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Using carbon dioxide (CO,) and nitrogen (N,) for the control of stored product pests
has been developed and situated from October, 2015 to September, 2020 at Post-harvest
and Processing Research and Development Office, Department of Agriculture and at Chok
Chatchai Rice mill, Chaloemphrakiat district, Saraburi. The aim of our research was to study
the effect of CO, and N,, at various exposure time, to mortality percentage of stored
product insects. In 1% study, three concentrations of CO, were chosen to apply in 250 g, 10
kg and 1 tonnes of rice: 60%, 80% and 100%. Four species tested in the first experiment
were Sitophilus zeamais, Tribolium castaneum, Oryzaephilus surinamensis and Cryptolestes
sp., at all developmental stages. In 250 g of rice, the control efficiency of 60% CO, for 30
and 36 h showed good result in control adult of Sitophilus zeamais, but not be effective to
other stages. 80% and 100% CO, could not kill all maize weevil because of too short
exposure time. Each concentration could control adult of Tribolium castaneum, but not for
immature stage. 60% CO, for >30 h gave good control for Oryzaephilus surinamensis except

pupal stage and for Cryptolestes sp. excluding egg and pupal stage. In 10 kg of rice, testing



with maize weevil for 5, 8, 11 and 15 days, adult of this sp. was the most susceptible stage
to CO,. All concentration was effective to maize weevil adult in 5 days. 60% CO, could
control larval and pupal stage at 11 and 8 days, respectively. 80% CO, could control egg
and larval stage in 5 days, but extension to 11 days was needed to kill pupal stage. 100%
CO, could control egg, larva and pupa in 11 days. Testing in 1 tonne of rice, the result
showed that, while the air space was maintained at >60% CO,. Sitophilus zeamais, Tribolium
castaneum, Oryzaephilus surinamensis and Cryptolestes sp., could be completely killed in
8, 5, 8 and 11 days, respectively. N, at 99.5% was applied in 2nd testing for 5, 8, 11, 13 and
15 days. In 250 g of rice, almost insects died for 5 days, except maize weevil that N, could
control larval stage for 80.88% and 83.25% for pupal stage. The exposure time had to be 8
days for completely control pupal stage and 11 days for larval stage. In 10 kg of rice, we
needed 11 days for larval and pupal stage of maize weevil, whereas N, could control the
other insects in 5 days. In conclusion, either CO, or N, are effective to control insect pest of
stored products. If CO, level can be maintained >60% for 11 days, these four species of
insects will be completely controlled. On the other side, large quantities of N, are necessary
to maintain the concentration nearly 100%. In laboratory, maize weevil, the most tolerant to
N,, required 11 days of exposure to attain 100% mortality. However, species and
developmental stages of insects, concentration of gas and the exposure time, including
sealing efficacy have the effect on the control efficiency.
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2. fwlulasiau suuu 8 Ju
3. fwlulasiau suuu 11 Ju
4. felulasau suuu 13 Ju
5. felulasiau suuu 15 Ju
6. n3suIsaun (lldfing)
thignarainussginandes d1alwatiuneu wagdrdn Afuuasudazyile wiazsyoynis
wsiulaldlugswataiin vacuum Manzsuazidensendrdmsude/nliud Yauingeeindes
Yaniln Wandauazgaainie (vacuum) anelugieenlimun udrvaesfiglulasinudilulinugs

aafirgeanlinundnasmils wazUasefiglulasaudilulugeauiugs Yaonds drluifulin
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gauuNiivied Waasufmuaszesial igeedundalingamuitanidnalgaiuseu uaznsiadu

{ Na A o @ o oda X ' ad
WUaNSenTIn isesauleniiedulndlulnasnssuis

3.2.2 417813 10 Alandu
naaauUszansamssiglulasiau Aussssdnlnatazueauds 4 szuznisiasgaule
Tngldfalulasiauanududu 99.5 Wesidud Wunan 5, 8, 11, 13 uaz 15 Tu naaauluganaiadin
\ARBU TUIN 45X65 LHUALNT.IUALAITIARDILUY CRD 6 N33335 1w 4 91 il
1. fwlulasiau suww 5 Ju
2. glulasau suuu 8 Ju
3. glulasiau suwu 11 Ju
4. Melulasiau suuu 13 Ty
5. Melulasiau suuu 15 T
6. nssuismauay (Lildfie)
wsuieg 1 Luausiazyila ldnsunnszezn1sasadule lngldevisveiuas 250 N3y
soszezaad tluldadlugein dnungdliuiu Tagunifusausazszevadluganarafinadev 7
anunsatestunissinud/oonvesing fussadnnas 10 Alansusedily Tasdinisaneuazsiond
dmsuda-Ualiudr Yangeseinseslanin grennanielugsesnlivun udrassfslulasiou
dlulidugs gafreeendnadmils udBsudesielulasaudnluluguduadsilassausugs Un

Y 9

M NanQelingamgiivies SnwnsEavvesaududuresitglulasiau densinanududures

9 Y

fingean@aunniy fanudutuvesieesndiaugsdu wuiwlulasuiudill Weasuiivue

srezian Ugaiiag e Uings wazasatuuuaiisentin wiedudufeinedulndlunsas
aql

QEEHE

N13A5IANA

o w 1

naRINNAaaUUsEANS A nvasiwasusulaoantes wazAwlulasiau wazindegranuld

a

Noaumpiivies Wiolruuasmazyiln uiazszeznsiasaiulalanmunduiifiels udrdadiunnsiativ

9 Y

° a Aa 1 \ aa
UIULLAINTONTIN visenndulrdluwsaznssuis lae

1. Szegdufls  ATAtUIIUILLIANNTaRTIANAIYINNINeEaU 1 Ju

2. STULANLG AFTUTIUILLLAARTU NEINTNAEDU 14 TU
3. STULNUDU AFTUTIUILLLAIAATU NEAINTNREDU 21 TU
4. syezla AFITUTILILLLANLNATU VAIVINNTNAGDU 45 TU

waaniuideyaildlumuaslesiiudnisenuau (control efficiency percentage) s

ansfiseaulag Puntener (1981) fsilUil
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Control efficiency percentage (%) = [1- (Ta/Ca x Cb/Th)] 100

Tb = FMUIUVDMNAINBUTININTNARDI I ULAAZNTTUIT (Treatment)

Ta

FIUIUVDILUAIVAINNTIINTNARBI I ULAAZNTTUIT (Treatment)

ad

Cb = FuuvetanawinIsnaaedunssuiznaIuAl (Control)

'
a

Ca = VUIUYBIMNAMAIINNIINAaedlunssIEAAIUAL (Control)
warindeyaoseuAnIsAIVAN UIATILEINNERA
nsATIEdaya
WATIERANLUTUTIU (ANOVA) wagld Duncan Multiple Range Test (DMRT) uay Least
Significant Difference (LSD) 3up1gsinnnuunnsnaszninanadsusazen lngldaiadefiunndieiu

o w a

pgnslitdAgysanalle P < 0.05
8. WaNINAABILATIVTA

1 nsldfnwenfusulasenleiientuauuuasdnguannanuaslufesufiinsuazluanmisaiu
1.1 919009 250 N3

NNMsnadeuUsEavEAmvesitmsueulaeenled lun1smualLLAERIKEAHAINYAS 4 vin
ynszegsasaaule Ingldtningas 250 nSu wudn

#23923413lna (Table 1) Asusulasenles 60 Wosidud a1u150AIVANAIALIEAI9

Fnlnaldmuaiiszozinainissy 30 wag 36 Halus udllaansamuauszeyly ssognuou wagszos
Fnudld Weosidudnmsnunuitsreziaan 36 $2Tus agsening 33.26-57.50 ileldeududugedy
Hu 80 uaz 100 Wesifud uazanszaznatas wu finan 18 $alus anunsamuauifuTole
wnndrszerdu widiliamrsanunuldvionun nan1saauguviity 97.25 uag 99.00 Wosiius
puadu dufufevesisdninaidussesfiseunorefwafusulnoenlusiian

waaulls (Table 1) arsusulasenles 60 Wosdus awnsanruaudhniotonuldlinun
Tngldinan 12 92lus wanmsmuemsresly muey wasdnud Watumusyoznantssufiumdu uwid
lanansamuenléviomn Wefuaududuostisasvoulaeenlediu 80 uaz 100 wWesidusd
nsldszeznavindu 7 12 uaz 18 Falus Winansmuguueaudszeziuduielaliunnmiatuma
afid fusnfevemenutiauszeriiseutoreiuasueulnoonledfign aonadesfunisdnuives
Aliniazee (1971)

waailuldas (Table 2) msusulnsenlas 60 Wefldud annsamuauiduioueniludos
Isvin Tagldinan 18 Falus muauszozvueulagltinn 24 $lus uagmuauszozld Tagldina 30
Falus usliannsamuaussezdnudldvuaiausiiagldina 36 dalu

deltnantios 9 12 $2lus nasziuanudnduamnsanuaNsroznuauLaYfLdL T LA

wnninszegld wazdnue lneasueulasonled 80 war 100 Wesidus Tinan1smiuauszesly
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vuou uavFIAuTy gandiansueulaeenlud 60 Wedldud udilnan 18 $alug yneandudulsiua
nsmunuueniiudesynszeyliunndeiu Inslinaniseuauszogly vueu wagdufuieldd
Wsaszozdnusfinuaulsesiian semine 83.60-88.86 Wedldud sverlduassvarinuduaoniiy
eslusrogifimnumunuseiwaniveulasonludiian

29AUIALTI (Table 2) Arsuaulneanlys 60 WoSUA d111T0AIVANTTHLNUBULAY TEEY
Fuduisveoniiudesldvun Tagldina 30 42lus udmueuszerliagszozdnudls 87.76 way
83.33 Wodldud Woiiunanu 36 $2lus annsanuauls 72.96 uay 99.24 Wesidud awdisy
Feuiunnududuvesirwasueulneenld 1Ju 80 waz 100 Wesidud nuin Ananfedfu 12
uar 18 dalus anaduduresiieis 3 sedulinansmueusszdufinfoveavaeliiuandieiy
Uszanal 97-99 Wesidug uaslinanismuaussesnususasimiiniaunninszezliuazanug szee
linagszogdnuivaamonmnneniaiusseyifanumuniudefinsaiueulasenlediign
1.2 417@1s5 10 Alandu

NMIsnedeulsednsnmvesineasueulaneanlendiudiindeszuin 250 NSU A29939
Frilwaduusasifienamunusnniian deandesiunsAnuivadiafing (2556) laAnwdszansnm
vosirglulnsiauaududu 99.9 Wesidud wasianaussninsmisveulaoanted wazlulasiau Tu
dasdnsing q Aunaas 4 vfia wuin ssnsdnlnedinnmuniuiign lusaeil Navarro (2012) 16
$891ud7 fsrstn Jaduuuasanaideatuiudasdnlne darumunudeaninernmaiilfne
miueulaoonledgunniian

Jeldnadeuiisnsdninaszegly vueu uasdnud fonsifiussesnainissaliuiudy
wui 7 72 dalas daliianansomuauszegnuou uagszogdnudliun lngszozdnusiinnunniy
ﬁqﬂ (lading, Teyalylanfiu) fati WennaeuUseansnmuesinvansveulneanledTudleans
1lng el mansusumanatudu 10 Alandy elfduszeznainmssu Ju 5, 8, 11 way 15 Tu
wuin szezdufuisvesiasnsdninadusseziidounesofaaifueulason ladiign Annai
duduldiaanlunissu 5 fu awnsamuaudufuielivun (Table 3) nisldfiwansueulneanlud 60
Wesdudluniseuauszesly Smuuuasendintnudniioy Wiau10AIUANTZEEAUDULALANLG
Ievupding 11 uay 8 Jumudidy anududiu 80 wWedidud Wnanismuauszerle wasvueuldd
Fausnnssud 5 Yu widedldnaniududy 11 Judwmsuszesdnud fauduty 100 Wesius
Tnansmugusverle wayvueuldffiszoziian 11 Ju uiil 8 fu aansnmuauszezdinudlivn
1.3 917815 1 6

Uszansnmvesfaniusulaeenladlunissutnas 1 du wuin iesnwsgfuanuituty
liishnn 60 Wedldudnasnszoznannissy amnsamuai fensdnlne ueautls veafludes uas

Y [ Y

weANUINY1 YNIeeelaiiagn 8, 5, 8 ay 11 1 Aua1eu (Table 4) Vall szuzdnfniovaiuuad
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nnudiafienuseuusrefnanivenlaeenlediian sepuneniuuilmuniuiian uived 7 8 Tu
Wasi@udn1smuaussezliuazinuATeuennIngnd Wiy 93.15 uaz 99.62 Aua1siu

MnnmsAneUszAnsamvesnsiteasusulaeenladlunisaiuauuias dedudunislu
AYULUTIY 3 VUIA VAN (F1andes 250 nsu) auana1e (17 10 Alansi) uwazawialg (4713 1
fu) wu TunrurussguIadn srevnanfililumsmunuuuatudazeiedy Saihunenssises
liannsomuauuuasldvionun uifnsaifueulasenlediinmududuieaty Woiiuszesioan
nssuuudy Sualdnnsaauauuuasivssdnsamanntudae Jsduualiud dufussezinains
suliuududn avannsomuauuuasiindelduun Wuldannsinwives Aliniazee (1971) finy
nsneveseautls (7. castaneum) 95 Wasidus ieldfneafueulaeenles 62 Wesidud 1Ju
nan 60 lus uaziwensusulasenles 80 Wosldud Wunan 44 lus uasilesanszaznaiild
Tunsfnud lduruifsswedagriliuuasmeldnun Fdliifuainuuandisveanisldfing
mfuaulaeenludissiuamndudusineiu

Seveaeulunivurussguuianas @ans 10 Alandy) Ausnanadilne Aflnununiu
nuuaswindy wasifinszeznatliuniy wui mssuaisveulpeenledi 3 seduaandudy
Wuan 5 w3e 8 Tu Ml mlnauisssesmsiasudvlnmenua waluaninnisinusne
vl Weiluwaudwihane fhaviluuamateszerendoegsiuiu tielinsnuaudsarsinlnald
aganysal Aedldiiategradey 11 Tu

dwdunaeaaeuiuinarsvune 1 fuluanimde Fdiannsdnussduanududuliag
winfumeusudule esaniinisialvavesing wiannmsiaananduduresfnsesndiau wuin A
pondauiiA1szning 2.1-11.1 wWesdud laeshwszauiwansueulasanladligindi 60 wWesigud
wuin Wikanismuguuuasis 4 98aldd nafildgeanedi 11 Yudmvueanuanen ssesnand
wingauIzkanaglUnEyinuatuuas Jay and Pearman (1973) laauaunisidiviangdilnaves
et wegidednden luldlaneundn anududuvesineasueulasenleduszanm 60%
a1 96 4lus Winan1smuauid Tnendufvinudnlneliumm 1 way 2 Weu awnsnanuTua
wiasynvdnalé 99.9% silananudemevosudnls Turueil Newton (1993) nui1 mMsAIUAY
weaudalunssuutsuuin 1 dusefgaisueulasanled 60 Wesidud Aodldiian 7 TudmSunen
wils (T, castaneum) uagldinan 14 Tudmsuneeet (S. oryzae)

szeznnasyivlnvetuainadesregaTuzauuiu §9 Storey (1980) 18941131

[

szyzAnuswaznuouisUatsvetuaonfuegluudn Tanuvumuian WedauUasaninainieli

£

ffweandautesnii 1 wWasidud Aaesuaulaeanles 9-9.5 Wasidusd Fedasldinan 10 Sulunns

ﬂ?UﬂNLLMﬁQLLﬁSi%U%ﬁ%U%WU
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2 mildfnelulasaunanluanuuaidngnaananensluiasujianis
2.1 919n8849 250 N5Y

nan1snegeulszansnmeasinglulasiou 99.5 wWesidud lunisaruauuuasia 4 vila 4
sragn15asqAule Tudnandes 250 nsu wudt Wikaniseiuauia wuasdulnamenunnnssey
ATLA 5 JUKINVBINITIY TLilean1999301lne NPIUANITEEENUBULALANLALY 80.88 WAy 83.25
Woasidus auaau Waliuseeziiandy 8 Ju mmmmuamwzﬁmﬁlﬁmm LAFINSUTLE TR UDU
o PN I U e Y ¢
AodiiuIaly 11 Tu Jamunulsegsanysal
2.2 917815 10 Alansy

A YR a ) e 9 Py

Weneaouiutiaans 10 Alansu wudi Aelulasulinanisaivauueaudalas auise
muautanwdilanuaiszaziian 5 Tu widmiuaiistalng Aszezian 8 Ju ansaniunuTyy
1o wadududels widesiunanlu 11 Tu Jdbinanismvauiauysaldmsussesnuounazszes
finwe uleIn At nnaianununiused1glulaslauuInnINeaLe wayseezduanTedy
srezfioaunefign denndeasiuil Navarro (2012) a3uU31 lnevaliuad szezdufuiolussesd
goukafganuisnisnldiiglulasiau wazn199323917 (Sitophilus oryzae) wieuaniideu
(Rhyzopertha dominica) finnununiuseinglulasiausnnnituenuds

Taving (2556) lanaaauniwlulnsiay 99.9 Wosidus AU 1Ing uoawls uon
T1Uden wasueanuIng1 Nnszesn1sasiule 16aan 7 Ju uag 12 Ju wudi van 7 Judsly
anunsomuAuuuatliviun widledinszezandu 12 uawnsamuauiuatlaegsauysal vlauas
a a o | a a Py v = Ao a

JeeMAsAULadNasiaUseAnSamnisaIuau Tneasesdnlnaduiiasnianununiuian
wazszoznueuluszuziruauldeniign Haojie et al. (2014) la@nwinisldfglulasiauiunis
Wusnwmasnyludsemaiu Taaldanutud uvestelulasiau 2 seu Ao 96-98 Wosidud way
98-100 vUastFud WU NAUTUTUAINTT (96-98 Wastdus) THiaruinninlunisvinlisduds
Y8IA29929917 109 Landeu wazuaafluldasnie 99 Wasidud wanaliiiuin nslanislulasiay
o & v Y] v v % = Py ¢ & o A o % Y a o
Fudusesinwinnuuduligs vielndlAes 100 Wesiduange Wevinliseduingesndiaudiiign

LALATAIUNTNANSTEZIANUNNTTUALLS

9. AayUNaNIMAABILAZUBLAUBIUE

finwasuaulaeenled waziglulasiau dsdivssansamlunisaivnuuuasfngnanxa

I ¢ ¢ D = G a1 A ada 4 o

nues finwarsuaulasenlafnnnuiduduasaziinnuduivieddlddn Weihunldlunisauauuuas
Angudnnainuns d3nwiszauaududulilidinit 60 Wes@udnasnszeziiainissy 11 Ju
A11150AUANA930 e waawds Noailuides wazNoanuINETd laYNTEEENITaTY RULe
Tuvaugn Awusihdmsunssumeierisueulaeanladuas Annis and Graver (1990) 5¥yi1 fiodld
JeUEa1N1530 15 Ju Inenianududuvesineaisueulneanleniiuuuvenassulivesndi 35

< ¢ o v 6V

s = < & « 1 & a 2V 6Y ~
Wesigud dvsufinglulasiau dadufireneey liiduiiy nsldfirslulasnuiieailvauuuas
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Fudusesinwanudutulilndidss 100 Wedidud Judunsansziufimoendiauliimiign nng
nagouluiesfiintg ilelvinismuay ueautls ueafiuides weanuIne1d kagsesdlng G
Hunuasfifianumumusefelulasiauiian feddinar 11 Yu Jsmuaulivnszeznisiaiyivl
el wliauarszarmsasayivinveuuas mududuresinedilduazsroznainissy sauds
UszAvsnnluniaiiuing dnadeuszansnmnismunuuaas fafunsiisnsilold dossdads
Ha¥asine q wianil sdnslsfin msldiglulasiou msimsmeaeuluaninlsafiufiadia demn
szevnaMssuimnzan AUszavsamlunismunuuiamnvianszermsasyiula lnslame
Frenadlne swdsnsverevuavesnsmadeuluanlsaiulilnadu ietudulszansamwes

eaaesilatunisnivanLuaidngnaaranens wagaunsadisnisiluldldasdumanisisiely

10. M wanuidglulduselovd
aunsnideyalsvdnsnimvesfitwaisueulaeenleduasiiglulasiay a1nn1sfnuily
fngveavsaLELnIWARUsTNauUN1s 1998 ddtean uardineitosiunsiiusnyndnnainuns e
Tdlunmsaunuuuasingndanainuns Sedarasionisin nsdsean wazn1suslan laglidaddasadl
vy it U A = aa = = ° %
waglddayailunsdndulaidoniBnisuaziian mnnzanlunisasuanuNad soutsaunsniin 114

' o aa = o Py
TINNLITNITAY 7] luﬂq?"ﬂﬁﬂ’]ﬂl’ﬂﬂﬂbl@

11. ANYaUAN
YOUBUADIUIEN @83l 201003 Iau 91119 9. Wisuama 2. uasugy Nla enuewaselunis
AnnsgUnsalwarssuunmsUdesiing auausalinageulanuingUssasd Niluesufuinsuasluanin

TsaAu wazveveunalsdlyndnsde 0. lRAuNIzAesh 4. @52y Mlamueyeziaaufiiunsnagey

12. 1@NE1591999
Tafing gls¥u n3sdinis wiedu way algiand wdudu. 2556, NsUUaNINUIIEINIATDNIIATUAY
[ a av [ o = °O Y awv [ a
LAARIHEANAINEAT. T18URANUITeTouAY Usednd 2556. dinideuasimuninginis
waaNsAUNEIMUTUREARAN AT, NIIVINTTNYAT. T 31-47.
Haunw, 2562, Uselemfaasinglulnsaulussungnanunssy.
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Table 1 Control efficiency percentage of 60, 80 and 100% Carbon dioxide to Sitophilus zeamais and Tribolium

castaneum in 250 g of rice at various exposure time

"

Sitophilus zeamais

Tribolium castaneum

Concentration  Insect sp.
of CO, Stages Ege Larva Pupa Adult Egg Larva Pupa Adult
12 h -39.73ab?  35.63abc 29.31ab  95.88ab 29.18¢ 5.65ef  40.96c  100.00a
18 h -24.32ab 27.96¢ 51.35a  98.50a 56.59cde 23.21de  61.00b  100.00a
Carbon dioxide
24 h 5.48ab 51.52abc  11.02b  99.75a 8295ab  61.28bc  96.86a  100.00a
60%
30 h 0.68ab 32.02ab  41.79ab  100.00a 88.13a  86.19ab  97.58a  100.00a
36 h 39.73a 57.50abc 33.26ab 100.00a 91.21a 92352  97.33a  100.00a
6h -20.89ab  39.57abc 27.23ab  11.88e 36.56fg -5.30ef  1298b  43.57b
9h -31.16ab  61.89ab  28.90ab  69.38c 41.44efg 17.36de  10.60b  54.68b
Carbon dioxide
12 h -22.60ab  54.1l1abc 37.0lab . 83.75b 40.72efg  37.57cd  40.59c  99.00a
80%
15h -13.70ab 27.73c  31.8lab 93.25ab 49.64def 59.43bc  41.86c  100.00a
18 h -6.16ab  51.52abc 31.39ab 97.25ab 69.25bc  73.54ab  56.69bc  100.00a
6h -59.25b  46.45abc 27.44ab  19.38e 28.89¢  12.66def 11.78b  16.98c
9h -18.49ab  62.01ab 7.28b  53.13d 68.36bc  -12.81f  -859e  81.77a
Carbon dioxide
12 h 5.48ab 66.74a 54.68a  93.38ab 56.98cde 21.71de  41.19c  100.00a
100%
15h -21.92ab  32.24ab  24.32ab 89.63ab 62.26cd  80.59ab  69.16b  100.00a
18 h 1.03ab 24.80c 49.48a  99.00a 68.79pc  84.54ab  95.50a  100.00a
Means -13.72 44.78 32.42 80.28 58.06 42.53 51.03 86.40
CV. (%) 413.88 a4a.17 64.55 10.77 19.40 44.68 23.63 15.62

¥ 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 2 Control efficiency Percentage of 60, 80 and 100% Carbon dioxide to Oryzaephilus surinamensis and

Cryptolestes sp.in 250 ¢ of rice at various exposure time?/

Concentration Insect sp. Oryzaephilus surinamensis Cryptolestes sp.
of CO, Stages Egg Larva Pupa Adult Ege Larva Pupa Adult
12 h 46.61de” 97.08b  63.49cde  92.35b 79.59™ 97.22ab  68.94ab  97.98a
18 h 98.64a 99.87a  88.86ab 100.00a 60.71  93.52ab  92.42a 99.75a
Carbon dioxide
24 h 99.92a 100.00a 94.49a 100.00a 85.20  99.07a 76.52a 99.75a
60%
30 h 100.00a  100.00a 99.38a 100.00a 87.76  100.00a  83.33a 100.00a
36 h 100.00a  100.00a 84.96ab 100.00a 7296  100.00a  99.24a 100.00a
6h 28.28fg 94.96c  31.31g 64.88c 84.69  65.74c 46.21abc  33.80d
9h 29.94fg 98.8la  53.22ef 89.31b 73.47  83.33abc 50.00abc 76.17b
Carbon dioxide
12 h 61.69bc  99.79a  67.14cde  99.03a 81.12  95.37ab  64.39ab  97.73a
80%
15h 71.42b 99.87a  77.85bc 100.00a 7296  89.81ab  90.15a 99.75a
18 h 96.46a 99.96a  84.96ab 100.00a 81.63  95.37ab  59.85ab  99.75a
6h 17.72¢g 98.69a  33.73g 93.92b 7551  81.48abc 65.15ab  48.93c
9h 38.8def  99.53a  45.42fg 98.78a 80.61  74.07bc  2.27c 86.38ab
Carbon dioxide
12 h 56.56cd  99.96a  60.77de 99.76a 69.39  94.4dab  14.39bc  97.23a
100%
15 h 73.76b 100.00a  69.00cd 100.00a 80.61  77.78abc 56.06abc 99.50a
18 h 96.91a 100.00a 83.60ab 100.00a 86.73  100.00a  87.12a 99.75a
Means 67.78 99.23 70.21 95.87 78.20  89.82 63.74 89.10
CV. (%) 13.32 0.98 13.84 3.53 20.45 1581 55.03 9.34

¥ Means averaged from 4 replications.

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



Table 3 Control efficiency Percentage of 60, 80 and 100% Carbon dioxide to Sitophilus zeamais in 10

kg of rice at various exposure time”

Concentration  Exposure Time Stages of Sitophilus zeamais
of CO2 (days) Egg" Larva Pupa Adult™
5 100.00 97.85b% 99.82a 100.00
Carbon dioxide 8 99.14 99.50a 100.00a 100.00
60% 11 100.00 100.00a 100.00a 100.00
15 100.00 100.00a 100.00a 100.00
5 100.00 100.00a 81.50b 100.00
Carbon dioxide  © 100.00 100.00a 97.80a 100.00
80% 1 100.00 100.00a 100.00a 100.00
15 100.00 100.00a 100.00a 100.00
5 100.00 98.33ab 96.51a 100.00
Carbon dioxide 8 94.74 98.33ab 100.00a 100.00
100% 11 100.00 100.00a 100.00a 100.00
15 100.00 100.00a 100.00a 100.00
Means 99.49 99.50 97.97 100
C.V. (%) 0.007 1.13 5.54 0

¥ Means averaged from 4 replications.
? Means followed by same letters in columns are not significantly different by DMRT (P<0.05)

" Means non significance.
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Table 4 Control efficiency percentage of Carbon dioxide >60% to stored product insects in 1 tonne of rice at

various exposure time

Insect sp. Sitophilus zeamais Tribolium castaneum
Stages Ege Larva Pupa Adult Ege Larva Pupa Adult
5 days 100.00 99.38b7  96.23b 100.00 100.00 100.00 100.00 100.00
[}
% 8 days 100.00 100.00a  100.00a  100.00 100.00 100.00 100.00 100.00
é_ 11 days 100.00 100.00a 100.00a  100.00 100.00 100.00 100.00 100.00
3
- 15 days 100.00 100.00a 100.00a  100.00 100.00 100.00 100.00 100.00
CV. (%) 0 0.31 2.69 0 0 0 0 0
Insect sp. Oryzaephilus surinamensis Cryptolestes sp.
Stages Egg Larva Pupa Adult Egg Larva Pupa™  Adult
5 days 100.00 100.00 98.73™  100.00 98.63ab  99.33b 96.60™  100.00
[}
% 8 days 100.00 100.00 100.00 100.00 93.15b 100.00a  99.62 100.00
é; 11 days 100.00 100.00 100.00 100.00 100.00a 100.00a  100.00 100.00
- 15 days 100.00 100.00 100.00 100.00 100.00a 100.00a  100.00 100.00
CV. (%) 2.17 0 1.27 0 3.79 0.39 247 0

¥ Means averaged from 4 replications.
Z Means followed by same letters in columns are not significantly different by DMRT (P<0.05)

" Means non significance.
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Table 5 Percentage of control efficiency of Nitrogen 99.5% to stored product insects in 250 ¢ of rice at various

exposure time

1/

Insect sp. Sitophilus zeamais Tribolium castaneum

Stages Egg Larva Pupa Adult Egg Larva Pupa Adult

5 days 100.00 80.88 83.25 100.00 100.00 100.00 100.00 100.00
‘g 8 days 100.00 96.31 100.00 100.00 100.00 100.00 100.00 100.00
% 11 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
,_Igj_ 13 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

15 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Insect sp. Oryzaephilus surinamensis Cryptolestes sp.

Stages Egg Larva Pupa Adult Ege Larva Pupa Adult

5 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
'GE_J 8 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
g 11 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
I_% 13 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

15 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

¥ Means averaged from 4 replications.
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Table 6 Percentage of control efficiency of Nitrogen 99.5% to stored product insects in 10 kg of rice at various

exposure time"

Insect sp. Sitophilus zeamais Tribolium castaneum

Stages Ege Larva Pupa Adult Ege Larva Pupa Adult

5 days 100.00 94.33 57.47 100.00 100.00 100.00 100.00 100.00
_"é 8 days 100.00 99.40 95.06 100.00 100.00 100.00 100.00 100.00
% 11 days 100.00 100.00 99.87 100.00 100.00 100.00 100.00 100.00
I% 13 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

15 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Insect sp. Oryzaephilus surinamensis Cryptolestes sp.

Stages Egg Larva Pupa Adult Egg Larva Pupa Adult

5 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 99.87
.Gé 8 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
% 11 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00
% 13 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

15 days 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Y Means averaged from 4 replications.



