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Abstract

The efficacy of ECO,FUME phosphine fumigant to control of the phosphine-resistant
strains of Cryptolestes ferrugineus were carried out in the laboratory of Postharvest
Technology on Field Crops Research and Development Group, Postharvest and Processing
Research and Development Division during October 2016 to - September 2019.
C. ferrugineus was collected from milled rice, paddy and stored maize warehouse in Central,
Northeast, North, and South of Thailand for 28 locations in 22 provinces and phosphine
resistance assay was employed following FAO method (FAO Method No.16). The result
showed that C. ferrugineus from 5 locations showed susceptible to phosphine. C. ferrugineus
showed the resistance to phosphine as 1, 7, 14 and 25 times a location for each, 4 and 20
times for 2 locations for each, 5 times for 3 locations, more than 10, 13, 15, 40, 60 and 70
times a location for each, more than 20 times for 4 locations and more than 80 times for 2
locations. Therefore, strains of C. ferrugineus were divided into three groups: 1) susceptible
to phosphine strain; 2) resistant to phosphine less than 7 times strain, and 3) resistant to
phosphine more than 10 times strain. Afterwards, ECO,FUME® fumigation of maize bag
stacks under gas proof sheets was conducted to establish the optimal dosages (application
rate) and exposure times (fumigation period) against mixed-age cultures of different levels of

the phosphine resistance of C. ferrugineus strains. The Complete Randomized Design (CRD)



experimental design was employed, with 3 replications and 5 treatments. The experiments
were (1) treatment with a 25 ¢/m3 ECO,FUME® application rate (350 ppm phosphine) for 5
days, (2) treatment with an ECO,FUME® application rate of 50 ¢/m3 (700 ppm phosphine)
for 4 days and (3) treatment with a 70 ¢/m3 ECO,FUME® application rate (1,000 ppm
phosphine) for 3, and (4) 2 days and (5) control treatment. The three target phosphine
concentrations of 350 ppm, 700 ppm, and 1,000 ppm were maintained throughout the
fumigation period. The result showed that both strains of C. ferrugineus, susceptible strains
and less than 7 times phosphine resistant strains, were completely controlled by all dosages
and exposure times. No living insect was found after the immediate fumigation or 6 weeks
later but the strain resisting to phosphine more 10 times and non-fumigated control sample
could develop and emerge normally. Therefore, additional testing is performed by increasing
the rate of ECO,FUME® application and increasing the duration. The experiments were (1)
treatment with a 50 ¢/m3 ECO2FUME® application rate (700 ppm phosphine) for 14 days (2)
treatment with an ECO,FUME® application rate of 70 ¢/m3 (1,000 ppm phosphine) for 10
days and (3) treatment with a 100 ¢/m3 ECO,FUME® application rate (1,400 ppm phosphine)
for 7, and (4) 6 days and (5) control treatment. The result showed that a few live insects of
the strain resisting to phosphine more than 10 times could be found at all dosages and
exposure times. The treatment with a 50 ¢/m3 ECO,FUME® application rate (700 ppm
phosphine) for 14 days, and treatment with an ECO,FUME® application rate of 70 ¢/m3
(1,000 ppm phosphine) for 10 days were found a few live insects after 6 weeks of fumigation
but the treatments with a 100 g¢/m3 ECO,FUME® application rate (1,400 ppm phosphine) for
7, and 6 days were not found live insects emerged after 6 weeks of fumigation. The result
showed that C. ferrugineus has high phosphine resistance. Therefore, fumigation of maize
with phosphine is necessary to increase the application rates and time.
Keywords : ECO,FUME®, fumigation, phosphine resistance, C. ferrugineus
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Aunudeassuneaiiutosndn 7 wi lannszeznisasyiivle lnelunuwiassendia Tuvueh
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ﬂiiﬂa%‘ﬂ'JUﬂMW‘ULLNaﬁ@@% RIgk m’;umn‘wﬂamwuﬁmmmimaau LllE]ﬂ'i‘U 6 ﬂﬂﬂ'\ﬁﬂ?ﬂ’]@i')ﬂlﬁﬁﬂ
@ﬂﬂiQINWULLNa\‘WILﬂ@IW 4VND DRNIINITIN @EJ'NVLiﬂG]’13J‘1/1ﬂ@ﬁ]i’]ﬂ’]iiiﬂluﬁ’m’ﬁﬂﬂ%ﬂmE)G]MU’JG]EJ’TJE“{’]EJ

(2=

ftugiidunudenoaiiuinnd 10 whaululdvnssezninaiadln Inenuuuassondin uazny
uaaiAnlmisuauann (Table 2)

(2.1.2) UssAnBammatndnuuasandaagnsdninaiesdn i

founssunsnaeutlinuarUinanindiarsvuuaidngandiegnadrinaudeade i
dun wuasmgfinudiriarednlnadesdnd Wi fensinlng seauds veanuinen fide
$1a3 uanrmilide vinaSIAUNTIIATINAEUNTTEATINYR LRI N IDE 9 T INAR B9 T
FUUMUIINITIUNNERSLUNULNRITEAT IR

(2.1.3) mydaanududuvasinanasiuwasuunanisianassuslayy

SaseaumnuduTuresieeatiud 1, 18, 24, 42, 48, 66, 72, 90, 96 way 144 $2lua Iag
srpvnaInTintsiuegfusreznanissue Tnsseduamududuresfenoaftuiifnlduasiina
nsiAnassudlauwandly Table 3

mssuseanssudlayuiidnst 25 nfu/aua. (350 ppm) szeznan 5 Ju ndsldslayudisld
delsfngnszanediinesdnlnadssdn ieasu 1 Falustanudutuvesiieveaiiuly 527
opm MniuSamudududnadailonsu 18 vu. I8 282 ppm asiuldAnuuduresinaweaiiy
anAIeg 9N waranadsnda 350 ppm Aitvunls me’jﬁn‘lwwLﬁysmé’mimmmam%’uﬁ”wmlaa?\lu
I¢gq aonndesiy $v8un wagany (2550) Teauidnlnadissdniausagaduieoaiiuldun
lranududureafnsanaognasinisn S‘i"fqmi@m%’uﬁ”wma?\lu%m%maLﬂwmﬁmmﬁwﬁ@mm

%

dudnnanunsgaduinglauin agviliseauanududuresingnigluneiisuazanaiiininseaui

be

=

fusyansnnlunisidouaas eravilinsssdumadld mnnssudninadesdniseslanulunsl
wuhAnududuresineweaiiuanasuszunm 40-50% Jwoadudlayuiiiolvssfumnududun
Usganinmlunisidauuasniegdnasnszezliainisy lngdnsinisiaudlayuasiiansanain
Wosiudnsanaswesing dmsunismaassnsdimualifudlenuifinandnsunidn 40% An
Wuanududu 490 ppm (350+140 = 490 ppm) LﬁamL%ﬂﬁ@m%’uﬁ”wfuaﬁniwmgmé“mi
Uinnudlauiifeafiumiiiu 15,64 n¥w/aua. (maft 3) Yamnududuvesinednadailensu 24
w1, 167 814 ppm lutufi 2 F3lusdl 42 Saldanududuresfeneaiuls 380 ppm uliirarududu
wleigandn 350 ppm uidsanasraudnn mnlimudlanuenaldainsanseglusedu 350 ppm
Isudaiud 5 Fuinsirudlayudn 8.87 n3u/av.a. Woasu 48 wu. Sarnandudu legeda 1,426
ppm zdiuldlutuil 2 GuaqmiimﬁaLamaimjﬂué’mwLﬁu A9 490 ppm wanauinAuTNTUle
gufiu 1,000 ppm ﬁgqumaLﬁﬂﬁulﬁmmﬂﬁﬁwﬂwmL?yﬂqé’mﬂﬁgm%’uﬁwwgaﬂuﬁmﬂiui“uﬁ 1 yilily

[

Ju 2 Snsnsgadufitereafiuvesininadesdnianategruiuladn deiunsfudlayuluiug 2

[ 3 =

LidndudesiinuSuaiisvawenisgaduingvesdilnmassdnigeds 40% orafmuauaiie

Y
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10-20% tilerdunsusendinanssu illetnfwiuil 3 Falueil 66 16 598 ppm Fadanagaeg Jalaifing
Fudlayly uidudl ¢ $2lusil 90 mmidiutuvesfeeatiuandaande 432 ppm Jududlayudn
Bntles .24 n$w/aua. Wiednwszdunududuresineeaiiu agulfimssuseanssudlayud
8n31 25 NFW/AUA. (350 ppm) s¥eeian 5 U AsuiudlaludIuIl 3 s
mﬁuﬁwmﬁmﬁiﬂﬂdmﬁé’mw 50 n§u/au.. (700 ppm) Aduduvesfienoaiiuiials
Gulvlufimmaderiunmssudedlaui 25 niu/aus. fuiulafudlaufiosamenisgadufing
v nlnndedn g Wuandasunisn 40% Anduaududu 980 ppm (7004280 = 980 ppm)
Tnomssussoziam 4 Ju foududlayuionmn 2 ass daunissudeanssudlau Sns 70 niu/av.
1. (1,000 ppm) fduidsafulasasiudlaguiiosnvonisgaduievesinlnadednd uan
Sas1Univn 40% Amdumnandudu 1,400 ppm (1,000+4400 = 1,800 ppm) Tnean1ssuszeziIan

3 uag 2 U siuBlaguiiuiies 1 Ase

(2.1.4) aruFuneluiuda (Moisture content) vasdnTnaidsedng

autunslumdnvesdnlnadssdnitounissuuasndinissy wuieuduneluwn
InalAsaiuegsening 13.2-13.8%

(2.1.5) gungfiuazarudunelulsaiv

gunginazanuiuduivsnelulsafusgninsmsnaiinis s egsewing 29.2-35.3
DIFNTALTUE Uag 42.9-66.2% ALY
(2.2) Mmasudnlnadssdaifreasaudlayusnadigg afdnueavuinsimeiusitanu
Frumusiewas@uannndt 10 winduly

(2.2.1) UszanSnmlunisfidaueavuingnanewugiiinanuduniuveailuuinnia 10
winduly

nan1snaaeslute (2.1) nuiwsnndnsinssiliamnsidaueavuangnaefugidumi
sorloafuunni 10 whaululdvnszernsiaiydvln fafufaiianzueanuinenaoiugi
drumuserlaafiunnnd 10 Wiy wmaaeuselaefiusnmassasinszesnalunssliun
Y HanIsMAARIIUINMITIYNSAT LA IIRETeAT nduEntes Woasu 6 dUmvithuen
mnasnanadadnedufionsiadasiuuuasifalul uaznuihnmssudeanssudlanudam 50
nFu/au.y. (700 ppm) seIan 14 1 Wagdns1 70 nTu/av.u. (1,000 ppm) szaziial 10 Tu wWu
wenruIne AN IuunTos wATSRSY 100 nS/au. (1,400 ppm) SzEEan 7 waz 6 Ju
liwuseanuine Al (Table 4)

(2.2.2) Us£anEAIMNIANTALNAINAIREE1 I INALEENE R INgu

neun1ssunTIIdeuTliauarUTinunsiihatgvesuuaifngInfege i lnalbesdn i

duin wuasdnsinuidiatednlnadesdd laun areasdnlnen veauds ueanuiIng1 JAide
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d19a13 wagmnidsde nduasaiunsaunsiaeunsTenTinuesusacniios i I lnalAesdn i1
duunnyndnsnssulinuiasendin

(2.2.3) msinanududuvasingvesiunasUsuiunsidsassualayy

Sosvivmnuduiuvesinavleaiiud 1, 18, 24, 42, 48, 66, 72, 90, 96, 144, 162, 168, 186,
192, 210, 216, 234, 240, 258, 264, 282, 288, 306, 312 uaz 330 H2lus lngszezinain1sinag
Juogifuszozinanissue lasszduarududurosferoaiiuiitalduasUiinunisfuassuslany
wansly Table 5

mssufeassuslanuiisns 50 nfu/au. (700 ppm) sreznan 14 $u ndslddlayuiialy
deliienszanesnestnlnaassdnd Weasu 1 Srlusinaududuresineneaiiuld 1,610
opm antutanudududnadaiionsu 18 au. 16 940 ppm Fesmududuvesianeaiiuanas
9619170 Widsasgandn 700 ppm FehifnsAndlay waznuuBlayaluiui 2 Weasu 42 dalu
dovaiemagaduisvasdnlnadiednd dmiumeassadsditmualifnadudlanuaindng
Unfudiudn 20% AndutTinaslayuiideadnyindu 130.0 n3u/au.a. Tuiuil 3 $alusdl 66 1esan
sefumududureseaiiudinsgiogndadudlayy FslufingAudlayy Tufud ¢ deasu 90
Hlumuifnevoaituandias evhmaiudlenudn 130 nfu esanmsvaassadsiisiuuinly
15 IMIIVINITanasTesiaaNuluteTULIN Y UBIN1TIUIzANANABU 50% WaluTumes) uIn1s
anasvasiweatiuazegludnaiianasnn stenaintudssndrinadssdniliaadufsen
Auaunseiainnisdud dafulutuil 7 sesnssuudinnududuvesienoafiueglusedu
TndAeeriu 700 ppm LLGiVLaJﬁﬂ’]iLauﬁiﬂmeﬁaJLau Im%@uﬁiwuﬁﬂﬂ%ﬂui’uﬁ 8 Ay 11 voIn1g
sudlearududuresfinenoaiiuanassinin 700 ppm a'gﬂléﬁwmﬁméf’wmﬁuﬁiﬂwvuﬁé’msw 50
n3u/au.u. (700 ppm) segiian 14 Tu iudlayuiiuiu 4 it drunssufieanssudlayuiidns
70 n¥u/au.. (1,000 ppm) svazaan 10 Ju Twiudl 1 uway 2 vesn1ssu enududuvesfneneaiiy
anasrauiiann Seeafuslaniiovavenisgaduierestininadesdng uaznisaluadeises
Fulagudniu 4 ads uaznissudeanssulagy §r9 100 n¥u/au.a. (1,400 ppm) SzEwian 7
fu wwduslaguifiovnrensgaduisvosdnlnadodnd udua 4 afs drunssuiiszesiag
6 TuaiAnBlauiiindiuau 3 ads

(2.2.4) avwdunslumin (Moisture content) vasnTnaidsednd

aruBumeludnvesininadosdnitounissuwasvdanssy wuhanudunielusds
InalAsriuegsening 12.0-13.0%

(2.2.5) gaumpfiuazarutumelulsai

paungiiuazanuiudiivsniglulsafuserinagianmiiviinisy egsewing 29.8-36.9 e

WALYYE AT 46.1-65.2% AUA1AU
9. ayUNaNIINARRILATTaLEUBLUY
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(1) Twlwnn1IANAN WUILBANUING 1 IULERIANFIUNIUADANTTUNDATUY 4 WIAaS FUNIY
saeaWy 1, 7, 20 kA 25 i1 9819aY 1 WAAY AUNIUNINAIN 10, 13, 60, 70 kay 80 W1 B819aY
1 uas Funusnnnd 20 Wi 2 was MangTusenidsanile wuieavuAgINNLIEINAFDY
AuNURRaITTuNoaTY AuudeneaNy 4, 14 way 20 Wi 98198 1 Wnas auniuseneaiiy 5
Wi 2 YRS ATUNIULINATIT 15, 20, 40 kay 80 WM 88198 1 WAEY NAMAND WUINUDANUINYT?
Aunusonsailu 4 uag 511 9819z 1 LAY LaznIAle NUTNeAIRE LA IAINATUNIY
ARa1TIuWeENY 1 Wnad LazdumuseneaiuuINndl 20 Wi 1 UWias

(2) mﬂ%msamﬁim@mﬁé’mw 25 n5u/aU.4. (350 ppm) 5281181 5 U 9151 50 NSN/aU..
(700 ppm) 5281187 4 T4 Lazdns1 70 NTU/aU.u. (1,000 ppm) T¥us11a1 2 Wag 3 U I
Usgavsnwlunsidaueavuing naneiugillidunudeneaiiu uazanefusiidmuniusoass
WoaRluasndn 7 wih livnszeznmaaiyivlauaglinuuasiiialml udldannsidnuenn
gaeusiisiunusereatiuiinnit 10 ihdululdnnszesnaasgivln Tnenuiuassendi
wazLAnlul

(3) mﬂ%mamﬁimﬁjmﬁé’mw 50 Asu/au.a. (700 ppm) szaziian 14 U wazdns) 70 nsu/
au.4. (1,000 ppm) szezkian 10 1u 9951 100 nSu/aU.y. (1,400 ppm) 5282181 7 kag 6 U Wy

s v '

WeAnUINEIEIETUITFUNIUseneafiuLINndT 10 Wiy seadindiuiuidanitiesyndnsnnissy

3

WAZNUINERTT 50 ATH/aU.4. (700 ppm) sreziial 14 Ju wayednsn 70 nfu/av.a. (1,000 ppm)
53U3I87 10 Tu wuneauangMAalrdduIuantoy d1usns1 100 nfu/av.a. (1,400 ppm)

SLELIAN 7 WAL 6 JU LINUNeANUINg AR b

10. nmsunasuIelUldus vl

annsatilddudoyalunisivuaeiuuzididnsinisld (dose recommendation) @155y

% L 1

dlayulasundnnainynsielasiumdavenavuingiaigiugniiuniudearssuneadiula

nauATereunstugUuuudsT dafiusi n1seensienisingsia Wudu niseillgussleyd
leun inwasns gusznounislsed lsafundananens nuieuniasgineides nrenyy

Uszu Uan unAne

12. 19815919949

wsing Fansviuui wesauiey vlenia lading alstu 598w inan1swidia nssdinag wiedu 357

[ 1Y

N30) NOINUS AI9ENT gVidais dnvan subu Al vyussdy daas1 naslaR. 2551, uias

Anvlundanalnunshazn1sdssdunidn. nauddenasiaumaluladundinisiiuiien.

q
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Table 1 The phosphine resistance level of Cryptolestes ferrugineus

No. Part of Thailand Province Resistance level (Time)*
1 Central Phetchabun 1 Not resistance
2 Kamphaeng Phet Not resistance

14



3 Saraburi Not resistance
a4 Uthai Thani 1 Not resistance
5 Phetchabun 2 1

6 Uthai Thani 2 7

7 Sing Buri 20

8 Chai Nat 25

9 Pathum Thani >10

10 Uthai Thani 3 >13

11 Phichit >20

12 Ayutthaya >20

13 Chon Buri >60

14 Nakhon Sawan 1 >70

15 Nakhon Sawan 2 >80

16 North East Kalasin 1 a

17 Kalasin 2 5

18 Udon Thani 5

19 Mukdahan 14

20 Khon Kaen 20

21 Sakon Nakhon >15

22 Buri Ram >20

23 Nakhon Ratchasima >40

24 Surin >80

25 North Sukhothai a4

26 Phayao 5

27 South Nakhon Si Thammarat 1 Not resistance
28 Nakhon Si Thammarat 2 >20

*Comparing with discriminating concentration (0.06 mg/L)
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Table 2 The survival of insects inside the maize stacks during ECO,FUME® fumigation with
different dosage and exposure times to control the different phosphine-resistant

level strains of Cryptolestes ferrugineus.

The number of insects survival (insect)”
susceptible to resistant to resistant to
Dosages Times phosphine strain phosphine less than | phosphine more than
(g/m?) (Days) 7 times strain 10 times strain
Time after fumigation (week)
1 6 1 6 1 6

25 ¢/m’

5 0.0 0.0 0.0 0.0 91.7 18.3
(350 ppm)
50 ¢/m’

a4 0.0 0.0 0.0 0.0 78.6 16.5
(700 ppm)
70 ¢/m’

3 0.0 0.0 0.0 0.0 48.9 19.2
(1,000 ppm)
70 ¢/m’

2 0.0 0.0 0.0 0.0 85.8 16.3
(1,000 ppm)
Not fumigated

5 1,144.8 435.0 762.4 310.0 348.2 205.1
(control)

YMean of 3 replications
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Table 3 Average phosphine concentrations inside the maize stacks during ECO,FUME®

fumigation with different dosage and exposure times to control the phosphine-

resistant strains of Cryptolestes ferrugineus and the top up volumes of ECO,FUME.

Dosages (g/m?)/
The top up volumes

of ECO,FUME (g)

Phosphine concentrations (ppm)ll

Day/Hours

2 3 4

18

24

42 48 66 72 90 96

114

25 ¢/m’ (350 ppm)
(5 Days)

527

282

814

380 1426 598 584 | 432 | 700

398

The top up volumes of

ECO,FUME (g)

15.64

8.87 4.24

50 ¢/m” (700 ppm)
(4 Days)

1,109

593

1,573

872 1,754 | 990 985 | 794

The top up volumes of

ECO,FUME (g)

27.00

9.47

70 ¢/m” (1,000 ppm)
(3 Days)

2,000

1,071

1,060

1,298 | 1,254 | 1,093

The top up volumes of

ECO,FUME (g)

23.11

70 ¢/m” (1,000 ppm)
(2 Days)

1,968

1,132

1,128

1,182

The top up volumes of

ECO,FUME (g)

16.44

YMean of 3 replications

Table 4 The survival of insects inside the maize stacks during ECO,FUME® fumigation with

different dosage and exposure times to control the more than 10 times

phosphine-resistant strains of Cryptolestes ferrugineus.

Dosages (g/m?)

Times

The number of insects survival (insect

)1/

17




(Days)

Time after fumigation (week)

1 6
50 g/m? (700 ppm) 14 2.5 2.0
70 ¢/m? (1,000 ppm) 10 2.3 1.0
100 ¢/m? (1,400 ppm) 7 1.0 0.0
100 ¢/m? (1,400 ppm) 6 1.7 0.0
Not fumigated (control) 14 314.8 216.7

YMean of 3 replications
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Table 5 Average phosphine concentrations inside the maize stacks during ECO,FUME® fumigation with different dosage and exposure times to control

the more than 10 times phosphine-resistant strains of Cryptolestes ferrugineus and the top up volumes of ECO,FUME.

Dosages
(g/m3)/
The top up
volumes of
ECO,FUME
(®

Phosphine concentrations (ppm)Y

Day/Hours

7

10

11

12

13

14

18

24

42

48

66

72

90

96

114

120

138

144

162

168

186

192

210

216

234

240

258

264

282

288

306

312

330

50 ¢/m?
(700 ppm)
(14 Days)

1610

940

1181

850

1831

1037

1028

831

1906

984

1046

853

889

769

781

675

699

1057

848

759

773

677

678

893

894

861

809

696

The top up
volumes of

ECO,FUME (g)

130.0

130.0

120.0

70 ¢/m?®
(1000 ppm)
(10 Days)

2000

1214

1934

1265

2000

1396

1395

1138

2000

1451

1553

1309

1311

1142

1192

1024

1064

1489

1150

1051

1064

The top up
volumes of

ECO,FUME (g)

1433

380.0

220.0

100 g¢/m?
(1400 ppm)
(7 Days)

2000

1823

1831

1702

1712

1604

1903

1734

1654

1602

1434

1749

1527

1352

1565

The top up
volumes of

ECO,FUME (g)

50.0

110.0

110

100 g/m®
(1400 ppm)
(6 Days)

2000

1684

1866

1613

2000

1960

1953

1633

1900

1813

1844

1661

1687

The top up

volumes of

ECO,FUME (g)

300.0

210

240
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YMean of 3 replications
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