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liannsaliveafiunudnnduugihresnsidvnistdaseamnaevinuald  Tefesdnwuiion
Saniivnzaufuteavnngnifissiuanudnunumsiu - insenwseningd  2559-2560  Tae
AMEONNOANIIAYTY 15 anefiug WU IMAABUIEAUAMINAIUNIY WULLasEeNugeaule (RR< 1)
$1unu 7 aneiug Hsefumnudumusi (RR eg3e1ine 1.540039063-15.65332031 111) S1u7u 4 ane
s dszAuanuiumuliung1d (RR ag5ening 273.0263672-410.3515625 i) 1W3U 2 angiiug
wazszAUANFLIUgs 2 @eug (RR agsywing 13577.38281-4.9563E+28 wh) Iniiudaiienuon
wuIeen 5 aneiiug Lmeaeunssuluan nlsuivInnnes 1 fiu Nan1INAFeUNUINLenuINg T
aeiuggouauaziUNIU aansafdadeneaiiudn 2 ededu szeznaisy 7 Yu ueavuin
gEeRugAUUUIUNaN @mnsamdaserleafludne 2 Wesedu szeznaisy 14 U wiedns 3
dipsiadiu szeznasy 7 T dwweavwingaeiugiiuniugy deddweafiudns 5 inresu
sgovnasy 7 Yu  ddunsdanisldasueaitutuuesinenlitiussavinmisasisssuni
fumuveausauiiedelidnnamoaiuiimnzay  wazmsidnuuaunadenlunfeutuiietosiy
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Abstract

The problem of flat grain beetle (Cryptolestes spp.) created resistance to phosphine in
Thailand was making it impossible to use the recommended dose according to the advice of
the Department of Agriculture. Therefore, it needed to study to find a suitable dose for control
all different resistance levels of flat grain beetle. The studies was conducted during the year

2016-2017 by selecting 15 species of flat grain beetle to test resistance levels. It was found 7



strains with susceptible (RR<1), 4 strains with low resistance levels (RR between 1.540039063-
15.65332031 times), 2 strains with moderate resistance levels (RR were between 273.0263672-
410.3515625 times), and 2 strains with high resistance levels (RR is between 13577.38281-
4.9563E+28 times). After that 5 difference level strains of flat grain beetle were chosen to test
efficacy of fumigation in 1 ton storage condition. The results showed that susceptible and low
resistance strains of flat grain beetle could be controlled with 2 tablets phosphine per 1 ton of
milled rice on 7 days of fumigation period. While the moderately resistance strain could be
controlled with 2 tablets phosphine per 1 ton of milled rice on 14 days of fumigation period or
3 tablets per ton with 7 days fumigation period. For the highly resistant strain beetle, it must
used phosphine at a dose of 5 tablets per 1 ton of milled rice on fumigation period of 7 days.
For the good effective use of phosphine, it should be known level of insect resistance for
selecting the appropriate phosphine dose to control all of flat grain beetle and combining with
the elimination of environmental insects at the same time to prevent the repeated destruction

of insects.
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nsteafuidnuuasdnsudnnainunsinenisldasumloaiiufuisnisfitonfusgianinmwinsg
11nN71 40 ?Jﬁﬁmiﬁwmiiuma%umiﬁﬁlﬁamiﬁﬁmLLmaaﬁmﬂumammamwmﬁuﬁmm o Tulszine
oealnsidsuaratsUszmalua@ounudn 70-80% veawdnfiiiuifsdldgnsufiearssuneaiiy
(Daglish and Bengston, 1998) dsluuszmalnefiduiu nssufidumadldanunsamdauuadldnmme
Ananvatganvn wu fmanainda 1nsmoaitutiosfuly visldssoznalunauduauly vinld
wuasmelinun wazuuasiisentinanunsoadannudumuseanssueiadld daatuisenunisads
AEuTuReansIeaiuvesennaneluvauiud 1wy TuanssudnSunuanuduniuves
wuadlulsafiudeusd 1980 warlul 2014 Wiinsdnwisziunnudiusoasureaiiue sweonvuingnd
(Cryptolestes ferrugineus) Tulseiutudndianalusglonailant ansguusni 91890 NUANNATUNIY
gegnis 1335 windleSeuiisuiuaeugoeune (Konemann et al. 2014) lu¥ 2010 soamside
FIYUNUNDANUINYNT (C. ferrugineus) a51AMURMUNIUFDAITTUNDAT UGININIINNTTANW LY
Mo uRN1g fisziumnudutuvosioaiiu 0.5 me/L waz 1.0 me/L radldszazianlun1ssugeds 30
uay 24 Jupwddu vnsftaeiugsounsldinarnissudios 20 aluaviidu (Nayak et al, 2010) uaz
Fauinmenmuaeiduisasiiairsanuiumusoassuneaiiugaiigalunquuuasdmslulsafvlneny
SELAUAMNATUNIY 1450 W1 (Nayak et al., 2013) TuUszimnalnglaiinisnsiageuanudunumogssy
Woaluveswuasdngndnnainunsiuudvaievin lowd deeed1ilne veaiiteu ueanuing1 e

fudos uazuoauds AINNANITNTIADUNUIILUAIARINAANALNYATYNTTALALIY 139939701310 A



dmiunennuIngINURan1sduINUSIeg1auannwIngInlssdkaslsunutnlnalul 2556-2558
$1UIU 47 Wnas N9 4 1A 22 TR HANIINAFDUNULBANUIAEIFIUNIY 33 WnAs W3a 70
Wesidus lnenuneanuinenaeiudaiumiunszaeimluynnia warainareiugaiuniunuiven
MUIABITIUARIANUFUNLTULIITE 2 Uvids (N35ENS WazAE, 2559)
Yoyan13aANUmUNILYeLaiaNE Ao 5UTNINSIEaNTINOEIN D UNAIART
Tulsafvriiels vdeluuilladaudumusoasslussfugaashliassudulifssansamlunig
Mdauuadnaoly egnslsfnuarssuneaiiufdaduassufisndunazddyegmndmdunisinda
wiasdnslulsafvvesuszinelne esandslifiassuvialeildine uagsagnviriuseaiiu Gedns
nsldanssuneafiumumuuzdivensudynmsnensiuziinliin dedddns 2-3 e (tablets) siadiu
yi3o 12 iadeidlefl 1 gnuradiuns Tasszozinannssy 7 Yu Ssnssuenazdos foRedagnitany
Fuuzih Wielannsofdnuuameromn (nsfing uazany 2508) usiiosnSelifarssufiannsn
Tivaunumeafiuhlifianusiduiiesdeddmsmnintlumstestuidauuasdnsadnnainuasioud
wasusvdinadaanuiunuudafiou Collin uagamy (2000) wuinsiinanududulasssezinm
Tumssuvasloaiiuanunsomdauuasiiduniudeassuroaituld Tnsuuasis 3 wiafe voaiillox
(Rhyzoperta dominica) 724929917 (Sitophilus oryzea) Lagl11iade (Lipocelis bostrychophila)
Frfusmevhmsfinwifiensanuarsrosnaiangauresnssudsarssurleatiulunisiiauen
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7. W/ATUNNT
7.1 NMSANLEDNUDANUIAEIIENEWUTAIUNIY
AnLdaniuasEIeTugAMunIUndsEAuAMuAIUNIue Inen1si1andeyanisnsisaevany
WUTAMUNUYDINOANUINGTIT 2556-2558 (NFTANTT havAne, 2559) ULUAINANEDNLUIMAZBY SEAU
AUATUNIUAINITNNTUDS FAO (FAO Method No. 16) (Anonymous, 1975) liialkUsseAuLLaInINAINL
FIUNTURDENITUINUIU 4 STAU AB
- laifuyu AsluasdionsiANuAuUIYINGY 1
- STAUAMNATUNIUAT ADUUASHIERIIAMUATUNIUTERIN 2-100 1917
(7 ¥ = a o U 1 1
- SYAUAINAUNIUUILAANT ABLUATIENSIAUATUNIUTEIING 101-500 1911
- SEAIUAUAUNIUEN ABLUAITIINTIAUAIUNIUGINTY 500 1N
ad
Nnang
1. d1979u8zAufA1881900AnUIAEYT 91nurasidndanudiudesveteiuglu
WiosufuRns
2. msdggrgiusuuasdmiunaaaulagldomisansuteand 300 ndu T1ursiaddu

300 n5u ralwadu 150 n¥u aundiand 45 nsu Bad 5 NSy Yaeesdnianennuingnieny 1 dUans



$1uau 300 6 asluems 300 n¥u ndsandu 1 §Un1i tedeenainesivivan theimsiiald
wasisweluiesdouas figumgiivies islfruuuandndszssdufiute Suhinlflunmmnaeudeld

3. duuiasiuduisldludenanadinlasiuau 50 Fadediedetn Jadernanys tildly
descicator Ume

4. ldarsweaflusnsusududl discriminating dose e 0.06 wazfiudnsifiaz 1 wih W
Bou untuuadumeiuiiuazaenmun uarldsreznainiss 20 $alus \Dash desiccator Udes
Tfsvunsemausvana 2-3 $alas andunseynnssnueanuinenioonann desiccator Taemaidniion
ihludssolugifonuuadn 14 ulshmasmasouranmaass

5. W1leyaunIAsIEniA Probit M1A1 LGy YINIAIUIUMISRNIIAUAIUNIY (resistance
ratio) YBUAIMAIIINNTIUMIEWEENY M1UNTINITVRY Salehi et al. (2016)

Resistance ratio (RR) = LD50 of field strains /LD50 of Succeptible strain

lag §7A1 RR 191091 1 fi9d1dumniu a1 RR Weendmsewiniu 1 f03180uue
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N1SNAABIASIN 1
MLNUNITNAFDIUU CRD 11 3 1 10 n55135 lAwA
1. 9ns1a1ssuneailu 5 9n51 A9 0 2 3 5 way 7 Winraldud1nans (tablets/fu)
2. SEULANMSY 2 S28T AD 7 way 14 Tu
lAgNAABUAULLAY 5 strains AouNaIaNeNUSEoULD 2 a1eWug AMuVNUAT 1 aneiug A1unudiunans
1 enewiug UasdmunugEs 1 aneviug
& A
A1SNAABIASIN 2
MLEUNITNAFDILUU CRD 11 3 91 9 n55135 lawn
1. dns1anssuneailu 3 9n51 A9 0, 3, way 4 Winso 1 Fut1ans (tablets/dwu)
2. STULIANMUTY 3 S¥ey Ao 7 10 way 14 U
InengeURULIad 2 strains ABulasEeiuioauwe wazaeugAUNIUg
ad
Fsnnang
1. M3desveenusutasdmsunagay
- szezanud Udoadufuienonnuing1iaiy 1 dUav 91uau 300 67 addudnalnauavenu
300 ASY VAINUY 1 dUAY L91FIDBNANNBIVNTIANLA YINABUNITIUETTU 21 TU
- STYTNUDUVIIIURNLINUNITLATIUANLA 1INBUNITINEITIY 14 TU
- svprfufuly Uasedaufuionennuing11e1g 1 a1 97w 100 72 asludalnaun

#YIU 200 ASH VINNBUNITINAITY 1 U



- szezly Yasesuduanennuingniany 1 d&ai 41uiu 500 f adludnlnauanenu 200

n3u Yaeelinely 4 Tu edeenlivuaneuinnisnaaes 1 fu

2. vageuauduniulasnssnenanes 1 fu tunoudaiinionvhaiuazeiniuiifiagld
dnfunissuen ndnduyin wagnesdinasduiuneses 1 fu Mandsuaifuamnszeznis
WidulmvesusiasrialunesimudiFinaunasieimanain Wureduasitudegmnednadmil
Tdanssuneaiiuaiin tablet va4 phostoxin JsUsznaulusie aluminium phosphide 56% A1XFWILT
Nusukazidanesunaiiimun lnsdewihnisinnuidutuvesiereaiiunislunesiisuemaiy
RABANITNAGDY
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8. WaN1MAABIATINIA
8.1 NMIARLAINNBANUINYIIFIBWUTATUNIY

AnLdenAniontanuInEIAERUEIUNIUTEAUAGY AngIudedal 2559 (NSNS uae
ARIY, 2559) kavNAFBUAINAIUINUYBINEAUIReN I luTRUURNS Tnadndanwuataneiugiumu
JEAUANY WU 15 @eiug  Han1InsIadeusTauANiuIuLantly Table 1 lauuasaneiug
goute @ldnsanudumuliosniviewintu 1 win) Sy 7 aneiiug seduaradunmui @
AUAUNIUBETENINN 1.540039063-15.65332031 11) 1 4 angiiug dszduanuduniuliy
NaN (A8RTIANUAUNILBYTENING 273.0263672-410.3515625 111) MUY 2 @1eiug uazszauay
AUMUEN 2 Eeiiug dnsiAnuiunuegsendng 13577.38281-4.9563E+28 i)

dmuaneiug NKR_m1 dadumeriudftiamnusunugegn e LC50 uag LC95 gafia
5.08E+26 uay 4.82E+48 g/l %138 5.08e+23 Uay 4.82e+45 ppm FIINHARINA1ILARATITLBAVUIA
ganeitusilianusoliveaiulunsmdaldiomn ammmezlivasnds Wesmnarududusan
vealoafiufianinsaszidnuwasfnluld fo 1.8% wie 17,900 ppm %3 27.3 n3usegNUIANLNT (3

111, 2553)



4

8.2 NSNAFBUTLAUAMUTNTULALTLHLLIANNANILEUVDINITTUNDENUABNDANUINYIIAIWUT
funtuluaninlsaiu (2561)

NnaaIsuNaaNUASIN 1

o oA a ) v ' ) % ° v & o g YA Y

ARLERNUNAINTEAUAIUAUNIUATNY Aulu T 8.1 d1wiu 5 aneug Wndsseeiug Tile
USunaiitesnedmiunisnaaeuluaninnesvuin 1 du lneynaieiugaedls 4 szugnsasqydule fie
SzurAALTE Anwe rusukazly

Table 2-5 uanaNanNIssuNeaTuATI 1 Auktas 5 anedud Ae a1eiugesuule (susceptible)
wag NKS hsl aneugiuniudn (low (PCB npl)) aneiugiuniuuiunais (medium (PCB np2)
wagaeugAIUNIUEY (high (NBR_m)) Tuszezfidude (Table 2) WULNEAETUSAIUNIUES (NBR m) 1
FatlllaITentInnaIn1ssulunssuds susns 2 wWindedu seeza1sy 7 Ju AwdslinunuaisenTin
Tuszasdnug (Table 3) wuwwasiianudumusienIssuannIszeziuiuly Taeny wiasaiug
2 v} 5 ¥ aa [ d'v @ 1 Y}
AIUNIUUIUNEI (PCB_np2) hagd1eWugRIUNIUE (NBR_m) T9ATIANAINTITINNONIITY 2 LARDAY
Tnefszozasy 7 U J9ns1n15ane 72.7 wag 30.90 wWasidud auaisu diusyesiiansy 14 Y4 wu
aneiiugiumugs I8nsnsnne 98.4 Wesdus Tuszevwueu (Table 4) wuilussezfinnumumiu
fon15IugEn lnefdnsn 2 diesedu tnefiszeziiansy 7 U aeiugiumuliunandidnsinismne
42.7 Wosldud druaeiugimuVIUEs WULLAITEATINTSnIIsY 2 way 3 dinkedu Tissesansy 7
way 14 fu szl (Table 5) nalndfissiussazdinde Inenuaeiugiuniueas Juuassendin

¢ & ¢ a ad [ @ 1 LY 1y 1 aaa | aa
50 1Uasus NNISUAITIUINTT 2 WinFafu Seeziansy 7 U dunssuisoulinuluassendina

dmsudnuruutasluiegradnnldsunaunssy nuktaidinluiiegrsdnnguuun 250 N3y

a d' aQ ¥ 1 r-ﬂl v A a r-:qu
naevin Lngkuasnnuluusunaunn Town uaaludey ueawds WNMTIED LASWULIUNDY HLED
t1a15 weaidey TudSnandindes (Table 6) drundssulinuuuassendinlunnnssuisaldanssu
(Table 7)

Y v & = v < I W v a v v &

ANMUNTULNENDEHY wandly Table 9 N19m5150 2 WIARBAY MU 1 WUANUIUTULNE
11nNd1 2000 ppm Wil 2-5 Audududegendt 1000 ppm NUUUTINMAAAY WTUN 7 wide
823.7 ppm uwarluiui 14 widerudutuuda 343 ppm FaduuSinandadiussdnsan Fennu
AUzINSIUMEasIuneaiiudmundl  AnuduIgavesaEnssuniusEansnmlunisidnuuad
Ao40g73EsU 100 ppm Ns¥EeiIa1sy 7 Tu (Jan Van S. and Annis P.C,1994) dudnsn 3 Winsafu wu
AILTULAENINATY 2000 ppm Tuga9iui 1-4 wazluiun 14 wesnssumvdsmuutunia 436.0
ppm @sUSRT 5 Winresiu wumudLduLAELINAT 2000 ppm Tudaeiudl 1-6 wazluiun 14 ves

& v v & | aw < T W v v o |
NNFTUVRDAMUTUTULAG 859.5 ppm @IUNERT) 7 LHARDAY WUAMLTLTULAANINAIT 2000 ppm
LNBUNADANITTY

NaansunaaNuATIN 2



INTNABBITUANINABDIVUIA 1 HU ATIN 1 WU NOASISUAIUAULUIVBINTUIVINITNYAT
Pnssudanslddng 2-3 esdedu sseznansy 7 T Wauseidaneanuinganeiugniaiiy
1% I | % a a ¥ q' [~ [ =3 ldl
sunusieassuneaiiuadlannszesmaasydivle whsiiussezinanissindy 14 Tulazinny wav
8051 5 Wlasedu szazansy 7 Juansamdalinnnsesgiule 3eihnismeaeessil 2 duwen

o caa ] \ = PN ad Ao 2 1w
MR IEeTuEnIANUA U IUeasTUNauEs lagliunssuissundns 4 Wasediu seeviasy 7
10 waz 14 Ju F3lenanisnnasesa Table 10 NAN1SNAABINUI NoaWusnsd 3 waz 4 wWinsosiy NN
JzEziia1y ansaridanennnnenaeiugiuuassegly vueu uwarduandy liviavun enviu
[ vdl (v 1 & @ '3 [ gj = 7 v} ) o [
spganuannudnsNIsnell 100 wWeddud Awndagulaidnsuugiidmunssunennuing
awﬁuﬁ:ﬁmmuga Ao 5 Wnseadu N5zesinansy 7 U WANAINAINNANISNAADIVDINTIANG LavAn
(2553) Fwvpassuneaiumiidnasuine (C ferrugineus) TugMIna@esdnd wuituennuIng12ll
v P \ A | ) A W < I W a o
AFATNAMUANUNUADENTTUNDANY LLaTNUIINTTUMENBENUDATT 5 LUARDAU NTLELLIATH 7 WU
SIMUNDATLELINLALAZFLALTUTOATIR LWaNENT 5 Windadu Nszezinansy 15 Juanuisandnuanls
nnszeznssyivle @ mefvilinanisnaasawanmaiiewnandninadesdaiidundnnanunsi
Y 6V | v 1 v o v v 1% (2% | a v 1 v = 2 £%4
aedunfaneaiuliannndtnians  vilinnududuvenianeaiiudasstdesnitludnarsisdeddina
Tunissuunni Inesadunazamy (2550) 57897471 N1TSUTMINALREIERINoRTY 1-3 Wade 1 fu
T1alng nuanududugsgavesuiavoaiiunainissy 1 fuanated195amsiie 3 03 uazilliesuasu 7
(Y] r.:l'o./ =3 1 LY 7 ¥ % 6V = =l 1 [ I3 1 Y}
U Wuonst 3 Wade 1 fudnlng ANNNTULAardoLiss 150.0 ppm @1usnsT 1 uag 2 Wanafy
Y v = o o = o Y v & A I+
AULTNTUANIUED 0.0 Wag 37.5 ppm ANAIRU FHan1TInAuiNTuestianaiulun1maaninss
7 2 wansl3lu Table 14 Wufdns1su 3 wae 4 Winsadu szezinalsy 7 Ju Jaenuuduldals 1,240.3
uag 1,678.3 ppm MUaRU hasiszeziiatsy 14 U dnanudntuniala 554.0 way 758.0 ppm
o v = & v v oo ' v v & oo ¥ & o €
audiu Faduanudutuiigandranudutuuianinldlutalnadesdndun
dmsudnnuiuadiuiiogatifiduewin 250 nsu viatevile lngkuasinu ek seaflubes
o A a & v \ Y] | Aa an a v
waawls wnilede wuven uasiided3a1s (Table 11) dunassulinuuuassondinlunnnssuisnly

1551 (Table 12)
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15 angiug widnienudesieldnaaaunissuluanmlsaiuananes 1 fu e 5 @1e9ug #anis
NAADUNUILUAIDULD (RR < 1 1911) WALLUAINANUAIUNIUAT (RR 15 t¥11) @11150N19AA28N15TY
Woaudnsn 2 Waradu szoza1sy 7 Tu kuasnanua U uUIunane (RR 410 Win) @u1sanidnaie
= [ =3 1 o [ =l [ I3 1 o [y} 1 a{'
A5SUNBENUINTT 2 WaRsU Seenansy 14 T4 1i5e0ms 3 WARefY STaLlansy 7 T4 ddukuadi

¥ 1 o w vV = [ =3 1 L U
AUAIUNIUEN (RR 13,577 Wi1) @1unsaindamenissunleaiiudnst 5 Wadesy svezinaisy 7 T s

T¥anssuneaniuiardanuassndusoviliuuanne 100 Wosidud Maiuansiaandnsuaaansi
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Table 1 Probit analysis of results of exposure of flat grain beetle (Cryptolestes spp.) adults to

phosphine for 20 h at room temperature.

No. strains LC50 (pg/L LC95 (ug/V) Resistance resistance
(95% Confidence (95% Confidence Ratio level
Limits (ug/L) Limits (ug/L)
1 susceptible 0.01024 0.01886 1 susceptible
(0.00945-0.01095) (0.01710-0.02164)
2 Nakhon Si 0.0095 0.03349 0.927734375 | susceptible
Thammarat, Hua (0.00432-0.01341) (0.02450-0.06399)
Sai (NKS_hs1)
3 Phetchaboon, 0.16029 7.59695 15.65332031 low
Nong Phai (0.04757-0.29274) (3.39646-45.11393)
(PCB np1)
a4 Ubon Ratchathani, 0.0000107 0.05388 0.001044922 Non
Warin Chamrap | (0.0000026-00007720) | (0.0006999-0.16593) resistance
(UBN_wr)
5 Phetchaboon, 4.202 68914 410.3515625 medium
Nong Phai - -
(PCB np2)
6 Kamphaeng Phet, 0.00298 0.70762 0.291015625 | susceptible
Khanu (2.61221E-6-0.01790) (0.41740-2.96247)
Woralaksaburi
(KPP_kn1)
7 Nakhon 5.08E+26 4.82E+48 4.9563E+28 High
Ratchasima, - -
Mueang Nakhon
Ratchasima
(NKR_m1)
8 Kamphaeng Phet, 2.79579 0.12852 273.0263672 medium
Khanu (1.38511-34.49222) (0.01845-0.22607)
Woralaksaburi
(KPP_kn2)
9 Nonthaburi, 139.0324 339473 13577.38281 High
Mueang (NBR_m) - -
10 Surin, Prasat 0.01577 1.94687 1.540039063 low




(SR ps)

(0.00244 - 0.03873)

(1.18235 - 5.14605)

11 Nakhon 0.08218 4.87571 8.025390625 low
Ratchasima, (0.01063 - 0.16087) (1.88554-106.89598)
Mueang Nakhon
Ratchasima
(NKR_m2)
12 Nakhon Si 0.00762 0.87224 0.744140625 | susceptible
Thammarat, Hua - -
Sai (NKS_hs2)
13 Buri Ram, 0.00544 5.16939 0.53125 susceptible
Chaloem Phra Kiat - -
(BRM clk)
14 Kamphaeng Phet, 0.0006152 0.09967 0.060078125 | susceptible
Khanu (1.22237E-6-0.00489) (0.03012-0.16656)
Woralaksaburi
(KPP_kn2)
15 Udon Thani, 0.13145 12.32525 12.83691406 low
Mueang Udon (0.00566-0.22992) (1.74916 -

Thani (UDT_m)

5.85357E+12)

Resistance Ratio: LD50 of resistant strain/ LD50 of susceptible strain

Table 2 Corrected percent mortality in adult stage of resistance strains of Cryptolestes spp.

after fumigated with Phosphine 1° experiment.

Fumigation Insect resistance strains
Dose
period susceptible Low Medium High
(tablets/ton) susceptible

(days) (NKS_hs1) (PCB_np1) (PCB_np2) (NBR_m)
7 100.0 100.0 100.0 100.0 925
14 100.0 100.0 100.0 100.0 100.0
7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0
7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0
7 100.0 100.0 100.0 100.0 100.0




14 100.0 100.0 100.0 100.0 100.0
control 7 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0

Table 3 Corrected percent mortality in pupa stage of resistance strains of Cryptolestes spp.

after fumigated with Phosphine 1°' experiment.

Fumigation Insect resistance strains
Dose
period susceptible Low medium High
(tablets/ton) susceptible

(days) (NKS_hs1) (PCB_np1) (PCB np2) (NBR m)
2 7 100.0 100.0 100.0 2.7 30.9
14 100.0 100.0 100.0 100.0 98.4
3 7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0
5 7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0
7 7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0
control 7 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0

Table 4 Corrected percent mortality in larva stage of resistance strains of Cryptolestes spp.

after fumigated with Phosphine 1°' experiment.

Fumigation Insect resistance strains
Dose
period susceptible Low medium High
(tablets/ton) susceptible
(days) (NKS_hs1) (PCB np1) (PCB np2) (NBR_m)
2 7 100.0 100.0 100.0 a2.7 3.2
14 100.0 100.0 100.0 100.0 6.3
3 7 100.0 100.0 100.0 100.0 16.7
14 100.0 100.0 100.0 100.0 75.0
5 7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0




7 7 100.0 100.0 100.0 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0

control 7 0.0 0.0 0.0 0.0 0.0
14 0.0 0.0 0.0 0.0 0.0

Table 5 Corrected percent mortality in egg stage of resistance strains of Cryptolestes spp.

after fumigated with Phosphine on 1% experiment.

Fumigation Insect resistance strains
Dose
period susceptible Low medium High
(tablets/ton) susceptible

(days) (NKS_hs1) (PCB np1) (PCB np2) (NBR_m)
2 7 100.0 100.0 100.0 100 50
14 100.0 100.0 100.0 100 100
3 7 100.0 100.0 100.0 100 100
14 100.0 100.0 100.0 100 100
5 7 100.0 100.0 100.0 100 100
14 100.0 100.0 100.0 100 100
7 7 100.0 100.0 100.0 100 100
14 100.0 100.0 100.0 100 100
control 7 0.0 0.0 0.0 0 0
14 0.0 0.0 0.0 0 0




Table 6 Average (+SD) number of alive and dead insects in 250 ¢gm rice sample before fumigation on 1° experiment.

Dose Fumigation Saw-toothed grain beetle Rust red flour beetle Psocids
(tablets/ton) | Period (days) Alive Dead Alive Dead Alive Dead
2 7 1.3 +£1.0 53+4.3 0.0+0.0 0.5+0.3 4.8 +0.6 0.0 £0.0
14 33 +2.1 2.8+2.1 0.2+0.5 0.0+0.0 5.0 +2.8 0.0 +0.0
3 7 20 14 3.0+2.3 0.5+0.2 1.3+1.0 23 +1.0 0.0 £0.0
14 3.0 +2.7 3.5+2.5 0.8+0.5 2.5+1.7 0.0 +0.0 0.0 +0.0
5 7 6.0 +4.3 6.5+3.4 0.8+0.5 3.8+2.6 0.0 +0.0 0.0 +0.0
14 23 +15 3.5+2.6 0.0+0.0 0.5+0.3 0.0 +0.0 0.0 £0.0
7 7 7.5 +4.9 8.5+5.9 0.31+0.1 0.3+0.2 23 +2.6 0.0 +0.0
14 3.8 +3.0 2.8+2.9 0.0+0.0 0.8+0.5 0.5 +0.3 0.0 +0.0
control 7 0.5 +0.2 2.0+£0.0 0.0+0.0 0.0+0.0 1.5 £1.1 0.0 +0.0
14 0.0 +0.0 1.5+0.7 0.0+0.0 1.0+0.4 0.0 +0.0 0.0 +0.0
Table 6 (continue)
Dose Fumigation Xylocoris spp. Rice moth Lesser grain borer
(tablets/ton) | Period (days) Alive Dead Alive Dead Alive Dead
2 7 1.5 +£0.7 6.3 +4.5 0.0 £0.0 0.0 +0.0 0.3 +0.1 0.8 +0.5
14 0.0 +0.0 0.0 +0.0 0.0 £0.0 0.0 +0.0 0.0 +0.0 0.0 +0.0
3 7 0.0 £0.0 0.8 £0.5 0.0 +0.0 0.0 +0.0 0.0 +0.0 0.0 +0.0




14 0.0 +0.0 0.0 0.0 0.8 +0.5 0.0 £0.0 0.0 +0.0 0.0 +0.0

5 7 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 +0.0 0.0 +0.0
14 0.0 +0.0 0.0 0.0 0.0 +0.0 0.0 £0.0 0.0 +0.0 0.0 +0.0

7 7 0.5 +1.0 6.8 +2.6 0.0 £0.0 0.0 £0.0 0.0 £0.0 0.0 +0.0
14 0.0 +£0.0 0.0 £0.0 0.3 £0.2 0.0 +£0.0 0.3 £0.5 0.0 +0.0

control 7 0.0 +0.0 0.0 £0.0 0.0 +0.0 0.0 £0.0 0.0 £0.0 0.0 +0.0
14 0.0 +0.0 0.0 +0.0 0.0 0.0 0.0 +0.0 0.0 0.0 0.0 0.0

Table 7 Average (+SD) number of alive and dead insects in 250 ¢m rice sample after fumigation on 1 experiment.

Dose Fumigation Saw-toothed grain beetle Rust red flour beetle Psocids Xylocoris spp.
(tablets/ton) | Period (days) alive Dead alive Dead alive Dead alive Dead
2 7 0.0 £0.0 13.0 +2.8 0.0 +0.0 0.0+0.0 0.0 £0.0 0.0 £0.0 0.0+£0.0 35429
14 0.0 +£0.0 13.0 £8.5 0.0 +0.0 0.5+0.7 0.0 £0.0 13.0 £4.2 0.0+0.0 0.0 £0.0
3 7 0.0 +£0.0 215 +12.0 0.0 +0.0 2.0+2.8 0.0 £0.0 0.0 £0.0 0.0+£0.0 12.0 £10.7
14 0.0 £0.0 9.0 £2.8 0.0 +0.0 4.0+1.4 0.0 £0.0 12.5 £3.5 0.0+£0.0 0.0 £0.0
5 7 0.0 +£0.0 6.0 £2.8 0.0 +0.0 1.0+0.4 0.0 £0.0 0.0 £0.0 0.0+0.0 20 +14
14 0.0 £0.0 55 435 0.0 +0.0 0.5+0.7 0.0 £0.0 14.0 +4.2 0.0+£0.0 0.0 £0.0
7 7 0.0 +£0.0 17.0 £14.0 0.0 +0.0 1.0+0.0 0.0 £0.0 0.0 £0.0 0.0+0.0 1.0 +0.4
14 0.0 £0.0 13.0 +4.2 0.0 +0.0 2.5+1.1 0.0 £0.0 155 +6.4 0.0+£0.0 0.0 £0.0
control 7.0 +4.2 40 +1.4 25 +2.1 0.5+0.7 24.0 £12.6 0.0 £0.0 3.0+2.2 1.5 +1.1




Table 7 (continue)

Dose Fumigation Theocolax elegans Rice moth Lesser grain borer
(tablets/ton) | Pperiod (days) alive Dead alive Dead alive Dead
2 7 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 1.0+0.4
14 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
3 7 0.0+0.0 2.0+1.8 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
14 0.0+0.0 0.0+0.0 0.0+0.0 9.0+2.7 0.0+0.0 0.0+0.0
5 7 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
14 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
7 7 0.0+0.0 55+2.8 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
14 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
control 0.0+0.0 3.0+2.2 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0

Table 8 Moisture content of milled rice samples on 1% experiment.

Moisture content (Average+SD)

Dose Fumigation
(tablets/ton) | Period (days) Before fumigation After fumigation
2 7 11.8+0.6 11.4+0.8
14 12.940.2 13.1+0.7




3 7 12.7+0.9 11.0+0.6

14 12.341.1 12.8+1.0

5 7 11.940.6 11.1+0.4

14 12.3+0.5 13.3+0.2

7 7 12.840.5 10.8+0.6
14 13.6+2.5 13.140.1

control 7 12.6+0.1 11.8+2.1
14 13.5+0.3 12.0+0.2

Table 9 Average Phosphine concentration in difference rate and in the date of fumigation on 1* experiment.

Fumigation concentration of Phosphine (ppm)
days 2 tablets 3 tablets 5 tablets 7 tablets
1 >2000 »2000 »2000 »2000
2 1733.0 »2000 »2000 »2000
3 1467.0 »2000 »2000 »2000
a4 1274.7 »2000 »2000 »2000
5 1103.7 1657.7 »2000 »2000
6 943.7 1415.0 »2000 »2000




7 823.7 1221.0 1991.3 »2000
8 779.5 1122.0 1900.0 »2000
9 699.0 933.0 1790.0 »2000
10 585.0 824.0 1541.5 »2000
11 5515 696.5 1310.5 »2000
12 465.0 604.0 1136.5 2000.0
13 391.0 600.5 1039.0 1780.0
14 343.0 436.0 859.5 1600.0

Table 10 Corrected percent mortality of resistance strains of Cryptolestes spp. after fumigated with Phosphine on 2" experiment.

Dose Fumigation Egg stage Larva stage Pupa stage Adult stage
(tablets/ton) (Zearz;j susceptible High (NBR_m) susceptible High (NBR_m) susceptible High (NBR_m) susceptible High (NBR_m)
3 7 100.0 100.0 100.0 100.0 100.0 91.4 100.0 100.0
10 100.0 100.0 100.0 100.0 100.0 82.5 100.0 99.0
14 100.0 100.0 100.0 100.0 100.0 89.8 100.0 100.0
4 7 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
10 100.0 100.0 100.0 100.0 100.0 96.3 100.0 100.0
14 100.0 100.0 100.0 100.0 100.0 99.0 100.0 100.0
0 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




| 14| 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Table 11 Average Phosphine concentration in difference rate and in the date of fumigation on 2" experiment.
Fumigation Phosphine concentration (Aver.+SD)
days 3 tablets 4 tables
1 >2000 >2000
2 >2000 >2000
7 1240.3+76.2 1678.3+214.7
8 1029.2+81.8 13247.7+172.8
9 756.6+94.3 1073.7+157.9
14 554.0+102.2 758.0+154.4
Table 12 Average (+SD) number of alive and dead insects in 250 gm rice sample before fumigation on 2" experiment.
Dose Fumigatio | Saw-toothed grain beetle Rust red flour beetle Psocids Xylocoris spp. Rice moth
(tablets | n period
/ton) (days) Alive Dead Alive Dead Alive Dead Alive Dead Alive Dead
3 7 3.0+4.4 57+7.4 1.7+2.1 9.3+11.4 33.3+28.9 6.7+£11.5 0.0+£0.0 0.0+£0.0 8.3+3.2 0.0+0.0
10 3.3+5.8 4.3+4.0 0.0+£0.0 4.7+4.6 0.741.2 | 16.7+28.9 0.7+1.2 12.0+15.9 2.0+£3.5 0.0+0.0
14 0.0+£0.0 6.0+8.7 13.3+23.1 10.7+1.5 | 183.3+275.4 1.3+2.3 0.0+£0.0 9.0+£13.9 4.3+5.1 0.0+0.0
4 7 3.3+4.9 0.0+0.0 8.0+7.0 0.0+£0.0 26.7+25.2 1.7£2.9 0.7+1.2 0.0£0.0 4.0+6.9 0.0+0.0




10 3.3+3.1 3.3+3.1 0.0+£0.0 6.7+2.9 4.0+6.9 0.0+0.0 5.0+6.1 0.0+0.0 1.342.3 0.0+0.0
14 2.3+4.0 4.0+2.0 1.0+1.7 5.0+2.6 0.0+£0.0 0.0+0.0 0.0+0.0 0.7+1.2 1.7+2.9 0.0£0.0
0 - 5.0+4.4 10.7£11.0 0.0+£0.0 17.7+13.7 22.0+24.3 0.0+0.0 3.0+3.0 0.0+0.0 0.0+0.0 2.7+2.5
Table 13 Average (+SD) number of alive and dead insects in 250 gm rice sample after fumigation on 2"¢ experiment.
Dose Fumigation Saw-toothed grain beetle Rust red flour beetle Psocids Xylocoris spp.
(tablets | period
/ton) (days) Alive Dead Alive Dead Alive Dead Alive Dead
3 7 0+0 2.0+2.0 0.0+£0.0 10.7+8.6 0.0+£0.0 0.0+0.0 0.0+0.0 17415
10 0+0 16.0+8.7 0.0+£0.0 3.0+3.0 0.0+0.0 0.0+0.0 0.0£0.0 4.0+2.3
14 040 16.0+12.0 0.0+£0.0 14.3+£11.5 0.0+£0.0 0.0+0.0 0.0+0.0 0.0+£0.0
4 7 0+0 0.0+£0.0 0.0+0.0 6.345.7 0.0+£0.0 0.0+0.0 0.0+0.0 0.0+0.0
10 040 9.7+55 0.0+£0.0 2.742.5 0.0+£0.0 0.0+0.0 0.0+0.0 0.74£0.2
14 0+0 6.742.3 0.0+0.0 4.7+2.5 0.0+0.0 0.0+0.0 0.0+0.0 0.0+0.0
0l - 040 15.0+12.4 7.0+5.4 25.5+4.9 6.7+5.5 0.0+0.0 1.0+0.7 0.0+£0.0
Table 13 (Continue)
Dose Fumigatio
Rice moth Lesser grain borer Darkling Beetle Palorus subdepressus
(tablets | n period
/ton) (days) Alive Dead Alive Dead Alive Dead Alive Dead
3 7 0.0+£0.0 0.0+0.0 0.0+0.0 12.0+£10.9 0.0+0.0 0.0+0.0 0.0£0.0 0.0+0.0
10 0.0+£0..0 0.0+£0.0 0.0+£0.0 2.0+£15 0.0£0.0 0.0+0.0 0.0+0.0 5.7+2.3




14 0.0+0.0 6.3+4.0 0.0+0.0 2.7+2.5 0.0+0.0 2.0+1.5 0.0+£0.0 0.0+0.0
4 7 0.0+£0.0 4.0+2.1 0.0+£0.0 5.7+3.7 0.0+£0.0 0.0£0.0 0.0+£0.0 0.0+0.0
10 0.0+0.0 0.0+0.0 0.0+0.0 7.0+6.1 0.0+0.0 0.0+£0.0 0.0+£0.0 1.0+0.7
14 0.0+£0.0 4.3+2.5 0.0+£0.0 3.0+£2.0 0.0+£0.0 0.0£0.0 0.0+£0.0 0.0+0.0
0] - 0.0+0.0 0.34£0.2 8.745.0 6.0+4.4 0.7£0.2 1.0+0.7 0.7+£0.2 2.342.0

Table 14 Moisture content of milled rice samples on 1* experiment.

Fumigation Moisture content (Average+SD)
Dose | period
(tablets/ton) | (days) Before fumigation After fumigation
3 7 11.70+0.90 11.47+0.81
10 12.20+0.87 12.17+0.86
14 13.03+1.45 12.07+1.04
il 7 12.57+1.07 13.20+1.55
10 12.23+0.59 12.50+0.44
14 13.90+0.69 12.63+0.86
0 11.50+0.10 11.90+0.66

Table 15 Room temperature and moisture on 2" experiment.

Date

Room Temperature (°C)

(%RH)

0 (3/8/61)

34.4

46.3




1 (4/8/61) 33.3 48.8
3 (6/8/61) 34.6 49.3
5(8/8/61) 35.4 42.6
8 (11/8/61) 32.2 57.5
11 (14/8/61) 31.4 62.1
12 (15/8/61) 33.4 48.3
13 (16/8/61) 323 58.9
16 (19/8/61) 34.2 57.5




