults stages of T. palmi. The research
indicated that the lowest concentration of ECOZFUI\/\E® 500 ppm for 72 h at 6 °C
could control the larvae and adults stage of T. palmi but the egg stage of T. palmi
could be controlled by ECOZFU!\/\E® 2,000 ppm for 48 h at 6 °C Although, the first
instar larvae of T. palmi could be found when fumigated with ECOZFUME® 2,000 ppm
for24 hat6° G ECOZFUME® 2,500 ppm for 24 h at 6 °C and ECOZFU!\/\E® 1,500 ppm
for 48 h at 6 ° C which the percentages of survival were 10.14, 4.34 and 2.08 %,
respectively but those larvae could not completely develop to adults.

Keywords: fumigation practice, efficacy of fumigation
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2V

TTELIAN SUAY AAAN 2553 — Fugn Tugngu 2556
Ao a I av o IS < d‘ =) ! a v [
anunALdung nauddeiammalulagrainisiiuifeddivls  nesideuasiaun
WEINIMEINAUNEIMAZRUTTURBANANYAT NTUTYINTNEAT

lelaiiudnlnevesenay 9.any3

nsnaaadi 1.3 nsAnwuszaninmassassuneaiiuneldinananneadieg Tunns
Jasfuindnuuasdngnannainuns

LNUNISVARDS 1NURLANSNIAREILUY CRD 31 4 91 5 nssuds Ae Awanadniledn
(PE+lugau) #u1 0.06 1. Fawanafn (tarpaulin) %1 0.05, 0.1 wag 0.2 Ui, Lazilnsuid
Tyl ssudunssnsuSeuiieu

WisNLLawmageU 2 via lawn A999913lne (Sitophilus  zeamais) Wagsoauds
(Tribolium castaneum) wiinay & svoy Ao ld viueu dFnud wazsufiade sudunssusad
yharuazaniulsufuasyinsesiiu Mensrasuduldussgininaiiesdnd nsvaouas
Uszanad 1,000 nA. Tag 1 nosusenaumienseaeuiInluanuiy 8 NS¥daU TATUINTYBINES
dieldlumssuinisinaanssy Tnsnestmlnadssdnifiviinasegsening 6.67-7.5 au.
UULAIMAREUINAILUY FUANY LagAInansuesned $1uau 3 90 AauNosmgiwanaRn
¥iainag amnssdsiidinun Inmedwaradnduinsesiuliindndie gamee Tdanssu
WoaTly 9ms1 3 um (tablets)/au.y. szozaalunissy 7 Tu asiasuuszansainlunis

[ <

AMAIALUINAEDU La8TUSRNITINIITOATINVBILNAINAZDU MﬁﬂLﬁ%ﬁ]ﬁUﬂ?ﬁﬁJ hAYMITAYABN

v 1
[ v )

ATIVAY 6 dUAY UaznTIRaeuUsEAnEAmluNsIAnLLaIINmIBg 1 lNaR TR INEY

De

nesay 3 90 9 ar 250 N¥U ATIvdeUTdakazUTINAMITIAIEvRILLAY WaEnAuaSIEY
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TEYLLIAT [SUFU AR 2553 — Fuan fugeu 2556
anuisiiung nauddeinumalulagudimsiuieinls  nesddewazimun

INPINIVHINTNVNEIMALUUTTURGARNBINYAT NTNIVINITNYAT

lelaiudnlnavesonvy 2.awy3

AsNAaRei 1.4 astasnunidnfaeniun (Araecerus fasciculatus) Tugninlsanu

AIUISHAUNEIY

1. Mmanagoulszansandudnuasinlunisdnduusasdngnunlulseiv

(%
v v v o

< =1 a 5 [y [} ra = I3
Wisuigunanisiansduanwaslwazlufasnanusn vinnsAnelulsaiuniknuuie

v v [

1,250 915190105 3117 2 159 Tnewuadu 2 nssuds Ae Aadusnuaslivazldfindusn 4

nsfnserudnuasiiuu Tlfih-usuna 8%e Franklin ldvaealiivuia 20 ad 2 naen
1w 4 Audn Tulsafununlagyhmadeliidausing 6 Tuabu-6 Tuadn (12 9Tu9) v
uaiUAsuusunfnLIamndUaW guniurldiuau 250 n3u 4 9a Tulsefidafudnuaylide
fudn ionsiatiunuamn 2 dani manuduiusserieUiinauasnfusnuadlviuas
Unausasnfiegamuiidusn wasiIsuiiieuinausasaganudemeveaniuily

TsuAuiinndatusnuastiwaslaifnsauinuadlsl
2. msdamsusasdngniurimdsnisiuifede suaunay
WIsuigunssuashuuRaunay funssudsaivy (laiinnsmivnuuwuag) nsdnew o
Tsafiunuraudideiivauguns Janiaguns Tdlsuivauin 20 a1s1auns 999U 2 e
Tneuwvadu 2 n35335 Ao nsuABuuurauNaIULAZNITIATAIUAY TnBNTINATUUUNALNEY
Fdunsiell fansvheauarealsafuneuiinusduiu N15gueg 19N UNENS
$1uau 5 909 az 250 nfu un 2 dUaiiensIamAsdvhateveutas dnufan il
yhmsfesaiudinuasin TnsRndatusnuasiidiuam 1 fudndeduil 20 asawns dmudag
NN 1 daseniun 250 nsu Tviinssusiganssuneaily §»s1 1 tablet sianunl 1
AU (nT3aiNISHaTAME, 2552) LUTBUMBUTIUIULNAIIINNITANATDE1S ANULFENIEYRY

AMWNETS LaEIIAINISURI UANIARTEMINI SHANNAIUAUITUDUABATAS

JLULIAT U fanAw 2553 auaniueneu 2555 svegiian 2 U
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anuiduiuns Tsafiunuvlans 2 wisie U3ev Asilewrdsdud 91in danin
aynsusIn1g waglsaiuansniun gueideiivaiuguns
o fiRnmanguideiaumeluladudinaiuifeaiivls neside
uawianAnemavdsmaiuRsussuUssUdamaines nafvms

NI

A15NAARYN 1.5 nskdanssuuialushun lunsnianmaslniaziuasvilvnilulngndsoan

Y] & = o a s
ﬂ'ﬁVlﬂﬁ@Uﬂ‘ULWﬁ?JIWE]']EJ LLﬁ%LLﬂJaﬂVﬂTWQEJ’]Ej‘U ﬂ‘Ua']iﬁllLlWlaI‘U{Lllﬂ

1. 79LHUNISNAADILUU CRD 4 91 5 NSIUID A9l susmewialushun ans1 18, 20,

ad

22 uay 24 nFuRegnUIARUAT Wil 90 Wi aedinssudShildanssy uiw 90 uillunssd

[ 1

WlsuWieu dususzezliiialayinn1snaaauwainuin ANUUTUAInalila1n1sanian

waslniheszazlulaaglainisiidanutuduassuialuslus fadl
2 NWHUNISNAABILUU CRD 4 91 51554738 A9l suAeLufialusiun omsi 24, 26,
28 @y 30 NIuFpgNUIANWAS WIu 90 uil tnednsadslildanssy ww 90 widunssuds

WIguWgU

5013
wisLwIasE MU InageU 2 vllafe wawlie (Thrips palmi Karny) uagusuas
Wamegu leedesveeiudndslnie wssumdslnihessegld (0g 0-2 u) szezi
90U UarsTrAILAuTY miwﬁsmé’l’aéammam‘iﬂmmquﬁ’m%’umtm@aaq U 10 A/
3 o d’l 1 1 v v v g.JI
TJupaunssudndelnieluszozaisgldnasauiinazinsasluluaninionns
fadainauvusanaddulvanin s lnawslrainlagldwiidutausnalegseulva
% & a I3 @ Y % @ Y] I v Qd‘:l'
wh eafewdialusludnnguiuivielegldvasanuiniauildlulnawinunssyds
AMUUA AFIVIAANUIUTUVDWUTNALUS IR LAELATBILAALATUNINNTIN (GO) Wiamsu 90 W
Walrawniiaszunea1nid wid 30 Wil lunsaiveswmaslnihessegldlvvinnisdrensn
nanglfiuivasnaeswaafnuaziiluinuliinouauenmgll  wazvhnis@iadiuaunisiia
L 1 dy [y I U o [ Ly 1 Ly @ (9] o
vosdsaunaaliheyniulune 14 u dmiussueimoeunasssesfiAnieyinningig

Juinurumasnineisendinuainisnease 3 2lue Tunsaliwaslnielunned 3 $luali

o g an Laoa Eo g X an
nswianssentinveandgldnasmntilusaulinuindelnidesondin
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JEATINVDIFIBOURNAIMIVILIGUANETANGRIRaNTIMINAINITVAGDY 3 Talals

'
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PYLIA: bINAU AanAd 2555-AUgNeU 2557

v v

anunAiuNIg nauideimwnalulagndinisiiufeiils QLNPRCIREANCNYY

WM IMAINISAUNE A RUTTUNBANAN YA

ANSNAARIN 1.6 N1sldanssuuialushua luni1snianuuasIunalilunsnandsasn

MILNUNITNABBILUU CRD 4 91 5 n55U35 Matl sumeuialushun omsn 24, 28, 30
waz 32 Jadnsu/ans Wiy 120 w1 eesinssdslldanssudunssisSsudieu

L?ﬁysmsumaﬂ’uﬁ:uuaﬁumaimﬁlﬁwaﬂ 4 syey Ao lUnruaudy 1, 2 way 3 WSsULLAd
dmsunsnaaoulagrinaninanudiusasddlunandnuaay 1§ dhndnaniiwsenld 1d
vaufsUrIuIn 0.25 03 ndusudewdalusludmunssuisidmun Woasu 120
uiideshnuigUauiitoszuigeiniauiy 30 wifl asetusnsinsmevesuuasiunalsl
nduadadunissy 3, 24 wag 48 Halus wagdmanisiinlavdaaiadunissy 24, 48, 72, 96,
120 waz 144 Falug

nsnadsufuninaauazuasunaldssesla uasvusu Tudsu TaeiAuiAsanin
Poyanulasnumsn duiuduiuuiasiunaliifaunanuuas dadufininded windu
Sevhanuazenuazisliuie ussglugananafinianzs dwinezvaaeuldlugsy vuim 0.5
anuAfians auding uasldldusasunalfluninuans 1 wes nsveaeuld 10 Wesdadn v
$117u 10 91 wasnadeuiuvLoLLIATTUNELE 3 To Tnevuusuusasfuralifldlunin ua

-

az 1 f1wede 19d8az 10 61 v119113u 10 91 sauldvusunuasiunaliisas 100 fle

N9517%5 YInssumeialusiunens1niuseansninlunismanwuasiunalinaniasnain

nsnAaesde 1 LAy 120 w1l LUAGSIEIEUIERINAU 30 W ntuiluAusne

MgaunQil 10-12 aerngaided ANUBUANING 85-90% dUNINUINTIFBUAMAINUALANTY
v . [y} <, o v o o 2

ANANY (residues) M 2 1 1WuIan 14 i #919tUdnsINIsmeveuasiunalinmaass 3,

24 waz 48 Tlu9 warsnsINsinlIraIn1Tnnase 24, 48, 72, 96, 120 way 144 L
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donunaiiunig nauATeRwAlulagndsnisiiuineiinls nesddeuazimun

INPININHINTNUAEIMALLUTFURAARAN AT NIUIYINTNYAT

nsnaaeadl 1.7 msldanssuslayu(ECo, FUME)Tunsdesiufdauuasdngnanna
AT

UHUNNINARDILUU CRD §1 3 91 4 33333 Tnewdadu 3 nsvaassdes feil

1 5168 ECO,FUME 80131 25 n3u/aU.4. (350 ppm) 52821181 3, 4 uay 5 U haz
Tallganssu

2 5um78 ECO,FUME 6991 50 nS/au.yl. (700 ppm) 53821381 2, 3 a4 Ju uay
Talldanssu

3 58 ECO,FUME 8051 70 n3u/au.a. (1,000 ppm) szeziian 1, 2 wag 3 u
waz e s

- IPSUULNAIVAEDU 2 TR TR A299331713I0A (Sitophilus zeamais) WazuaaLia
(Tribolium castaneum) iina 4 szoz fie 18 viuou Fnud wazduiute sudunissusail
yharuazenilsafuuazyinsesiiu 1menseaeuiuliiussedninadesdnd nszaouas
Uszua 1,000 nn. 1ag 1 na9Usenauniansedaudnluanulu 8 NSEanU JAYUIATDINDY
dieldlumssuainuanssa Tnsnestnlnadesdnifiuunsegsening 6.67-7.5 aua
ULLAWIAAOUMIPIUUL F1Ud1e WarRsnatsuednes S1uau 3 90 Aqunasieimanadn
¥iiagey AunssaAsisivue Yaveimaradnduisesiuliindadegmse ldasu
FCO2FUME manssadsiifinvun Sarnanduduvdsdes ECO2FUME 1 $alu9 waziayn
$uq az 2 ade iWuazne renududuanasiininsesuiinmun TWEvassy ECO2FUME
ns1vgauUszansnnlunismdauuamegasu laetdudnsn1senTInvoILNaIAgOU RaY
Sadun1ssy waraadrdnadmds 6 S waznsiadeulszavsainlunisiidauuas
Mndedsininaiesdnifidunesas 3 90 9 az 250 n¥u aTRdeUTEAKATUS NN
Fa18T0MNDT waTUSuaSIAUNITINRazRTINTATnAT NG 6 §UaRiilew hidden
infestation Yanutunteluneudauaslulsafi

U

JYULLIAT U faAl 2556 D9 fiuggy 2558

A0UNALIUNIT namdveRmuImaluladndanisiAuneiivls nedtsuaziaun
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msvaaasi 1.8 nsldanssudlanu (ECO, FUME) Tumsinsmnagla (Thrips palmi)
Tundaeldiansdeaan

mimaauﬁ’UngsJ"L‘vhsEJsmsLﬁﬁgLaUImiN6]

sumaud 11 14 ns5133 Ao Talldanssuszozian 18, 24, 48 uaz72 dalus suded
Imgljuﬁé’mwLLazizazL’aawhm il 500 opm 11 72 $4la, 750 ppm W 24 way 48
41319, 1000 ppm U 18, 24, 48 uag 72 4la

- Lﬁywumaﬁuﬁ:l,w?:ﬂw%wa (Thrips palmi Karny) Wildszegla drdeuszesii 2 uas
Fufiude wlsusegadmiunnasdiag segldldfufumasiniiesiuau 100 fa/ndaels
1 pen/1 91 Yaeslisuduionsliunan 2 Yundniduihdufuseeenlimunuazinen
ndeldidliveandslnvaiunmeans ety 2 uasdufutolneyinisgaudsliie

1%

$1uau 30 62/1 viaeauta/ 1 91 Uadaewianflasl wagiaggouwiaiindiuu 15 5 ileldly
maneaedldassudlayununssisiimunnnaianududuresdlayulneinieufalas
wlyng il (GO) uazhmaufluiuiigauaugamall 6 ssmwaldea Weasuszeziinmun
Dlvaufufioszuigennau 30 Wil asatusnsnssenueunas mdsmnmsmaas

Tumaudl 2 1NeunuMIMAREILUY CRD & 4 41 6 N33t dall luldanssuszasinan
24 uaz 48 $3la wé’wﬁimjuﬁﬁmﬂLLaziwmawiNﬂ il 2000 waz 2500 ppm W 24
4T3, 1500 wag 2000 ppm W 48 Filus

- ¥msnaseuiumAsliynszerninaiaiuln Inemdslinsssesdisouuasasey
Mdude R]Sﬁ”lﬂ’]i@]@LW?:EJVLW%EIW]"Nﬂiﬁ‘ﬁaa@LLﬁ?IG]EJI%Lﬂ%ENQ@LL@SZIﬁLiLGIE]% 43U 10 f
sovien (1vaen/ 191) Unnaoaufadensiiidy wdianes $1uau 15 5 dmivsseyldves
wiagliihevinmsnmenndelifmdsnielénadiidung 0-2 Yu adulyaud Jalua
uiudvhmstndensilasisnass ldanssudlagununssdsitinun wogasatusng

NN550ATR WALl NTAIRINN1TAA DY

a v

F2YLLIAN bIUAU APl 2556 — AL 2558

anusiung nauddeuaziamweluladndinisinuiiesiinls  nedideuaziamn

EeNMIEIMINUAEMALUTTURGAANEAT NTUITINTINLAT
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NAN153Y

nsnaaesil 1.1 aslfanssuneaiiulunislestuidauuasdnsnannainunsluanm
lala
1. MsvAsnsufiafimanzaudmiunissuluaniwlela
Mssudnlnadssdnslulelavuin 3,800 dusieveafusngn 3 Winltablets)/au .y,
WU 7 U munssuisene defdndieniolng teawt uazLennuINETI HANISVAADS
wuiinsaasafinistestunisiilnavesfenasiiszvunyuisuenaduisnisiangn
desnannsaiidafsnsininaazueautsldinnszoznisiataiuln egslsiniuudii
ranusaminnnstninatazieaudals wildawnsaidnueanuinedlaynszeznis
SERIEINE TneidnldfiosszoziufiuTevemeannuinernvindu ldanunsasdnszeyle
ey wardnudld drunssuAsoug hiaunsafdauuadlivnszeznmaaigdule (Table 1)
LazHaNIATIIEULIANlFnMsduilnavaInss] nuteavuIneTenTinTenTinly
NNNTTUD
2. Madasuazszezafimanzaulunmssuiieidnuaaviuing
ymssudninadesdnlulelasuin 3,800 du deneaiiusnst 4 uay 5 uin
(tablets)/aual. un 7 uay 10 u lnefiszuumpuidsueiniauaziinistesiunistiluaves

fin Litedauenvuanen nuinsldveatiuynsnsuasynszeznaniiusyansamlunis
Adnuenvnnemitliveaedlinnszernsiaiydula (Table 2) uagnanimsIadeULLAS
Aldanmsguiminemdsnssy wueanngnszezfeeusentinsendinlunnnssis
wimnnsaisivhnmmeasszannsominuenuaneniliiluuiameaouls
g whilonsadandiegadninadesdnifiduumuiidineauinenisondin
desnmasutamegeunsidhuuuvedlala Suduaainadavieaiiu Ssiiduduvesfinn
weafiuduuugenn Suilfaunsosdnuonnuanenld uimsduiiedietrinadesdn

wduIINIIUUNKAAUA1adlela FauoanuIne1INTeATIANUIINAIRE N TIdUAUENS

Yadbala
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mamaaesdi 1.2 nsfnesziuadutuvesassuneafiuiifivssansamlunisiesiv
MMIAUUAIANFHAANALNYAT

nssuNaaRIton

Pnmssuteniteusiefeneaiiudng 100-650 ppm (0.12-0.78 me/l) fiszeziaan
1,3, 5 wag 7 Ju NanImeaanudn MIsuiiszezinan 1 Y4 sedumnududufiaunsaiisn
nueu warmidue lauA 100 waz 400 ppm @i izé’umwm%’wﬁuqqqmﬁ 650 ppm  &ild
anunsaidnssezliuasdnudld mssudiszezinan 3 Ju sefuanududuiiannsatidale
wuau uagmiiude leun 600, 650 way 400 ppm &u szﬁumwmﬁwﬁuqqq@ﬁ 650 ppm L
ansaidassednudld Mssuiiszesinan 5 way 7 3u annsafdavenidenldynszey
mswsaivln Tneseruamnududuiiansaidale nueu fnud wasdafiute dosud
szezan 5 Ju ldwn 100, 350, 400 waz 450 ppm Wiesufiszezian 7 Ju lun 100, 250,
100 waz 300 ppm

N135UA299299717 1WA

NN155UEeT 1 lnad e aneafugnsn 50-600 ppm (0.06-0.72 mg/) 9
Seeziian 1, 3, 5 way 7 YU Nan1snaasenul nssuiisyeziian 1 Yu seauadudud
annsardadidute wazvueu lauA 50 wag 600 ppm  AINEIRY dauseRuAUTNTU
a9andl 600 ppm biasnsardaszely uazdnudld mssufiszeziam 3, 5 wag 7 Yuanunse
fdafansdnlnaldnnszezmaniyivln lnsseduanududuiiaunsadidale vueu
Fnud wazdnfuty Wesufiszeziian 3 Tu ldud 50, 100, 450 waz 50 ppm  lewlesud
s¥8g1a1 5 Ju len 100, 100, 200 uag 50 ppm dlesufiszezinan 7 Su leun 50, 50, 50
ez 50 ppm

mMysusaarudos

Inmssuneniiudessiefuneaiugns 50-600 ppm (0.06-0.72 mg/l) fiszeziaan
1,3, 5 wag 7 U NanMaananudn MIsufiszezinan 1 Y4 sedumnududufiaunsaniisn
nuey uay auAute laun 350 way 450 ppm  @u izé’ummﬁuﬁuqaqmﬁ 600 ppm 1
ansandnszeyld wavdnuald nssufiszezing 3, 5 uway 7 Juanunsaisaueniiuidesle
nnszegmnaiyiuls Ingseiumnanduduiiannsomdale vuou dnud wagdududy (e
sufisveiaan 3 Yu ldun 250, 250, 150 waz 100 ppm wilewdlosufiszeziaan 5 Yu léun 250,
100, 100 4@z 100 ppm wlosuiiszeziaan 7 Su l8un 50, 100, 50 waz 100 ppm

nssuuaanlle

Pnnssutenwtleiefereafiusng 25-500 ppm (0.03-0.60 me/l) fisveziian 1, 3,

5 1A% 7 14 NANISNAADINUIN NNSTUNTLELIAN 1 14U SEAUALLINTUNEINISONIIANUDU
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uazddas T6uA 200 uay 300 ppm du sefumNTLTUgIaAT 500 ppm li@nnsaidn
seozld wasenuale nssufisvevinagn 3, 5 uay 7 Ju aunsanidnueautslannsseznis
WiaAule Tnevsueududuiianusoidele mueu fnud wazdudiute Wesufiszezinan 3
Fu 'liud 350, 50, 200 war 50 ppm iesuiiszezian 5 Su ldua 75, 25, 25 uag 50 ppm
dlosuflszevinan 7 5w ldun 50, 25, 25 uaz 50 ppm

N133UNIALTGU

IINMTTULBALIFUMEITNEETUENTT 25-300 ppm (0.03-0.36 mg/l) fisvaziia 1, 3,
5 uay 7 Ju Han1IMAaRamUIl MIsufisseznan 1 Ju seduanududuiiannsamdanueu
wagiudnTe leun 125 wag 125 ppm muisﬁumﬁwﬁu%’uqqqmﬁ 300 ppm Lianansanidn
sverld way Anud I nssufiszeznan 3 Su seduamududuiianunsafidavueu fnud way
fuaude TawA 50, 125 uag 25 ppm dauiwﬁ’ummvﬁwﬁuqqqmﬁ 300 ppm Liaansandn
soglald mssufiszevioen 5 uay 7 Ju anansafidnuensiguldmnszeznnaiydule Tae
sefuAnudduiianansafdnle vueu dnud uwasdusiuTe Wesufiszuziian 5 Tu ldud 75,
75, 100 wa 25 ppm Wiesudiszezina 7 Ju ldun 75, 75, 50 way 25 ppm

Mnuansvaaeanuszdueduduiivssansamlunisidauiasastui
svezalumssy dvatlunssudu wu 1 uay 3 u arududuvesloaiiufianansasisves
luuazdnuiargeninsveznuauazduinTemn sudulaintunuawidnfetuwdsseznis
WUtz daumunusefaneatiuldlivindu nessesnsasgdulaiinumuse
Frawoadluunniign Tiua 1 wazdnud aamumuvesuassiovleaiiuiieadosiudnsinis
melammaduimuaunameaiiufidigiumeussiliisamudufiviu venaind
nuulasLaazsiaiiaununuseiteeaiulaluvindu lesuesidouiamnununiuee
FArgneatiuuiniign msrzdodldmnududugafignlunisilduuasaennszeznis

W3LAUle duntasindug danunununsneaiulilnnaisiuuinin

A5NAaRe 1.3 nsAnwUseansninvesarssuneailunelddrnandfnulinnneg Tuns
Jaanumanuaasfnguannainens
HANSNAABINUIINNTTUT1IINALEESER 68 aluminium phosphide 8751 3 1iin

(tablets)/au.u. szozian 7 74 Aeldniwanafinnnais JUseansnnluni1snianm19999

q

a

91lne wazueawds Nldvegeulannsseznisasyiule Weasu 6 dUamiuuaiia 2 vila
19ILTABNATATEM hidden infestation linuiuassendin uaznansnsrvdeusiauas
USinaunsidiiangvesuiasdngaindiegednilnaiesdninduun noun1ssunuiuanig

Ma1gdMInaLagIdnd town  A19999911T0e UaaLle UBANUIAENT FLABUNIIANS LATLAN
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Wilsde MaaSIEUNTINNTIEOUNNTTONTINVDILAIINAIBE 1T 1 I naLAB IR I Nguall
NULNAITONTIN

13032980 UANUTUNETULAATITIINAEEIER INaUNITIULATHAINITTL WU
autuneluwdalndifissivegssning 12.0-13.0% dugangiiuazmnuiuduivsniely
T50AUTEMINTINIAIINITY Bgsenine 29.8-36.9 o waled uay  46.1-65.2%

ANUAINU

AsnAaasi 1.4 n1stdesnunidnfleniun (Araecerus fasciculatus) luaainlsanu
AU IDHANNAU

nmanaaeulszansnimdudnuasinlunisdnduuiasdngniunlulsuiu e lsaiu

YY)

[ < aa d' a

nu Fameaynsusnis nuteneguilunuasifaduinuatlninnign Inenuusunaasan
89.77 fsanusn Tuda19in 30 3ntuUSHIaAAREY aRaY LNAIITATINUNINTDIAIIAD
UBANUINET IagnuUTIMEIEaludUaAN 26 91U 53.75 dadaiudn daunieniuniay
waakdanudndudnludsuandesuin lngaraniunnuuiniga 0.25 daseiudn Liles 2
GH

PuuanlenMsdundIg 250 nu 4 90 MnlsanunurRRadusnuwasle
wagldfndudnuaslilaedunn 2 §Uavt nuuuas 4 ¥l loun wenegu NeanuIng1ILen
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Biological agent development and its application of stored product insect control
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Abstract

Biological control method is the way to reduce the use of insecticides and to
maintain the natural balance in storage room. The aim of this project was focus in
developing technology of using of natural enemies and plant extracts to control
stored product insect. The results were as follows:

The experiment was conducted to study the appropriate condition
particularly temperature and time used for keeping rice moth parasitoids, Bracon
hebetor Say with the sustention of effectiveness in controlling insect pests in stored
house. The parasitoid pupae of rice moth parasitoids were kept in 5, 10, 15 and 20°C
for 7, 14, 21 and 30 days at each level of temperature. The treatment of 10°C and
15°C for 7 days showed good results in both high percentage of emergence 88.09
and 80.42 % and high efficiency in the produce of offsprings 98.66 % and 96.12%
respectively. There was also a study of their efficiency in the stored house by
releasing of 2,000 parasitoid pupae, kept in 10 and 15°C for 7 days, every 15 days to
decrease the population of rice moth. There were no significant results between
treatment and control (pupae from room temperature). The rice moth mortality in
treatment of 10 and 15°C were 39.72 % and 46.63 % respectively while the control
treatment was 57.44 and 61.96 % respectively. The release of 2,000 parasitoids every
15 days were carried out for 6 times in stored house. The average amount of rice

moths dropped to 0.4 larva per 100 kg rice bag after the fifth release. Finally, after
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the sixth release of parasitoids (90 days) the rice moth larvae were left in the rice
bags only 10 % in average.

Study to storing of Anisopteromalus calandrae (Howard) for maintaining the
efficiency on controlling stored product insects was done by storing A. calandrae
pupae at the condition 10°C by various the time to keeping at 1, 2, 3 and 4 weeks.
The results showed that the average number of new born of Sitophilus zeamais
when controlled by A. calandrae stored at 10°C for 1, 2, 3 and 4 weeks were 92.7,
90.0, 147.3 and 144.3 respectively. These numbers were significantly higher than the
control experiment which was 30.3. For the results from field storage investigation,
the average number of new born of S. zeamais when controlled by A. calandrae
stored at 10°C for 1, 2, 3 and 4 weeks were 3.127, 3.226, 4.482 and 6.965
respectively. These numbers were again significantly higher than the control
experiment, which was 1.257. It can be concluded from the investigation that A.
calandrae stored at 10 °C for 1, 2, 3 and 4 weeks have less efficiency to control S.
zeamais both in laboratory environment and in field storage environment than that
of the control treatment.

Mass-rearing method of Amphibolus venator (Klung) used red flour beetle,
Tribolium castaneum as prey. It was found that the predator attacked all tested stages
(larval to adult) of the prey. The optimum stage of prey was at least 20-25 days old. The
optimal ratio of A. venator adult for producing egg was 1:1. The fifty couple of female
and male could produce 2,770 eggs. The density of 100 bugs per box was suitable and
the larva can develop to be the normal adult 90 %. The producing cost per bug was
0.017 Baht of fourth stage and 0.025 Baht of adult stage taking 45.3-49.3 and 62-67.0
days of rearing, respectively. The predatory efficacy test of A. venator was found that the
fourth, the fifth and the female adult stage of bug could consume many preys. They
could consume the number of T. castaneum as 10.5 to 13.7 per day. The good rate of
predator releasing to control 100 T. castaneum was 3, 4 and 5 couples of A. venetor. It
could control all preys within 16, 15 and 13 day respectively. For the test in close
condition, 50 kilogram of milled rice in close sac, found that 40 A. venator could
control all 500 T. castaneum within 10 weeks. However efficacy of releasing 40 A.
venator was not significant difference for releasing 30 A. venator for controlling T.
castaneum. For the study in storage room condition with 1 ton of milled rice and
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releasing 500 A. venator every 2 weeks interval was showed that the number of
stored product insects were slowly declining in 6 weeks.

The contamination of Ferrisia virgata (Cockerell) usually occurs in post-
harvested rambutan. Therefore, the objective of this study was to determine the
plant extracts for controlling F. virgata. The research studied on the treatment of
mangosteen  extract, bottle gourd extract, tobacco extract, mangosteen
extract+bottle gourd extract, mangosteen extract+tobacco extract and bottle gourd
extract+tobacco extract by using 10% ethanol as solvent for 5 min. The result
showed that the mortality of F. virgate were 1.33,10.39, 93.52, 22.46, 82.87 and
2.91%, respectively. Moreover, the tobacco extracts (Burley and Virginia) were used by
dissolving with water. Then the mixed tobacco extract was applied at the ratio of
Burley:Virginia as 1:1 which the concentrations were 15 and 20% for 30 and 60
minutes. It was found that 20% of mixed tobacco extract for 60 minutes was more
effective than other treatments. The mortality of F. vireate was 86.51 and 93.89% at
24 and 72 h after exposure, respectively. The quality of rambutan was compared
between the treatment of water and mixed tobacco extract (Burley+Virginia) at 20%
for 60 min. The brightness and yellowness of the tobacco extract treated rambutan
was significantly different from the water treated rambutan after 7 days. The
brightness, yellowness and firmness (peel) were different at 14 days after exposure.
However, redness, TSS, TA, Vitamin C, firmness and weight loss were not different
between two treatments.

The efficiency test of herb extracts on controlling Sitophilus zeamais and
Cryptolestes pusillus in field storage was investigated on 3 kinds of medicinal plant
(Aglaia odorata, Melia azadirach, and Lansium domesticum). The experiments were
conducted by mixing corn seeds with the herb extract and stored in field storage for
a period of 1, 2, 3, 4, 5 and 6 months. The mixing of corn seeds and the herb extract
were done at 3 different concentration levels; 20, 25 and 30 percentage. The results
showed that the extracts from A. odorataat all three concentration levels were not
effective in controlling S. zeamais and had a low efficiency against C. pusillus. The
extract from M. azadirach at 30% concentration showed the most effective in
controlling S. zeamais. The extract from L. domesticum at 20% and 25%
concentration levels showed good efficiency in controlling S. zeamais. The extracts
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from M. azadirach and L. domesticum at all concentration levels showed good
efficiency in controlling C. pusillus. The extracts from the 3 plants did not affect
germination of the corn seeds.

Efficacy test of essential oils of Myristica fragrans and Alpinia conchigera oils
were evaluated against Callosobruchus maculatus, Callosobruchus chinensis. It was
found 10 and 12 constitutes on M. fragrans and A. conchigera oils. The major
component of M. fragrans and A. conchigera oils were sabinene and 1,8-cineole,
respectively. Contact toxicity assay on filter paper of both essential oils and the LCs,
value of C. maculatus and C. chinensis adults when treated with M.fragrans oil at 72
h were 4.6 and 1.2p|_/cm2 while 1.7 and 2.5 pL/cm2 for A. conchigera oil. Therefore,
the C. chinensis adult was more susceptible to M. fragrans oil than C. maculatus
adult which was more susceptible to A.conchigera oil than C. chinensis. For
fumigation experiment, the LCs, values of C. maculatus and C. chinensis adult at 24
h were 57.7 and 222.6 plL/L, for M. fragrans oil and 124.7 and74.1 plL/L, for A.
conchigera oil, respectively. Then, C. maculatus adult was more susceptible to M.
fragrans oil than C. chinensis and the C. chinensis adult was more susceptible to A.
conchigera oil than C. maculatus adult by fumigation toxicity. Furthermore, the
number of laid egg and adult progeny production of C. maculatus and C. chinensis
were inhibited by treated with M. fragrans and A. conchigera oils at 10 and 8% under
laboratory condition. In additions, the efficacies of both essential oils were
conducted for 6 months at warehouse. The results showed that insect pests and
natural enemies were more found in the mung bean treated with M. fragrans oil
than A. conchigera oil and C. maculatus was the major pest. Therefore, M. fragrans
and A. conchigera oil could not use to control insect in the warehouse.

Research on bioactivities of essential oil extracted from Litsea cubeba for
controlling cigarette beetle (Lasioderma serricorne (F.)) and drugstore beetle
(Stegobium paniceum (L.)) adults were done. The compounds from L. cubeba oil were
E-citral (49.99%), Z-citral (35.2%), D-limonene (1.95%), bicyclo (3.1.0) hex-2-ene, 4-
methyl-1-(-methylethyl) (1.75%), L-linalool (1%), 6-octenal,3,7-dimethyl (1%), beta-
myrcene (0.7%), geraniol (0.63%), 1,8-cineole (0.53%) and (1R)-2,6,6 -trimethylbiciclo
(3.1.1) het-2-ene (0.41%). The LCs, of L. serricorne and S. paniceum adults at 6 h were
1.9, 1.2 pl/cm2 and 1.6, 0.8 pl/cm2 at 24 h by contact toxicity on filter paper,

a7



respectively. In fumigation trial, LCsq ofL. serricorne and S. paniceum adults at 24 h were
>242, 3.3 pl/lin air and 129.9, 2.9 u/Lin air at 48 h after exposure, respectively. At the
highest concentration (0.63 ul/cmz) on repellency assays, L. cubeba oil did not
completely repel L. serricorne and S. paniceum adults. Percentages of repellency (PR)
of both insect species were 69.7 and 78.4%. In addition, the efficiency of L. cubeba oil
on preserving the quality and quantity of coriander seeds (Coriandrumsativum L.) was
investigated by coating coriander seeds at different times. The results showed that the
L. cubeba oil could not control the adults of L. serricorne while S. paniceum adults
were highly susceptible. Furthermore, effectiveness of L. cubeba oil in reducing the
insect progeny production of L. serricorne and S. paniceum were found at only 30 and
40% concentration after 1 hour exposure for L. serricorne; while for S. paniceum, the
concentrations were 20, 30, 40% after 1 hour and 40% after 1 week exposure.

Keywords: Biological agent, stored product insect control
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MNBHUNIINAADILUU CRD 11 3 91 5 n55135 A Tduudndude 10, 20, 30, 40 wa

50 6 PranusfuatgsfuToaudnsInivue deslunasanaiannla Iaglvvusuuanuts
I~ ) Y] 1 1 aa a 4 = a a ld' 1

918 0ua 15 insasiatiulinnusaznssuis Tnsienseuiisuusunalanlaluusay
A55U735

1.2.2 dNSINISLALIHDNADY

MILEUNNTNABDIUU CRD 3 5 91 5 155175 A MiA99UNINTY 1 971U 25, 50,
75, 100, 125 waz 150 fasanasd asslundssniadin waslvvusuuanwds Wus s 1aeg

] U [ L)

RS LAUladsEEEAANTY asratusuusafuteflalundaznssuds wonme way
asruiufuTefiRaund

1.2.3 msmdBunansifonmsiimanzay

UNUNSNARBILUY CRD &1 5 91 3 35133 Ao Tuusuneauialuomns fisns
finee U AL 1, 2 ey 3 nfusendearenss dsssauNIuiAUa1ety 1§11 100 §
Aedlundoswnainudlivdemusnafidmuann 3 Su Bessunudigiudiuie aaii
Ffueuuilaluniaznssyds Tnsusnwavesdafiue wazsuruduiusoifidnvas
Anund tufinUSanaunBeily ihdiavilsuninsginaniseda uagAunusununisuge

2. MsnadaulsEansnmnsiurdavasuIumiuane

2.1 NAFIUAUAINITAVDINISNUNDALTIVDINIUANNUA18TBA9)

UHUNSNAABILUU CRD 31 3 91 7 n55u3% Ao wausAuane 7 svos laud o 1,

Jo 2,3 3, Jo 4, Yo 5, dnduiewadle dufuTemead lavueunsauds 20 drondes uda

'
P a [

UABYLIUMTNDNDIMIT 3 TUANUNTTUITNNINUA HFITUINUIUMEBNAANUNEINISUABY

Y

17U7 24 99

a

2.2 HATBIAMUVUIMLILYBIMBRRBUSEANSNTWNSALENMISYRINIUMA LAY
MAUHUANTNARBILUY CRD 31 3 91 n35138 A 1nudAuans 7 szos Ao wwde 1,
Jo 2,3 3, 38 4, Yo 5, dnduiomede duduianay weauwla 3 szey liun vuey, dnuwa
waz Fufnde wasUSunameawtdilinduemis 5 §nsn fie 3, 5, 10, 15 uas 20 Farenaes
Tivdonunssudsidmun Usesunusiensmisuda asratfudnaumdeiignuaudiiu
aw@mﬁwé’amsudaamuﬁ 24 F3lu9
2.3 nsvagauanuvavlumMstumbaviiafieg vasuaumiuatesuine
2.3.1.015NAFBURUULENTRAWTD
Thvde 4 vin Ao Fuduiossntnlng seauds veafludes wazuontitou vin

ay 10 /1 lalundeawaiann wal39uansuIUNBADINISHAL YINNINUA 20 91 ASIAUUIIUIUY

—

wilagniumnuaeaaiuraen1sUassIun 24 4l
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2.3.1.M15VAHBULUUTMWDD
Tnde 4 viln Ao fufAnfossnadnlne veauds veailudos Lazueniiden
¥inaz 10 fldsnlundeadiontu vntuldesmnuilenewnsud vitavan 20 41 asaatiy
FrunumdeiigninuiifuaegaiundsnsUdesiiud 48 Halus
2.4 nagaudAsIMsUsesuumAuaelunsidamisluiesUfinas
MNUHLANSARBILUU CRD & 5 91 5 n591A3 Ao Uaeeanusnduaesudiads 1, 2, 3, 4
uaz 5 A lagldivie Ao MauduTeueautls 100 dlundesnanadn uidsUdessnuiionamis
ué 3 SumunssAsidvun Sufinduiumbeiignuiugeaiunaziuiumieivdenn iy
ANIvdoazvLn
2.5 nagaudnsnsUdsssumtuaelunisiiawieluanmlsaiviiass
MUHUNTINABILUY RCB i1 3 61 4 3333 Ae YdosumfuaedufiuTodua
10, 20, 30 wag 40 f witudMasvm 50 Alandu Tdlugensvaeutu 91w 12 1 vihnis
szuafisnludnansusazge InenisUaseiauduisueauts 500 f Udesausiiuaieniy
nssuAsfitmun anifugninnszasuiiiedestuldliuuniesnuainnesdnas du
1 250 n$u 3 senes LilensatiuUTINAmBALTmN 2 dUn
2.6 nagaun1sidaumiuatslunmsauanuasdnsndanaineasludnmlsuiu
WsENU1IEsUSI 1 i (10 nzaeu) Udesuuadnindnnainuns 4 vlialiun 67
Fudsveasnenstnalng ueavidon ueautls uazueniiuides Aeunaass 2 &A1Y du
fogrdniionnatulinamadvihatsvesusasneunsUdosinu Ydosuiudiuae
Huga $1u7u 5 9a9az 100 #2 52y 500 dadenisuden 1 A%t wisinudesinu 2
dawi vhnisdusegneiduiy wasvhnisudesinutmn 2 dUnsiauninUiinauaag

=

anassuinlndgud satiusuunasdngiinunn 2 dUnnsi

souiidudiunig veafiAns nguddeimuimalulaudsnsiiuifeafivls nedide
wagiaLIneMvaIms AU e IUTURGAHaLYAS N3RS
NS

Tndadudmans dmiauyusil

nsnaaeil 2.4 wavasansananReinsauaudeudae (Theocolax elegans)
YNLANNIINAADY

nsmeaesil 2.5 nslduaudeudiesiuivasafnaniinlunistesiuidauasdng
NAANANEAT
YNLANNIINAADY
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msveaesdi 2.6 mssanismasuilaans (Ferrisia virgator) dsmswiusiealneldans
ANAINNY

Fosenamasutieans (Ferisia virgata) Ul ed 3 wdadeldnainy s1uau 10 &

fio 1 ua (3 na/l 91) \deesesn 24 Falusneunisnaass ndsanduinawneidmasud

meuvhasuiuamsatalulsiaznssuds arsadaaniuiliveaeu 1iun arsadadeniinn

W mat i nelugnguusis Geatadaeioniuea Tasuduiu 7 Suaindussmeieniue

apanliansainneu (crude  extract) wagasannanluenguwisiugiuesiad wazwug

LBsINYTIENAMILUALLIUIL 2 TU

1. msmmaaumiaﬁmﬁ@ﬁhmﬁuL‘Wﬁy‘aLLi’]qmsJ

1.1 mnageuivansatnainiivfiadalagldvinazaiedunss eniuea) 11Ny
LWUU CRD & 4 91 8 N353 Ae ffﬂ, Yriemuea §ns1du 2:1, arsanna1ndenn 10
Wedidusfiavaneden, a13aina1negu 10 Wesudiiavanedethlonuea snsau
2:1, asafinaningn 10 wWeddusfiazarefei, miaﬁ'@mﬂﬁq@mmiaﬁmmﬁjﬂéfﬂ 10
Wodidud flazanedneih, ansatnanilne+ansainainetdu 10 wWesidud Favaneluii:ie
yuea S 2:1 wavansataainti+ansataainengu 10 wWeddud fezanelu e
yuea Snsndan 2:1 nedunannzifindoutlsasadluasudasnssnds uiu 5 unit dwa
znsliuie ndeanduiwansldluntmanainuaradefiviue dludivlsd
paungiivios shmsdaedfidudnmaneveanioutmdninnisvanes 24 uay 72 Halus

1.2 manpseumasutisaneivansataaniiwitataaglddnduihazaie

1.2.1 manasouinasulnefuansatnnlugngu 2 fusiadalagldi

MAUNULUY CRD & 491 10 53338 Tdun 1311@810;3114114 30 W9, ﬁﬂﬂaajmum 60 W1, @15
afmantugnguiugiuesiad 15 wWesidud Juuiu 30 Wi, ansadnanluenauiugivesiad
15 guuu 60 Wi, ansadnanlugnguiugiaesiide 15 Wesidud fuuiu 30 wiil, a1sada
nlugnguiugesiide 15 Wesidud uuiu 60 wifl, arsadnaintueiguiugivesiad 20

§ (3

LUBILgUR

=

Juu 30 Wi, ansainnluenguiugivesiad 20 Wesidus Juuiu 60 W,

< & 1 [

ansannanlugguiugesiitle 20 Wesidud Juuiu 30 unil, wagansadnanlugguiug

q

nesAle 20 Wesidud Juuu 60 Wil
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g fifmdsudsansmnduaduasnunssis anduiuamzanidiufuas
thuarngldlunimanainuasdaserinivnung thluiulifgumgiivies iasdawesidud
namsvssnAsutiandinmvaaes 24 uay 72 $alug

1.2.2 manaseuimasudsnefuasatanauainluengy 2 Wugiiafase
NUALLUY CRD {1 4 61 6 n33335 1ud dhlneduuu 30 widl, dilasguun
60 uifl, asafnlusiguitusivesiadinaufuiusnesaide snsndiu 1:1 1Wudu 15

(Y v 6 = (% 1

Wesidud taeguuiu 30 wil, ansadalugnguiugiuesiadinauiuiugiesiile dnsdiu

)

[y v

1:1 viudu 15 Woesidud neguuiu 60 uf, arsadalugiguiugivesadinauiuiu

2N

nesdlly Snsidiu 1:1 wWudu 20 Wesidusd laeguuiu 30 widl, adsaialueiguiugiu

asadfinaniuiugIesiile dnsndu 1:1 1Wudu 20 Wesidud Tneguuiu 60 w1l U

[ '
Oy o =

Wgnindesdsaeanguaduasniunssuds Mntuinamsanidiuiawasinargldly
wimanafnuazlasieiivanuis ildiulingamgiives in1sidaesidudnisnieves
AL UmMARINNTMAREY 24 way 72 Tl

2. NINTIVABUAMAINNALEVERINTUMEETARgURaY 2 Hughadalagldin
Judvhazate  nsiSeudiouszning 2 nssuds de quuazluasaineguiugi

& v o e fa A o | =i [ s 2 ¢ & Y

astadinauiuiugiiesaile dnsidiu 1:1 NAnududy 20 wWesidud Wulian 60 Ui i
Junazulan Wunan 60 widl antudinaingluguluiniduiionmgll 8 s Wunan
2 w1 warusTastugaeniiv wia M1 91131 10 gnse 1 99 F1UIU NTTUTTAL 12 3 wae
[ Ay & A a IS & o o o« IS <
nuSnwAglungumgll 13+1 samwallyd AUTUFNIMS 9045 ssmaaidya [Wunan
14 Ju lngvhnswdauad 0, 7 uay 14 Ju 1oRTINEOUAMAINGIE W 8 AUV AR
Junse 3efiud anuwduiie wagnisgydouimin mntuihdeyailduniiasizinanis
annlagly T-test lun1slmseving
YT RANAY 2555 — fiueeu 2558
da1uiantduns nquideuazimumalulagvdinisiiuifefinls nedideuaziimun

‘31/1mmiué’mmﬁuﬁaaLLazLLUigﬂmamwamWi ASHITINITLN WA

z:l' a a [ =~ 4 Y

n1snaassi 2.7 Uszdndaawarsanaaininvayulnslunisaiuaudlsersdialne (
Sitophilus zeamais) wasuanuINY1? (Cryptolestes pusillus) Tu

T5ahu

= o - a [V s o

WIENEIANANEIY (crude extract) Anfivaulng 3 via lawn Useead By uag
ansan lngldiefiawoanagedilumyinarats MsnAgaUUTEENSAIN IAUHUNITNARDILUY
Split plot design 91U 4 NTTUID 4 91 Iae Main plot AD TEAUANMLTLTUVDIATANR
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0, 20, 25 waz 30 % Sub plot Ao srEvnATiuIY 1-6 Weu tnutharsatnndia
ayulns wdoansneiefianeanasadliiissduaududu 0, 20, 25 wag 30 % U3ual 50
fladdns rgnwdaiugdnine 5 Alansy ussyaslunszasudu inulilulsaiuwdadnalne
Junan 6 weu asaaeulaginisduwdaiugdnlnaainnszaeuliuiiedas 250 n3y
wartudnuisn i naasieamasnfdwhaedeuas 1 st asreaougmnm
LAALAENNTVINFOUADINIEN

SEYLLIMN anAL 2553 — fiueew 2556

souiisdiunis nedideuasianAvenmmasmaiudeuasulssUnanmanums

AugUSNTININIAIUivLazUadensuanany3

nsnnaadii 2.8 nsuagaulsAniawvasirfunenssvegniunsinauazinfumay
stmedradunlesiuidauuasdngianden
Asveeiusinaduduasdeiudosauldiuiuty uaratniituroussmeain
wEaSuming wazmiignds Snszedussneunseasdfluiduneusanes 2 vie
nadeunaiuiwvesniimensemelufiosljifing feisnsielud
npaeugrsunaduasdudadedaudiutovesisindouasseiaunies Tnvazany
Srsfumenszwsluleniuea seuanududy 2, 4, 8 way 10 Westius (Wi 1.27, 2.54,
5.08 Wae 6.36 uAa./n3.ausollasAnsAemITLRWAT) thidureussveiszduaw
LWHTUsN9 31191 500 tulasdng nenatuunTEn1¥nTes d115UnIsUITAIUAL (control)
nenLenIuea 500 lulasdansiiesegrufedlasslinszarvwiielszuin 2 uail waain
nsgaunTesuAnzuiuIadlufua et LA nduldosdufuteiitony 0-24 Falus
atvunszaunsosluuLiLdIUad (ns5u3Taz 5 91/ 9raz 20 #2) ndsenduriinis
Tufinduauusasfinouasuaafifidiondannnisnaaeud 24 uae 72 93l
agevgrsnsduanssy TnethisfuneussmveduminauasidsuuSuaiine iy
M8 0,0.5, 1,2, 4, 6,8 uaz 10 uAa. (Wit 0, 15, 30, 60, 121, 181, 242 uag 303 UAa./a.
wolilasanseodns) vnmsifuifinteveseiidewasiadauvides (nssuisay 5 41 4
ar 20 ¢) ldadluvinuiaudasluazneniffuneussieusazednuunszaienseniy
Usnauiidvun wasiiald 5 wiit wdmniduldnszaunsesiihwiadulund e waeli
afvmSoufulanindremaildy vnstufinduiuiaasfinneuazuiasdiidioandaninnis
npEav 24 uag 48 Falug
naeugrssensndliaznininvesing tnsazarstitunesssmelueniueai

& o

SEAUANUINTY 2, 4, 6, 8 war10 Wasidud 31uiu 200 lulasdns WdrsuveusemeLsay
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yilanagniudnadndes 150 win (10 n¥u) Control 7 2 yadldde Lenusa 200
lulasans (Solvent control) way Control fildlawizidndaden thdfuoveswnedaden
uazsnsdumdesiifieny 0-24 Falua Aidalaildnauiug (war : wede egsaz 5 ) Tdasly
Turaiifadnd deldsusiyTonauiug uazndd vdamndu a8 $9lus thiufuteeen ¥
mMsaatufindnaunsmevesusasiazvin uazvnsastuiinduiulivesisiidouas
safimdesinuuumdn vdaainyhmsnaaes 72 4l ndsanmsviaaes 1 iweusinisiiy
Srunududuiogugnilielsl
nageulszansnmlunistesiunisnisidiiaisvesuuaduannlsuiu 119wy
WUU RCB {4 %1 5 N353 anituvenssveusazedalumdaduden S1uau 2500 ndu i
seunITLTY 15% 30% wag 45% laeiinsniBaiuau 2 nssuishe windaudeilile
AaNans uay windudenfiviinisaandasioniuea shnmsudsdndendiagnihduvenssme
Wa7 91u3U 150 nfu uazussyaslunszasuls YuIn 20x15 WURLLAT wagiInsyaay
sananatundlulsafiu vinisdunng 2 davi Wuszezia 6 Weu uazvhnsilayiaway

ULV s luwsasnssuas

a v

FeYTLIAN LIHAU Alamd 2554-Augngl 2558
Ao a I av o S [ < = = ! a o Y
A0UNALUUNT ﬂfjllﬁ]"i]EJW%JuqLVW‘IIUI@EJW@QWWLﬂULﬂEl')WGU‘lﬁ NDIIVYLLASWRIUN
I IMEINSAUNE Az RUTTUNBANAN YA

AugITuaziaINSINYATaNYS NTUIVINTNYAT

nsnAaasdi 2.9 navadeuszansnmvssifunensavensladfulunistesiuiidn
unasAngayulng
LgﬂwmaﬁuimammqwawamayulwmuiéfﬁaLﬁzﬁ‘a wazatmintuneusemean
nadnvemElasiu Tnmeiesduszneuviieansddgluthiuneussiveris 2 i
naaouadufiviesiiiunoussmenylafusouasdnsayulns
TUHUMINAREILUY CRD 5 91 Hha 20 6 fABnsvnaeuisieludl
naeugrisnaduasdudauunsyaunses nednifungledduaranelulonuea
fszsumnuddy 0.25, 0.5, 1,2 uar 4 wWedidud Wity 0.16, 0.32, 0.64, 1.27 uag 2.54
lulasdnsdansnaauiiuns) venasuunseawnsed 1000 lulasdns dwmsunssuitaiuay
neaenIuea 1000 lulasdasiiesagiaufervdeslinseawuialssunn 10 w1A wdidn
nszAunTssazuiuIadludud eI L nduldesdadiuTeresuensnguiay
senayulnsasunszaunsedluauuiudilod vdnduinstuiinduauuasiiang

LATLUAINNTINUAIRINNITNAFOUN 1, 2, 3, 4, 5, 6 LAy 24 Tl
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naouguistunsiduassy TasthihdunenssivengladiuluSuaddnaiufie o,
0.1,0.5, 1, 1.5, 2, 4 uag 8 upa. (Wiiu 0, 3, 15, 30, 45, 60, 120 way 240 lulpsanmeans)
wmegeuiumLiNTeveaens guLaztonayulng vnstuia Sousasyiin Taasluvan
uiaudaglunagnemitdfunoussmengladduvunszaunsossuaduitugudnans 2
wuRAsALUSINTfun warisld 5 undt wdsanniuldnseanensesiinnvangulund
Yoanwaalainndousulaningrenisildy vnistufinsviunuasiinns wazuuasiifidan
WEIINNSNAGOU 3, 6, 12, 24 Uuaz 48 Falus

ngevgrsluninduasla lnswdsaisfuveussnengladduiiseduaududy
0.25,0.5, 1, 1.5 way 2 wWasidus (Wiu 0.08, 0.16, 0.32, 0.48 way 0.64 UAR./AT.TL.) LAY
AnNseATuNToIvuImduURIuAUdnan 9 wuhiwas oentlu 2 daumiigiu W@eudiin
treatment (T) way control (C) A9UUNTEAIENTBIUARZEIY YNIsUEANsumELTEIMe
azlpdduunazaududuuunszaunsosludiuiiBousiin treatment (T) 500 lulpsans
@ control () weadvhazaneifisseguienddunismeassiae leniusasiuau 500
llasans wdaantauisnssaensesliuiaszana 10 unfl uazthnseaensasis 2 @ausn
Usznuifuseaionmny 219nseaensessuuuLitasldutaiinioul’ amsanatsauniy
ArvtuiuadinuULnsEATensesusazdung 1 Pluadunan 5 Hiluwuazirdeya
AlFunfnamensinisla (percentage repulsion, PR) (398495 tazAy, 2554)

—maaquémaqﬁwﬁwamsmamﬂﬂ%ﬁuﬁﬁmas}iaiwsmiLf‘ﬁu%’ﬂmagulws 1aeun
widndindlng 250 n¥u Agnfuthduvenssmensladfufiseduanududu 10, 20, 30 wae
40% Tnsfinssuisaauau e lovuen veminturenssivenylasFuiivTealiswau 2500
Lulpsanssionnududy ndeainagn 1 dalus, 1, 2, 3 wag 4 ek vnsuaessaidute

YosmanIguLartandyulnsT LIl 30 1 ndswinUassuuaslugisiaidnarnduna 3

[y o o [ Aaaa [

Juthduanioeenatnvinuialimuaniounudadiuiuuuainaeuaswianizin uasin
wandnTlnewaniuliluvauiiigumglveaiedudunuiiduivvesiugnesly

YSLIAN FaIAN 2554 — AueU 2556

A01UNAIUNIT namdTsuwazaumaluladndanisiduneInels

q

neidBuasimLTIEN MR ImManURe e sT UG AraiN Y
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NAN153Y

n1snaaadi 2.1 nsiiusnwuaudeuridednans (Bracon  hebetor  Say)lvins
Uszinsamlunisaiuauuuasdnguianainuns
szavauunindnananisinAdvasanusvasuauleuiiidadnias wazuseansamlunis

winduadszunsuauleuluaniwiosufunns

A a

naanenkaLauULlsulEe T a T AURRMAT 5, 10, 15 waz 20 °C 1uan 7,

9 Y

14, 21 waz 30 Ju wilndudniute wuirdnusnniulinoamall 5 °C wiu 7 Ju - Jusunn
n15fin 81.19% Tdnsniinvesiugn 0.29 wih uazuseansanlunisiiy 12.95 % FNLAALAY
Wy 14 Tu dUsanunsiinasan 92.54% ddnsfiuvesiugn whe 0.31 Ussdnsainluns
Wi 13.83 % wWlatiiudnud 91 5°C 1Wunan 21 Yu msiadudiduieinde 63.34 % 1m0
WLLRAYLYINAY O ﬁa‘wé’aLﬁuéﬁ’ﬂLLmdﬁﬁqmmﬁéﬁﬂéwawé’aﬁﬂaaﬂmﬂé’ﬁﬁalﬁm’aLLmuL‘ﬁau
a P A o A A v PP | P a a ~ | '
A widlsdwnadlsauualuliteunusunuitlidussansamlunmsidew gnsu F1 1y
AR EINLAUSNLG 71 5°C 1Wuan 30 Sununisiiatdusifuisnis 18.32 % watduLne
HLA
Y
Y] < W I ~ a & v a a o o a & w

naansinuAnuakaudguiiEet I sgmall 10 °C sraziian 7 Tullnsiiadus
WWaudeLady 88.09 % Snsiuvawaudouady 2.21 1w UssansSainlunsiiiy 98.66%
A15LAVUIY 14 JunisiasdusAuduiade 52.12 % snsiuveIwnuldsulade 1.18
Useansamnlunisiiy 52.67% wAuuiu 21 waz 30 Junisuistdusiudy 32.62 % was
10.34 % AUAIAU DN LNNVDILAULULUREAY 0.75 way 0 MUAPU

& o Y ~ a s v = a o = o | a & o

nudnuakauleuiiidetasigamgil 15 °C szegnaniu 7 Ju nudnisiiadudi
Wadenay 80.42 % dnsiinveauldouaay 1.24 Uszansninlunisiiy 96.12% LAY
YU 14 Y4 wudn msiadudduderaie 84.59 % dnsiuvaIkauLTsULRAE 0.28
Useansnnlunisiiin 32.55 % 1Avwiu 21 Ju wudndsdudiifudumnde 83.91 % om0
WinYoIa UL TsURaL0.28 Useansanlunisiiia 45.16 % L AUWIY 30 Ju nudwAndusi
Wil 75.71 % dasufiuvsansuidounds. 14 Ussansanwlunisiiy 12.98 %

2 o o ~ a & v all a o < o  a & v &

nsiuanuakaueuridet e igamgil 20 °C 1Wunan 7 Tu wudniaduduay
[ a =1 < o =3 [ 1 I3 [ a = a
o288 94.32 % waullguaanUuAmLANTBlUTEMINaNITAU BATINNUDILAULTULRAY
1.19 Uszansninlunisuiiy 50.42 % Aszez1a1n15iAu 14 Sunulnasdusiduiswmnae
98.39 % SR NNVRIAULTEULRAY 1.007 UTeANSAWIUNISIAL 42.26 % LAUANLALAY

= 1% [y = X a [ v d' o va LY d{' [
L“UEJ‘UI’J 21 ey 30 U LLmuLUEJuma'mmmLﬂum’mauw%maaﬂmmﬂ@mnm 15 94 LuaLny
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Aty 21 Tu Miwewdeumglugiiuazunudeuiiniendieaniaingseuneiiuningg
anunsordngugn aetuliasiiuwnudeun 20 °C sgeziian 21 wag 30 ulifiuss@vznmn
3. UszAnsawlumsianeunasdngudananensluaninlsaiu

Amdendnuiuaudeudiiivinuioungll 10 °C szaziian 7 3u uag 15 °C

a

szozan 7 U wldlunisneass wuidasswnudsuiusnenaunnd 10 °C szezian 7

9 Y

¥
[y

wshuau 2,000 dlwdeu 7 Suluanmlsaiu asaatunueuiidetnalsinienuinyiiles
vupumelade 39.82 % \WisuiunisUdes umudeuildanndnudlugnmgiiung (30 °C) wau
Dewilimuousioiaas 57.44 % lafauuansnensdnd (T —Test t = 0.09 ns)
Uszansnmnisileuanas 17.62 % (Table 3)

UaesunuiTeuiuinuiigumgil 15 °C szoznan 7 Judwau 2,000 flideu 7 fu
Tuanmlssd asratfunueulidednansfinenuiwirlimuouneiads 46.33% Weufunis
Uaey umadeuildandnuslugamaiunfvhlyvusuneiade 61.96% Liflauunnsnama
anf Uszansnmnisilouanas 14.63 %

4. msUsedivlszansnmussuaudeufidotnasluanmlsaiu

Uaesunudouiidednas 2,000 dmlulsaiuinais N9 15 Juduu 6 ads wuin
Usinamueuilidednans Buduwilduanamdinisuaesnsed 5 dvueuiidednansmie
18y 0.4 f1 MuaUMELaa 3.2 i ndwassndail 6 Srururueuiided nansvdelads 10
% meluseeziian 3 Wou (Table 4) wandliiulssansamunudeufidodnanslunis

Jastumdnnuauiidatnansiunisdesiusidaluaninlsaiu

nMsnAaeei 2.2 nsiiusnuuauileuten (Anisopteromalus calandrae (Howard))
Timsuszansamlunisaiuguuuasdnguinnainyns

nsnagauUsEansnnluntsatuauiaasdngnaanainensiuan e suuans

'
= 1 =

ANRATIUIUAITINAINNERINUas AU Do uNaaNlAa1NA1SLAUS N BT

aaunAadl 10 “C1lwnan 1, 2, 3 way 4 Uasi Jaindu 92.7, 90.0, 147.3 waz 144.3 ¢

9 U

1 1 P

AuARAsILILMINIT N IeINNaesUass s U TsuneaflulaAuS N Aouuaill 10 °C

9 Y

a

lunssudsauau TAWinAu 30.3 f wanedn ﬂmﬁu%’ﬂmummﬁauuaﬂﬁqmmm 10 °C 1Ju
a1 1, 2, 3 way 4 duanet vnbiwaudeuneniussansninanas
nsnagauyszansnmlunisatuauuasdngudananenslugninlsanu
AaassIuIUR9999 1 e ndsiivdesunudsuneadilaainnisiiusnea i
gauunil 10 °Clluien 1, 2, 3 wag 4 dUant dainfu 3.127, 3.226, 4.482 wag 6.965 §
AIUATU LANAITUALRASIWILE AN s TiUassuauDeuneadild AU Snwi
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a o ad = A (- Ly 1 & @ = =
aunnd 10 CI‘L!ﬂ'i'ﬁll']ﬁﬂTUﬂll YPIUAWNIAU 1.257 A7 a1 N1TNUITNWILLAULUEUNBAN

gamall 10 “C1luan 1, 2, 3 waz 4 dUavi neumsihluldlunmsmuguuua sdngudnna
wnenshuannlsanu vvhliuaudeuseniiuseanSamanaaguifediu

dlofinnsanmuszesnain1siusnwdnasvanugt anedssiuiusisdialng
mﬂz"ﬁ‘ﬁﬂdaaLmuLﬁauuamﬁlé’mﬂmitﬁué’ﬂmﬁqmmﬁ 10 °Cyluan 1, 2, 3 way 4
FUat TAnnfiu 2.143, 2.809, 3.847 way 6.447 67 ANUANU amﬁumﬁqa%ﬂunmﬁau
LLazqaﬁqmiuLﬁauﬁ 4 wanshdafvuuuaudsunenasinnuseutowasiiuszansnmly
nsideunssdnlnnanas

oglsfdmndanudndudenvinuiuaudounen edaongrounistnldldly
anlsafu fuunltufezannsafiudnnBlddes 1 &amivint Weswinaengenisifiu

Snwwnudounenvsiivsyansamlunisauauuuasdngnaanainunslalifuinians

nsNaaasdi 2.3 n1sAneUszanininlunishumbavesuiuaiiuaie Amphibolus
venator (Klug) (Reduviidae: Hemiptera)

1. msAnwABnsmnzvenewususumtuaelaglduaauiladumie

wuinuildFusnusienutls nusuueautiseny 20-25 Su wazdnduioueautiady
mmﬂ%’ﬁwzmaﬂumstﬁaﬂnﬁuimﬁlﬁmeﬁmﬁumqaﬁa Ao 38.4, 39.0 kay 39.8 Tu
puady drusudildfuruoueny 7-10 Yu Wuewnsldszeziailuniseigulauuian
#i9 46.1 Yu fefudadon usuueautiony 20-25 Yu vievuoudieglute 4-5 wduswns
Tunsidsaanusioly

nMadaTINaLABsTiInzay

wuddnsdiuiesendoniionsndnly  Tneviinnsduguiuiisng 1:1 wui
Aadeduulddemeds 43.68 - 58.72 vlesdamaily Tnsuiusidiuiu 50 ¢ Tlddmwoy
g49gn A 2,770 Wea

Snmadissiondesfiimnzan fio Asiuauududes 100 fendos IdfufuTe
$1uau 90.0 fasendes uaslidnaudiuduieifaunfiies 4.0 fdendes

nsusasnisiiennsivangay

Wit lugiunumssanuiudiiiiign wuin mslvimdefmunzaudenislinge

U3unas 2 nfu un 3 Sulagladudude 90.0 fsendes
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NIMAUNUNIHARNIUATUANY

nsiassenuilslngldin 50 nfudevnreusauiliiute 300 & Uaselisudy
Sola 3 Ju Jouodafiutuoen Hald 20-25 Yu axlduenutlele 4-5 USunaiildads 7 nduse
30

1le 4 wasdudine Wanatlunsesyiiuln wihiu 28.2 way 39.0 Ju Fanude ¢
Sefaddionnsiaiun 10 A%a dausuiuiute dediemnsiaun 13 ade

NIAUIUAUNUNITHEANIUAIA LAY

MIHAANIATY 4 §119u 90 1 SdunumskERegil 1.71 vm dwsiasiodet
0.019 Umsefa vauzfinsnanLIuFIANTe S1uau 90 1 fifunuegiisen 2.23 v diu
FIARDFYINIAU 0.025 UINADF

Auanszazaiidlunisuan

svpzarlumskansuAndas uiiaswonudwutuildnusAuais Sofide snns
wuszesnafldlun1swanuiuly 3 Ussana 51.2 89 56.2 u szeznanfildlunisndnuoy

Fafue Uszaunnd 62.0 99 67.0 Su

2. MsnadaulszansnmnsiurdavasuIumiuaTe

NAFIUAMNAINITAVDINTTNUNDALTIVDINIUANUAIDITAIS  WUINUIUAINY
a8y 4, 5 wavsfulemaliaunsofunuaulenwtey 4-5 laaliwnnanatunisada tae
ansafuldiuas 10.5-13.7 davetu FuduuSinumsiufigininnusiiuaiefedug s
$o 2, 3 wazduiuTomeadRumieldiuag 5.2-53 frietu

HAYBIAMUVILIRLLTE LT aREUSZANS AMMNANSIU NS Ta IR A LAY

Sleldmdeluvsunadiunnsetudous 320 fsemauiosneg $1uam 1 luiui
naeeinAy nuindadimnunuiuture i snnuauansanumt e ldUSIaIIN T uRae
losnuuaunsadunimelaine

nsnadauANansalunIsiumBavdncnee vasausRuaefLiuse

nsnadeukUURENYiamie 4 vlin nuluuasaiuvtelannuiia veaiidey

' '
=) = a =

Jwwmdefigniuuinian Wesnnluuuasiadeulnid diuvesiluidesgniutesiign
Wesndndnuazindoulnisingi druneaudauazdisasdiinayiuiunisiudieiu
[ 7
\antiey

nsnadeuRuUTIYlamEe 4 il lananismaaedndifesiunisuenyiinuednie

Arvwdanfutenmdauunfign sesasulawineauds Lazad9933t13lnn druneniiu
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Bovazgniuesiign uanvinnufuasannsoiunieldvateuila wazideniumidon
wndoulndrduiuldieinniige
nasaudasIsUsesuumAuaelunsidawmieluiasufiinng
NUIIN1TUABEUIUANUAIEIIUIY 3, 4 kag 5 Adarursanidauenuds 100 danua
nelu 16, 15 wayl3 Jumuaisu vaeiinisuassuiusiuiu 1 uay 2 A fasldiaan 33 uay
39 Jupuasu wansliiiuinnisuassuauludzunm 1-3 gldalunisidavesuts 100
mlarninnsUdesuiu 1-2 4 Useann 2 wid
nagaudasnsUsesaumiuatslunmsidawmisluanunlsaiviiass
gnmsUaesvuauteautls 500 fludnas 50 Alandy Tulsafvannla Wevdes
11 40 ¢ wusTnameautisiildannisduieganasediesnda ludunii 8 Ui
woaulianaunde 0.840.7 fret1a 250 ndu wavanaunde 0 TudUavidl 10 drudns
Udeedl 30 f wutTinameautlsildannsduiiesanantuii uaraunsoanUiinmsen
wilamde 0.240.3 fased1n 250 ndu Tuduavil 12 FuflewSeuifisuanuuandiswes
Usunamonutlsfinsranulunsazduni nuindnsinisuaesuiusmiuaisfisnst 30 waz 40
frlaifinnuusnsteaiuns@da dimsnsivasy 10 waz 20 67 wuusunavenudsanastion
wn Wenamull 12 &ev ganuluuSunugeds 24.2+4.9 uay 18.1+8.6 fwiad1 250
NSURIUAIAY
2.6 nagaun1slduumiuatslunmsniuauuasdngndanainensluaninlsaiu
nsnadeuUasssiudfuatsluaninlsaiu Inglddians 1 du Uaeouuas 4 il
Taun veauds drenadnlng veailuides wavuenvhdey viaag 1,000 # ntuldes
13U 500 fnn 2 dUat Tuan e duasiatiudSinauuasdngyn 2 et nsudeeuu

o 1%

anuateluan 1 UaNUINN1ITASITAUSEANS AINAISITI a1 g RveauIuYinlae1n

1 Y -

Wasnnuuinuatgiliatndsyerdianizanunsatueanainnestinlinaaesielum
wasshudle nan1snTatiuwiasdnginang 4 vl AlenNn1svaassnuadUamisusy
= o a‘d‘ = a ] | d{' a Ql' < ¥ [y I3
UDIAUAIYT 6 FaNUUSUIULLAITINANAI9E19MBL TR UUS LN UIaNT a8 INFUAMLTA
PULLAT 8.043.7 Hfa917 250 NS ANAINLMED 5.2+2.0 $i1¢9917 250 N5U kaviNnNs
Uassurumiduategivn 2 d&Uanvinin daduiion1saruauilinaiuazsansiainui

USuauiumnuaneNuaselyunniu

66



nsNAaRsd 2.4 wavasansainaInRivTidseunudeudae (Theocolax elegans)
BNANNSNAADY

nmsmaassil 2.5 msldunudeudassrufuasafnanivlunistesfuidauuasdng
NAAKALNYAS

YNLBNANTNARDY

nsnaaasi 2.6 A1sansindsutlaens (Ferrisia virgator) wasnastiutnealagldans
dNnANNY
nsnagaudarsanauiiafiegnuinastteane

1.1 mMsnagaumaswdsangnuaisannannienanataglasvinazaiedunss en1uea)

1NATNAGDUUIEENTAINVDIFITANAININNNY 8 NTIUIT NAIULTUTU 10

s & ¢ Y ! s & & & A 1Y)
LUDILPUR NANINNITNAFDY 24 BU. WU LU@?L%umﬂqimqﬁlﬂJaﬁLW@BLLﬁQﬁWEJV]QNINﬁWiﬂﬂ@

'
a

Nndendenanauivansainaintueigu uazansainaintuengu Swesidudnisnnegeiign

q

v =

A9 1W1AU 80.45 way 79.53 LWasidud d1unssuisduiiilesidudnisnie 19.31-1.33

< & a

s ! [ = ¢ < 3 &
WUDTLTUR @IUN 72 YU, WU ﬁ’]iﬁﬂﬂ"\]’]ﬂiUEﬂQU llL‘U’PJiLsZI‘LJGm’limEJ?JQQLW@EJLLﬂQﬁ’]EJEﬁQ

Ngnfa 93.52 Wesidud arudearsatnandeniiganauivaisadinainlueau &

f < (3 IS

Wesi@udnismewindu 82.87 wWesidud  arsainanlueiauiivsednsamuiniigalunis

[

Mdnmdsuteany udlilesainansadineguasainnisazaiedigieniuea vilvvuLazia

° -

= Na Y = P o ada 1 Y - | 1Y o
Wasnueszdaun (A1) ogumeununIssnIunsuIlaImasannaass 7 1u
1.2 nsvedaumasusatetvalsadinanfivnanalasldindusvinazans

& [y [ v sa o o & v o
mavegeudewtaneivaisadnainlueigu 2 Wugnadnlaeldundudsiazans
] s & & % Y v e ¢ o

wuinlesidudnisaendeainnisnaaes 72 gu. luaisadalugiguiugiuesad i 20
Wesidud 1Junian 60 unil fu asaialuenguitudinesaides 71 20 Wesidud 1Wuian 60
Wil Wiy 42.43 uay 44.17 Wesidud muaeiy

drunavesansainanluengunay 2 fug dns1diu 1:1 Neududu 20 Wesidus
Juian 60 udl Siesidudnismeuinfigade 86.51 uaz 93.89 Wosidud wazfininy
it 15 wWesigud Wunan 60 uil fiesidudnisanewindu 45.86 uag 58.78 wWosidus
NAIINATNARDY 24 Ay 72 V3. MUEINU

NIATIVABUAMNMNALIITNSIRINFUMBEsainegunan 2 Wugnadalagldundun

Y v s & T ] I3 ) oA ' o 1 a A
AMUYUVU 20 LUBTLFUA WUINUBLAUIZLUULIAT 7 WU WUIHAIAIINEIN NUAELNRDY
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ANALLANAIINNTINITAIUAY wazillotiulin 14 Tu wudndaianuadne Ardune and
= i & = a 44' a = ) aa N
WA uazAtAuLuulile (Uaen) daranaulleSsuiisuiunssuisaiuau w1y
! [ a a ' & & = H v =] '
vy Aesdunse 3adug auuduiile (Ue) waznisgadeiivdn ldfiaauunneig
a o

NNsTUITAUAY duRenisquarsadaviliiudeonazidsududduswinniinisiuna

Wgmgiausaunnaegluvesmalslufimsiisuuwdas

nsnaaesil 2.7 UszAnsawansafaanitvayulnslunisaruaudacersdaalng
(Sitophilus zeamais) WazdaaRUINEN2 (Cryptolestes pusillus) Tu
Tsafiu
U58dn3n1mansannanUszeeAlunisniuauaianstlna aztennuing 1 bulss
AU WU ImaﬂqﬂLmﬁWﬁniwméhmsaﬁﬂmﬂﬂiwﬁﬁﬁizﬁummﬁwﬁu 20, 25 waz 30 %
PUA9990INA 15.6, 27.9 kg 24.2 1 ALY mmdmsiﬁ%muamﬁwu 14.9 6
drulusennuinenany 28, 30 uag 22 i muddu lluand191nnssiBamunt dawu 30
1 uanain ansadmanUszssAnseRuaadutudngnn lifusyans awlunismuaueng
imlnasazusannegdlulsuiy
Usgdnsnmansadaanideulunisauauiensdninauazuoavuansnlulsafy
ImEJﬂqﬂﬁaamiaﬁmmm?auﬁisé’ummL%’msﬁu 20, 25 kag 30% NUAI9I9T1ILNe 23.8,
20.3 hay 13.2 f1 ANUAI6U %ﬂuﬂsiuiﬁmmuwu 18.9 1 d@uluneanuinginy 3, 5
uag 17 i pudiu desninfinulunssuisauny davindu 68 #1 uansil ansadaain
Beuitsesuenandudu 20% Husuluivssansamlunsamuauueavuingnlulsafuldd
dnilussnsdnlnamsliidudu 30%
UsganSainansannanaaaalun1snIuaANnIanstalna uazteanuIng13lulss
AU nudn Anedsdiuiuianstalneinulusdeiugdinle Jangndneaisatnain
aEnTisyUANLELTY 20, 25 uay 30% Ao 7, 11.4 wag 20.3 1 Awasu Satdesnin
Anadgduansmneinulunssisamuny Favindu 16.7 f duluienmnngiing
5,5 kay 7 §3 AMNA169U ‘ﬁaaﬂdwﬁwﬂuﬂisﬁ%mmmﬁwu15 fin L@n9IN @15a0na0N
avanduszansam awnsainluldlunismvpuisnsdnlnawazuennuinedlulsany
5]
msranuidniusinlneseasarinanuszesduazidou lidveudariuginalne
Wasuwladluannifuifisadnies uidveaudanuginlnafingnsneansatnainarsanalaiil

]

=~ v 1 a Y v @ v &Y a v
nsilasunlas kazdsaiuanutaandlriumaniusdlnndneie

]
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msm'maa'uqmmwLuﬁﬂiﬂﬂmswmaaumﬁman

HAN1INTINADUAMAINTVDLUAALABNITNAABUAIINDN WU WAANUTT1IINAT

]

a0 v [

ARNAILEANTANNAINUTEENA LB wavaa1nlunnssuls ZAndnsinissonvatudniyinniy

100 % wanedn ansafnnfienneilalifnaseninusenveuuiniiuginilng

N13NAaaf 2.8 nN1madauyszansainvssndiuneussinegnIundinauazuidunan

szmednfdlunislesiuidauuasdngnnden

1%
o w [y 4 o

1. miﬁwﬁﬁgmmumummsmmwummazmﬂwamsmwﬁﬂ

€

o o a

58P NNU TN TUNBU LRSI UNUNA NYNNITIATIZIN8LATDI GC-MS WU

<

asdrAyanun 10 wila 1aeans sabinene, O-pinene Wag Bicyclo (3.1.10heptane, 6,6-

< o o A

dimethyl-1-2methylene Wuansdfayiinusnniian fedl 38.74, 12.84 uay 10.21 Wesidud

1%
o w

muaeu dmsuansddginuludduveusemednad 12 vlalneytannuuingase 1,8-

cineole, B—pinene e B—sesquipheltandrene (34.84, 14.77 way 10.46 UosiGus)

AUAIAU

2.1157AaUUSEANTAINVDIUNTUNBUT LI UAAYINaTUNTNALaz I Ty
WosUuRn1g
2.1 nedougvidvesiiuneussiredunimatazudslunsidunisduiavunsyane
PN
NNIINABDINI T UAI AU AVD T UMD UT LS T UM N AR DA NTLIA LA
= -y ) ¢ a v v - o A =
ADINUINUNITUNDUTLAYTUNILNANAMUUNTY 2, 4, 8 WAz 10 Wasiaus A998
WesiSuAnIsanawiniu 0, 2, 64.3 way 77.5 wWasidud Tuvas Nesdvdesiivosidusinig

s & ‘:ll

ABWINAU 75.5, 95.7, 97.9 uay 100 LUasSIHUANEINISNAaDY 72 T2l laean LCs, 7
ANUIULANUIN AT LCso ¥B9A90LTINANNINY 4.6 UAR./AT. 9. LazA1902Lnae A

1 Y 1 r.:l' o Y o ¥ 1 ?:' C% LY ¢ a
WU 1.2 4Aa./A5.91.  910A1 LGy AAnuaadlavinlins uindnsiuredseine duntined

UszANSA1nluUn1IAIRN 190 a 89 lARN IR HTEN

'
a 1 1% L a

Tusaidsunensvwendsessdidonassdumdssmuinisuneuss e
Aafianududu 2, 4, 8 waz 10 Weoddus Medudediveifudnismeiaiu 20.2, 91.5,
100 way 100 wWosidus dmsussdmassiivesdusnmsnemiu 0, 4.9.3, 96.5 way 100
Wesidus wdsnsmeass 72 $alus Wefinnsanaine LCs, Admunaldnuin a1 LCs, 10984

DRLIANNINY 1.7 UAR./AT.9Y. WarAI90LUAHNAYIINY 2.5 UAR./AS.94. 31nA1 L s,
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=] a a

Adnnaldvinlinsiuinisunenssmetnadiussansnmlumsidnaedadenlainings
fundes

2.2 wmaaqu’émmﬁwﬁwamzLmﬁiﬁqLLasé’uwﬂLwﬂIumiLﬂumﬁm

MnnsnaaeInsiuanssuvesiiunenseive Sumimanededidoanas g
RIS ueNsE W SUMImMATIUSIN 0, 0.5, 1, 2, 4, 6, 8 Way 10 1. AedLTend]
Wesiusnismewiadu 0, 10, 10, 38.9, 85.6, 100, 100 way 100 Wesidud Turaziigasda
widealesiudnisaewindu 0, 0, 0.4, 0, 0, 55.7, 85.9 way 100 Wasidud ndensvaass
48 Flus WleRa1sanainan Ly, firwanilanudn A1 LCs, v0emsdndunianrindu 57.7
UAA./a. LazAIdmAe AN 222.6 uAa./a. 91nAN LCs, TiFnuanildvitlimsuintingiu
weusyeumimaiUszansanlunisidassdndenldfningesandes

dmsuihsurenst e asresadToanardadundssuiningunensevetnas
S0 0, 0.5, 1,2, 4, 6, 8 waz 10 uAa. sedadeaiilesifuinismewiiiu 0, 0, 3.9,
0.6, 37.8, 73.5, 100 waz 100 wWesidus lurasfissdundedivesifusnismemiaiu o,

23 0.4, 13.4,99.0, 100, 100 way 100 wWosdud ndinsmaass 48 42lue WeRansanain

'
v A = 1

A7 LCsp TRWandlenuin A1 LCs, vossnstadendianiniu 124.7 uaa./a. uazssdundesd
ANVAAU 74.1 34Aa./8.910A1 LCs  Aiduradldvinlinsiudntnsunenssiegnad
Uszansamlunsidameiumdeslamnindednde

2.3 Waaquémaﬂﬁwﬂummzmaé’fumﬁmvsiLLamham'amimﬂﬂiuazmstﬁmaa
BRI G eIG e

mﬂmﬁmaaﬂmamﬁﬂqﬂmé‘m‘ﬁ"aLéﬁmﬁuﬁwﬁwamzmaé’uwﬁLwﬁﬁmmLﬁi’fwﬁu 2,4,
8 uay 10 Wosifud uddesiudfutomaduasmadoadluluwdafingninduvenseive
W& 21NMIVAaeINUIEdITeaiiUeifudnismewindu 0, 0, 55.0 uaz 87.5 1Wesidus
warsuauleinuuuwansTeafe 148.5, 149.0, 31.5 waz 3.0 Wes IneduduTelndiiie
Tvawindu 115.3, 75.0, 4.0 wag 0 61 ANAIRY

dmsulsEans amvesitfunenssmeduntinadedasdamies nudeimaed
Weslusnsmewiiu 0, 0, 17.5 wag 97.5 wWosidus wazsuaulefinude 131.5, 128.5,
673 uay 2.3 Wos IneFuduSelndiinuwindu 45.5, 13.8, 0 wag 0 62 mﬂ%auuaﬁié’wudwﬁ
difunensymedumimaiinududy 10 Weddudavannsamdasufuiovesidnien
uazssiumasaniontunuauiaduioiugniiinunlnildegfideiouiiouiunsnis

'
a

DU
WaNAABUUTLANT N INVBIUNLUMDUTLLVYVUIAIABA D ITEINUINA90 T3]
Wasidudnisanewiniu 0 ,2.5, 90.0 war 100 wWasidud wazsruiulifinude 68.0, 24.8, 4.8
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waz 5.3 Wa4 lnedndudeludfinuvingu 50.8, 15.0, 0 kag 0 i Tuveiuseansninwes

1 14 £ =

%:1 CY) 1 a 1 2 QIJ & = & @ 3 1 Y]
Y1 UTDUTLLMYUIRIR DA NRFDT NUINN 90 KF90UBSITUANITA18MINU 0, 30.0,
95.5 waz 100 Wasidus wazsnuwuluinuAe 149.5, 59.8, 9.5 waz 10.0 Wad laadLduTe
Tyaifnuwindu 134.8, 29.3, 0 wag 0 /7 nTeyaditanunNuiureusemedIfmaAIY
Wt 8 Wesiudasaunsamindufuisvesindundeinasasdamasaniauiuaiunusi
[~ [y | d' a M v ] a zﬁ' = =1 9 q::{d'
wnTesugniinanlniliegsfidewSeuiisuiunssuisous
3. naaeuUsEAnNSnmvesdunauTEmMe UM ALANTUYENTEVE YR DU AAN 3E

= @

Wenluaninlsanu

INNANITNAADINULBUAITHUNVIIA1901VIINAIYVRA hALLUAILAALIRAAINIT

WvihaeadeaniegnindunenseeTunlnawaziniureus simeUddddunnaneiuluue

'
= =

azn35u33 lnevue N ITe11AanNITuNeUTL e TUIINA AZNUFRSNSINITLAULAEITLTN

9 Y

A ¥ Q.'/d ¥

Faednden 9 ¥ia fe Frednden Freasdalne weatitlon weautls wnwilsde uea
B1gU FsImdes Rided1lng wazdw Tnefiedifusiinuade 1,777.0, 15.75, 8.25,
6.8, 6.5,3.8, 2.8, 1.3 war 0.5 Wosldud uaznuwlasdngsssued 3 sllaseiufe wiu
Xylocoris flavipes waull8une Theocolax elegans waghaullau Proconura sp. lagil
Wosdudfinuiade 25.3, 65.5 uag 0.75 wWasiiud audsu
Turafidudorfiegninfuneussivednds asnudngndnafuifsifidihaedi
de 12 vfia fio dreiadior mndsde wenengu dsnstnlne fded1lne veaull won
Watleu veafluiden e NenWINE1Y FISTAWADY WA 6 Latheticus oryzae 1mei]
LU@%L%uﬁﬁIWULQgS 883.8, 44.3, 24.3, 9.8, 7.3, 2.8, 2.3, 1.3, 0.5, 0.5, 0.5 wag 0.25
Wesidus waznuuuasdngsssuwid ¢ wiadaeiufie uau Xylocoris flavipes umudeu
Proconura sp. Waulleuuen Anisopteromalus calandrae wazhaulleunas Theocolax

[y

elegans IneifliUodidudiinuiade 46.3, 33.5, 4.5 uay 0.5 wWasiius mudv

INNANITNAADINUI é’aaiﬁ"aL%mLsﬁw‘hmamﬁmﬁhﬁaaﬁmnﬁwﬁwamzmsJ
SumimaRaududy 40 Woddud daud Weudt 1 uasfirududy 15 ey 30 Wesidud
WussE AT whanesioud 2 warlunsaziteuarnusiuiuvesiisdndondusiuiu
110 (Figure 1, 2) mmzﬁmﬁmﬁ’aL%mﬁﬂqﬂfwﬁwamzmmhaqﬁmwm%’wﬁwmqwuéﬁaé"a
Wersruauliinnluieudt 1 fadoud 5 uiaznussdndondusiuiuannluioud 6
wé’qmﬂﬂqmmﬁmé’wﬁnﬁwammmﬁéa (Figure 2) 99nnsnRaRsnUITuvensyLe
Sumimenayinsuveuss e asianudady 15, 30 way 45 Woddud luanmlsaduly
anunsadlastuindauuasdnsdndonld wiswualiuinnsldidunenssmediasaraiunse
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1. maAudnuawauleuiiidetna1s, Bracon hebetor (Hymenoptera: Braconidae)
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NINTTUMUIIEN 3
N3l MenEnInlun1sAUANLNAIANIHEANALNYAS

Physical Methods to stored product insect control

YofIvy
udlading 9lsdu WA yyuey
WNNTIANS AN winssauigy tlend
uNa3dn imsmdy wanneaNT gusans
weelyTan uuby U9T923T LNY5 LR

YWNSANG  Fa1snuun
Abstract

Physical methods have been used as an alternative treatment to fumigation
of pest control in grain and commodity. At present the use of fumigants, including
phosphine and methyl bromide, in grain stored is the progressively several
restrictions on the use of these chemicals. The proper physical control involves the
manipulation of physical factors to eliminate pests or reduce their populations but
also the quality in grains and commodities. The study of physical methods to stored
product insect control was included heat treatment in herbs, radio frequency (RF) heat
treatment in grains, modified atmospheres method in grain storage, rice packaging
with nitrogen gas, herbs packaging with oxygen absorber, and the light trap use in
garlic storage.

The use of heat to control the insects in dried herbs were studied to control
Lasioderma serricorne (Fabricius) and Stegobium paniceum (Linnaeus) in the herbs.
The results showed that the effective conditions to control two kinds of insect in 100
percent in dried safflower without causing the quality loss were using the
temperatures at 60 and 70 °C for 2 hours. For coriander seed, the effective heating
conditions were 60 ° C for 3 hours and 70 ° C 2 hours. For dried chrysanthemum and
dried mulberry leaves, the effective heating conditions were 60 °C for 2 hours and 70

°C for 1 hour.
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Maize samples which separately infested by Sitophilus zeamais and
Rhyzopertha dominica were treated with radio frequency (RF) heat treatment
application unit, which has been developed and situated at Chiang Mai University .

The unit has a variable power supply and operates at 27.12 MHz. The input power

20% (540 watts) and 25% (670 watts) under the target temperature over 50°C for 30,
60 and 90 seconds, were selected as treatments. All developmental stage of maize
weevil could be controlled by both power level which control efficiency percentage

reached 99-100. The most efficient treatment for controlling lesser grain borer was

25% of power level (670 watts), after holding maize’s temperature over 50°C for 90
seconds. Lesser grain borer was also found more tolerant than maize weevil. After all
treatments the quality of maize had slightly change
The study of modified atmospheres with carbon dioxide (CO,) and nitrogen
(N,) were chosen in four treatments to apply: 99.9% N,, 10% CO, and 90% N,, 20%
CO, and 80% N,, and 30% CO, and 70% N, which continue release gas method. Four
species tested in the first experiment were S. zeamais, Tribolium castaneum, R.
dominica and Oryzaephilus surinamensis. For each treatment, the control efficiency
was not different. However, the exposure time, species of insects and developmental
stages of insects had the effect on the control efficiency. S. zeamais was the most
tolerant to treatments. Egg and adult stages were controlled easier than larval and
pupal stages. S. zeamais was re-tested in the second experiment; the control
efficiency of each treatment was 57.34-61.04%. When 99.9% N, and mixture gas of
20% CO, and 80% N, were applied with four species of insects in one ton of rice, all
insects were completely controlled at 12 days.
The rice packaging was studied by using four kind of bags (foil bags, PET bags,
KNY bags and NY bags) filled with the nitrogen gas and no gas. The result was found
that packing with four kinds of the bags without nitrogen gas could control all of S.
zaemais L within 2 weeks of packing. However, when using the four packages with
nitrogen gas could better control the four growth stages of insect within 1 week.
Moreover, the four kinds of bags could store nitrogen gas well. Additionally, the
amount of the aflatoxin increased very little throughout retention period of 6

months.
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The storage of four dried herbs (safflower, coriander seed, chrysanthemum
and mulberry tea) were studied by packing in NY/LLDPE bag and PET/CPP bag size
200x280 mm and thickness 0.001 mm. with the oxygen absorber. It was showed that
One hundred gram safflower, 400 grams of coriander seed and 80 grams of mulberry
tea with the dosage of oxygen absorber 400 and One hundred gram chrysanthemum
with the dosage of oxygen absorber 250 had the most effectiveness to control every
stage of Lasioderma serricorne (Fabricius) and Stegobium paniceum (Linnaeus) for
100 percent in 7 days. There was no surviving insect in every condition at 90 days of
the experiment. The treatment with oxygen absorber would minimize and stabilize
the oxygen remaining in the package which the package containing coriander and
oxygen absorber had the least oxygen remaining in the bag. For the infestation, the
result showed that L. serricorne (Fabricius) and S. paniceum (Linnaeus) could not
infest NY/LLDPE bag and PET/CPP bag but the larva of L. serricorne (Fabricius) could
infest the PP bag after 2 days of the experiment.

The efficacy of light trap in dried garlic stored was studied in two kinds of
lisht traps, sticky wall light trap and stand with fan light trap. The most insects that
were collected by the traps was the important insect, pineapple beetle; Urophorus
(Carpophilus) humeralis (Fabricius). The result was showed that the sticky wall light
trap was more efficacy than the stand with fan light trap. the number of pineapple
beetle that were collected by the sticky wall light trap was 46.27  while the number
of pineapple beetle that collected by the stand with fan light trap was 4.55.

Key word: physical control, stored product insect
UNANED

'
= =

nsmuauuaslulsaivlagdsnisnianienimdunisdeniiauisaiunldneawny
FBnsldansauld Jagdumsldassuiaveaiiuuasiudalusludiidesaunniy nsl438nns
naneanmIzandesddaianalunsmiuauiuaLazafenuA MY INdnuAL
wAnSnusine lunisinwadeildvinisAnvnavesnisldanuseulunmsovayulng nnsld
pduruAng e liaueulumdn msuivanmussemalumaifuinwimdn n1suss
Imassuiunsldinglulasiau nsussayulusiudunisldansaneendiau waznslediu
anwaalrlulsafunseiiioy

80



¥ o =

nsidaueulunisidauuadluayulnsouwis innmsfinuiuuensgu uazsuen
auulns Tuayulns nansmaasmuitsefugamaiidussansananansarunuynszey
msivlnvosmoneguuazuonayulnsld 100 1Wesidudlneilivinlinendlosgade
AN AN 60 uay 70 ssmwalTya srazan 2 Tk, WARRNToufisziugamyl
60 asrniwaLdua syoziian 3 9alus way 70 esmiwalea szezian 2 9alue, Aenifines

[y

uazluvsion eufisyfugamgll 60 ssmwaldoa szaziian 2 $alus wag 70 ssmwalTya
szovian 1 Talus
mManageunsiadumuiingiiienisnuaussnsininauasuendrdeny n
svozn1sasiulafidhanewdadiilne feerduainud 27.12 MHz Tagldsumnusauile
nndninmeluladndsmaifuifer smninerdodedul ienweyasesilunsliiaiesile
T5eaundanu 2 szaufio 20 Wesidud (540 Tad) uaz 25 Wosidud (670 10d) nans
nagounyhindsnuisanssedy dovhlhudadlnedigamgiigand 50 ssmwadeady
a1 30, 60 kar 90 FuNTl aunsamuAuaasilna bR Sesidudnisaiuan 99-100
Wefldud uasiseiundsa 25 Wosldud (670 Tod) 1Tunan 90 Funit WunsAsianan
duiuszezliuazszesnusuvasendildan awnsarmuauld 99.39 uaz 94.59Uasidud
AILAITU FEAUNGIU 20 Wasidus (540 Tad) Wi 90 Fundl wazseaundany 25
Wosidud (670 Ya) luan 60 uay 90 Jundt amsamvuauLendiUFenlditeuriman
Tngvilvinunmuestminadsuulasuidntos
MsMeaeUUsEAVSAMNNTTILIAIRgNARHAINATTdADy Fefelulnsiau uay
Fanauszmisiensuslaeenluduazielulasiau 1WunsUdesfiedaseiles Wiku

'
& A

W lUTunsusUaniiniadreenvedfing lasliingussashiensiuiianavainisusuanin

[ a v &

ussee filliennsegsonvesuuasiidudnndnnainunsvdaiuifier Tnensmeaosusnle
Ao UAUKLAAR 4 il Usenaumig Aaeaetnalng weauls dendiden uazuenily
Bee nsldfananaiveulasonleduazinglulasiau nadnslinanisaruauuuadlsl
LANAIAY LASEELLIAINTIN TlaLazssaznIsiasyiulnvesuuasiinadeUasidudnis
muax newloifiuszernainissuliuuiy aunsomuauusaddduniy Ssnandnlne
Huusasiifiaumunusefeillivaaeuiian ey aunsomuanszesdufinouas
szorlalfieninsresuounassvsdnud Mavnaesiiaes ldnaaeutudsnadnlnadnade
wils nanIAUAN WU NANITIATaINTamUANINTalnald 57.30-61.04 Wedidud

’5383L’Jﬁ’]ﬂ?ﬁillLLﬁ%’i%EJ%ﬂ’]SLQ%QJ,LaUIWUENLLNﬁQﬁNaG]IE]ﬂ'ﬁﬂ'JUﬂN TEYTNUDULATTSYTANLA

Id N 14 ! 1 Y [ ~ LY a o
LUU?%EJSVI@’J'U@&JI@EJ’]ﬂﬂ’J’]i%831“0%633883@]%@]%}8 Wenedauniudnansusuie 1 aulu
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msveaasgavnenuit nmssulegldinglulasian 99.9% Wuna 12 fu aunsoruauuias
ynuiledldnaasulivunotsauysal

nsldussyduasiuduinglulasiaulunisavauaieiadnlng lnenaasuussy
faugiganaradin ¢ viia laun ganess g3 PET g3 KNY wazga NY saudunislafelulasiau
Wasuileutunmsldlafne nadeuiussnstnlng w4 szeznsiesaivla fo 19 wueu
Anug wazaine wudinisldgalasd g3 KNY ga NY wazge PET iiesegafiedaiunse
AuANdMnaszarduduty dnud vuew waglilaneluszeziiainisussy 2 &Uai
uidlelddrutunisldfglulanaunuiiansnsomuaudisnsdnineds 4 ssezldftu
ansnsomvuasldniglu 1 §Uni lnegeis 4 annsodnifuieldd uaesnuliinuuesasiy
werlamenfuiistutiosiniiszeraininiu 6 Weu

nsussyayulng 4 wialdun aenddes wisdn® aeningny waswilundeu lag
UssgnanAlaLazaeniingts 100 N3 WaaRnd 400 n3u waz wilundeu 80 n3u aslugy
NY/LLDPE uagge PET/CPP 4u1@ 200x280 Hadiiuns nun 0.01 Tadiuns nieuiuldaisgn
sandusandiau nullunenddes wandnd wazynlundeu nisldarsgadueendiaudnsd
400 wazlunonifingrednm 250 sydvBamAianaunsamuauynszezmnAulnvosen
srguuazaenayulnsld 100 wWesidud luszeznat 7 Yu uaz fiszoziian 90 Ju yne
35135 linuuuassendialunnszeznisiivls wazran1siausuaufiigeandiauluussg
st 2 wiia nasIsildanspeduoonfiuiifwoendiautiosiian lasluussysumivuss
waninTTivsinueendiauiosiian uazUunaoonTiaunsiinasnnInaaos d1uNavesUTIY
Auaian151918YNa 18U UAINYT 99 NY/LLDPE uaggs PET/CPP 40ngnguiazien
anulnsliannsaanzviianeld usigedeu PP nuswvemensguannaiazyhangldlutud 2
YDINTNARBY

msfinwUszansamnsldiudnuasiwlulsafunsziieuwis lnaSeuiieudiudn 2

[y

yipAefudnuastiuuRnngs dusunid Aududnuasiiuuuasi Sinaugauuaslvasived

[y

Tugannuans 91nn1sveasnudl wuasddgiinuldainiudn Ae daelnda (pineapple
beetle;  Urophorus (Carpophilus)  humeralis  (Fabricius)) fugnuaslluuufaniall

UsgANSANANINAUANLES I WLUUAINY Taaiusnubas WU uRnNTsnIuanasUndnlawmae

Y 1 [V Y]

46.27 §7 d@runusnuasluuuusany aneedndnlalady 4.55 6o

o

ANEARY: TWNINLAN LUAIARINEANAINYAT

v

82



Unin

ANUERETRAUNEANAIN¥ATREINISINULALY dnunddgyfigainainnisidn

angveawuasdnslulsuiu Fanstesiuidaunannailaunsaldnssuieanssy ua

a

dmsundanainuasuiilailidesnisldassufaiunsaldisnismemenimiivsednsnm
Tunisidauuatnaniile msmdauuasdaslulsaiumeisnismamenmiiddglaun nns

lgnnuseuluniseu Tnaamegiuivayulnsnisaunsazaainlifdeunislidaissy uinns

o = =¢ a a

Tgnnuseuieridauuaduiivayulnsitedendesdiddwvaisdsenis wu desdlss@nsam

o w a v 4

Tunsidawuas lnslivilinauninuasansdrdglundndanideme
YBNINNUULUNAIAKNEANALNYATOUNI ITIADINANLABINT I anstall Tuanunsawdanly
BMsdvunsedauUasanmuinasuveuias deinliuuachiaansasaulalaniuln
ANSUSUANINUTTINNIALALANFIIAINANINUITEINIAUNAAIINITERNUAINULTUTUVD
I's I3 = a a @ 1 v () =4 2 =2
Asuaulaeanlen llnsau 15e anUsunuean@au Nanunsasinwuasle ki andudaafine
APA UL ANUDINULARL YDA NTNAYN IALUAIRY hASSLULIANN Y TU AU EY
madentdussydauenanunsadninuinglafsauiuisnisou wunisldarsgaesndiau
A A - ~ a a & A ada ° v
NSWALAYDY 3TBNITUTTHUUAYYINA WieanUSuueandiau LUudnisnaunsadiuly
16 wefeIrinn1sAENE LN AL AU UTTAVDINAANALNBAT LATAINITANITALLAIDE

lona
= ad a o
sedgulsnNIsIvY

n1IMAaRW 3.1 MsAnvrszavgamaiianuiaunmanzanlunisiidauuasdngayulng

BULAINIINITUNNE

'
= =

TUHUNTNARBY RCB #1 3 9110 N35UI5 Ao aulgaumgil 50, 60, 70 BeALwaLTed

]

W 1, 2, 3 9Ilue wag nTEAIUAN (Bedluvinum)
NswsEaNaneNEy warNanayulng dwmsunisnaaeu 4 szegnisiasadiule e L
WU ANLA wazAILaNTe

nagauszavaungiinnuioulunsidnuensiau wasuesayulng  Auayulng

'
[

Manun 4 ¥infe Aaneees aontAngly Y luntou Laziudalind vinn1sdeanulnsusas

3

v a

a (% dy o < 1 a (% 1 I3 Y] [
wilanstl aenAey pentingls wag Blunieu vilnag 100 nSu @UWNAARNTTY 200 NS
ayulnsusazyiauenldluviauiivun 900 Taddns ntuttensgukazuenayulng
syezl vueu dnug wazdidude wenldlurafiwsouliurazszezmsiduln lnessoziidu
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Seldunassuru 100 fa/aan Vashwaasenszaudy thvaedildusands Wldlugeud
sydugamadl 50, 60 WA 70 ssmwadya imseulduszezan 1, 2 uaz 3 4alua thua
uinvamafieundluiiulfluendsuuanfionraeunanisvaaes lnefisvesly vueu
wazdnue sihnsnsreaevluszeriludiduiosseuiisuiunadudniuiolunssuds
mUAY druszegiuiuie anadeunanismaass 24 Falusmdwihnisey
psaviannutulunendles windnd  uazeonifiners uaznmvdiasigiuiun
AnuTuuariieTziUsInuansUsznouTiuedninuaiazn i lineiauaudini iy
oondunduluayulnstis 4 9iin 1ng33 total phenol assay Sar1gandunasdt 750 urluiuns

mewnsesaUnlalnlafiwes tiafilsundssuiisudunsmuinsgiuvesnsawnadnidudu 0

- 100 ppm.
STELLIAN SUAY gAAY 2554 - fiugeu 2558
dounaiunisg nauddeiaunmalulagnainisiiuifeaiials nesddonaziamun

‘iwmmwé’mmﬁmﬁmLLazLLﬂigﬂmﬁmmamwm

nsMARRsil 3.2 nsAIuRNLLaRRsHARraInensingldnduANRINg

wistuegretlnedmsunsnaaeddiinutusewing 12.00-13.00 wWesius

wasueguasdmsunnandlagliaestnatazueataenlunimegsu 4
oy Ao 11 Muau ANuA wavdLANle

MIMARBUMYARUALATNY

MWHUNITNAABINUY CRD 31 4 817 n3503% Ao sedundeeu 20 wWoddus (540
T0d) ey sEAUNSaU 25 Wasidus (670 T98) Lﬁaqmmﬁﬁa 50 a9ALa7 U@ 30, 60,
907Ut uaznsaABlaiuAduALEINg (control)

11dalne 450 n3uifuuaswsazednuiazssarnmaasaivle Talunvusvsanszuen
WU LEURIUANENA1E 20 Loufiuns g9 5 wudiuns iauwd Uy dudlulilug
uwnasinilanaunuding 27.12 MHz @eumesludmdia (thermocouple) Hsewinaudn
UnLATeemuaNndIuANsEAUNd i ﬂuqmmﬁmaqmﬁwﬁumﬁa 50 891
waldea Sudunan 30, 60 waz 90 AU wardaadeaiiensuiiviuaian VI AR
Frlweldlurinui seligamaiindufulniudr3eruazfuliNgumgiives iileserian
Tunsamafumsiifinsen Wisuifeuiunsaisiliiunduanuding

MII5IATIRRAMTBRLAATIINA Taen1s3inTzResdUsznaunLedveduan

41nA 6 Usean Ao Anuay Wsiu Lt el 11 astulawsm wag wasau
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aa vy

dayanlalumeAiUszdnsamnisatuau wavihdeyanlaluinsizinisadiinie
TUsunsa SPSS

a v

WYTLIAN LIHAU FanAd 2553 - fgneU 2555

dorunaiiunis nquideiauunalulagndinisiiuiiesiivls nedideuasiaun

ININIVEINTNVAEIMALUUTTUNE NN YA

UMNINYNF LT 89l

n1snaaesi 3.3 msﬂ%’uamwusimmﬂLﬁamimuquuumﬁ'ﬂgwamwaanm

WSUUAIBYNLNASEINSUNAZBY  LAgYinnIsuAdaunuLLad 5 38a TaLA A19939
F19lne wendldon weailudes weanuinend wazueauts TnenageuiuLlas 4 szay
MSSUAULR Ao ANLA YUBU ANLA LazAuANTe

nsnaaeumeinglulasiaukasfinsaisusulasenlenlunesufininis

LNURSNARDILUU 5x6 factorial in CRD & 4 91 Inedilladeneasu 2 Jase Ao

1) drunanvasnigasuasulaaanlan:lulasiau 5 8ms1 Aa 0:99.9, 10: 90, 20: 80, 30:
70 wagnIIUITAIVAY (81n1AUNA)

2) svaghanlunisuaseing@e 1, 2, 3, 4, 5 uag 6 U

nadaufuLuas ¥ Teua #19929917Ine weaduden weniludes wazsueautls
Tnsthdenanafniifluuausazsioudazszeznsaiayiuls Tdlundematafinuunn 22 x
34 x24 QMUIAAYUFALINS Pl Unaiin drudrsvesnassmanadnldlanzdosdusudeviofing
Tnousaznaosdl 2 9o9 1Wuniauduaznisesnvesing wagynisuassingniunssuian
AUUA

- msnmaaunsiglulnsiauuasingasueulaeonlenlugninnissy 1 o

MUAUNSNAABILUY 2x2 factorial in CRD $1u2u 4 91 Tneiitadenaaou 2 Jade
Ao 1) AMalulasiau 2 sEAUAD 99.9% ware1n1AUSNA 2) S¥aLlia1n1ssu 7 way 12 Ju

thnssuisfdusavs nmlumsaauauusasldfanmsneassd ouniing Aenssudae
Melulnsian 99.9% wmegauiunuas 4 sla kA 11993901 ne daauds dantluden
LAZHBANUINEND NNTEUENITITYHULS IﬂEJai’waaqamwmsmﬁmiaﬁnms UM 1 AU

N1 TANE

thusasiinunsnageusiulifgumgiiviendleselvusasszozmsaiadulaimun
Hugifinde wdsahuiasatiusiudufateiaatuludaznssuds Tnoszoviada e
AsraTusIvILLIafisonTIandsinisnaaeu 1 Su szesdnug 14 Sy svezuueu 21 Ju
wazszezla 40 Tu
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a a

n&sarntuindeyaitldlunidrussansaimnisaiuau (control  efficiency
percentage) wavihtoyafildluiinsizsinsafifsnelusunsa SPSS
T2HLA" By faiAs 2553 - fugey 2556
anudigduns nguideauinaluladndsnisiiuifeafials nesidouagiaun

NPININHINITNVAEIMALLUTFUREARALN YA

nsnaaesil 3.4 n1sldussadmsisaurufnglulasiaulunisaruaudaeersdinlue
(Sitophilus zaemais)
nsnsoufiegadmiunadey  Insiasediasiialne WS 4 svevnns
WSeAUle Ao ANWG YiueU ANULA LaziuANle
1. MAFUNMIUTIYRazIzeziavinzanlunsmidniLas 2IUHLUNTIAADINUY

=

CRD i1 3 41 9 3333 Ae Ussqluns 4 viin Fo nevlesd ga PET gaanfiuswdin KNY uazgs
anfiiwmada NY saudunisldfing 2 nssuds fe ldiglulasiaw waglildfglulasiau
WIsuifleutunssaiimuny (Fesuadluraniss) e 9 nssuisviinssisay 4 90 il
nagouszozgnafiusnzadlunsidauuas Tneasfui 1, 2, 3 way 4 dasi Taidim
N&99 500 NTU wazuuauAazszey tdluganarainn1unssuds iin1stanilnglvisila
a1 wussuasieidunsesnvesine anduvssyielulesiou iivlufesisuuase
asratiuna tnensatudiwultandukazaig

a [ <

2. MINAERUNATTTEZIAINTSAUFeUSINainAuuazn1sinasivaNgos) 119
LHUNTSNARBLUY CRD 31 3 91 5 n33078 Ae UsIqLuge 4 viln Ao ganews 91 PET geandl
wevlla KNY  wazgeandiiwasila NY saudunisldfinglulasiau wagnssuisaiuay

(ewanafin PE Nldussedaialy) s 5 n3suds vinssuiBas 5 ga Wenuluszesoa 1, 2,

]
aada o

3, 4, 5uag 6 pou U11anT kagd1inaes ¥llnag 500 NN UTIINIUNTINITNANUA
nduussiellasaunuisiiu snduiluflifgamgiviowmussesnanitmun
Tnevhvianan 2 ¥ fio Woasuimusyinsiafngeendiauneunisidags Mnduinsda
gaitaluaTIImMUsinaE siiviena endy

53851987 Sudfu gane 2554 - Augieu 2556

souiisdiunis ngaifeiaumaluladudsnisifiuiiediivls nesdideuassiamn

INIUEINTAUNEIMATUUTIUNEARAN YA
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N1INARRe 3.5 MsAnwusTIsuaTmiunsidaIsaneendiau uagdsnis Vacuum Tu
nsmiauNasdngayulnsauwiamensunng

=

- MNURNUNITYAABILUU Spit plot Tag Main plot Ao N5UAT 9 NTTUAD A 2 9Iuiln

q

a

1#uA 93 NY/LLDPE uazqa PET/CPP $aufuisn1sdu 4 35 38n1sussquuvanqinia
(vacuum) 38M15UaRiN (seal) wag Msldarsgadueandiau 2 §n31 nssuIdn1snaaedly
nanmdoglddnsn 300 wag 400 3.8, luwdadindlddnsn 400 uaz 450 3.3 lunenineneld
9m31 200 war 250 3.8, uwavluvilundeu lddns1 300 wag 400 8.3, lauynnssuds
Wisuiisuiunssuisaauau (Aoslundeawaiaiin) dau Sub plot Ae szezianfiviinms
MTIAERY

- ApafisUFinuuensigu uazsenasulng WF 4 szegnnaioioln fo sweyld
WUBU finudl waziaLiude

- nsnnaeu deayulnsdeil aendires 100 n¥u waadnFUSinas 400 niu aen

fngaeUTunas 100 N3 waswlumiouuuna 80 nsu ussgluguuazldanspnoendiauvse

] (%
a o 0 o

yn1sussaIEnTsAsidivue anduigeildiAulilufenissuuas asadeunans
veaadlusyezan 73U 30 U war 90 Tu MawININAaes

- MansaeuUnaivesndiauluusseia Insusseayulnsmunssaisidmun
nntuhgeiliiulilufeadsuas uazvhnismsmainuiuafigeendiaunislugs fae
\A30aTnAweendiau Be PBI Dansensor 7isveziaan 7, 30 wag 90 Ju wazluznlunleu
nraiaUSinufngeendiauiiszesnan 3, 57,30 wag 60 Yu

- N1INAAUUIEANTAINYDIUTIAI NG FBN1TIRNLUYINANEYRIMNAY U1e)
NY/LLDPE , g3 PET/CPP wazqs $ou PP unussgaeniingleu3unas 100 n3u niouiudaln
Uhngs Mnduthgsluldlundesfismusasuun 18x25x9 Wuiiuns wieuduldduiuty uay
YUY UBINBAIEU Uazsonaulng 91U 100 67 adlundes ATIAa0UNITRNLYINEEY0S
uiasUURWN iU Lagimsdausnuuasineesnnieuiulduauiiunn 7 3u (Juszesinm

30 JU

a v

STYLLIAN ISuAU AaA 2553 - Augngu 2558
donunaiiunig nauddeiaumalulagndinisinuiiedfigls nesddowazimun

‘31/1mmmé’qmitﬁuLﬁmLLazLLUigUwémam‘wm
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L =

MINeaed 3.6 Uszansnwvasnuanuadlwlunisanauaaslnanlunseiieunaanisiiuine?

[
A v v W

TNUHUNIINABBILUU CRD 6 91 3 NSIUIT AB 1) Ansanuaniaslluuuasiiu A9

[
a v v v

a U = 1 2 aa a 5
aunauNae 2) AnAsiudnualriuuufionida dusunndnuua wag 3) nssuisaiuau (s
BhTARE]
- Aedadusnuwadlnyia2 ¥de 15 ans1aunsae 1 dusntulsaiunssiiey ¥iniside
wazUnLATDINSauny
=3 Ly 1 qdd‘ [ [ 5 dy a v d' a d' o
- IUAIRENMNAINTINIEN 1 Audnuadliwuuasiny dinaugauuas Welan3ed i
anusTaLnkIatldganatafinUauings inAesmuneg
<@ 1 [ Qa‘a" v [ a £ o d"
SAULBNUNITNLUAIUBINTSUITN 2 NuANLEIlNLUURANLTY YiLASe9mUNe
-dUFIPENTELNBUNANIYI@E 100 NTY
STUTUIUATNARIINNTTUITANE
- ATIZIHALANANNNIEDRA
STazIa0 SU AaAY 2553 - fugney 2554
dnuiantuns Isafiunszifisndaninuvusid
I a v ] = [ I3 a & 1 a o 1y
nauIdeRmunnalulagndinisiiuiieinyls nedddouasiaug

I IMEINSAUNE Az RUTTUNBANAN YA
NaN1538

nsneaesdl 3.1 nsAnwszAugumgiianueuiivanzanlunisidauuasdngayulns
AUUWNNINITUNNE

1. MmaneaevaamgiauseulunismInuensgueaztonayulnsluayulnsouwi
wugumgiifiannsaidauasldienun wandafuluagulnswesuiausiozein uia
sveznsasaiule Tngldnanisaassdil

nMseunenAdlesUIuIN 100 n¥u n5TuAsRTUTEAMEAN Ao euflgamnll seéu

unnd 60-70 aeAYALTYE SEuLLIAN 2-3 FILUY mmsammmammqwawamagﬂwa

9 Y

o

Iplunnszeznisseyivle (Table 5) wazviliiUasidudauiuliunnssiunisadfny

n3suisAIUAY

)}

@ o A A o asa o o v & & A LY
ANTRULLAANNTUIN 200 NTU ﬂ'ﬁﬁiLI'JﬁV]ﬂ'ﬁ]ﬂllE]ﬂEJ']Q‘UVLWWQMNG] ABNITAUGUNNY

Y

60 BarwALTYE Trezlan 3 TIlUe uarsEAuguugil 70 srnaldua srazan 2-3 43l

[y a

drutonayulnsNseAuguuall 60 serwallivassesiial 2-3 Tilus (Table 6) dun1seou
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(% '
=4 =

ponifingreUana 100 nfu nssaAsimdnuenenguliimun Ae fsziugumgll 60 pemm
wallea svoznan 2-3 il uay 70 esmuea@ea svziian 1-3 Halus daunonayulng
n3sNIBATUsEANEAW Ao suTlgamndl 50 ssmiwalea fiszeziian 3 $alus uaz 60-70
oamuwaldea szuzia 1-3 99l (Table 7) wagshiliivefifudautuvesndnsusianas
waneeiuneadiAfunssLIsAUAY

msouvlundouyTina 100 n¥u nssudsiididaensguldionan fo 5 ¢ & U
gaumgdl 60 eamwadua srozinan 2-3 s uazsziugungll 70 ssmwalTua szaziaan
1-3 (Table 8)

wuilusenenguazyuyuierweulsinnnimenayulnsdanssiu Dosland et
al.( 2006) MeNUIUIAIRTHERHAINEATINURBANLTUlFINNTIgARe NoRL1FU Lazien
vadlen wazanmismnaedluadsinuiiszeznaaigniln fvuternufeuldinniian fe

seegld warsyaruuaU

(%
Y

2. HaMINTIVIATIEIUTIUETUTENOUTINO AN IMNALAEATIA AT B A MAL TR
msueendinduluayulngis 4 viia wud1 mIsutsedugamgdl 50, 60 uag 70 e
waiBea svogam 1, 2 uay3 Falus vhlivsinamsUszneufiuedniianun wasanianiinig
fusendinduanasluynndniue yanssuds laenwuindddenungilunisevas sves

nauilnay Ui sdAyanaInIu (Table 9)

a 4 a v o aa
N13VARARNN 3.2 MIAIUANLUAIARINAANAINEAslagldnauANDINg
VRIINNAFBUNITAIUANAIINTINAY N T2EENIITYAUINAIEATUALAINGNU T

(3

ANFNIUTIFDITLAU AD FEAUNTIU 20 Wosidud (540 Tnd) nhay SEAUNEIY 25

<

Wedidust (670 Yo Wlevihlfdadnineslgamgiigenit 50 ssmwadsadunan 30, 60
waz 90 Uil awnsamIuANstlnannszazn1sasyRulaled Silesidudnisaiuny
9g321319 99-100 Woasidudlunnszasnisiasqiiula(Table  10) sniiuszAaunaasiu 20
Wedldud 1an 30 Junfiimueumuounazsuduield 97.37 uay 96.50 Wosldusimuddiu
uananidaiulii VNTLAUNSIULAZNNIZE2LIA WAINNT0AIVANANANTEVDIAD9999
Flnaldetrsanysal wansididufoldaumununisseydudeld3sd
denaaeuiunontiiuden wuiisdundsanu 25 Wesidud Wunan 90 Jundl 1u
nysuAsTATand miuszegliuagsrarvuey annsomuauld 99.39 way 94.50efidud
AINAIRU (Table  11)  5xAUNAIIU 20 Wasidus uiu 90 Uil LagssAUNaY 25
Wasidud 1Wwaan 60 waz 90 Ui @a1u1sanIuANITETAnLALaaALIBIaINen
Frdenldegnaiiuszansnm nefivefifudnismunuszning 98.00-99.87 dannssaisd

89



Y

ALANAINsad Regadituddynnssitliinuedy warfmuiuesdiudeniaing
NUNTUNIIAINT TN

fuannmuBaLAnd 1N InendIuNTIadeUfAdUALEANY (Table 12) Wuin
HeepssrRunds it uresudadinnanas Tne seundanu 20 wWosidusd vild

& |3 v ' [y [ § @ (3 a al <
AUTUVDUUAATILNAAAAININNTTTEAUNS 19U 25 LWasidua Usunalusiuluiudn

=

Tlnallvdsunlamieada lusfuiutuanteslasliunna1amians wazanslulawnse
wulunsaznssuasunnanaduantios druduleamsiuwdatnilnnanas wasunlasu

& v a a aa A & | ° a A = a )
GU']ﬂLllaG‘IGU']'JIW@W]N']u@au@']']NO'JV]EJ‘ LWNSUUQEJWQNUEJE‘WF’\IQJ,VVN?{ﬂlel@L‘UiEJ‘ULVIEJ‘Uﬂ‘U

n3suisAIUAY

NsMARBN 3.3 NTUTUANINUTIEIMALNENTAIUANUNAIRASHAANALN YA

MnnNsnaaeulszansanvesiglulnsiouiinududu 99.9% Aenauszning
msuaulaeanlen waglulnsiau ludnsidiu 10: 90, 20: 80 uay 30: 70 Auuuad 4 vialawn
Frenadlng weaul seadhiden uazueaitudes 1 4 szzmssyivlafe svezld
vueau AN wazdudnty ssognanisudesfineg 1-6 Ju wuin nansssildvaaeulaid
AULANANAUVNGEDR Tnefiuszdnsninlunisaunuuuasssning 76.94-79.12 Wesidus
(Table 13) wsissgziianlunsvaseigagyiliuseaninimnisaiuauwiadinuwanm1eiy
aadd e fuusnliinanismunuuaas 56.43 Weddud wazissdndamifinty Wevdes
frsurudu Wevdesfne 4-6 Fuldefidudnisaiunumindy 85.85,  87.68 wag 86.00
Wosdudauasu deldunnsnaiunisad dvsuriauazsseznisiasyiivinveuuasing
nasalUasidudinismunuwieIiuszeznainisUaosing lneaisastnlnadanumuniu
fign nuUsEAnSaIwnIsAUALLRdnAY 39.88 Wosldud Tuvugiesidudnisaiun
weautls uent1Uden uazueniiudes Wity 94.28, 80.54 LAy 96.86 MUAITU TrELsa
Wudeifuszeriiamunuldieiian aueuld 96.77 Wesiiud sesawunfe sreyly uavszey
sl firuaulel 83.37 uaz 69.82 Wedldud mudiu szegnusluszesfifiaumumy
fan aunsorueuld 61.59 Weosidus

nsnaaeulsEansanvesieiglulngiay 99.9% lumhenaassUiuing 1 duly
anmlsafu Audisssdialng veautls uendriden uazuennuiIng1d innszeznis
w3nAule Inoifuszeznansldfedu 7 Fu uay 12 fu nanmismaaounuin szozna
nMssusefelulasiau TnadeUssaviamnsauauuias Weldinan 7 Judsldamisn
muAuLaslsvie (Table 14) usidlefinszozinandu 12 fuamnsamuauuasidegng

auysal sllanazszesnisasaiulasdinaseuszavsninnisruny lnesasdnlnady
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uiasifinununuian windismeadiannuuasdn 3 wie wazssegnuouduszesi
mualdenian uanssegdituddgmaifanszozninaiaiuladu Wesusefie
Lulasiaw 99.9% Wuian 7 U @11130AIUANTEEZUEUTEIRI9IRT 1 TNALA 60.67%
(Table 15) Tuvaugitannsaruauuonui ueathuuden uazueavuinenlinun ogslsh
mulewiuszeznainssudy 12 Ju aunsomuuuiamnaiedilinaaeuuasynszeznng

Wiyiulaldegeauysal

nsnaaesil 3.4 n1sldussadmeisauiufnglulasiaulunisaruaudasersdinlue
(Sitophilus zaemais)

Haveinshdussytamsiniuielulasiaulunisaivaudisaistnilg (Sitophilus
zeamais L) wuinmsussadnansluussasdasive 4 9da 1w guless ga KNY g9 NY wag
03 PET saildielulnsiau uarlildlulasiou vlidhsnsdninessesdisuTonetommn
Faudunidl 1 8ol 4 veanTUTIY (Table 16) dmiusnanssosdnud nssudsilldfe
ulnsiau ansnsamuauiisnszosfnudldTauadauaduniil 1 veanisussy vaeiing
vssqlaelalldfelulnsiau Tudaid 3 annsomuauusasdionun (Table 17) dmsulu
JEeEvUaU WU MSUTIPLUGY KNY 94 NY wazge PET wiouduldfalulasiauaiunse
AuauFaanldtaueludaiusnreinisussy uaznisussalaglildfglulasiauny
WuauAINTORTInlaUSINananteludunviusnaaenisussy wazludamideunawise
AuAsuadldviann (Table 18) dwiuszerldfudnszosnisaiyiivlnveuuasiiiini
numuieanweendlaum wui1 nMsussglugafentulafelulasiauauisaniuuuiag
Igsmualy 1 &Un9i drumsussqlaglailafelulnsaunudedding 3 dUnvidenunaudag
naszerlaldvianun (Table 19)

PNNANITTOATINVDIAINNTNIINATEUZA) WU N TEUEANUALAL T2 8 Y
Jusseriimuniusoanimesndausiléd viilimunissendinvesiemdnsussalaglild
Frelulnsiaud 1 wag 2 SUAW vaisiszesdufiutowassresnuaudiulng linunssendin
uiillefinslafalulasiauihlvlugeannsoifivdseavsamlunisaiuauiisndldd Tne
drulnglamunssentinuesienIRurUnuINBINITUTI NINAABUNATEITEEZLIAT
mafusosinafniufeussBuamsfivinidos nnnsinfgeendiauiivielugis
1 yiiadldfelulasiou Anufeoondiaumaslugs 0.2-1.3 Wesldudndanisussy 1 ey
uifnuinaeendiauiiivgsduiisndniosluurazifou audoudl 6 veanmsussy nutigs
wossanansaesiunstusinuveseendiauldfiign sesasnfions KNY g3 PET uaz g3 NY
(Figure 3)
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maﬁuaqmimsf\;m'aﬂ%mmaqm'ﬁﬂwLLQWamaﬂ%uﬁLﬁm%uiumammamwm 2 wiln fo
dmansuazdninges wuinisussgdnas uazdnndedugais 4 slandoutunslding
lulnsiuiivnaueramenduiindulunnnssuds wasUimnaveauenamenduiiisiulsl
LANA9INNITABMUANTIUTITIuITUINA FeuTinamsfivwenaimenduiinugsgalu

T1Eswiniu 4.5 iR luthindesnugean 8.1 AiNT Manueldifusasgiuvannimglsy (10

W) wazamsguvetineg (20 Witd) (Figure 4 and 5)

nsMAaesil 3.5 mMsAnwusTYRaeisauiunisliansgaeendiou wazdsn1s Vacuum lu
nsMiauuasfngayulnsauwiamInIsunmg
- HANIINARBINITNAABUAIIAATUDBNTLAU UarITn1s Vacuum  Tunisindnuen
gnaunazianayulng

TunanAmelpsauwiieUSuNd 100 N3y

Wu3199 NY/LLDPE  waw g1 PET/CPP fiussanenades nssuisildaisgadu
90NBLAUBNTY 400 way 300 3.8 TUseanSamd Inslinutensguuazuenayulng sondin
lunnszugnsasysiuladaudssesiian 7 wag 30 U Aud1du n3IUIS vacuum  AIUAY

& = < ] Y o w ada A = ' a
LUAINIVUATITEEZIIATUTITRUA 90 uag 30 Jumuaniu nssuisgatlauinguiigsstumed
AIANWNAWIIMNALATN Sz 90 Fu (Table 20, 21)

TuAainTUsunad 400 N5

NANSNAADINUIIGY NY/LLDPE uaz g3 PET/CPP 7ussquanin® nssuisldeans

(2 a a A a Aa =

AndUoaNTLAUTNTT 400 way 450 3.8.UUsedAnSamanan Ingnldinuneneguiaszuen

ayulng senTinlunszeensasyiuln AlWATEEsIa1UIIY 7 T NIIUIT vacuum

v & N ) ada a = ' = v
ﬂ’J‘UﬂﬂJLL@JﬁQI@WQ‘WﬂJ@Wi%B%L']ﬁ'] 30 U ﬂiﬁll')ﬁ"?]ﬁﬂ@ﬂ’]ﬂi}ﬂLWENEJEJ'NL@E’J'J muammaﬂm

ﬁy’wmﬁﬁwmm 90 Yu wWusuld (Table 22, 23)

”Lumamﬁﬂawﬂ%mm 100 N3

n3U339luQs NY/LLDPE ua g3 PET/CPP wuiinssuisildansgadueendiaudnm
250 way 200 3.3 Linuunasiisendinlunnszeznisaiyiivlnvesusnsiguuazuen
asulns dausszozinat 7 wag 30 Fu muddu N353 vacuum  muAuuaadlEviaLnd
seppaIUTIY 90 Tu n3auAETalininguiissesnafien muauuuadliuniiszesinan 90
Tu (Table 24, 25)

Tuwnlursiauysanu 80 n5u
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N15UT59UQs NY/LLDPE fussquilumsiou nsndSildasgadueendiaudng 400
uar 300 4.8, muauuuasliiauaiiszesnaIn1TusTaReud 7 uag 60 Fu n33u3s vacuum
muauuadldmundiszeriaan 30 Yududuly dunssuistaliauinguiiesediaien
munuuasldauaTiszazia 60 Yu (Table 26, 27)

N305391IANS YA INAERNTTAAINY VBINUBUVBINDALIFU waTAILALTY
yosuaneguIaztenayulng wuiuNasildmaasuliainsaiaizge NY/LLDPE uas g9
PET/CPP ¢ usflugadou PP musuvesuensnguansaizitviiaslsl lneisuanzyias
Tududl 2 vdwihnsnaaos uaziivhaneldnasnszezing 30 fu  dwdusniouonsngu

way wenayulnslinumsiangianegefou PP

NsNnaasi 3.6 UszansninvasnuanuasinlunisandudrsUnaalunseiieundanisiiu
1NEn

a a

n1snaasalIsuiisulseansamlunisanduiistndnvesiudnuasln 2 il wa
mMannaeswiavestufnuadivluuudnuis fusunndnduuiasegluaios fuszansamdsn
Fatndaldiads 46.27 # iisufuiudnuatiuuudeiu Sfnaugauuadlfaduoglugs
fuans dnshaindeldiade 4.55 1 feauansinstumaadia (t = 4.45) Aszdueandesiy
95% (Table 28)

Usurunsndanentaanniuan 2 sis wardruirusmetndainulunssifeundui

(%
[

ANTINUINTUTIABUSUINAL 2553 FNUIUR9

=

Yndnannnusnuwaslihuufnndaade 154 ¢

v o v o o w

AN ANAUAN LA LNLUUAINULRAY 7 AIRBNUANIANULANATINAUSE19TTaF1AEINI4

o

=
N
c

?

I v v

atd uazlunseiisundundeiauade 5 daderiudn lugiemsunuAIius 2554 F9UIUA9

(Y

Yndnanduanuas WU URANTIA 463 FIRaNUAn F1UIUANTUNFAANAUA NLESIWLUY

[
U X 1 o v A a v

FINULRAY 62 AIRDAUANTIAINNLANAIIAUBE 19T TE

(%

UNNEDR  WATINUIUMINUNHATY

o

NSLIBUNAUNAANGRAY 11 AFanusn

a

Tugnadeuiunnu 2554 F1urun9UndRNTUAnLaIlNLUURANTLRAY 216 A6

v o v @ Y

Ausn NNUANWEIHNLUUAINULREE 8 Fasafusnimnuwans1eiuageldedfnie@ds

warlunsefleunduiidniiande 45 dsrefudn (Table 29)

N33 BUNLUAITIRATURD WuLLassImandasdnda (Urophorus  (Carpophilus)
humeralis (Fabricius)) 1uaumnnIuaswdedu lunsdansuuaslunseifivuasndenty
fusnuadwuuudandaiuiunndnduuasegluindes mszdnldduiumn wazlifomeaa
Gosdlwihdados iszudlnduuuasagiafuniliaunsonieanuld fusnuadlauuuseiin
dlndadoninailaiviieny uasifnlugadiuanaazduoonin
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ayunansIteLasdaLauauuy

nsmAaesil 3.1 nsAnwszRugaMgiinudeuiivanzaulunsidauuasdngayulns
AULIMNINTUNNY

msevayulniiieidnnnszeznisialgyiAvensigu uazuenayulns tneiAnnns
andunnnn dodldsdiumindeunazszsrnanmsouiiuanssiudell aondnosdeseud
sedugaumgill 60 way 70 sarniwaldea szoziian 2 $alus waadndssdugamail 60 ssm
waldea szeziaan 3 lus waz 70 ssmwaldea szeviian 2 $alus aeniinersuavily
valoufiszAugamgll 60 ssrwaldoa szoznan 2 9alus uay 70 earmisallea szazian 1
Halus Feanslgamgiigsszeznauudnailiuiinaasluayulnsanas inunsnsuie
AusEnaunIsauITninseRvaamnginuseuLasseezainiseudanatuldindnuen
auulwsuazuonsgulaeilivihlinondes winind aoniinens uavyluvsiou gayde

AN wazgustnalauslamayulnsifiaunn avon UsAnnnsvialeveuss

a 4 a v aa

N13VAARNN 3.2 MIAIUANLUAIARINAANAINEAslneldAAUANDINg

msldndunnudIngmuauuiasdnslulsufuduisninien wisuilmivsednsam
7 nespailiudadilnaligaumgigendt 50 eseuaided Wuian 60 Jwndilunisaiuau
v ¥ = ' a o cs = A !
MRt nlng wazwiudundt 90 3ud lunisauautend1iiuion Fellaununiuiinnii
A9 INA WATIHTEAUNGINUNS ossE T LI YU B9 lldaNansENUsRAMAINYDY
wandnlng Meszeznafldnduanudinglunisamunuuiasroudisdu Jadiamudululed
lun1sesnuuuiaIesdwmsunmsidaauegrdaiiiaslussuunisngs deaunsantuausuasiy
nandnivsutamnaglunadusing limawnunsldgoumiuiousuuidu aunsaan

% %

AUNUATUAILTIY aaNTTIonud wasdsilminanudemedsdud1tosadliosainan

(%
[y

JunounITIUEIe NdAgamnsanaununsidassueiinnneg Juduaisivlundauainuns

5]

nsnaaesi 3.3 m‘sU%’uamwmimmmﬁamsﬂ'suqmmaeﬁmgwﬁmwamwm
felulnsiaun 99.9% wazfanausywingasuaulneanlanuazlulnsiau ludnsdiu

10: 90, 20: 80 war 30: 70 HUszANSAMAlUNITAIUANAI9IT NG wanuwde Hon

Fralden nenfludes waruennuinets wiilewnslauayszeen1saaiulnreuua

LazIEEIaIN13IN dnadeUseaninmnismiuan Aeiun15un3snstluly sesdtisdadade
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Ane 9 wandl egralsinmsyiinmeseudilaenislidiesdalaeiands wu Aglulasiau

o e ¢ s lo & w v = S 4 PP
wsefngarsuaulaeennled Inglidnludenaning iWemssugiainissuiiduian Al
Uszavsnnlumsmuauuiamnydannszaznmsasyiuls lneanzaensdialng dadu
wuasfidaunumusionsidfineign saudensvenevuiavesnisnageuluaninlsuiuli
Ingdu iedudulseansamvesinglunismunuuuaifnindanainuns wazaiunsail

F5nsflUldleasslunianisansiald

nsnaaesil 3.4 n1sldussadmsisaurufnglulasiaulunisaruaudaeersdinlue
(Sitophilus zeamais)
ns@nwnsldussadunwiuielulasaulunisaivauiiansinlam wudnisly
ganee 93 KNY 3 NY uazge PET Wigqagaifietanunsamniuaumisnsdnlnassessiiy
o dnud vueu uazlildnsluszezinainisussy 2 &av wildeldsaudunnsldfne
lulasiaunuitausaniugudiaasdialnaii 4 seeglddtuanunsamuauldnielu 1
FUn9i uagnuiiinaussasivweramendufisdutiosnniiszerainaiu 6 dou
nsthnanulUldusele
msldfelulnsiauiuiuussgsusiamsauusiilidusznountsienedinuas e

Tnghlldlunsussandanainuasiiedesiunisgadeniinanuuasasiionls lnawiy

Ald918 TneAgans 4 wila Ussuim 2.00-2.50 v daufielulasiauvuin 50 Alansy

v =Y

51A1 250 UM wagn1susTameinglulasiauinligend edueidnvaeluigsenisnedeou

AUVBIAUAN

nsMAassil 3.5 mMI3AnwusTYRaeisauiun1sldansgaeendiou wazdsn1s Vacuum lu
nsinuuasdngayulnsauuinisnisunmg

nsussyanulnadie 4 win lugs 2 9lin Ao NY/LLDPE  waw ga PET/CPP $auffy

n3Rse fmileufunaysranaussawiniu wuindanmssendinvesuensnguuazaen

< ! &

ayulng nnszuznisasydvle lddinnuwanaiamiada wansdmiuingane 2 slied

q

Uszansnlaiuandnaiu uazwuinnsndsnmsldansgadusendiauiuszansamianianiunis
Ardauuaduussadtog Sanisussgaulng 4 vialugais 2 winsuiunisldansgaeendiauy
darfiannsafidauensnguuazuenayulnsliluszezioa 7 fu fauuanenafudsd ns
Ussynenddes Usuia 100 nSusedldaisaneendiaugnsn 400 3.8, wiadnd Usuia 400
nsusesldansgroendiaudnsi 400 3.8, aeningneusunn 100 niudedldaisgnesndiau
191 250 1.3, wazylumieutTainm 80 niusosldansgaeendiaudas 400 3.4, Tassi
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NaNTsuUITeN 4 nMsAnendinen duainen uaznslasiunndnuaaiingnannanens

Biology and ecology of stored product insects and controlling them

N ya v
Yor3dy
< a ¢ =
WINTTOUeY Blena wlaving glstu
WNNTIANS Ve WA yyuey
WNEANINIIHUT GNDEND WIAITENN LRaNTNIY
wealy i wdudy U9T9237 LNY5 LR

YWNTANE  IF1TNIUUN

Aabstract

Ecology and biology of stored product insects and losses assessment of
agricultural products caused by insects is important information for planning
prevention of product losses caused by the infestation of insects. The surveying of
dried longan insects in storage house was found that dry fruit beetle; Carpophilus
hemipterus Linn. (Coleoptera :Nitidulidae) was found damage in dry fruit production
industry. Their adults and larvae could damage the dried fruit. The study on life
cycle reared with dried longan were the egg stage took 4.15 + 0.81 days while larval
stage and pupal stage took 17.30 + 2.003 and 4.85 + 1.31 days respectively. The
longivity of adult took more than 2 months. The newly hatch larvae started to
damage at the inner of the fruit and then they consumed the pulp of dried longans
and they would pupae inside the dry fruits. The adult could fly as well. The wall
type light trap at the level 2 meters from the ground was the most appropriate level
to get more adults. the study of fumigation of the dried longans were carried on with
the result 1 tablet of aluminium phosphide per 1 cubic meter area caused 100 %
mortality of every stage of dry fruit beetle with no changeable of their sweetness.

Thirty-three samples of maize were collected from 7 provinces. Six species of
stored product insect pests were detected. Red flour beetles and flat grain beetles
were the most pests found in this experiment followed by maize weevils, lesser grain
borers, book lices and saw-toothed beetles, respectively. There were 2-3 insect
species coexisted in each source. The losses of stored maize which were artificially

98



infested with maize weevil, lesser grain borer, red flour beetle and flat grain beetle at
several initiated numbers of each insect were assessed under experimental storage
conditions at certain intervals. A pair of maize weevil increased in number by 10
times in six months but substantial loss was not detected. Increase of number of red
flour beetle from ten adults was observed. However, ten adults of each group of
maize weevil, lesser grain borer and flat grain beetle considerably multiply in
quantity and massively caused weight loss in stored maize. This data could enhance
all stakeholders to understand the loss during storage caused by insect pest and
concern in pest control management to protect their stored products at appropriate
time.

Keywords: biology, ecology, stored product insects, insect control
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TNUHUNITNABOILUU CRD 4 91 4 n3IU35 A® UAQE aluminium phosphide 97151
0, 1, 2 kA 3 tablets S¥azn155U 7 U
ad tdgj U 24 ¥ v a a A 1 o 14 L%
353 lneldesvenennalduwisnle 4 szoznsasquiule fe 19 vueu dnud wazea
wade thusasldnnidssmaaieldlunmmeaoueniulsazsyozmaasgiuln
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NAANALNYAT
nsdsaviauazliunauuadulsuiu Tneduiodiasdatnlnedifiuliluanm
Tsafiu Tu 7 Sanr¥e 9 ez 5 dheg19 9 ay 400 n5u thuesadnunsdauaz TusuILLNas
Fagiidisinans asratfuarudemeiifiatu fanudu iiufiegredinlnalsily

b4 a va [ U - v o ! ! A a X
wanummmUmnm 45 U L‘wamaﬁ]uummuumﬂ?umalﬂmmﬁ]Lﬂmu

101



msAneUsInaanudsrneiiowuasdianesuaunananeiy nsnaaouily
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n1snaassil 4.1 a1sdner¥ainen daainen uaznasdasfuiidadaenalduds
(Carpophilus hemipterus) Tuanloauuiis
nan1sa1TIakuastualoauwis wusaewaliiusis Carpophilus hemipterus \uma9
agluaed Nitidulidae veuvaneraliuis Wudgmdrdgdmsugnamnssunaldudis W
SuTonagdmueudnfurharenaldutausuuouagiansinnnit - Inguinduldaguaiu
vio1 TneTnguiindtimaiiyafindesansfynvevuusazdasdndunnufindes vuanuas
ildwdes MnmIdesiedlouisd 1095830 szevld 3 - 5 Tuads 6.15 = 0.81 Juszey
wueu 15 - 20 Fu Lady 17.30 + 2.003 Tu svoednud 3 — 7 Yuiade 4.85 + 1.31 Ju daud
foflorguruannnt 2 Weou Weidesienzahsfiumusuiasd szevld 6 - 7 Yuszsrmuou
35 - 37 YU syEanug 7 - 10 Tu szezdfude 42-86 Ju aawaliuie C hemipterus aglyl
Fanenandniidautus faudlonsddld 1,071 ves Fudiutefininudedh fnatetu was
nansAu Dulihisusanansamasuinelalnasinnit 3 Alawns (Mason, 2004)
yupuirAutledlouieilfluyamomsuasyavasusy  Fnudognglusa
alowis UAseinismevauewiowalnl wulddndsanusaduldiedhudlunainaisiu
JusonanumasosIAaRuAnualu
msanmstudovlunandslpgldfudnuasin namier wufiauds fissogennugs
2LAUAZ 3 AT Wudﬁzéﬁ’umiamﬁqﬁuﬁmmﬂw%qmﬂ‘ﬁu 2 wes Andumsraldiuiadaia
felsgeanindo 17.58 1 wanseansedu 1 smsiade 6.25 § uwag 3 lWaslade 8.08
nsnaaeinislasiuiidalaglearssy aluminium phosphide  wui1dnsn 1-3
tablets siofiuiinessu 1 ANUIAAIAT S2E2Ia130 7 TU aunsamdnnawalduvild vinlv
senalifudianis 100 % vnszermaadgiuls lassandanumuiialdadomity
29.90, 28.40 wazr 30.35 brix luana1sanarlouisainneilile sudiisssuaumanu

\ay 32.75 brix

d' a = v (v 3 d' z:l' a v
N1sNAaeN 4.2 n1sussiliuadnugyidevasdidluandafuineaniinannuuasdng
NARNALNEAT

nsdrsravdanazUsuiauaslulsanu

WU Tusuu 33 Fed1anid1523 LHuudnd1ilne 28 Fee1e 9161 2 Feee 62

Wed fauaeard1ieviinay 1 d1e819 lned1599970 7 Jamdn Ao any3 uAsaITIA

& @ a 1 =3 v} v 1 1 [y} dlll

INYSYIA! FUNYT WS newn waskae (Table 30) MsAudnwtilng ddulvgazneaiuiig
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Yu Tnouuasiinuannlaun seauils wazueavuingd Genusinay 17 fegrs Anu 51.50
Wosi@udvasdiog1eiidnsna sesaswnlind #9esdlnany 13 faege Andu 39.40
Wosdus wazwunendndon 11 foghe wihiu 33.33 Wesidud wenanilulsafuiwde
Fnlnnuauvasdmuteniiudos uavinilide Fausasunasiusinnuusamansvinende
og3uiu wuannfigniunaserfeegsaniu 5 viia $1uru 1 fegra wuaseduegsiuiu 4
yiln 91U 2 e wazmegsdiulngnuluatenfyegsiuiu 2-3 vila lnewuduiu 9
way 10 A981NMINAINY

nsAneUTInaanudsmediosuantiviatesiuausanieiu Tnesiuuuasd
Jstunansualu Table 31 daunsgydentnuanialu Table 32 dlilswazdondsil

Usnaumnudemeanngsansdnlng wuisiuiudsnaintuniusuuamagdu
Aty wasfstunuszozinarde Tasludoud 6 fenstnlng 1 ganunsadfia sy
Hu 23.25 ¢ fheeas 5 Ay 290.50 67 fees 10 gty 349.25 6 uazdses 20
il dandu 811.50 1 szmuiluieunsnswunuasliivdsuutas Saldnusaiu il
Tuieudl 2 uae 3 Sununuafiutuyszuna 3-8 wh Tuieudt 6 Surunuanfududy 11-
29 whiuegusunuuuasisiu Vetideudesdsnsdnnlnadiuam 5, 10 uag 20 g uwuasd
Anlsiifisnniigaluian 6 Weude 29 wi, 17 Wi wag 20 wihamadu

USinaauidemeannuentindiden wuuSinamendidenifiutuethadiuladely
doudt 3 1Wuduly nuenddenisudu 10 fufiududy 28.00, 52.75. 62.00 uay
105.00 faluiioudi 3, 4, 5 uwaz 6 mudeu wislduentnwden 20 d s1uruNen
fruddenifaluifiududos 4 muszozinanaugeaaluifoud 6 wWufu uiillolduon
Frdden 30 f neadaUdeniiutudes 1 auliuioudt 6 nduanas luvariinislduen
F1aden 40 61 wesdrdenisumsiiluiioudl 5

Uunarmudemeainueauils wunsiindSinamesenudslumandnlnaials
Srunundnies Wewinueauwtadu secondary pest azdihanendananuasinedied
wiasvindudianeneund wandlnailineaeudumdniianysal liflsesnnzle o
veaudadsliaunsayinaelalnense

US1NaUANULEE T8 9INLDANLINYND NUTIHEANUIngIEsaiNUSIadldRInA I
uaawileieridu secondary pest LUULABINU TnefinUSunamus e duLazny
SYuEaTiuIuTY NenruIne1d 10 way 20 fanunsariiuuSunandy 120 uag 170 6
auduienuly 6 ey usllonenruineIdedy 30 uas 40 F1 Ysunamenvuing

navANAILULABUN 5 9L LDI9NAN U D UVDIAI999T I INA LA IANLIADUNN
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WiealUSeuLguLIaIdnIHanRaINwAsTIsEYn wudnlalduuasusu 10, 20 30 40
AL A9t naaR s IwIulauInAge sesaunlawn NeaAnuINY1I Uen
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] = o a X ° S a X - I = o
WuiANNEeMevet A UMUTILILLLEINTNTY Waliauly 6 Weundiuiu
LHAUTUAY 10 wag 20 My weaviuing1iviaudeniglauniign seaunAenieeg
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g19uEaU Nenwdsdinihanudsmelvitdesnan
ayunan1sITeuazdatauauuy

1. M3AnwTInen dnmine) waznistesiundamenaliuns Tualesuuns lng
nsdrsanudegisuuatludloauuis wusanalduia C hemipterus \Wudategluaed
Nitidulidae oy vianenaliuis WudgvidAydmsugnamnssunaliiug ety
wasrueusuhatena e dosdedlowtd 199580 serldade 4.15 + 0.81 Tu
sTEEMURU 1Ay 17.30 = 2,003 Ju szuednud lafe 4.85 = 1.31 Ju dudusdengum
1NN 2 Wiew INMSiResLzaeiunusuie 10a5T3n szegle 6 - 7 Yusvervueu
35 - 37 Ju sverdnud 7 - 10 Tu srezdafite 42 - 86 Ju wueuiiAnlmivriwiledile
whaluresafudulng duneldngeimvoimsuazavamuey unssodbaga
Rvessadlouisiivgussinuuen snusaylifivaontiy fnufegnnelunadlowis fufude
ansadulaeshilunainaisiu Jussnatnunasenmsuifnduanuasin arsldansss
aluminium phosphide 871 1 tablet seifuiinessu 1 ANUIAMLUAT @1U1T0NINRIINA
wials Tnesavifeurnulddsuntas dauntsannisvudenlulsufvdileeunionuy
Tsadeudn nmsldfudnuasliuuufanids Hredniufuiutodmaliufivudousyly
wandn awtasaanisuwtiould Tnensfindsfissazgaainiiy 2 wnsaedndsldgean

2. nMsfnmmsUsziiuaNgydsvestlnendaiuifesdiinanuuas nuitumas
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dnginlnandufuieafidisnaindning 33 fedrsiunuuuas 6 sladssmudify
$ruausegeiinuanunlumdessedl veauiuazuoanuaneny nulusiuauiiy
seauRerId1alng wendriuden wmilsde uavueniluides Jeusavunasiudnny
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fadmAnnainunsiewing Aiugiinerdestunsinuinwding viendanainunsdu Ads
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LONEI3D9B
Mason, L.J. 2004. Dried fruit beetle (Carpophilus hemipterus (L.)) and corn sap
beetle (Carpophilus dimidiatus (L.)) Family Nitidulidae. Stored Product Pests.
Department of Entomology Purdue Extension. Purdue University. E-229-W 2p.

NAINTTUNMUATEN 5 NsAnEIANUAUNIUNDENUYDIUNAIARFNAANAIN AT

Study of Stored Product Insect Resistance to Phosphine

wiglafing gl WNNIIANS RIAY
WAL Uy UNAINEAUT GNEND

WNANTENN answty weslgian wdudy
Abstract

Stored product Insect resistance to phosphine is increasingly. This is the
result that phosphine fumigation could not control all insect on commodity in some
area. This study was to evaluate the present status of resistance to phosphine in the
field population of stored product insect in Thailand for being effective protection
management. The study of insect resistance to two types of red flour beetle,
Tribolium castaneum and flat grain beetles, Cryptolestes spp. in the years 2556-2558
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Resistance tests were conducted according to the FAO Method No.16. The sampling
population of red flour beetle from 125 rice mills found that 4 insect populations
showed resistance (was 3.20 percentage of the total sample populations) and 121
insect populations showed nonresistance (representing 96.8 percentage of the total
sample populations). The results of tests on the flat grain beetles of 47 rice mills and
grain storages from the 4 regions, 22 provinces showed flat grain beetles resistance
33 locations (was 70 percentage of the total sample populations) by found the flat
grain beetles resistant strains spreading in all regions. The resistant strains found flat
grain beetles had shown a strong resistance only 2 locations (was 6 percentage of
the total sample populations).

Keywords: Stored Product Insect, Resistance, Phosphine
UNnanga
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Fumusioanssueaiiy Andy 3.20 Weddusdvedlssdfusnogiwnsimun wazuonud
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ae 9 Tuuszinreeamsideiazuaisussmalusi@ounuin 70-80% vesuaaiiAuiealan

Y

D

nsudaeassunleaiiu (Daglish and Bengston, 1998) dsluuszwmalnefiguiu nmssy
Gumanllanunsafdauadldfamun innuateanivg wu fwanaind 148msnleaiiu
Hooniuld vieldsroznailunmsududuly vhlduvamielivun waruiasdisentinaunse
asuauiumusoanssudadld dagtulisenunmsairsnnudunudeanssuneaiivly
wuasAnslsaiunatevin vateuwnas laun A19933911 (Sitophilus oryzae) wag wiisde
(Liposcelis sp.) Tuseamsidowaydu (Nayak et al, 2003) egrelsAmuladinisnunis
Fumusioanssuneaiiuiuadiusnlulvessy 1970 (Champ and Dyte, 1976) waztdud
niuuirtlagtuiliienisaiesanuiuusoanssureaiuluusasdnnEnuannunsags
You 11 wialu 45 Usswanlan wasfiuwiliuezifiudu (Chaudhry, 2000) ooawmsiEeny
wuasdumuseassuveaiiuasusnlul ad. 1997 wuasinuie vendruden
(Rhyzopertha dominica) wazdannuIng1d (Cryptolestes ferrugineus) (Collins, 1998
cited in Collins et al., 2001) TuniUeTeniisieanuamuiunuseaissueaiuouen
Irlaenlulseinaduie Ju uasWauTud (Rajendran and Narasimhan, 1994; Ren et al,,
1994; Sayaboc and Gibe, 1997)
mmﬁmmu@iaaﬁiumﬁluﬁLﬁwﬁuimmawm%ﬁmLLaﬂuqﬁmﬂma 04 919
noliAnAudumadlunsamuaunsityhaisrdananvnTveIIamInty  uasBad
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ANUEAIINTUoanssuLAalusiuagndinUsunsy Wesanluansiviranelelau
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Tuguusseinae dguininaniasiinduiissdluinisdanisnisldaissuneaiuagng
WgEl AIUNSANYIANAUIUNaT et IR IHARNaIN v sTaliaudndusgns
81 lngtamziudszinalveniinisssuinvesuuasdngnaauadnuiunin lnsanizuaauls

WAZUEANUINYNTUTULNANTVUIALENLIN LAZISUTISIEUNITATUNILNINTY
= ad a o
szidgulsnnsivY

=] v ] =
N157Aaa99 5.1 N1IATIVEDUAUAUNIUYDINALUIRRENTTUNDENY

[

ANTAUNITNAFDUANUAIUNIUAIUNTILITVBY FAO Method No.16 (FAO, 1975) #ail Av
1. Msguiudiegauuadnndnnanunsanlsuiundanainuns laensiadouanIunes
2 ) Y ' v o ] A 9gv g o 3
vadlsufiunludnaiudegsluendminlusdazaia ielddudunuvadsaiuly
winzdamdn dudnudanainuasiazsouniuennde ldlunadedesiuas iouinauun

d’l 1 L4 a wa
Wesvengsieluieslfunnig
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matheseeRuuaag tusuuseautiiivanldldaduraui dldsdnsmau 5o
n$u vamay 100 i andufinuvasiisnvesuuas wazuiiu wds 2 dUanvi Wdudute
FavuaeenaNeiAes n1siiusunImaaesznszhdailefuuasiafu Toynll
20NY"
- nMawissnfingleaiiu andavleaiiulugy tablet
- MIVAADUANUAIUNUENTTUWDANUYBIUUAIAR FHAANALN YA

4.1 Funsureunmeaeunissy Aumeududuildlunismeasy uanssuusas
lunsmaaeunissy launasaslunsznwanadinvuiadniinda Tnsarzgiilne
dudelfernieannsariudnesnts Tneldnszanag 50 1 siudu 2 61 lun1sveaounn
pdrsdiaeiussounelunhenaaondiouifivunnads

0.2 umerlunmsnageunissy gafeveafuildndouliugs Ingldusmnmesing
muidunild szezailunismageu 20 2l

4.3 dupoundsnisnaaounissy

naduann1ssuliUne desiccator #an wazdaselniin1sseuieenie waean

[
&Y

tilviihenszynitlaunasesnin uazldonsadluidntes shluifuiignmgiisies nsin
Snsrnsmeliiinisnnaseundnaioiunissy 14 fu

4.4 nsesavdeuauiuniy Teanududuiidenia discriminating dose 418w
mnuitutuiansasusasiugsouusld dunuaniudfiFuniuarsendinfiaanadudu
1 a mudutuifanunsaldlunsmeasuanudiuniuegesamiald discriminating

dose wazszaganldlunissudwmsuneauds discriminating dose 1 20 Falus A9 0.04

(mg/L)
YL Sueu U 2556 @uan U 2558
aounAiunig 1598 wialndunundnranianisnunsluniaeige

nauidswazimunalulagndinisiuifes nevddatasimu

%‘VlEﬂﬂ’]iﬁ/iﬁx‘]ﬂ'ﬁLﬁULﬁ‘EJ’JLLﬁSLLUiEUN’SG]NaLﬂ‘l"i(ﬂi NTUIVINITLNEAT

N15N980H 5.2 NMIASIVHOUAIUBIUNIUVDIUDARUINET? (Cryptolestes pusillus
(Schonherr)) faassunaaruluyssmalng

FUIUNSAEEUANLEIUNUANLNTSIIRRI FAO (Method No.16) §ad o

- nmsguiiuiiegatenuIng 1y Wudeaiuuenus nduthnduanidsafis o

WULReiY 115U 1sTeuagmenniIng1 IUILERIWIL 50 NS NENEER (yeast
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extract) 1 Foun nds 2 dUni thiufuertuaeananenmsiiass nssudunis
naaesznIzvawlediuvaiiufoyalualoani
- YIASRIBUAIYLATAITNAFDU YILBULREAY
- NIATIVEBUAMUAIUNIY VuduRieai d1wSU discriminating dose wagszEzIanTile
Tunssudmsusenuanen discriminating dose 7 20 $lua Ao 0.06 (me/L)
YL Budiu T 2556 Auan O 2558
aaufignfiunis 1598 vi3elnAaNUNARNANIINISINYATIUNARIL
nauiTeuariaumeluladvdsnisiuien nediduuagiamn

3‘1/lmﬂ'ﬁvié’qmitﬁmﬁmLLaszigUwﬁmwamwa NSUIBINTITINEAT
NAN1539Y

nsMAARsil 5.1 M3asIREeuANuiumuvawenudrassIuNaaTIY
mnmanageulduenutivismaain 125 1593 44 Savda uvadu U 2556 S1uau 45
1598 (Table 33) U 2557 9113w 42 1593 (Table 34) wagl 2558 3113 38 159d (Table 35)
Folddeyadnununenudsiineluusasaudiudunazisndnama LC50 vawmoaudd
Taanuraglsed wuin weaudeannlsed 121 159 da1 LC50 Sering 4.93-30.43 peg/l lng
ueaullefiflen LC50 sandl 4.93 ug/l Aeweautsannlsadly 9.avidans uazueautisiifian
LC50 gegail 30.43 pg/l Aeeautisanlssdlu 9. fiwaylan fifies ¢ Tsadfnuimenudsiian
LC50 gawnn Baidlew1An LC50 veauonutennn 121 154 wisuifisuiudn LC50 vaswen
uilaneiugsouue (susceptible strain) anewusvassznalny waganewuguasUszine
ooalnsids Inefuian resistance ratio wuin weaulsiifian resistance ratio 11nign 3
AU 2.8 Aeneanudeann 1ssdly a.fvaylan
Tuvauguonutsann 4 T5ediian LC50 g Ae Tsedlu 9. wwsysal Sy 2 1568 9. any3 1
1598 uae 2. Mayauys 1 1598 fiAn LC50 5emins 255.58-724.68 Lg/l 1ilad1uaal resistance
ratio W& fle1seming 23.55-62.63 WlelFeuifisuiunenulsaneiusseutevedine wagilan

5N 20.41-78.68 LlarUSeuiisuiuneaudsaneiugvesesansidy

ANSNAABSY 5.2 N1SASIVFDUAIUANUNIUVDINDANUINYID (Cryptolestes pusillus
(Schonherr)) siaanssunaanuludszmalng
NFIBgNEALINEITALLIANNIREwEe UG IwTBaNad S UN sNagaaU

FIUIU 47 WA 1NV 4 AR 22 IR NANISNAADUNULBANUINYIIAIUNIUADETTY
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woailu 33 uvas (table 36) AnLdu 70 Weddudvosuuasiviinmvaaey lnenunonuuan
g1IEEUGAUNIUNTEEMlUYNAIA kaviNauyndwia sniudaminiivalan vouwiu
WATANQY

PNMsapUnuEUsEneunIsisaduazlsunuNaANaNYas WuIEUsENoUNITaIY
Tngfinnsldanssulunsdestumdauuasdnslulsufuiissiinges Aearssuvoaiiu wasd
nslfanssuduuneads vielifimssuluaniuuseneunisias dulngvhnissuuusaussyn
lefiddsdle fusznounvanemedildanssuligniios deRinnatnin Téun dnaafin
mausuenlilanmnsgiu Bnsequnelileaiin szeznainssuliluluauivun (sulids
5-7 ) GawanihduagFuasadeaudumnuseassuoaituldv

darmsmeveuiasaeTuSiIYIINMEe Weliiueudiduresan sy
woaTutuiiaziving wandlilu Table 37 wuih nuennuIREMmERuSHULTldvaae
33 umdd fueevanETkAnIAAFLUTULSREY 2 WdsNTavaA 33 uvas (Whiu
6 Wosldusnnuuassinumiy) laud Tsuivdnlneduaeidios Sswiauassvdun wuven
mnaeisnTINe 3.0 Wedldud Assduanududu 1.14 fadniusiodng ity 18
Winwes discriminating dose) waglsadinignenuedli Jamdnnsysel nuteanuwIne1 Il
§a3nIMe 29.4 Wedldud Aisyfumnuidudiu 1.02 Sadnfudedns (winfu 16 whwes
discriminating dose) Fsita 2 Ts¢ iihlssfiiiuse Rnnsldanssumoaftuluntssufdausasdng
Tulsafuidulsed masusheanssumeaiiuiilifiussansam Aenssuililannsaidn
wadldimunandunsfadenuuasifienunumudenisassuly duuiasiisounese
asuflazgnidaly Feenuuasmeiugnumuianauiugiunazeangnuaiusiontay
W duamtugiuniuiig

duseavng NS uuINlsEvEedn 31 unds wudmsinInnees
sonnINETIRILA 32.4-98.8 Wadidud flssdunnuidudu 0.06 Tadnfudeding (s
discriminating dose) \ieifiumiutuvesanssumeaiiulunsmagey seamuane s
nsmefinduluynuas

sopnane MRtk Turad s s uuseassurleafuiiunniy ¥ud wen
mnaemivansuneidies fmingas 1 unas sunevysdnualyd Smiadunanes 3
uas uazsnnevuesl Ssmiamunanys 2 was esonuseamuinensendin uslid
Sas1nssudu 10 wihen discriminating dose Ay Fusiisendiafiuwlufiszdenen
Buddumuseanssueaitulsitugnuaruusoluld diuluwmasindmanfiun

sesinsedslunislaanssulvunndu
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ayUnanIsIdeuazdaLauaIUL

mMsduiiuiograennds Tulssdmussmealng 1w 125 1598 wuiweautean
41598 fianuaunsalunisadeanudunuseassuneaiiu Andu 3.20 Wesidusdves
Tsedfifumesanaun uaztoaudain 121 1598 Sedndu 96.8 Wosifud diliwuns
gy aAnuiuusisan s loaily

mﬂéf';aei'muawu'mm’sﬁLﬁummmmL??smsumaﬁuﬁ:ﬁ]uLﬁmwaﬁm%’umsmaau
107U 47 uvas T 4 11A 22 TR KANTNARBUNUNOA HUIAETIFIUNTY 33 WA
#30 70 1Wosidud lngnuuesanuineasiugiuniunszatefluynaia uastiisunn
Fama uagananeusiumuny Tueanuine1LansAuiUNUTLLSLTs 2 unas
w38 6 LWosigus

ssudearssurleatiufiliivssavsam fontssudlianunsamdauuasdiomnun
wdunsfndonuuasiifianumunusienisanssuly dwunasiiseunesioansufiazgnidn
U Feslomunasaneiusnumuiaznauiusiunazeengnnaiusemauimunduauius
frunuluftan seimsdinsfamuuasfufessuuammaaevegisreidiesdely ielle
foyaiiuiniu asounqulssdrmnnia saufamsmenendeya uazlifuusiinissumanna
\numsieansTleaiiuegagnaes ielinssunleafiudsnidiuszansnmidely wazdu

N15109 U aULaDNTAS19ANUAIUNUA DA TS UN R AN UV DINAL TR ARTULS
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1. mnmsidiunsineidevedasimsmsimunisiansdngadnsanunsiiesnw
aunmrlildmeluladmstiosfufdausasingndninfuie vauvasdnslulsaiv ua
wasdnsTiRalufuin walsl wagliinen Adddsnmunmuomdnnainuns fuiolud

Aanssunsldanssuednsgndeuazinzan wuimsldassmeaiiuivanzauluanin
lalaseaiinsdostunisiilnavesieuasissuumyuidsusina dauluanimnessumuii
annsoldiwanaindledv (PE+ludou) v 0.06 . aildmiinumaunuiwanagnym,
0.2 uu.fiasuuziil iy waznnssufreeaiiufifussansamszerlunainissndudiy
drdgAedesinusziuruuturesingliogndes 5 Ju nsdamsuuasdaglulsaiunium
uazlsafudleeuuisannsaldfudnuasinsmiunssusemssurleaiudediusinuumas
Winanniu grunisldanssuasalusludlunuasiuninesldfisnsiinnndt 32 me/l daunns
THanssudlenuldsnsuarildimnzanlunssuuasinglulsafuas fumdslingelilu
sEAUeIUURNTS

Aunssunsiaunslifasusilunisdestuidauuas T8snafuinvwudeuide
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Tulsafiusedeusuiou wazgounvuiildndunnuding funslénsuuanmusseinialy
msmdauuadldsziuamnaduduresfitmafveulaeenleduazlulnsiou wazszeznai
annsaidauuasdnslulsafvlfodisanysalluaninnossy uisldiBnisussqudana
inwasfiasaiidauuasdngedislina Tnonisldussyanmigegeanesd g3 PET/CPP s
NY/LLDPE wazgs KNY sauiunislaialulasiau vsenisldsiudunisldansaneantiaulu
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AMARNUIN

nanssud 1 nsldanssuegregndasiasiiuseansnm
Table 1 Woslduin1ssentinvesanedning soauwts wazueanuIngInaInIsIidlnadesdaisig aluminium phosphide 8m1 3 tablets/fu

TEIAINTIN 7 U 088U TR

. % N1550ATIMVEIIIIT NG % N155enTInvaanutls” % N1550ATINVDIBANUINETT
e 14 wueu  enud dadule 9 wueu  dnuA FLfnTy 14 wueu  fnue  fadute

T, : fimstlostunsSlvavesing 0 0 0 0 0 0 0 0 14.7 0.6 17.4 0
wazdlsyuuvyudeueInNIA

T, : fimstlostuns$lnavesing 1.5 0 0.9 0 3.6 0 2.6 0 26.6 8.5 30.1 1.3
wakiflszuumyuisueinie

T, : Wiflnstestunis$iluavesine 219 0 17.7 0 191 0 16.1 0 59.5 209 513 17.6
WATlTEUUMY LI EURINA

T, : Wiflnstestunis$iluavesine 457 0 35.5 0 429 0 339 0 64.3 228 588 219
wazhifiszuumyuisueinie

Ts - adlganssu (control) 98.7 95.1 87.6 99.3 95.7 88.1 92.4 91.3 78.4 81.2 79.5 89.3

1/ a °
ANRAYANN 4 Y1
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Table 2 a5l GUANITIOATINVDINDANUIAYIINSINITTUT I INALREIER A28 aluminium

phosphide 8AFLAZ TEHLIAINNE

SHa l[
% N1TTDAYIRVBINBDANUINGD

03
1o NUDU FNLA fufiude
T, 4 udia w7 T 0 0 0 0
T, : 4 .dia w1y 10 Ju 0 0 0 0
T, ;5 uin w7 Yu 0 0 0 0
T, : 5 uim w1y 10 Ju 0 0 0 0
T : lilgassu (control) 79.2 84.9 86.5 94.3

Y eniadsain 4 91
a d' [ a [ 4 (] % o %3 a
NINTIUN 2 m'iwwmm'mammnmmLl,azmim‘lﬁh’ﬂumi{]aanummLtumﬂmgwamwamwm

Table 3 Efficiency of Bracon in stored rice house after releasing to control the rice moth

larvae in 100 kg of rice per replication (7 days after treatment)in the year 2012.

mortality of rice moth larvae (parasitized by T-Test  parasitized

Temp. Bracon) (%) 7 days after treatment decrease
. kept 0
(0 R1 R2 R3 R4 R5 Avera (%)

(day)
ge
10 7 35,51  26.87 4033 3495 61.15 39.82 0.09ns 17.72
control 39.25 61 58.25 4793 8097 5744 %
15 7 37.67 48.67 3833 5333 5333 4633 ]0.07ns 14.46
control 63.33 70.53 3833 61.48 70 61.96
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Table 4 Efficiency of Bracon in stored rice house after releasing to control the rice

mothlarvae (3 months after treatment ) in the year 2012.

No. number of rice moth larvae (parasitised by Bracon)(RL) and ~ Average Note
Released number of parasitoid(PA) (alive/dead) found” RL
Y
R1 R2 R3 R4 R5 (alive/

RL PA RL PA RL PA RL PA RL PA dead)

0/3 0 00 00 04 02 0/3 0/0 0/3 0/1 0/36 Sampling
2 1/5 o 11 00 00 o0/0 2/3 0/0 50 0/0 18/18 250
3 6/1 0 12 00 2/0 00 7/3 00 0/2 0/0 32/1.8 ¢/bag
4 2/7 o 1r 11 38 00 1/5 2/0 1/9 0/0 22/74
5 00 2/2 13 0/0 0/6 00 14 1/0 0/3 1/0 04/32

32/ 0/0 37/ 0/0 13/ 4/1 49/ 1/0 19/ 3/1 30/835 Count all
760 965 109 658 700 of RL
6 and PA

v release 2,000 parasitoids 15 days interval

?" from 250 grams sampling unit of rice (4 times) in each replication

¥ count all of rice moth larvae and parasitoid in the bag (Start simulate 300 rice moth larvae
per bag)

R = replication; RL = rice moth larvae ; PA = parasitoid (B. hebetor)adult
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Figure 1 The number of Callosobruchus maculatus adults were found on mung bean that

mixed with Myristicafragrans oils, different concentrations at warehouse of

Lopburi Agricultural Research and Development Center.
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Figure 2 The number of Callosobruchus maculatus adults were found on mung bean that

mixed with Alpiniaconchigera oils, different concentrations at warehouse of
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Lopburi Agricultural Research and Development Center.

nanssud 3 nsldEmenienmlunisaIvguuuaIARIHEANAINYAT

Table 5 AndednuIuNenegukaztonayulnsfsentin lusvezld, vueu, dnud wagdamuie

Tunenrlosuis aufigamall 50, 60 waz 70 °C 1A 1, 2 uaz 3 v,

ALRRYBIOALGUTITEN LA

avgrsENsHule ()

AlLRdsvoenayulnINTanluLs

avgrsENsHule ()

o CO
T (v31.)
14 Wou anug  fduty 14 wuou  anus  dalfiudy
50 1 290.5 bc 196.8d 196.1 de 46.3 d 2053b 2140b 1050b 76.6 b
2 284.0 bc 188.3 ¢ 194.6d 38.5 ¢ 20a 18.67 a 6.5a 1.1a
3 265.6 bc 176.5b 1888 c 53b 1.0 a 0.0 a 28 a 0.0a
60 1 286.5 bc 0.0a 95.1 de 98.8 e 0.5a 0.0a 8.8a 0.0a
2 0.0a 00a 00a 0.0 a 0.0 a 00a 00a 0.0a
3 00a 00a 0.0a 0.0a 0.0a 00a 00a 0.0a
70 1 2225b 0.0a 375b 0.0a 0.0a 0.0a 7.1a 0.0a
2 00a 00a 0.0a 0.0a 0.0a 00a 00a 0.0a
3 0.0a 00a 00a 0.0 a 0.0 a 00a 00a 0.0a
Taidunng 309.6 c 209.0d 197.0e 99.8 e 2065b 2351b 1303c 99.6 c
Q)Y
CV. 28.56 9.80 5.56 8.25 42.70 25.30 47.05 10.00
F-test > > > > > > " *x

1 Q{' (Y ¢ a o A v o & (Y 1 1 (% aad LY =~ &
AnaaeluAdulRgIAUNnUMENYSIAounUY VLZLILLG]ﬂG]’]QﬂU‘I/I’]QﬁE‘IGWIiSﬂUﬂ'J']ﬂJLGUEJlIu 95 %

1835 DMRT
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Table 6 AadeduIUNERNgULANBnayulnsTIsenTin Tusseely, nuow, dAnud wazdudule

Tudadn® suilgamail 50, 60 waz 70 “C 138N 1, 2 uaz 3 v,

ALRRYBIOALGUTITENLULA

aversEnsAule (Fn)

ALRdsvoenayulnINTanluLs

avgrsEnNseule ()

amuqﬁ (OC) M|
(a1.)
14 oy anug  dudnde  la wweu  fnus  fdule
50 1 525.8 def 84.1c 935de 951cd 1873b 2336c 2248d 98.1d
2 276.2 bcd 82.1 c 87.1cd 90.6 bc 7.1a 42.1 a 122.8 ¢ 68.8 C
3 62.2 ab 80.1c 78.8 b 90.1 bc 0.0a 0.0a 51.1b 0.0a
60 1 426.7 def 82.5c¢c 925 cd 88.1 bc 20.0a 109.6b 326b 55.6 b
2 76.8 abc 0.0a 00a 00a 0.0 a 0.0 a 0.0a 0.0a
3 0.0a 0.0a 0.0a 00a 0.0a 0.0a 0.0a 0.0a
70 1 320.2 cde 571b 86.1 ¢ 85.6 b 0.0a 0.0a 0.0a 0.0 a
2 0.0a 0.0a 0.0a 00a 0.0a 0.0a 0.0a 0.0a
3 0.0 a 0.0a 00a 00a 0.0 a 0.0 a 0.0a 0.0a
laiuniseu 561.8 f 97.8d 1140 e 99 d 2078b 2595c 240.1d 100.0 d
CVv. 71.32 10.56 8.57 7.79 41.81 45.58 39.17 11.66
F-test - *x o o *x *x *x *x

Anedglunaduideinuinumesnesuilsuny lduanmaiun19@dfnsaiuaudaiu 95 % ng3S DMRT
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Table 7 Anededruiunenenguuazuonayulnsiisentin lussezld, nueu, dnus wazdafiu’e

Tusenifingds euilgamad 50, 60 uaz 70 “C 1381 1, 2 uaz 3 B,

ALRRYBIOALGUTITENLULA

avgrsEnsAule (F)

ALRdsvoenayulnINsanluLs

aversEnsAule ()

- Pl
gaunnd (C

(sljll) 1 [y }% v @ 1 [ }% L - )
15U YUBDU ANLLA F1ILRUIY vL“ZJ NULU 1211532 FILFUIY

50 1 149.6 b 147.0 cd 62.0 b 99.0 c 153.0 c 510 b 38.6 b 523 b

2 156.3 bc 118.0 c 623 b 99.0 c 54.6 b 0.3a 0.0a 0.0a

3 156.3 bc 119.3 ¢ 59.0 b 90.6 b 0.0a 0.0a 0.0a 0.0a

60 1 182.0 c 410b 0.0a 1.3a 0.0a 0.0a 0.0a 0.0a

2 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

3 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

70 1 0.0a 0.0 a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

2 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

3 0.0a 0.0 a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a

Taifunseu 237.0d 1543 d 179.3 ¢ 99.6 176.3 189.6 130.3 ¢ 99.6 c
C.V. 20.90 33.99 39.60 3.97 45.10 44.18 43.30 46.47

Anedglunaduipeinuinumesnesuilsuny lduaneaiun1e@dfnseauaudaiu 95 % 1neds DMRT
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Table 8 ApdedwIuNenegUNTonTIn Tuszesly, nuow, Anud wazdudule lugiluniew ou

flgamgil 50, 60 waw 70 °C 19a1 1, 2 uay 3 T,

ALRRYBOALGUTITENLULA

gamgdl (O vaan (1)) avprsznaAule (§)
1o Wiou ANUG Rl eld
50 1 148.6 d 171.3d 1253 ¢ 913 c
2 148.6 d 136.0 cd 82.0b 88.6 C
3 88.3 ¢ 129.0 c 76.3 b 88.3 ¢
60 1 38.6 b 413 b 19.6d 123 b
2 0.0a 0.0a 0.0a 0.0a
3 0.0a 0.0a 0.0 a 0.0a
70 1 0.0 a 0.0 a 0.0 a 0.0 a
2 0.0a 0.0a 0.0 a 0.0a
3 0.0a 0.0a 0.0 a 0.0a
laiunisau 1676 e 2716 e 210.6 d 99.67 d
CV. 37.20 29.46 35.09 5.84
F_test % % % xx

@

Anedglunaduifeinuinumesnesuilauny lueanmaiun1e@dfnsiuaudau 95 % ng3s DMRT
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Table 9 wWasidudnuTu Usinuasuseneuiiuedn uasaaautAnisinueendmduluayulngis 4 9fin sufigamgl 50, 60 uaz 70 “C 1381 1, 2 uag 3 By,

PNl nan % ATy USunauarsusenauiluean (Haansy) AaanTRnIsueenTndy Ladniu)
g W) pendunlos  wiadn?  senifinedly  mendwey  wdednd  senifinens wiluvsdeu monAeley  wandnd  menifingns  anlumleu
50 1 4.56 a 3.56 a 4.53 a 1428.6 b 191.65 b 22757 b 668.73 ab 567.45 ab 186.73 ab  2228.8 ab 693.99 ab
2 4.43 a 3.43 ab 4.56 a 1401.8 b 186.23 bc 2163.2 bc 635.84 bcd 548.25 ab 175.20 bc 2225.6 ab 668.08 bc
3 4.20 a 3.46 ab 4.36 ab 1399.6 b 183.07 c 2012.2 cde 627.58 bcd 513.88 bc 157.33 d 2230.8 ab 640.79 cd
60 1 4.43 a 3.16 abc 4.36 ab 14151 b 183.84 bc  2132.8 bcd 654.07 abc 554.01 ab 17141 c 21790 b 681.07 abc
2 4.33 a 3.13 abc 3.90 bc 1394.3 b 179.72 cd  2070.4 cde 639.66 bcd 537.04 b 164.58 cd 2017.6 d 663.02 bc
3 4.20 a 2.83 cd 3.83 bc 1277.2 cd 172.21 de 1991.2 de 611.57 de 521.04 bc 155.40 d 1991.0 d 633.66 cd
70 1 4.43 a 3.16 abc 4.26 ab 1410.6 b 172.61 de  2109.7 cde 649.23 bcd 550.31 ab 155.40 d 2141.0 bc 679.85 abc
2 4.26 a 3.03 bc 3.90 bc 1334.2 bc 170.03 ef 1959.9 ef 617.39 cde 532.45 bc 155.40d 2050.7 d 643.13 cd
3 4.13 a 2.50d 3.53 ¢ 12134 d 162.09 f 1801.6 f 579.39 e 480.51 c 156.90 d 1967.9 d 608.85 d
lalunseu 4.63 a 3.60 a 4.50 a 15559 a 221.64 a 2442.6 a 692.78 a 596.46 a 196.81 a 2329.0 a 726.20 a
CV. 9.28 8.58 7.49 4.08 2.55 4.55 3.85 6.07 4.30 3.07 4.34
Fotest ne o o - - - o o o o o
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Table 10 Control efficiency percentage of Sitophilus zeamais at different developmental

stage after treatment by radio frequencylZ

Time
Power level Egg Larva Pupa Adult
(min)
20% (540 watts) 30 99.17a" 97.37b 99.57a 96.50b
60 100.00a 100.00a 99.72a 99.61a
90 100.00a 100.00a 100.00a 99.74a
25% (670 watts) 30 100.00a 99.87a 99.86a 99.35a
60 100.00a 100.00a 100.00a 99.87a
90 100.00a 100.00a 100.00a 99.87a
Untreated Ob Oc Ob Oc
CV. (%) 7.86 7.86 7.86 7.86

¥ Means averaged from 4 replications.

“Means followed by same letters in columns are not significantly different by DMRT (P<0.05)

Table 11

developmental stage after treatment by radio frequencyﬂ

Control efficiency percentage of Rhyzopertha dominica at different

Time
Power level Egg Larva Pupa Adult
(min)
20% (540 watts) 30 77.68bc” 81.01bc 85.09b 88.67c
60 90.91a 83.47abc 91.65ab 96.27ab
90 88.69ab 91.91ab 98.33a 99.47a
25% (670 watts) 30 67.07c 75.81c 85.95b 95.07b
60 89.80ab 89.73ab 98.16a 98.00ab
90 99.3% 94.5% 98.56a 99.87a
Untreated 0d 0d 0c 0d
CV. (%) 8.46 8.20 8.03 7.91

“Means averaged from 4 replications.

#Means followed by same letters in columns are not significantly different by DMRT (P<0.05)
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Table 12 Maize quality before and after treatment by radio frequency at two levels and

. Y
various time

crude
crude crude energy
Time  moisture e ash fiber carbohydrat
Power level protein ~  fat (kcal/100g
(min)  (¢/100 g) (¢/100 ¢) (g/100 e (g/100 9)
(/100 ¢) (¢/100 9)
Q)
20% 30 1199?0913 486c 1250 195  70.83ab 363.56¢
(540 watts)
60 11.93b 9.17 4.55bc 1.18ab 1.84a 71.33b 362.95de
90 11.76a 9.03 4.27ab 1.25b 2.82d 70.88ab 358.06b
25%
30 12.34e 9.00 4.34ab 1.14a 1.96a 71.24ab 359.97bc
(670 watts)
60 12.17d 9.10 4.54bc 1.21ab 2.01a 70.97ab 361.17cd
90 12.05c 8.97 4.41ab 1.16ab 2.34b 71.09ab 359.89bc
Untreated 12.61f 8.97 4.10a 1.21ab 2.57c 70.55a 354.94a
C.V. (%) 0.42 0.29 1.41 1.07 3.15 0.13 0.16

¥ Means averaged from 4 replications.

“Means followed by same letters in columns are not significantly different by DMRT (P<0.05)

"non significantly difference
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Table 13 Control efficiency percentage of Sitophilus zeamais, Tribolium castaneum,
Rhyzopertha dominica and Oryzaephilus surinamensis at different developmental stage
after treatment by nitrogen and carbon dioxide, October 2010-September 2013,

Department of Agriculture (1" experiment)

Control efficiency

Treatment Number of samples
percentage
N, 99.9% 384 77.48
CO,: N, =10:90 384 76.94
CO,: N, =20:80 384 79.12
CO, N, =30:70 384 78.02
Control efficiency
Exposure time Number of samples
percentage
1 day 256 56.43d"
2 days 256 72.14c
3 days 256 79.24b
4 days 256 85.85a
5 days 256 87.68a
6 days 256 86.00a
Control efficiency
Tested insects Number of samples
percentage
Sitophilus zeamais 384 39.88¢
Tribolium castaneum 384 94.28a
Rhyzopertha dominica 384 80.54b
Oryzaephilus surinamensis 384 96.86a
Control efficiency
Insect Stages Number of samples
percentage
Ege 384 83.37b
Larva 384 61.59d
pupa 384 69.82¢
Adult 384 96.77a
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Means followed by same letters in columns are not significantly different by DMRT

P<0.05)

Table 14 Control efficiency percentage of Sitophilus zeamais, Tribolium castaneum,

Rhyzopertha dominica and Cryptolestes sp. at different developmental stage

after treatment by nitrogen 99.9% in one ton of rice, October 2010-September

2013, Department of Agriculture

Exposure time

Control efficiency
Number of samples

percentage
7 day 64 96.99b"
12 days 64 100.00a

Tested insects

Control efficiency
Number of samples

percentage
Sitophilus zeamais 32 93.98b
Tribolium castaneum 32 99.98a
Rhyzopertha dominica 32 100.00a
Cryptolestes sp. 32 100.00a

Insect Stages

Control efficiency
Number of samples

percentage
Egg 100.00a
Larva 95.07b
pupa 98.90a
Adult 100.00a

Means followed by same letters in columns are not significantly different by DMRT

P<0.05)
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Table 15 Control efficiency percentage of each insect at different developmental stage
after treatment by nitrogen 99.9% in one ton of rice, October 2010-September 2013,

Department of Agriculture (3" experiment)

Exposure time 7 days

Sitophilus Tribolium  Rhyzopertha Cryptolestes

Insects
zeamais castaneum dominica sp.
N2 99.9% Egg 100.00 100.00 100.00 100.00
Larva 60.67 100.00 100.00 100.00
Pupa 91.16 100.00 100.00 100.00
Adult 100.00 100.00 100.00 100.00
Exposure time 12 days
N2 99.9% Egg 100.00 100.00 100.00 100.00
Larva 100.00 100.00 100.00 100.00
Pupa 100.00 100.00 100.00 100.00
Adult 100.00 100.00 100.00 100.00

Table 16 Effect of Nitrogen gas with Plastic bag on survival of adult stage of Sitophilus

zeamais Motschulsky after kept at 1 -4 weeks.

Average number of living insects

1 week 2 weeks 3 weeks 4 weeks
Nitrogen + Foil 0.0 0.0 0.0 0.0
Nitrogen + KNY 0.0 0.0 0.0 0.0
Nitrogen + NY 0.0 0.0 0.0 0.0
Nitrogen + PET 0.0 0.0 0.0 0.0
Without Nitrogen + Foil 0.0 0.0 0.0 0.0
Without Nitrogen + KNY 0.0 0.0 0.0 0.0
Without Nitrogen + NY 0.0 0.0 0.0 0.0
Without Nitrogen + PET 0.0 0.0 0.0 0.0
control 100.0 100.0 100.0 100.0
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Table 17 Effect of Nitrogen gas with Plastic bag on survival of pupa stage of Sitophilus

zeamais Motschulsky after kept at 1 -4 weeks.

Average number of living insects

1 week 2 weeks 3 weeks 4 weeks
Nitrogen + Foil 0.0 0.0 0.0 0.0
Nitrogen + KNY 0.0 0.0 0.0 0.0
Nitrogen + NY 0.0 0.0 0.0 0.0
Nitrogen + PET 0.0 0.0 0.0 0.0
Without Nitrogen + Foil 16.3 0.0 0.0 0.0
Without Nitrogen + KNY 10.3 0.0 0.0 0.0
Without Nitrogen + NY 3.7 0.0 0.0 0.0
Without Nitrogen + PET 5.7 1.7 0.0 0.0

control 657.0 727.3 690.5 1,023.0

Table 18 Effect of Nitrogen gas with Plastic bag on survival of larva stage of Sitophilus

zeamais Motschulsky after kept at 1 -4 weeks.

Average number of living insects

1 week 2 weeks 3 weeks 4 weeks
Nitrogen + Foil 0.7 8.3 0.0 0.0
Nitrogen + KNY 0.0 0.0 0.0 0.0
Nitrogen + NY 0.0 0.0 0.0 0.0
Nitrogen + PET 0.0 0.0 0.0 0.0
Without Nitrogen + Foil 1.7 0.0 0.0 0.0
Without Nitrogen + KNY 0.3 0.0 0.0 0.0
Without Nitrogen + NY 2.0 0.0 0.0 0.0
Without Nitrogen + PET 0.5 0.0 0.0 0.0
control 344.3 364.3 298.7 502.3
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Table 19 Effect of Nitrogen gas with Plastic bag on survival of egg stage of Sitophilus

zeamais Motschulsky after kept at 1 -4 weeks.

Average number of living insects

1 week 2 weeks 3 weeks 4 weeks
Nitrogen + Foil 2.0 0.0 0.0 0.0
Nitrogen + KNY 0.0 0.0 0.0 0.0
Nitrogen + NY 0.0 0.0 0.0 0.0
Nitrogen + PET 0.0 0.0 0.0 0.0
Without Nitrogen + Foil 399.3 52.0 0.0 0.0
Without Nitrogen + KNY 4aa5.7 28.0 0.0 0.0
Without Nitrogen + NY 497.0 65.3 0.0 0.0
Without Nitrogen + PET 239.3 46 0.0 0.0
control 244.3 354.3 465.7 328.3

Oxygen Volumn in packaging

15
o /( =& Nitrogen+Foil
S 10
) —Hl-Nitrogen+PET
on
£
o Nitrogen+KNY
P_J ﬂ ——Nitrogen=+NY
0

1 2 3 4 5 6
Packaging Period (Months)

Figure 3 Oxygen volume in different packaging throughout packaging period of 6 months.
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Milled rice
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= Nitrogen+NY _

== Control

Amount of Aflatoxin (ppb)
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Figure 4 Amount of Aflatoxin in milled rice throughout retention period of 6 months.

Brown rice
20
= litrogen+Foil
=l Nitrogen+PET
15 —h—Nitrogen+kNY [
= Nitrogen+NY
== Control —

Amount of Aflatoxin (ppb)

packaging period (Months)

Figure 5 Amount of Aflatoxin in brown rice throughout retention period of 6 months.
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Table 20 $1udnfuisveensguilsendinues ssey 1o vueu dnud uaz Audnde TunenAloseunisiussglugs NY/LLDPE uag g3 PET/CPP

N351756199 Niszeziian 7, 30 wag 90 Ju

Sununennguisendin (1)
QRRFIR 3ozl ITHTNUDU FTULANUA szozduAn iy
73 30 U 90 T 73U 30 U 90 T 73U 30 90 Yu 73 30 T 90 T

1. 93 NY+0O, 300 7. 62.2ab x 0.0 ax 0.0 ax 9.2 ax 0.0 ax 0.0 ax 3.7ax 0.0 ax 0.0 ax 5.5ax 0.0 ax 0.0 ax
2. 93 NY+ O, 400 4. 0.0 ax 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
3. 83 NY+vacuum 10.7 a x 0.0 ax 0.0 ax 16.2 a x 22ax 0.0 ax 13.2ax 0.0 ax 0.0 ax 30.0abx | 0.0ax 0.0 a x
4. 99 NY+seal 1235 bcy 21.5ax 0.0 ax 43.7 a x 5.7 ax 0.0 a x 133.0by | 0.0ax 0.0 a x 625cdx | 2275ax | 0.0ax
5. 93 PET+O, 300 4. 76.7 abcy 0.0 a x 0.0 a x 13.0 a x 0.0 a x 0.0 a x 6.0 a x 0.0 ax 0.0 ax 8.7ax 0.0 ax 0.0 ax
6. 9 PET + O, 400 8. | 0.0ax 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0ax
7. 89 PET +vacuum 17.7ax 0.0 ax 0.0 ax 212 ax 8.5ax 0.0 ax 7.7 ax 1.5ax 0.0 ax 38.2abx | 0.0ax 0.0 a x
8. 09 PET +seal 1492 cy 29.5ax 0.0 a x 435 a x 12.2 a x 0.0 a x 1300by | 1.0ax 0.0 a x 722cdy | 29.0ax 0.0 a x
9. ﬂiiﬂﬁ%‘ﬂ’m@m 257.5 d x 354.7by | 9780bz | 2027bx |4005by | 11220bz 219.7cx | 3287by | 12700bz 99.2 d x 3545by | 10738 bz
CV. a (%) 75.2 36.3 35.8 a4.5

CV. b (%) 68.3 48.0 51.1 43.9

- AedglureduldeIiu (a, b, ) AMUMESNYSMHoUNY MLeNANAUN19EDR N5

- anpdgluuadfeniu (x, y, z,) Mnumgsnesnilouny lUuanaeiun@ts a3

[y
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Table 21 Trwudnfuivveswenayulnsiisendinues svuz o vusu dnus waziududs Turenmdssouuianussyluge NY/LLDPE uag g3 PET/CPP

lunssuasaneg Aszeziian 7, 30 uay 907y

Sunudifuivvesendyulns iseadin ()

N33135 szezlY ILYENUBU ILYTANUG szuzfLAuy
79 30 Tu 90 u 7% 30 Tu 90 7% 30 T 90 Yu 73U 30 T 90

1. 93 NY+O, 300 9.4 0.0 a x 0.0 a x 0.0 a x 0.7 ax 0.0 a x 0.0 ax 0.0 a x 0.0 a x 0.0 a x 1.7ax 00ax 0.0 a x
2. 93 NY+ O, 400 4. 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 a x 0.0 ax 0.0 ax 0.0 ax 00ax 00ax 0.0 ax
3. 83 NY+vacuum 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 42ax 00ax 0.0 ax
4. 99 NY+seal 392abx 7.7ax 0.0 a x 55.5 b x 19.2 b x 0.0 a x 68.7by 0.5ax 0.0 a x 9.7ax 00ax 0.0 a x
5. 93 PET+O, 300 T 2.2 ax 0.0 ax 0.0 ax 2.2 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 4.7 a x 0.0 ax 0.0 ax
6. 9 PET + O, 400 8. 00ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 a x 0.0 ax 0.0 ax 0.0 ax 00ax 00ax 0.0 ax
7. 89 PET +vacuum 0.0 ax 0.0 ax 0.0 ax 25ax 0.0 ax 0.0 ax 0.0 ax 1.5ax 0.0 ax 47ax 00ax 0.0 ax
8. 019 PET +seal 44.0 ab x 6.2ax 0.0 ax 78.2 b x 26.5 a x 0.0 ax 9.7by 1.0 ax 0.0ax 11.7ax 00ax 0.0ax
9. ﬂ'ﬁﬁ%mwﬁm 94.2 b x 2382 by 789.2bz 1235cx 3280by 10193 bz 166.5cx 3287by 10878bz 99.7bx 331.7by 12355bz
CV. a (%) 64.31 26.6 46.2 38.0
CV. b (%) 50.81 43.8 35.0 30.3

- AadglureduldeIiu (a, b, ¢) NMUMEENYTMEDUNY LULANANNAUNI9EDR NSEaU

- anadglunafentu (x, v, z,) Anumesnusunilounu luanasiun1eeia
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Table 22 nuudidnisveweneguiisentinues szey 1o nueu dnud waz fauaudey TuudndnTnussaluga NY/LLDPE wa g9 PET/CPP lunssuds

A199) NzeziIan 7, 30 wag 907U

UIULDALAUNTENTIN (517)

n33U szezlY FTUTNUDU ITHTANUA srovifuly
7 U 30 U 90 Yu 7 30 T 90 Yu 73 30 T 90 Yu 7 30 U 90 Tu

1. 93 NY+O, 400 T4 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 a 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
2. 3 NY+ O, 450 g4 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0a 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax
3. 3 NY+vacuum 47.2 a x 0.0 a x 0.0 ax 16.2 a x 0.0 ax 0.0 ax 20.2 a 0.0 ax 0.0 ax 295aby 0.0ax 0.0 ax
4. 93 NY+seal 1665by 22ax 0.0 ax 1530by 21.7ax 0.0 ax 159.7b 675by 0.0 ax 752cz 2717 ay 0.0 ax
5. 99 PET+0O, 400 7. 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0a 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0ax
6. 09 PET + O, 450 9. 0.0ax 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0a 0.0ax 0.0 a x 0.0 a x 0.0 a x 0.0 ax
7. 89 PET +vacuum 51.7ax 3.7ax 0.0 ax 18.2 a x 0.0 ax 0.0 ax 33.0a 5.0 ax 0.0 ax 335by 2.0ax 0.0ax
8. 99 PET +seal 1685by 45ax 0.0 ax 1815by 325ax 0.0 ax 164.0 b 802by 0.0 ax 750cz 312by 0.0 ax
9. ﬂSifﬁﬂ’JUﬂm 2230cx 2722by 14380bz 236.7bx 4675by 10883bz 213.0cx  3582cy 1163.2bz  99.7 cx 380.7cy 13770b z
CV. a (%) 30.5 a8.7 36.4 32.8

CV. b (%) 4a4.2 49.3 50.8 21.8

[y

- AnedglumpdulReINU (3, b, ¢) NeUMEENYsIALauNY LULANANSAUNIGEDR NSEAUAINLLTBNY 95 % Lae3d DMRT

'
a a [y

- anadulunafeniu (x, y, z,) Anuagsnesiniiouny lUuanaeiun1sEts Aseaunulaieiiu 95 % lag3s DMRT
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Table 23 Sruudidnisveweneguiisentinues szey 1o nueu dnud waz fauaude Tuwdadnd Mussgluge NY/LLDPE waz 3 PET/CPP lunssuis

A199) NzeziIan 7, 30 wag 907U

UIULDALFUNTENTIN (51)

QERHEN szezly ILYENUDU ITYTANUG szuzfLAuy
7 U 30 T 90 7 U 30 Tu 90 T 7 30 U 90 Yu 73U 30 Tu 90 T

1. 3 NY+O, 400 Y4 0.0 a x 0.0 a x 0.0 a x 0.0 ax 0.0 a x 0.0 ax 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x
2. 93 NY+ O, 450 7. 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
3. 89 NY+vacuum 0.0 a x 0.0 a x 0.0 a x 1.2 ax 0.0 a x 0.0 a x 0.7 a x 0.0 a x 0.0 a x 4.7 ax 0.0 a x 0.0 a x
4. 93 NY+seal 885by 387ay  00ax 1602by 0.0ax 0.0 a x 140.7by 0.0 ax 0.0 a x 492by  00ax 0.0 a x
5. 99 PET+0O, 400 7. 0.0 ax 0.0 ax 0.0 a x 0.0 a x 0.0 ax 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0ax
6. 09 PET + O, 450 9.  0.0ax 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 ax 0.0 ax 0.0 ax
7. 839 PET +vacuum 0.0 ax 0.0 ax 0.0 ax 22ax 0.0 ax 0.0 ax 4.2ax 0.0 ax 0.0 ax 50ax 0.0 a x 0.0 a x
8. 9 PET +seal 90.5by 440ay 0.0 a x 173.7by 0.0ax 0.0 a x 1055by 0.0ax 0.0 a x 537by 0.0 a x 0.0 a x
9. ﬂﬁ:ﬁ%‘muam 1720 cx 266 7by 89%.0bz 1920bx 369.7by 10728bz 2430cx 4830by 1076.0bz 99.5 c x 5227by 9280bz
CV. a (%) 61.9 50.0 26.4 46.0

CV. b (%) 81.2 374 53.0 38.4

- AnedslumedullRedu (a, b, c) Anumesnysirdlauny lUwanNAaTUNI9EDR NsEAUAINLLTatU 95 % 1neds DMRT

- Anadglunafeniu (x, y, z,) Inuagsnesinilouny lUuanaeiunea@ns

'
a A
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Table 24 Sruududnisveweneguiisentinues szee ld vueu dnus waz fuande Tunoniinedy ussglugs NY/LLDPE uaz g9 PET/CPP lu

N331356199 NiTzeziian 7, 30 wag 907U

UIULDALAUNTENTIN (517)

n33U szezlY ITHTNUDU FTULANUA szozduAnie
7 U 30 U 90 T 73U 30 T 90 Yu 7 30 90 T 73 30 T 90 Tu

1. 93 NY+O, 200 T 1.75ax 0.0 ax 0.0 ax 17.5ax 0.0 ax 0.0 ax 0.5ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
2. 3 NY+ O, 250 Y. 0.0 ax 0.0 ax 0.0 ax 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 a x 0.0 ax 0.0 ax 0.0ax
3. 83 NY+vacuum 265abx 11.0ax 0.0 ax 20.5ax 22ax 0.0 ax 8.0 ab x 0.0 ax 0.0 a x 1.0ax 0.0 a x 0.0 a x
4. 99 NY+seal 88.5cy 152 a x 0.0 a x 28.2 a x 8.0 a x 1.2 ax 527 cz 415by 0.0 a x 21.5ax 3.7ax 0.0 a x
5. 99 PET+0O, 200 74, 7.7 bx 0.0 ax 0.0 a x 18.5a x 0.0 ax 0.0 ax 1.0ax 0.0 ax 0.0 a x 0.0 ax 0.0 ax 0.0 ax
6. 09 PET + O, 250 7. 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
7. 89 PET +vacuum 352by 12.2 ax 0.0 a x 21.2ax 4.2 ax 0.0 ax 14.2 b x 0.0 ax 0.0 a x 13.2ax 0.7ax 0.0 ax
8. 99 PET +seal 787 cy 17.2ax 0.0 a x 32.0 a x 9.0 ax 20ax 60.0cz 447by 0.0 ax 22.5 ax 13.7ax 0.0 ax
9. ﬂ'ﬁimeﬁmum 203.2dx 4d62by 665.0bz 174.7 b x 3055by 4785bz 1540dx 2445cy 4852 bz  99.7 b x 4645by 9137bz
CV. a (%) 39.4 26.2 17.2 34.7

CV. b (%) 32.0 a1.3 38.1 56.9

- Auadslureduiliiontu @, b, ¢, d) fnnudlsdnusvilouty liunnsetuniada Assiuanudeti 95 % Ingds DMRT

- Anadglunafedtu (x, v, z,) Inumesnusuiliounu luanaeiun1eeia Aseaunadietu 95 % 1ng3d DMRT

137



Table 25 S1uauddnivveenenauiisentinues svuz 19 vueu dnud uaz faudnde luneniingreiusslugs NY/LLDPE wae g1 PET/CPP Tu

N351356199 Niszeziian 7, 30 wag 907U

UIULDALFUNTENTIN (51)

N33135 szezlY ILYENUDU ILYTANUG szuzfaLAuy
79 30 Tu 90 T 7 U 30 Tu 90 u 7% 30 U 90 Y 7% 30 T 90 T

1. 93 NY+0O, 200 Y4 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 0.0 a x 00ax 00ax 0.0 a x
2. 93 NY+ O, 250 4. 0.0 ax 0.0 ax 0.0 ax 0.0 a x 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
3. 83 NY+vacuum 16.7abx 82ax 0.0 ax 75ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 1.2ax 0.0 a x 0.0 a x
4. 99 NY+seal 18.0abx 127ax 0.0 a x 1280by 0.0ax 0.0 a x 90.7by 0.0 a x 0.0 a x 25ax 00ax 0.0 a x
5. 93 PET+O, 200 T 0.0 ax 0.0 ax 0.0 ax 10.5 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax
6. 9 PET + O, 250 g8 00ax 0.0 ax 0.0 ax 1.2ax 0.0 a x 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0 ax 0.0ax 0.0ax
7. 89 PET +vacuum 175abx 9.5ax 0.0 ax 9.7ax 0.0 ax 0.0 ax 1.0 ax 0.0 ax 0.0 ax 2.2 ax 0.0 a x 0.0 a x
8. 019 PET +seal 250by 115ax 0.0ax 1145by 0.0ax 0.0ax 92 7by 0.0ax 0.0ax 27ax 00ax 0.0ax
9. ﬂ'ﬁﬁ%mwﬂm 185.7cx 2992by 6615bz  148.5cx 175.7by  4122bz 1937cx 2145by 5620bz 995bx 2582by 4357bz
CV.a (%) 24.3 48.8 76.4 459

CV. b (%) 35.8 28.8 56.0 43.2

[y

- AnedglumpaullReINU (3, b, c) NeUMEENYsILaunY LULANANSAUNIGEDR NSeAUAINLLTBNY 95 % Lae3S DMRT

a a

- Anadglunaafediu (x, v, z,) Inumesnusuniliounu luanaeiun1eeia Aszaundietu 95 % 1ng3s DMRT
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Table 26 Sruudiinisveweneguiisentinues szes 1o uay vueu luriluniou Tussglugs NY/LLDPE lunssudeineg Niszeziian 3,5, 7, 30
way 60 Ju

IUIUNBAYIFUNTBATIN (F)

N335 szozly SYUTNUDU
39U 59U 7 U 30 Tu 60 Tu 39U 59U 73U 30 Tu 60 T

1. 93 NY+0, 300 Y. 452 az 30.2ay 327by 12.5 b x 0.0a x 59.7ay 512aby 405bcy 0.0ax 0.0 ax

2. 93 NY+ O, 400 4. 457 ay 3d0ay 0.0 a x 0.0 a x 0.0 a x 375ay 25.0ax 0.0 a x 0.0 a x 0.0 a x

3. 89 NY+vacuum 56.0az 492 ay 14.7 a x 0.0 a x 0.0 a x 545az 325ay 270by 0.0 ax 0.0 a x

4. 99 NY+seal 136.7bz 1312bz 1272cz 405cy 0.0 a x 91.7bz 805bz 48.7cy 16.7 a x 0.0 ax

5. ﬁiiﬁ%‘muqu 1470bx 1445bx 1550dx 147.0bx 3852by 1102bx 158.7cy 106.5dx 1792by 4337 bz
CV. a (%) 19.8 36.1

CV. b (%) 14.4 30.4

'
a a [y

- AnedglumpaullAeInU (3, b, c,d) NANUAILBNETNLBUNY LWANANNAUNIEDR NTEAUALTRNY 95 % 183 DMRT

'
a a [

- anadulunafeiu (x, y, z,) nuagsnesiniiouny lUunnaeAun1sEts Aseaunulaniiu 95 % lagds DMRT
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Table 27 Srunudiinisveweneguiisentinues Anus was dufude lurilumiou Tussglugs NY/LLDPE Tunssudsnneg fisseziaan 3, 5, 7, 30

LAy 60 U

[ P aa U
IUIUNBALFUNTOATIN (61)

QFEe ANLG fdude
39U 59U 73U 30 Ju 60 Ju 37U 53U 7 30 Ju 60 Ju

1. 83 NY+O, 300 Y.4q. 1462 cy 126.5cy 42.2 c x 0.0aw 0.0aw 89.2bz 500by 24.2 b x 0.0aw 0.0aw
2. 4 NY+ O, 400 Y4 40.7 a x 155aw 0.0a w 0.0aw 0.0aw 79.0aby 322ax 0.0aw 0.0aw 0.0aw
3. 89 NY+vacuum 1127by 452 b x 170 b w 00aw 0.0aw 68.2az 335ay 18.7 b x 0.0aw 0.0aw
4. 99 NY+seal 1555cy 1557dy 123.0dx 147bw 0.0aw 1835cy 177.0cy 132.2 x 0.0aw 0.0aw
5. ﬂiilﬁ%‘ﬂ’mﬂm 183.7dx 161.7dw 1625ew 1685cw 4320by 185.0cx 179.5 c x 161.7dw 1647bw 4420by
C.V. a (%) 10.2 14.2

CV. b (%) 15.8 13.5

- AnedglumedullReInu (3, b, c,d) NANUAILENEINLBUNY LIWANANNAUNINEDR NTEAUALTDLY 95 % LA83S DMRT

- Anadslunafediu (wx, y, z,) Innualgsnesinieuny luunnmesiunieana
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Table 28 Number of pineapple beetles found in different kinds of light traps and in

damaged discarded garlics each lot of garlics

Number of pineapple beetles found

No Light and sticky trap(wall type) Light trap(floor type)
1 21 1
2 21 3
3 15 1
4 14 1
5 a4 0
6 79 1
7 87 1
8 96 42
9 39 11
10 50 3
11 147 2
12 44 3
13 20 1
14 59 0
15 10 1
16 81 4
17 36 1
18 10 1
Aver. 46.27 4.55
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Table 29 Number of pineapple beetle,Urophorus humeralis found in different kinds of

light traps and in damaged discarded garlics in stored house

Treatments Average number of beetles
12/53 02/54 03/54
1.Light and sticky trap 156a* 463a 216a
(wall type)
2.Light trap(floor type) b Y 62b 8c
3. Damaged discarded garlics 567 11c 45b
CV(%) 159 77.65 115

*Mean followed by same letter no statistical different at 0.5 % probability by DMRT
o Average from 6 replications

gAverage from 8 replications
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nanssam 4 MmsfnwYaInen duadnen uasnislesiuidnuuasingnannainens

Table 30 Species and number of insect pests found in grain sampling

No. of insects found in 2 kg of grain

Grain Lesser Saw- pamaged Motsturre Sampling
District Provinces Maize Red flour Flat grain grain in 500 i content of
type grain toothed Book lice Date
weevil beetle beetle grains grain (%)
borer beetle

1 landlse anys 13l 8 21 15 14 7.8 16.96 25-41.0.-55
2 17w 197 56 57.6 14.92 25-41.A.-55
3 STPVILR 3 11 25-31.A.-55
il 61 105 7 110 5.24 25-31.A.-55
5 landlse anys N6 13 26 4.26 25-31.0.-55
6 landlse anys 13l 4 1 19 11.2 16.92 25-41.0.-55
7 17w 8 6 10 7 17.36 25-41.A.-55
8 F1lne - 24 112 - 288 - 29.2 13.08 12-4.0.-55
9 landilse anys 41l 8 71 2 12.6 12.72 12-41.8.-55
10 Fouinna anys 13l 4 216 19.28 27-8.A.-55
11 Fouinna anys 13l 0 17.56 27-8.A.-55
12 fNHn UATAITIA Imlnn 1 3 34 42.4 12.36 12-31.81.-55
13 nuadl wysysal  dalnae 4.6 26.08 13-31.8.-55
14 Jrulneu wsysal d12lwn 74 59 29 5 1 44.2 14.78 28-0.A.-53
15 F1lne 47 19 73 56.4 11.54 13-8.0.-55
16 el wasysal - dnlwa 2 27 24 13.52 13-§1.9.-55
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Table 30 Species and number of insect pests found in grain sampling (Con'd)

No. of insects found in 2 kg of grain

Damaged Moisturre
No. of Grain Lesser Saw- Sampling
District Provinces Maize Red flour Flat grain grain in 500 i content of
sources type grain toothed Book lice Date
weevil beetle beetle grains grain (%)
borer beetle
17 T 37 9 5.2 56 13-§1.8.-55
18 Taanuns wysysel  alne 8 1 20 12 42 12.42 13-§1.8.-55
19 M. ULade wasysal | Ualwa 113 26 19 7.2 13.22 13-81.8.-55
20 wasysal | Ualwe 5 5 4.2 135 13-il.8.-55
21 VGG wysysel  alne 19.7 30-.A.-55
22 AAULA wsysal 17lna 17.54 30-8.7.-55
23 LWIEREANY Funy3 T13lwe 8 2 1 17.2 18.22 25-131.8.-55
24 RRGLERRE Tunys 41l 1 1 284 17.04 25-1.8.-55
25 w3 13lnwe 2 2 62.2 18.14 3-N.A.-55
26 Wns 412l 532 18.84 3-1.A.-55
27 Nebe 1l 13 41.4 20.6 4-n.A.-55
28 a 188 412l 123 2 6 44.6 16.24 29-81.A.-55
29 WA 188 SINT 12.8 18.26 29-81.M.-55
30 7 188 SINT 24.6 16.5 29-81.M.-55
31 s 1 2 12.1 29-4..-55
32 WWeenu 1oy 17lua 23.84 29-8.0.-55
33 NG 1oy g17lna 16.22 29-8.0.-55
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Table 31 Number of each insect found after releasing insects at various initiated

numbers

Time after releasing (month)
No. of insects

1 2 3 4 5 6
Maize weevil

1 pair 2.00 2.75 13.75 7.00 3.50 23.25

5 pairs 10.00 11.50 24.00 39.75 68.50 290.50

10 pairs 20.00 24.25 56.75 64.25 193.75 349.25

20 pairs 40.00 43.50 329.75 72.75 169.00 811.50
Lesser grain borer

10 adults 10.00 11.25 28.00 52.75 62.00 105.00

20 adults 20.00 23.75 a71.75 67.50 101.50 105.00

30 adults 30.00 26.00 64.00 77.00 218.50 103.50

40 adults 40.00 37.75 88.00 144.25 140.50 142.00
Red flour beetle

10 adults 15.50 16.50 19.00 9.75 9.25 18.75

20 adults 31.50 16.75 22.00 11.00 16.25 32.50

30 adults 45.00 42.25 32.00 18.00 21.75 31.75

40 adults 39.00 45.25 37.50 22.25 18.75 39.75
Flat grain beetle

10 adults 6.75 27.25 57.75 71.25 83.25 120.00

20 adults 14.50 38.25 70.75 73.00 128.00 170.25

30 adults 20.25 39.75 80.25 81.00 70.75 108.00

40 adults 24.50 48.00 63.50 143.00 87.75 60.25
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Table 32 Percentage of maize losses caused by each insect

Time after releasing (month)

No. of insects

1 2 3 a4 5 6
Maize weevil
1 pair 0.76 0 0 0 0 0

5 pairs 2.35 0.25 0 1.82 1.67 6.22

10 pairs 2.20 1.54 0.44 a.4a7 7.09 7.54

20 pairs 2.99 2.15 2.97 5.27 5.78 14.59
Lesser grain borer

10 adults 2.52 3.13 8.97 10.96 8.76 6.62

20 adults 0.99 2.25 12.41 20.02 14.08 5.55

30 adults 1.26 6.06 15.11 16.26 18.94 577

40 adults 0.57 3.99 16.35 19.11 16.75 9.43
Red flour beetle

10 adults 2.27 0.91 0.76 2.38 0.15 3.11

20 adults 4.36 5.81 0.70 3.20 3.71 2.34

30 adults 2.74 3.46 0.00 3.02 3.86 291

40 adults 1.60 1.69 3.34 1.47 3.11 2.62
Flat grain beetle

10 adults 1.82 7.72 9.40 16.58 16.05 10.28

20 adults 0.82 2.89 4.48 2.03 7.10 10.13

30 adults 6.36 0.77 16.25 0.61 6.35 14.72

40 adults 8.11 11.11 16.29 17.98 43.06 7.46
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NAINTTUMUITEN 5 NsfnwaNufun ulesiuYaLIaRRINEANALNYAT

Table 33 Resistance Test of Tribolium castaneum to phosphine in year 2013

% mortality Resistance Resistance 95%
No.  Ref. Province (discriminating - Ratio Ratio Confidence
dose: 40 pg/l) gV (Thai) (Aust.) Limits (ug/L)
1 56-23 LWSUi‘UU'iEfI 5.76 335.76 23.58 20.41 283.93-405.55
2 56-28 LWSUi‘UU'iEfI 11.18 255.58 23.55 24.42 195.08-351.67
3 56-24 awuﬁ 15.98 286.84 34.26 22.27 177.72-504.40
4  56-29 ﬁwaﬂaﬂ 59.33 30.43 2.80 291 20.07-41.08
5  56-82 ﬁwaﬂaﬂ 85.96 16.68 1.35 1.36 8.80-23.31
6  56-50 UATAITIA 62.93 26.86 2.25 2.43 20.83-34.20
7 56-68 ATLNILNY T 68.31 25.57 2.02 2.08 20.56-31.71
8 56-78 ﬁmﬁ 85.77 13.86 1.12 1.13 9.76-18.30
9 56-91 umﬂgm 83.07 15.73 1.25 1.15 10.02-22.48
10  56-54 $1n 71.48 20.08 1.75 1.73 9.47-31.45
11 56-55 $1n 74.25 20.88 1.82 1.79 10.87-30.54
12 56-22 ALLVUNTY 96.05 13.56 0.95 0.82 0.12-21.63
13 56-95 ALLVUNTY 92.50 13.87 0.99 1.06 3.23-21.25
14 56-94 Uiﬁﬂ‘iﬁ 54.06 34.96 2.50 2.66 17.65-53.68
15 56-96 Uiﬁﬂ‘iﬁ 99.98 12.18 0.87 0.93 9.80-14.01
16 56-97 AsTun 99.97 10.09 0.72 0.77 8.82-11.27
17 56-38  UATASIEIINIY 70.88 20.12 1.78 1.71 3.19-39.73
18  56-41 qu& 99.47 11.32 1.09 1.00 8.24-13.72
19  56-46 a1 100.00 9.77 0.81 0.86 9.00-10.44
20  56-71 a1U19 96.32 13.61 1.07 1.11 10.06-17.49
21 56-47 Wl 99.99 10.10 0.84 0.89 5.30-13.06
22 56-70 el 100.00 11.76 0.93 0.96 9.62-13.65
23 56-51 ﬁ’nqu 75.30 20.00 1.75 1.72 12.13-30.24
24 56-69 ﬁﬁwuu 99.20 11.39 0.90 0.93 8.15-14.53
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Table 33 Resistance Test of Tribolium castaneum to phosphine in year 2013 (cont’d)

% mortality Resistance Resistance 95%
No.  Ref. Province (discriminating (H;E) Ratio Ratio Confidence

dose: 40 ug/\) (Thai) (Aust.) Limits (ug/l)
25 56-01 a3uns 100.00 1199 089 0.91 11.45-12.50
26 56-07 a3uns 100.00 1189 088 0.91 11.38-12.39
27 56-02 iR 99.94 1206  0.90 0.92 9.78-14.15
28 56-15 fndl 85.28 2059 113 1.22 16.03-26.59
29  56-03 Q‘Uﬁi’]“ﬁﬁ?ﬁ 99.85 14.03 0.94 0.94 12.26-15.84
30 56-13 Q‘Uﬁi’]“ﬁﬁ?ﬁ 99.98 11.79 0.99 0.94 10.38-13.01
31  56-25 Q‘Uﬁi’]“ﬁﬁ?ﬁ 94.99 12.67 1.51 0.98 9.48-16.04
32 56-04 AN 99.97 13.62 0.92 0.91 12.89-14.31
33 56-14 FsdzLNG 94.51 15.80 0.87 0.94 13.53-18.42
34 56-12 y3sud 98.52 1590 088 0.94 13.40-18.95
35  56-30 olans 99.97 9.82 0.90 0.94 7.49-11.74
36 56-31 é’mww‘%ﬁy 99.91 10.64 0.98 1.02 8.01-13.05
37 56-34 UATTIUELN 87.31 10.15 0.98 0.90 0.12-26.37
38  56-37 UATTIUELN 100.00 10.59 0.94 0.90 10.06-11.10
39  56-62 YNMIUNT 99.43 9.03 0.70 0.72 5.34-11.99
40  56-64 YNAIUNT 100.00 11.97 0.93 0.95 11.10-12.62
41  56-81 YNMIUNT 100.00 10.31 0.83 0.84 9.62-10.93
42  56-85 YNMIUNT 100.00 11.38 0.92 0.93 10.69-12.22
43 56-63 nEUS 79.12 1754 138 1.43 13.16-22.52
44 56-65 ﬂ’]‘Wﬁ‘Llﬁ: 100.00 10.16 0.79 0.81 9.68-10.63
45  56-88 ANAUAT 99.75 12.21 1.09 1.03 9.66-14.68
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Table 34 Resistance Test of Tribolium castaneum to phosphine in year 2014

% mortality Resistance Resistance 95%

No.  Ref. Province (discriminating - Ratio Ratio Confidence
dose: 40 pg/\) (e (Thai) (Aust.) Limits (pg/l)

1 57-30 Ej‘W'ﬁimﬁ 99.96 6.07 0.60 0.68 3.53-8.12
2 57-71 ?j‘Wiim‘Uﬁ 98.19 8.15 1.12 1.21 5.07-10.94
3 57-78 ?j‘Wiim‘Uﬁ 97.73 9.15 1.04 1.12 2.02-14.10
4 5783  AWITIUYS 75.35 19.22 1.40 1.35 15.46-23.49
5 57-62 Eﬂwa 98.38 12.25 1.50 1.32 9.16-14.61
6 57-70 umﬂg:u 98.73 7.05 0.97 1.04 4.15-9.52
7 57-73 umﬂg:u 82.46 9.14 1.26 1.35 3.60-15.31
8 57-76 umﬂg:u 99.05 8.73 0.99 1.07 6.67-10.62
9 57-72 YYUMN 83.45 15.40 1.26 1.25 4.16-25.67
10 57-77 YYUMN 99.11 8.81 1.00 1.07 6.33-10.95
11 57-04 mayfau‘q%‘ 99.99 11.74 0.89 0.86 11.14-12.32
12 57-66 mayfau‘q%‘ 99.17 8.30 0.78 0.65 5.89-10.49
13 57-35 ALLVUNTY 99.81 4.93 0.57 0.51 0.11-9.22
14 57-63 WVIQQ 99.90 10.02 1.23 1.08 5.98-13.04
15 57-87  UATASISIINIY 96.21 12.47 0.91 0.88 9.60-15.39
16 57-90  UATASEIINIY 99.88 8.95 0.87 0.81 4.74-12.60
17 57-92  UATAISTINTY 97.19 9.78 0.96 0.89 0.05-16.47
18  57-91 98 99.79 7.43 0.73 0.68 3.33-10.81
19  57-86 98 90.82 16.13 1.18 1.13 13.53-19.03
20 57-03 mw%uﬁ: 99.01 14.44 1.09 1.05 11.31-17.79
21 57-09 mwﬁui 98.97 13.09 1.03 0.90 10.06-16.20
22 57-10 ANAUAT 99.80 10.64 1.00 1.15 8.00-13.09
23 57-11 ANAUAT 99.99 11.57 1.09 1.25 8.96-14.04
24 57-12 ANAUAT 94.41 13.68 1.08 0.94 9.61-18.20
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Table 34 Resistance Test of Tribolium castaneum to phosphine in year 2014 (cont’d)

% mortality Resistance Resistance 95%
No.  Ref. Province (discriminating (pgj(l)) Ratio Ratio Confidence

dose: 40 pg/l) (Thai) (Aust.) Limits (ug/V)
25  57-15 NUDIAEY 100.00 12.17 1.15 1.31 11.66-12.68
26  57-22 NUDIAEY 99.98 9.71 1.13 1.01 7.55-11.31
27  57-54 NUDIANY 100.00 10.50 0.98 0.92 7.91-12.42
28  57-55 NUDIAEY 97.79 11.23 1.05 0.99 8.34-14.11
29  57-67 NUDIAEY 100.00 11.38 1.07 0.89 10.50-12.11
30 57-16 Rld 96.45 9.25 1.08 0.96 3.50-13.94
31 57-27 UN@1TAU 83.80 12.83 1.69 1.46 8.15-17.96
32 57-02 UN@1TAU 100.00 14.15 1.07 1.03 12.45-15.74
33 57-38 FydzINGY 100.00 9.78 0.89 0.76 7.78-11.25
34 57-39 YAz 90.20 10.84 0.99 0.84 6.71-15.11
35 57-58 YAz 100.00 9.37 1.15 1.01 8.54-10.07
36 57-40 Eﬁ‘u‘l/l% 100.00 10.62 1.29 0.89 10.01-11.18
37 57-46 Eﬁ‘u‘l/l% 100.00 9.30 0.85 0.72 8.34-10.10
38 57-48 Eﬁ‘u‘l/l% 99.98 7.30 0.90 0.98 3.27-9.66
39 5741 Q‘Uﬁiwﬁﬂﬁ 99.96 8.83 1.07 0.74 7.13-10.10
40 5747 Q‘Uﬁiwﬁﬂﬁ 100.00 10.35 0.94 0.80 9.66-10.97
41  57-51 Q‘Uﬁiwﬁﬂﬁ 99.65 1.27 0.90 0.98 4.65-9.39
42 57-59  nuetiang 100.00 8.19 1.00 0.88 7.69-8.61

Y
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Table 35 Resistance Test of Tribolium castaneum to phosphine in year 2015

% mortality Resistance Resistance 95%
No.  Ref. Province (discriminating - Ratio Ratio Confidence

dose: 40 pg/\) /Y (Thai) (Aust.) Limits (pg/\)
1 5813 uAIUIY 99.26 8.31 0.97 0.84 6.61-9.92
2 58-14 uﬂiﬂgu 99.42 11.03 1.28 1.11 5.42-14.34
3 58-20 S’PUU‘% 95.75 12.25 1.31 1.14 8.46-15.25
4 58-21 S'PUUE 99.37 11.82 1.27 1.10 9.40-13.73
5 58-23 iﬁsliiﬁ 97.73 7.97 1.04 0.90 4.29-11.20
6 58-36 819N 100.00 12.23 0.82 0.83 10.92-13.45
7 58-37 819N 98.10 12.16 1.09 1.03 3.02-17.07
8 48-40 awq’%‘ 89.82 15.16 1.36 1.28 2.18-23.74
9 58-41 awq’%‘ 80.03 19.30 1.73 1.63 14.85-24.77
10  58-42 awq’%‘ 100.00 11.00 0.99 0.93 6.43-14.63
11 5845 Eﬁmﬁ 100.00 7.76 1.15 1.13 2.43-10.13
12 58-46 Eﬁmﬁ 99.62 7.64 1.13 1.11 1.00-11.93
13 58-22 miy’«mﬁ 95.82 11.70 1.25 1.09 4.57-17.20
14 58-49 miy’«mﬁ 64.45 26.08 1.48 1.40 19.16-34.83
15 58-51 miy’«mﬁ 9.00 724.68 62.63 78.68 533.98-
16 58-52 miy’«mﬁ 77.11 20.98 1.81 2.28 16.72-26.11
17 58-66 WWAIYS 98.00 14.93 1.07 0.97 10.26-19.29
18  58-68 LYY 75.23 21.97 1.58 1.42 15.96-29.85
19  58-28 QUTUNT 93.55 12.45 1.03 1.08 9.17-15.91
20 58-29 AU 100.00 10.36 0.86 0.90 9.65-10.99
21 58-30 UATUIYN 94.01 11.90 0.99 1.03 2.44-18.64
22 5831 Us13uYS 100.00 10.60 0.88 0.92 7.90-12.34
23 58-01 GG 91.42 14.14 0.98 0.79 10.30-18.50
24 58-03 GAYGE 95.97 14.32 1.48 1.09 13.04-15.52
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Table 35 Resistance Test of Tribolium castaneum to phosphine in year 2015 (cont’d)

% mortality Resistance Resistance 95%
No.  Ref. Province (discriminating (pgj(l)) Ratio Ratio Confidence

dose: 40 pg/l) (Thai) (Aust.) Limits (ug/V)
25 5802  UASAISITUIIY 91.15 13.60 0.94 0.76 8.06-18.00
26  58-04  UASAISITUIIY 84.19 15.81 1.63 1.20 6.90-23.57
27  58-08 UASAISITUIIY 99.62 13.82 0.96 0.77 11.44-16.27
28 5850 UASAISITUIIY 92.79 17.60 1.00 0.94 13.78-22.28
29  58-57 AN 93.24 15.48 1.44 1.43 12.07-18.47
30 58-58 WS 81.06 17.07 1.59 1.58 12.85-21.97
31  58-60 WS 72.20 22.27 1.91 2.19 16.57-29.66
32  58-59 o991y 100.00 9.70 0.90 0.90 7.78-11.10
33  58-05 RIZERAlY! 63.89 27.63 1.91 1.54 21.40-35.37
34  58-76 2AT51% 64.32 23.05 1.75 2.07 12.53-37.58
35  58-15 Eﬁ‘u‘ﬂ% 99.98 10.48 0.94 0.98 9.72-11.16
36  58-65 Uﬁlﬂuﬁ 84.25 19.21 1.38 1.24 14.56-23.67
37  58-70 Uﬁlﬂuﬁ 95.31 13.34 0.96 0.86 9.59-17.42
38  58-75 YOULAY 100.00 10.91 0.83 0.98 9.63-12.04
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Table 36. Resistance to phosphine (PH,) of Cryptolestes spp. In Thailand on the year 2013-2015.
Region Province District Number of Number of
populations resistant
tested populations
Central Ang Thong Wiset Chai Chan 1 1
Chai Nat Mueang Chai Nat 1 1
Lop Buri Khok Samrong 2 1
Nakhon Pathom Phutthamonthon 1 1
Sing Buri In Buri 1 1
Sing Buri Tha Chang 2 0
Sukhothai Si Samrong 2 1
Chon Buri Ban Bueng 2 2
Northern ~ Kamphaeng Phet Khanu Woralaksaburi 3 3
Phetchabun Nong Phai 4 3
Phetchabun Wichian Buri 1 1
Phitsanulok Mueang Phitsanulok 1 0
Chiang Rai Mae Chan 2 1
Phayao Chiang Kham 1 0
Phayao Dok Khamtai 1 1
Phrae Mueang Phrae 2 2
Tak Mae Sot 1 1
North Buri Ram Chaloem Phra Kiat 1 1
Eastern Khon Kaen Chum Phae 1 0
Nakhon Ratchasima Mueang Nakhon Ratchasima 3 2
Sakon Nakhon Phang Khon 1 1
Surin Mueang Surin 3 1
Surin Prasat 1 1
Surin Sikhoraphum 1 1
Udon Thani Mueang Udon Thani 2 2
Udon Thani Nong Han 1 1
Southern  Nakhon Si Thammarat Hua Sai 3 2
Nakhon Si Thammarat Mueang Nakhon Si Thammarat 1 1
Phatthalung Mueang Phatthalung 1 0
Total ar 33
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Table 37. Response of resistance populations of Cryptolestes spp. to increased concentration of phosphine (PH-) .

Region Province District Loc. Average mortality (%) on difference PH; dosage

006 012 18 024 03 036 042 048 055 06 066 072 078 084 09 0.96

Central Ang Wiset 1 60.0 933 978 956 100.0 100.0 100.0 97.8 100.0 100.0 100.0 100.0

Thong Chai Chan

Chai Nat Mueang 1 88.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Chai Nat

Lop Buri Khok 1 84.2  96.5 100.0 100.0 100.0 100.0 98.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Samrong

Nakhon Phuttham 1 787 978 989 100.0

Pathom onthon

Sing Buri In Buri 1 98.8 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Sukhothai Si 1 96.9  100.0 100.0
Samrong

Chon Buri Ban 1 95.0 100.0 100.0
Bueng 2 100.0 989 989 100.0 100.0 95.8 100.0 98.9 97.9 100.0 100.0 98.9 100.0 100.0 93.7 100.0
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Table 37 (continue)

Region Province District Loc. Average mortality (%) on difference PH; dosage
0.06 0.12 18 0.24 0.3 0.36 0.42 0.48 0.55 0.6 0.66 0.72 0.78 0.84 0.9 0.96 1.02
Northern ~ Kamphaeng  Khanu 1 89.4 94.7 98.9 100.0 957 100.0 989 98.9 98.9 98.9 98.9 98.9 96.8 98.9 96.8
Phet Woralaksa 2 78.1 100.0 885 93.8 87.5 100.0 948 95.8 90.6 927 90.6 89.6 95.8 99.0 95.8
buri 3 89.8 100.0 96.6 94.9 72.9 79.7 559 67.8 66.1 525 69.5 39.0 83.1 525 64.4
Phetchabun  Nong Phai 1 324 75.7 78.4 83.8 75.7 86.5 71.6 74.3 81.1 91.9 93.2 90.5 100.0 85.1
2 90.6 90.6 90.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
3* 24 153 41.2 9.4 28.2 235 9.4 24.7 30.6 52.9 12.9 17.6 34.1 36.5 10.6 28.2 29.4
Wichian 1 83.8 98.5 100.0 985 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 985 100.0 100.0
Buri
Chiang Rai  Mae Chan 1 94.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Phayao Dok 1 98.6 100.0 100.0 100.0 100.0 98.6 100.0 100.0 100.0 100.0 100.0 100.0 100.0 98.6 98.6
Khamtai
Phrae Mueang 1 76.5 100.0 988 100.0 100.0 9838 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Phrae 2 89.1 95.7 100.0 89.1 97.8 98.9 100.0 98.9 98.9 97.8 100.0 100.0 100.0 989 100.0
Tak Mae Sot 1 89.2 914 989  100.0
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Table 37. (continue)

Region Province District Loc. Average mortality (%) on difference PH3 dosage
006 012 18 024 03 036 042 048 055 06 066 072 078 084 09 096 102 108 114
North  Buri Ram Chaloem Phra 1 815 739 783 804 772 859 554 773 620 804 100 100 978 880 967
Eastern Kiat
Nakhon Mueang Nakhon 1 571 602 633 663 663 633 602 592 622 612 776 898 918 816 969 867 949 918
Ratchasima — Ratchasima 2 10 50 10 30 10 10 10 00 00 40 40 20 50 40 10 30 00 20 30
Sakon Phang Khon 1 880 990 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Nakhon
surin Mueang Surin 1 654 744 526 100 100 100 100 100 100 100 100 100
Prasat 1 405 770 770 838 824 824 770 932 797 878 797 851 851 892 8.1 932 905 865 932
Sikhoraphum 1 700 700 800 900 700 100 500 900 90.0 70.0 100 100 100 100
Udon Thani  Mueang Udon 1 933 100 989 100 100 100 100 100 100 100 100
Thani 2 326 558 411 621 558 695 600
Nong Han 1 952 100 985 100 100 100 100 100 100 100 100 100 100 100 100
Southem  Nakhon Si Hua Sai 1 694 625 958 875 8L9 847
Thammarat 2 977 989 100 100 100 100 100 100
Mueang Nakhon 1 838 100 100 100 100 100 100 100

Si Thammarat

* Strong resistance strain
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