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Recent evolution in the control of insects in food processing

industries in France in compliance with new regulations on food

safety and traceability

Francis Fleurat-Lessard

UR Mycologie et Sécurité des Aliments (MycSA), CR INRA de Bordeaux-Aquitaine, péle QUALIS, BP
n° 81, 33883 VILLENAVE D'ORNON Cedex, France

Abstract
Fumigation made SAFE, EASY, CLEAN & ACCURATE with QuickPHlo — R™ Phosphine Generator

The chief problem encountered in the preservation of sanitary quality of durable agricultural
products (cereal grain, pulses, spices, dried fruits, cocoa beans, etc.) and the derived processed
food products is insect infestation.

According to the current standards for hygienic and sanitary quality of food products in all
developed countries, most of the pests of concern, e.g. beetles, moths, weevils, caterpillars and
others, cause a depreciation of the hygienic quality of infested food products, even when only a
single insect is found inside. Additionally, the insects infesting food products are easily
distributed through dry foods processing and distribution channels and in commercial

exchanges either at the national or the international level.

Among other reasons, to prevent or minimize the risk of pest dissemination in the food

industries processing durable agricultural products, regulations have greatly evolved during the

last decade, especially in the EU. Concerning pest “contamination” of dry food products, the
regulations were modified in four domains:

1. The incitation to a reduction of the use of chemical protectants and the ban of methyl

bromide with an invitation to use alternatives, especially for processing plant sanitation.

2. The practical implementation of the HACCP systems in all food processing plants

including the first step of storage of raw agricultural products.



3. The implementation in each food processing or manufacturing plant of the GMP and a
traceability system supported by Official Guidelines for Good Hygienic Practices
(GBPH)

4. The respect of the hygienic, sanitary and safety requirements for any food product in
trade according to the SPS agreement of WTO for all products in international trade.

The new situation created by the changes brought to the legislation about hygienic quality and
safety of food products induced a new approach in quality management practise for the
“freedom from insect infestation in food” in the different processing chains of dry foods (cereal

foods, dried fruits, pulses of direct consumption, spices, aromatic plants, chocolate, etc.).

The new behaviour of quality managers in food processing plants must now be based on a
strict application of “pest avoidance measures” (the major principle of HACCP system). The
current situation makes the IPM approach the single practical possibility of food products
protection from pest “contamination”.

The keys to successful IPM are: i/ a pest monitoring program using traps; ii/ a high standard of
housekeeping and sanitation; iii/ the development of alternatives to chemicals and fumigation
treatments; iv/ building comprehensive plans for pest management with frequent revisions for
optimal prevention of pest problems; v/ unifying in a database all information about a variety
of important factors to be used effectively for implementing pest management activities; vi/
information and training of the personal working in the food processing plants for an effective

participation to the pest control programs.

At first, the knowledge about insect pest and their life history traits is an indispensable pre-
requisite for an efficient prevention of infestation risks and for an optimal control. Thus, it is
essential for effective IPM to have the best information as possible about the pest life cycles,
sites where insect pests are likely located, the behaviour of the different species, the presence
of predatory or parasitoids agents, etc. Additionally, ambient conditions inside food processing
plants should be monitored and the daily data available for infestation risk prediction.

The current situation of pest problems in the French food industry will be summarised. Then,
insect detection and population monitoring tools effectively used in the French dry-foods
processing plants will be presented, as well as some alternatives to methyl bromide

fumigations.



Second, the practical application of the IPM and HACCP systems and the different means and
tools facilitating their application in France will be developed on examples mainly taken in the

cereal processing industries.

Finally, the obstacles that need to be overcome and the research needs for optimal results of

pest problem management in compliance with the actual EU regulations will be discussed.

Key words: HACCP system, traceability, insect pest, dry food products, food processing
chain, IPM, EU regulations, preventive measures, physical control methods, insect trap,

population monitoring, sanitation.
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MOSVID PN 7RO ,INP AT P9 TIN DAR LJPY PN NPODXR 1251 DY NP DY YHY
NYY2A YPIPN TIN2 W P2 POV MOYON ,0WHD NIIMNN D DMIONND INNDNY MUTN
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19



Cryptococcus neoformans M09 12) ,NIDNDN) NWP NONN — (Psittacosis W) Ornithosis—
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Fmigation made safe, simple, clean, & accurate

with QuickPHlo - R™ Phosphine generators

Pushpaksen P. Asher
United Phosphorus Ltd.

Phosphine has been fumigator’s favourite for more than 50 years. With Methyl Bromide being
phased out / phased out in certain countries, fumigators switching over to Phosphine. Most
commonly, Aluminium Phosphide and Magnesium Phosphide formulations, 56% / 66% are
used in conventional forms like tablets / pellets / bags / plates. These formulations have many
limitations. No significant improvements are made in these formulations, like - the method of
application, dependent on ambient conditions for gas generation, uniformity in gas
distribution, residues in the commodity, safety of operators — to list a few. Fumigation is
considered as a very dirty job. We, at United Phosphorus have developed a much safer
formulation and equipment to generate phosphine gas and overcome these limitations to make
FUMIGATION SAFE, SIMPLE, CLEAN & ACCURATE with — QuickPHlo- R™
formulation & equipment. Phosphine gas is generated by adding water added to the
QuickPHlo- R™ formulation and the gas generated is distributed in the structure uniformly in
less than one / two and half hours depending on the size of structure. The QuickPHlo- R™
fumigation equipment is fully automatic — PLC controlled, rugged, portable and transportable
to generate phosphine gas in 1.5 - 2.5 hrs time. It is fit for out door use. Precision fumigation
can be done with QuckPHlo- R™ fumigation system, where the gas concentration can be
maintained between predetermined concentrations.

QuickPHlo- R™ fumigation system is suitable for structure of any size — they are tailor made
equipment for individual customers — available in sizes ranging from 56 gms of phosphine

generation to 25 000 gms of phosphine generation.
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DYDY DD NNV MIRT

.DMVYN DOXXIND 2WNNN2 PYODN N2 ININ NN MNP DONYD e

.DPINN DY RSN NN PWND TN T MIND 1IN MOOYNN M2 DIIYD e

AM2Y AR TARY PADIOY PORD DION ,NPNN MDOYH ITYNL e

N2VNY DY ,DWNNYNI DXPID ,DIINY ,DPNIND) DIYNINDP DIAND \YD DION

D% N5 VNI NDYDY ,NDTTH DIV DD PODINA WIDIWN

5”730 AN MNNONN DY DITPYNN DOYTHN DNIDID

D THDN MPNYN NI2IN NXR VININ ,00INI Y2 DD ,(2000) Mills at el. .1
DONRID DNIMN PN DN TNRD DPIPYY YONND PR DNNNN ,)ONND NPV
DOYNYN NNYN D20 ,MNNANNDN NN TRD D2 DINXL MTNY DY MNNONN
A1.01 N520) NMTPN
DR IDMY WX DIPD YNAD HINTD TSN DY IMON P2 WIT DU DY DNIDINA .2

MINIINRY NPD .IOIXRON N2 MR/ MINRDI2 NN NP2 DPN PODIDD MTNRYN NN

25



N DT MNIRD JNNY YPON NXR HNID Y8 ,OXR DIPD YNID NIONDN IR ,M2)

)ADIOD DPIN MPNY NMHIT NP>TAD DX NNPND DIDAD MOXR

2 TNRD PADIDD MY 11 'On NHav

%o of resistant strains

Survey Date Country Rhizopertha | Tribolium | Sitophilus | Sitophilus

dominica | castancum | oryzae aranarius
Champ & | 1972-73 | Global 234 5.6 5.9 94
Dyte
(FAQ)
Taylor & 1983-85 | Developing 713 48.1 75.0 -
Halliday countries
Pacheco et | 1986-88 | Sao Paulo 00.0 90.0 100 -
al. State Brazil
Ignatowicz | 1997-98 | Poland 0% 21.2

NI IRNDI DRIV ON ,OOPS NTIND WXAY MTNY 1IPD2 O MNYTH MISD2 .3

NP2 MMRTOD NNIT2 MTNY

YINOYD YOION ,NINON2 DNDNIRD DY MRIAN N2 ,MNMHN MNIN 2172

Closed Siroflo, Sirocirc :D>172 MYSNN XY N MIN2 PADIO NHNIWN DY MOLIW

TR TN NYIAP PODID NN :1 'on IR

——

/“H-\_____‘

o
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O DN R M2
PDINNN=YT YINS DY DIITHIIN
NN XY 12 19N RN DPHNNN
T2 Ty D01 YTNHN AN
NOODT YD N WD .DPYDN
DN N DT NN PNXR OV
X TTID W M9H0N DD TINRD
PYINN NN LRXNN TIN2 NN
MPENR,NDMD DRNNA LNPNN

(2.01 N520) YT NOYWNN



TPOIVDIRD NINND DRNNA PODINA THRD YHTTN NHWNN 12,109 12 'ON "DV

PWONN SV (2000)

Minimum concentration i ppm phosphine |PH, ]2 w be mamtamed for the required penod
SIROFLO®, SIROFUME" and SIROCIRC™
Species Temperature 5d 7d d  4d 21d I5d 284

Tolerant species
Sitophtlus spp, S20°C

il T00 20 35 200 15 13
Riryzopertha
dominica,
Laxioderma &
others with low R o
15-20°C il na il [LEN] R na i3

level phosphine
resistance

D) AR MNNONND MNINL IP'YA ,MPNY MNNNN THYHN NP2 NN 0N .5
Sy DYNIAN DR DYTPXR .DPY MNIY DV DYTPX 1IN YIND XN ,MNMON MNIN2
NY2N NPNMYAN .DNYN NSO NNN PXVDYY MY DPYN MNIY MDD TP
AURD DY DN PNXR MOTY DINVN ,NNIYY 220N NN NBRY DY VPONRNN
NYIN NAY IWRD D) N VPR N2 NINYONXR YN YITID INTAY YN PATIN
™ NHOTO NDM TUR NNRY NOW NN ,PPVODHN NY> 2 NOIDNN NNRIYN 112
NYYT DY ONNINN TN 92257 TN P2 ,XND SWINND NRNIND ,PNYININ TN NNIND
NN NDOWUNY PII N INN2 1PN TON NRIIND (3 ,2 190N DIVNR) NIV
219 1N DY DN ,NOMVNN NDPIYN DY DPNNOINN DMINNR ,NDNMN P D900
2302 .0PNN NMDIYIINR DY MPRON MITIYIN IWARNN TD2) WITIN G0 NNNN DT
NNNONN ,0%27 XD MMNT IR N2WHY NDIDY "Yavn NPI2"H N M
DO 1O DPIN SV MTNY 1M 0N D012 .1PODID 1Y THYN PN DY NODIDONR
MOPWH AN ,PODION MR DY MP2TIN NPNNN DY MYANMN MWIITN NIYID
3 MRD2V) DYTHRY DPIN DY NPDIVON PATND DIWITIN DINNN 101 N I IR

4=
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7252 1PP5N DPIN NNIND NIDD YW DN DIINN :2 790N PN

Negative
pressure

Adr leaks in Gas leaks out

DN MO NI YPWINDY JN2DN SPIND MIN2DN N2ANND NIPN 13 190N VX
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PODIAN 1D DPIN MTNY NNNOSNM BNA DIIONN NIY DNIMP

SV NY;ON NNV D2y N0 YT N TN 00N NTTIN NI MTNY
DN NDMD DY N2 NP0 NDYON” — XIDIN NNIND NRXIND NIXVN ,MTNY
N YD N2WNN ONND PN DY D27 DD DX NN N MTRY .pINN 9N Tind
DOWUNN MIE NOINRN MY NN
PVION DY TRy | DY NIPN DD Rajendran and Narasinmhan, (1994) 01>
N0 30-2 D% 10 TWND NYW/IVOHNN 480 DW CT N12TOD WITH P2vVN

NRIAND D2N2 ,NMAY MDNY DY DIPHN MW 90—N NIV NMIAY MPNY
S5Y NO91Y NYRIN MTNRYN DY, MONXR NWD D12 ,(Rhizopertha dominica)
NM2Y MTHIY NNV NHIVDINRA RN NRIDN NDNNL WITIV DI190N NN 544 19
.Rhizopertha dominica, Sitophilus oryzae, Liposcelis bostrychophila ;D32 NWYOW HINR
MNONN2 MV DAPHNN NNI MDD PADIND THRN MDY DX NTNYN R MY

JPOIVOIRD NN NN I NN

1

MPN) MOIVOIR NINN2 DIXDONN PODIN NI2TN YN NHWN MINF i3 190N NYAV

Weevil-cide 90N 1YY (VI0IRIN

EAPOSURE CONDITIONS

The following table may be used as a puide in determining the minimum length of the exposure period at
the imdicated temperatures

Minimum Exposure Periods for W EEN TL-CIDE

lemperature I"elleis Tablets Cias Hags
— — —
40°F (5°C) Do oot Fumagate Do niot Tumigate Do not fumigate
JIF-AF (5=12°C) 8 dave (192 hours) 10 days {240 hours) 14 davs { 236 hours)
S-5TF (12-157C) 4 days (9 howrs) 5 days (120 hours) 9 dawvs (216 hours)
GO°-6E°F ( 16-20°C) 3 davs (72 hours) 4 davs (9% hours) G davs {144 hours)
above 68°F (20°C) 2 davs (48 houwrs) 3 davs (72 hours) 4 days (9 hours)
above 7T °F (25°C) we - 3 days ( 72 hours

I'he fumigation must be long enough so as to provide for adequate control of the insect pests that infest the
commaodity being treated. Additionally, the fumigation period should be long enough to allow for more o1
less complete reaction of WEEVIL-CIDI * with moisture so that little or no unreacted aluminum
phosphide remains. This will minimize worker exposures during further storage and’or processing of the
treated bulk commaodity as well as reduce hazards dunng the disposal of partally spent aluminim

phosphide products remaining after space fumigations, The proper length of the fumigation period will
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.Phostoxin 9mN2 vindwd (VI0IRNND

Efficacy Phostoxin has been found effective against the following insects and their preadult stages - that s, eggs,
larvae and pupae:

almond moth European grain moth Mediterranaan flour moth
Angoumaois grain math flat grain beetle pink bollwormm

bean weavil fruit flies raisin moth

beas granary weaeavil red flour beatle

cadalle greater wax moth rice wavil

careal leaf beatle hairy fungus beatle rusty grain baatla
cigaratla baatle Heassian fly saw-toothad grain baatla
confused flour beatle Indian meal moth spider baetles
dermestid beetles Khapra beetle tobacco moth

dried fruit beetle lesser grain borar yellow maal worm

dried fruit moth maize weaavil

Although it is possible to achieve total control of the listed insect pests, this is frequently not realized in actual
practice. Factors contributing to lass than 100% control are leaks, poor gas distribution, unfavorable exposure
conditions, ete, In addition, some insects are less susceplible to hydrogen phosphide than others, If maximum
control is to be attained, extreme care must be taken in sealing, the higher dosages must be used, exposure periods
lengthened, proper application proceduras followed and temperature and humidity conditions must be favorable.

Exposure Conditions
The following table may be used as a guide in detarmining the minimum length of the exposure period at the
indicated tamparalures:

Minimum Exposure Periods for Phostoxin

Temperature Pellets Tahlets

below 40°F (5°C) Do not fumigate Do not fumnigate
40°-53°F (5-12°C) 8 days (192 hours) 10 days (240 hours)
54°.59°F (12-15°C) 4 days (96 hours) 5 days (120 hours)
G0°-68°F (16-20°C) 3 days (72 hours) 4 days (96 hours)
above BE°F (20°C) 2 days (48 hours) 3 days (72 hours)

X2 230N

NP DY TN N2 YONN PR DRIN DY MY NONY NP0 YXI2 XD MAD DY MH
2D NN 09T DN YR MTNY NHDYP 92DW DMNDYON
SV DMD°0N ,PININ NN 591D ,05YN DY DINYW DMK DIPYN NRMHON NIPTND R
JIND DY) DTNY DPIN XD
DYORD NPONIN ST DY ONN SPIN MTNIY DY IONVUNRD NPT NOIYI 1994 Mva .2
RO MIDINN T RUNA (PD) PPN NI DY YN ,OROPNN IPNNN 5NN
ORIV NXIAND 12N DY N2 ,32.8 75 DY MTMNY NNDM NOTPYIN NPYTAN .DIVIR

I P2

DD NHND MWD PIND NPND TIN,PODIN TR YNINN 2T DOV WHTID DIPN W

PIT XN NN NN DRNN2 JPND MOYDTO DININ DINRD MMD MTYN DN MpPr1a
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NMNVN YT DY RN THPRN NNOSN NN MDD NP2 N2IVN NNPO2N .TNNN 19D ,NOPUNN
NN IBORIIY DXHRINN NPDIVOINL DNPNRY MNY MNNHNN NMIANTTL MO PN DN NYPY
NOYST MNNNND NDIDY DN NDIPND DIXTIVNN DIINNRL 2XND YO MDD PN DX .ONONN
SV 1NDWI X NN NNDINN INNN THRN INRD NNMINN NPT .NDNVNIN NNIYINI T DY

A3 7901 TR) 519700
YONK PR DPIN NOTION ,NINR WX TPNOWNDN NTAYN ,DPN NN R¥NDID PR NIYND
NN NYAPO N OIPN YD DXID DP2TID DN MIVHAR PX D NTAYN ITYN2 120 . % NHVND

SV MTNY NN NPT MINDK NOTY DY NP INYTO NIAYIN NNINKRD .DINVN NNOSN

SY nuMnNN Sy nooanm Degesh n7an > 5y DNMS N NOIY .PODIDY YONH PN
NYNT RN N2 NPYTAN OIRIND NN XNV (knock-down) "madynin” nnonn DN
1) .PADY1 DV WIT NI NOIYN TIN2 DNSYN) DTN PINN PN DN 20 DY NOONR
PN SY NN 1ONY NN DY DWYITN "MOSYNNN" MDD PODIDD NHWNN AT NN
OV PYTY PR .ININ DY NOXMI NI TPXR DWO AN CT =Y MPHYN NN NXR DOY2IPN DM
DRI NP2 DOVYPN DPWHND DXAWNI WX TNINRD NNPTNY NXIANN D2 22X % NIV
IOV NP PODID MPNY NI NP N NP2 WU MO DY NSO NPNdY2
MNNONN NMIND NWN NN NIPRY Ta52 "Madynn” Sy Nooann RNY NTYIN
M2WN Y2 XN M NI "NDWH NION” RPN DDD=12 DMPY DY DO2NDN MY

NP2 NN XD 2 DNNANDN MTNYN NN NN
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NYYYNIAY N33 NO5ND NPTNHN NMIPr1a

NN YN 290

125NN NONING NN YR XN 2N

N25NN Y”aY IWRD TN PN NINDIOVD NION P ,a9MWNN VA NTPNNND NXRIINN
Y302 1M DIVWINT DPITTID DIVITIVDY ,NNA2 DRIN NIRINDND G NOOX W
;OMMN DYDY P2 DO NIV Y PYUND M L NOMYNN NIVND MDY MINRNIN

ID1D0M YNIONN PNDMIVINRD
NOY TN ,0027 Y10 SYIR ,DMPIN O DY DMIIPNN NOMY RN L,NPYYNIN MDD NNX
NYIIID TNY SPWIHD MIND 1) NN MO DOUYHN MNIND XINNDD NI Oy N Poyon

P2IPYWA NONXA I NN J0 ,0950 I9IN2 1N MY

INPINT 90N PN DO

NP MY DOYNNN DXTNPND DIRIN INVIY MDD MIVAR PRY RO NNP Py .1

2120 N2VN2 12D NP NHM DY NOPNN NP2 MONYN NS MM .2

IPTD TN PRY T ,0PNN NP IMOVP PPV .3

IPYN I IYTINKD MY NYINN DIPNRI NHIR2 5750 DN NOIN - 4

DY 32 NMNYN M 0D 2004 MY NONN TNANNY INRD =MW M PP NN .5

DN NP>12Y PPN ONN L, NPIMNNY 79500 DTN ;DY DNNL DIV
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N73°02) DIDUR INXR2 MTNPN NI2N ,DXOWIT2 1NN NI2N2 DXL 1DV ORIV

N2 DY DY DD MPXTA NN DIV

PPN TIWI,DPIN RO DY MP DV PINYN NNIONN INRD ,MPIN PPV DINN2 D) 6
PN ,D°27 DMIDV DPYP MY ,N2T NNOSND NOY 0PI DN NP OO Ppn

NOR2 DIOIND NN PIVN

SV NOPNAY NTAIVN MR ,DPIN RO Y2 532 DYTHD NV NINMS 125 T2 .7

L2822 MY NI MIVN NOXNND

YPUINY  DMO0  "No5ND N NpdTa” D902 NV OO MR DIPNHNN MR
TOUYN NOITH DN MRIMIN NP2 MIPYY DXTYPHN DIS0N .DNIY TNRD 27 DNy DNOMY2
DN QON2 .NPYTAN MMNRY MYPIIN IR MYNNDNN NPNYIAN MNNDN NPO2 M Npd>Tad
MR OTINDY P YHYHY DOTON DINAVHNL MIYD SNNWNY NONN NDITN DMIODN

.DPINN DYP)

90N HY DIIIDN NYIDWN RNONT DININD PN

MPI NPYT2 —NURI PN

MPH NPYTA =Y PN

V2 N0 NPT =IOV PON
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2006-2003 DY NN PPN XY DYXODN YN

MDA DY
mNMIAN TIVN

Y2 OV

FTIC Ltd.

NNIPN
YO DYDIDL DN DNTIN DORYNA ,MYT NAOHM YR PR DN DMIINROYL DD

TOMN IPN DODIDL DDV TRD 2N YT .NPTI D0 7252 DYTTA DN N 1N DIONNWN
;D030 NYHYN YT aYND ;11230 1R 12D N MINNNOPNRD TR DOWITHIN 0270 NHND
5¥ N2SWN NIPA” ,NNMN DNINDY DXDID MY ONRIWID 1NN SO0 RYNL DPDIVN MNIND
71°27M2 2003 MW M»PNN (Integrated protection of stored products) "DMOMNY DN
XY IOBC/WPRS "y 17X 195N DYOION %YW .(2005) MPI’N X152 INY INRD DNV
90N DXRWNL NMINYDY IPNN2 DPDIYN NX IDIN THIRIN MNRIRN G0N

MY MNIND DTN DN ,NPRN PR MPTHN PN PN ,DXDIDL DONNWHNN 2N
DYONRIVY DDIN DMIPIN IWIN NAY ,NPINN NIPIRA RITO NNDMPNN 2006 Y912 .NINNRN
NOIYN2 TINMX AT NIDMNRDN ,IPN INRD NIROPN NININ DY MR NNV2AN 7 XY NTO
1M2) WYY DMWY 2UN D) DYPNN ,NMIDIIVIRD ORNPVRND DINPN NNONA NONR
Stored product entomology” X2 HNRIWN

DYPIN DD NP2 DN NIOPN NPIPOYN NNRIDN ,0012 MDA STD NN )DON DYDION DO2
NI2TNN YPYONL YIIWN NX ,D99D PYDAND IR PIVAR DD TY NPNOND ,21—N XN
TPNION MXRTI2 NN NPION .N22DD) DTRD DOMTT ,D2N0IIOVOR MNIND WHNY 00301
VAND TSN XN LML DNNN DY WIIWN INRIIN NRD TRD NPINNND NN XYN2

25209 (PMMID) DTRD MY MDY DY MYIITA YIIYY M PYWIND DIOYONN
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(DVDIH) NN ,MINRNINA ,D¥DID2 NXINY DIPNND DOWYI , NN NNINN DX DYMD 1D
DRV NYNN2 IOV ,DXPNPN D50

JOMIND IR WA DIROPN NININD DPWHIN YONNIN PN DY oY .1

0N .2

2002 NPIPR) DPIN OPON DY NNRD MO NPOPID NI2TH MOV MINYS .3

N25209) DTRD HPMTT NINXR) ONOP2 NN2TH 4

NN NN HOSONN 5
TPROPN NININ AP ,)ONNN SPIN DPIDWY DIPIN DONNWHD NONRN DXOION ,WNTHD W
S5Y NYYaa DPOIY ,OON DDIDN PR .IN RYND DNYPN DOVNN DD DY DV D)
NNR NRNIN P JTD) DOIPIN DIDNI NI ,PIPYN NN X M DY ,DINR DN
.DPON NI27N2 DY X192 NNNRY PNV 2Y DIDA NNXR NI
N9 N DM)ION NI2THN YPYIONA WINY DY RWNN D ,NTAWN TR NV DODION D2
S PINNIRNDT PYOND NTMINN DY MNNONN RYN2 NPOYY HNXR NtI0D VI 55D
DN 0201 NI2TN YPYWINY RN MIPONN (Rhyzoperta dominica) MXI2NN 7213 NV
MIRNIN 7O NN YD .MNMONN MNIND 202 ,WITHN DIPPNI WX YW INY
MONX NNVIAN 5NN (IPM) DY MOLOY HY NN NIPAN DY MwNn Sy ,N»oo0
219°02 NNPN NIPOYN NNIND MV NI2THN YPYWOND D3 DIRNND PoNND ,HACCP 1D
.DPMON XY
PNIRY NOX DX P RN 1PN ,NIIONYT MRNINN MRV DD NXR PIND MIVOR PRI
DR ,DNYMD NIV MIYARD ,YIXR2 195N DIRWA DPDIYY ,2IWN YT DN VY D DX2AYIN

D02 DHRIVIN DONNWNN Y NXINY NHNR NNY TN DIPNIYON

JONIND 1IN DY IOINRDDN NININD DN JONIN YN DY dINOPAN .1

DIPD W DMIPNN DY MIRNIN .NIPAN MY D55 HPNIONN ©DYDAN DN DYNOPAN DN
DONYN MNMOMN SYSHR DY 7INONOVL NDWINN MNNONNN .DXDIDA D) NN ,NONRD

P25 DMNION DPNHPL DN NOOX D) NIVONRND
VY22 DNHY NNBN2 ,NONRN MNPV DPOWIN ,D0M0N NNRL DPOIY IPNHNN SRU
MDNR NN DIOPRN=1IPMI NN DPTLI 0T DY DNVIN PIN NN MYN IO,

MY T90N RN .NPDIVRN MNNONN DY DNYHYN DIXIMN MO ,NIND 9V D
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SV MY NNY RO NONR NOIWYND NMNRD DIDMNRDN ,DINUYN DINMN DY DMYNIY
PR TNRD TENPTN HVIDND DINWNN ,NVN R DY NNY MWD Sunh Jonnn spon
NNAWNIN WY 1) OW MY ,20N NPIAR ND NYAIR DY DNV MY ,Sitophilus zeamais
DOOMIND DYIMNR P2 MNY DRI, PO IMXR DY DN DN DY NXWD . Pyralidae
DN O5N DMNOPAN DINNIN DIY INND IR IMNRL NONX MOIWN P2 DY DYDY DY
502 ,DMNX PYTAD W XROX MNSD2 DMIMPN DONMA PANDND PR N NIPAD DMIPN

JNONXR NN

TONPTN PRI JONRN TIVIDN DY NIT TP ,7I0% MITIDDN MYNNNRIA DN DYO'S DMIPIN
SV NYPDIYOIN .DPYN NONXR NONND DV MINNNN N2°2D2 ,(Sitophilus granarius) DXINNN
DY DYV MYMIO DO DNNY NTND MDY NMYN MDD DY N ONND N
VY ,0%200 NINK MYNI TP HY MIYARD DMY NPND ,YIR DY DOYNN) DIDNNRNDN

VN MOIYH2 VIPID) DRNN2

MNON JN2AY MNIN2 MYP NPYAD DN MDY N0 IR DY IHROPN NININA NPIPN
MNIN2 DMN INND NIDYOWN NPIPRN DY ,NMNPN NID MINIRD NIDM KD MY DM
DYDY MNNONN IWANRD IR XN MNON NN NONRD .NMAY MND HY NONXR

9PN NIONIN 1D ,ID PRI NN PR XN NPIPR 190 ,M T
NI XM WX ,DIPYID DDHVID DI DD DN, PP DOPIN DY NITOD DN DIRPID
NIDTIN NN NN NONRA MNON DX 77.5552 DX MY 1OON DMIHNN DN PN W)
NP2 NN DY OIN DD2 DINNDNN ,NONR DV DPIN DY NN2THN LTRD NPOIIDWNRN
DTN MY DR D NTYN ,DODION D02 DIRPIDH DY NNR NNRNIN P TRD ONdY2

X2 D) 1D NOYARA TN

552V RN DN JONIN PN DY NINDPAN DY ,NMIFIDN MIRIINND NYPANIN NIPONN
TP ,DN2Y NNANN SIMK DRI 0 DY NP PO NINI ,NONXR NN X DY
NIIYN IR DY H22W MNNT 19D .NDWY NIPAD DYNIDN DINNY TIVY DOIVAR NNDNDY MY
UOR ,NTAYN T2 M0 NONDV) NOOXRNND NIWON DY XIN TO2 MDY DR DY ,NONR

LODMIVIR ,MDMNRN NP2
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NV .2
VN RV XN JONNDN D% DY NP2 MV MINDY IPNN2 ,D%IIN DIRVIN TNXR
920 MYMIN TP NXR INRD MMIOINY NP MDY NV MDD NID XN NN
MO5WNN MMM .NNYND DIV ,5%) SNTIPI DINV NMITVWARN NOND MIIWN .DNINNNN2
MOLIN MDD JONNIN SN D30 NOXRD MM PTY PR DR JHIYISN MTDON N0 NP
JT050AY PNAD YHNADN PN DY ,DOMYNN DINAN IR PO TIDOD NODN 05N
;DMOVN YYN PN DY N YIDOWL MIRIDIN 1IMISN M0N0 ,0ODID2 0N YTNONN
PAVN OWISN DY D) D) Ephestia cautella ,Plodia interpuctella Ephstia kuehniella
9 190D MTNON ,DOWYD NP 27 NV MTODN D) DM .(Lasioderma serricorne)
YONNRN AN IS MTIDDN DY PP DY DXDID2 NNT XD .NTIOONA DNOY NNV DOWY
STRD DRYOWN DYINRN
JONONNN MYN) DY NNt XROX ,NPDIVOWRN NN NTNN2 WHYO MM MTodnN PN
1YON MTD5ND MY v 455N DN DY NOPAN DY DMIPNN2 DY MWHYH MTOONN
,OUND NNPDN NPOM MXRIINND NN JN2 2WUNNND YWY MNION 185,000 MNIn’
TP DXNNANDN ,DXINR DIPND DY MIYAR MY DY YD1 5D MPODN X DY DTN
NN AN P TV PNV ,MTIDDN DY MWD NN NPDY MIRIIND NNXR MY
NXRNIN JTD) IN2XN NN MTMDON DIPMIO 2WNND NIDN 92 ,DXTTN 2P NNOD NINN
TI5N NI DY NONRN NIIYN NN NYOVN ,TRD PRIYD) YN MY TT0 NPT NOON
272590 N22IDN RN NOIWNYW HID DITIOIN DPMON DY ,IMYDWN DT NP 2D RIND)
;20N DTN DY NYSYNN D NI .DNMPN NRNM NTO0N DY NTIOONN yaN Nnyswn b
IPIN 2N PSP .DONIN DD DX TYUNIN TNXR YN PRI DUN PN TR PN P MY RN
NTOY NI HRIWI2 YINOWIAY NPINDN 1NIND MTIDDN 1901 DY MDY D72 ,7P5N Non
29 YN PTY 0N L7252 MUY NMONRNND 1DON MMOONNY XN MPODNN .1PON> NI
DPI5N MIRIIN NN IMDMW NX N2 NN DN ,MTODNN DIYyona
IR NNYTO NYNN 0792 DID2 (2005) TH9I0YW 290 OPDAMDN Y NINNIY NIRNINN
2 NN RO TNN NVIN MIIPNI OW MININ’ NX NOXMIN 700 NP2 NN NOWN
NP2 MYYHY NN ,NPNHNN NTA N2 DPINY NRIINN NIMD XD TPRD DININION
IPND,0MIN2 Y P NDDNR NOX DY ,MTN2 INXDNND - N RSN DN

290N 1IN0 VDY NNIRND NIWIN DY DPNT DNPON DY ,MIYUNKR MO NOIYN
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NOWI TRD ONM) MV MRIIN NIMIY TOYRXR NIIYNY NN NMDIWN HY DOYONI

Y05 NP2 NAVN

209 NP DPIN OPON DY NNRD MDY NPORIDYD NI2TH MVIY MINJS .3

SIRD MDY DY N MPYT ,)ONIN PN MY DY ,NN2TN NYIIND NPODIDID MOV
,D1D901 NI2TNN YPYIND WIDIWN 57D YNNI NN T2 DXNNN DY WIDIWND NRNIN
MNTPNNN A9ON NPHPIDON MOOWN DY 901 NI D1DV5 DXONTH DMIMNN DN
PRI YINGD M2 NNDP MOVIY NDOY NIYARNDY RO ,D0IVN TUN2 NOYTIN HINDNDVN
YPY N2 NN RWMN (2006—2003 DY) DIANTON DXOIDN D02 .MYTH MO NN N
;20N DD DYND NV NNND ,MPTINNN ECO, NIAN .MIRNIN 19002 V1 NV
DINNY  TNIDNOV NDIDN YT NIMINND D DINONIV .NI2TN NYIIND MIDVR NNVINIVO

NP0 TR IRW ROY NS 50D you

D7 ,D%10 NIPAD NPOHRDY MLV ,NMINRNIN NIYY DNY IPDY ,NPDNN2 DYPNNY DIO2
NYIT NVIDNY ,DIN ;DU MYV D190 DY DIMPT MNRNINA )IH DIDI MXRNIN YR
VIDOYW PV MO0 MINXY N ¥0—18 =5 NRODN N XD 50 DN XN
D PND 2N P ORINA MDNR) DMGDNMOVLR DIXND MNINNN=IT NN DY M) N2
JPONNN DOMY DY TN WX 72D ,DORIY DIPIN MY MIXRNIN WY NN ,ND7IN2 DDA
DYOWINN MW MIND NNMDIY HPON NN DIDXRD NTAYNNND  DOXIWN DMIPIND
NONNN PN NP2 NPIDWY NTAYN ORIV DPN PR IYND N2AMD .DMYAY) X2
D955 PN PN YT MDNNN WYN D) NONX N DIDN2I

TONN2 NN DR NN 0NN PN NI2TAD ,NDMWN NIMIYHD NVW NS 'an) 112
(72 DY) NN NN DY NNOWIN NRIIN ,IN3IN=1T PINS GTIVY IN¥HDN 0N DV 0N
S0NIN DN IMDN JPNN2 JOMNDN

DM MY MO IR NI2TN YPYWIN INRD ST ,T7) NOIDH YAV SARWN DX 1POMN
NN MDY TV NPIDMDA PRIYN RIN PONX NI WX NI NMIY MPTNI Y2 \INd

ANOMN INRD FNRN MOYDOP DY NP2 VON WY 7Y N ONND NPV PATID
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NN NIPNR W DXPIN PN NNRND MNTPNN MLV
ARNN DI 10T NYAPD INI N MINIM2 PYY DRI DIRY NPIPR WX ,DPIN PON Nt
NN PNV MOLIWN TD) pNND )02 DIPIN OPON MIRNDIND NYAPIY N0 MTNYN
MY NN MNTPI MYTN MO NNN MRS 00N .INP2 ONMY2 YOI MW
2139 (PN OV MMNN TOWUN 2557010 TNR) PVIIN NNND FTHINIMIDINR NV D MND

Near-Infrared spectroscopy NXIPIN NV X (PCR) NPINMNOM NIMNDPA HW MO

.N25209) DR NIYMTT NINNY NONO»A NI2ATH 4

DIPYY DN NWHWA DN NN XA DMIPNNN
127N DYIVAR DYPWOND ,DMNDI DYINDIN NN IO A1
D970 N DYDIHY MYNNNRA NIATH 2

.N2°209) DTRD DOYMNTT DIPYOIN NN 3

2T PYWOND DYNNY DMIININ DINND L,DMIPNKD 100N NN DM DN 4.1
NI MIMIYHD MRNIN DY WX DWIY DINNIND NN ,DOY NPIAR NPND 091D D PWINN
SV NOYOPN MDY 3107 PN DY NOWH NN ,NTAYN NPTV MMM NP DIPIN Y
JONNRN PN NXR DOV DN D ,DIPDIN DOYTY DIPNN YAVINY DINNNND NIMNY MPaNX
NONX SW NN NP ,DIVMD MMM INRNNDI MRNIND .DNONRD DIV DIPYND DPRHON
AUIDN DR DRI OV NN DOVIPD OO ,(NEEM)NIITRNRD XY DY YavN NN 99D
D) RNDIY ONNNN MDD MMD DO ,ONY  DNTPND DMIPNKD JONN SPIN DD

SNNN NPNI DY NIATN PWIN NN 31D ,NDM0N2 DOYHN IMINN NXR ,NDPVPA
DTN NP2 LYY DIV D20 DY PTY NNT XD ,MN RUN2 WY DX2TN DMIIPNNN MO

D52 DN DNPNRY DPWON DY ,aN)

SV DYV DN MYNNNRI ,NNOP NI2ATH DNV IR DOV MYNNNA N1 4.2
TAR XM L,PHN G0 NI NNNND DR PRHN NPDIVONX NN PNND DNNDAY DPRNIN
12NV (1991) TXANT 1N 1D DX2AWIN D27 DIPIN .DIYIM IPNKN DY DMDIMN DININ

NI2TIN L,NMMPN NIPIVIVORN DY’ ,D%n SY NP2 NI2TH ,2WNN DISDA
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YPYOND NAOND ,INP2 NNYVIANNY NN NN DMYIV DN MYNNNRA ,TINHPIAN

Jo)on NN

,DINR 9379179 IR DN DY ,DY90 DY TR D27 DD N2AY DPIND P2 NPV 'apn
2/3 =n NOYNY .(Parasitica) NY2°90N MYINN 2P ,(Hymenoptera) DXXRN2TN NITON XN
SV NN 2p2 DYDY MYIN DN NNOSM DY NIATND DIWNNYHD DNAY DININN
99002 199 .v2) 11 M0 ,JONNN PN HY DIOV DNY DN DY DI ,NIDPO0N MYISN
YIWAN HNINIVID JNY MYIND DY MINDPAN IPNHNA DPODIY ,DXDID MRNINN DY INY DN
PNIN PN DX WP Y12, XININ MNWRIN DYDAN DN IDON DMIININ .MNDPA NI2TNL WHYD
NN NTNN2 MYINN MY NPT DXADNN IPNHNN 225U DY AT NPND DIRNN
PIPON NN DIDNRD NPOHNNA  XINRA IPNI NOON MYIND PN PN IRPTNON NODIVIINRN
NYWIDND NY9VIN NYIN Lariophagus distinguendus ,60—1 NIV ND2 12D DN MY
NPY RN NNOYN (Sitophilus orzae) PR TPNPTN ;10D W NI DIPYI %0 ,JONH
NYINN Stegobium paniceum) DNON 120 (Rhyzopertha dominica) NNXYANN 12N (Bruchidae)
.Ephestia YON YONNN YWY DV DOMD NOSV) ,Bracon hebetor

SU NYDLORD NN AR HIMYOYND PN 00N MYIND DY DNOD WOV RND)
DXVVN DNPTH DOWIDNN DY N2 NI2TNY L, DN PRI D .DPWNN DIRPTINON
ADPIN MOVIN) NIOMIVIXR NPIVH DY TN NPIOV MYIN 'Y (Sitophilus granaries)
MY MYINN 30 INR YIDN2A ,D%27) DD DIPNHD DY I1DIYI MNINNN DIV
,2005 X792 DI P SVYN DIYMA NOXM 02PN D DY NNT RO Hax ,NmMO»a 12T
MO 5D PNY INRTD .NPDHV NMIYIN DV 1INDN PNV NNONN DY ,BIP 1O)070N NN NNYT
Lariophagus distinguendus NYINN MYNINL ,NOVION ONM2 DOYNY DMSO DY NI2TNY
X2 yxanm BIP Yy npdov

DYPN MYIN MYMIR2 NI2TH ,D2I0 DAIPNHNN MIAPYAY NN NN MNYINNN
VAN ORIV RO NN2TH DIVPD JONHNN PN DY NADWN NN2THNN POND ,NNONN2
MININD DN N2 JIPON R MPYINN MR DY MIVARD ,11PNION MON»NN MR
SV MINY NIVORDN NIPN NN DXPIN SPOND NMDN»NNA ,TRD NPNINND NYYTN NN

SV NOPAN NIN2TIN DM NIDNNDY DNIOMRND NMVP) DPYN TINY ,D9N0 WX DOV
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NN NN DIDDVN WX DXV PONY NN NN NIR,JOMND N2 DR ,D¥PIN

LDP9ION 195N DYRN DIV NYN DIV PPN ,B27 B MIXI) DPYNN INDN

PR OWVIDNN SN2 DY NIV DY [ Teretrius nigrescens VAN JPUNONT 2D NXDD
OIPNRN DY G0N P10 .NPXINNRA DINXR DIPYM OPND NP M ,Prostephanus truncatus
MM IMNO2 P DX JONND %N 190N DY DO NONY MNMIN Blattisocius tarsalis
O MNO2 97 DIDMNRA . P2TH DN NPNY MDD XON ,2000 NNNONND NPDIYON N2V
SV NNOXIM NONV RN Cheyletus eruditus NINNR NPIPR .GIVIN NN DY NYHSYN NION XN
P2 DY NPDIDORN NHI DX NN NONDNN ,NONVD D) IRNIN Acarus siro DIPN NPIPN

Y2 0 NNNN MRPIDS

VI DNIVNY DOIPNND DY NMNTN N0 DIRD DYMPT DPYON NN 4.3
1D 0NN PN NP2 DNOYMD 1NN ,DTRD WX NY 59D 7772 DPON DIRY DIMIN2
NPMIVRYT MYPIPY NPVIPR NMPANRD YIDOW WX DN L(N”H10) DPIN T SNoMm

LDMOMND DIPYIN DY NVYWN 29 DY NI NPVY ,(Diatomaceous earth)
NID2 NN PYWINY ‘AN SPDIVDITV IMPT ,(2006) DRIV TIYIY MDIIVIXR DIO2
5V ,NN2TM NN 21DV TRD DY ,(DXYNIND NININ XINX DO DN 2PN 10% 1))
SV DYN2 NY’PA D) YN ,DOOMT T DY XN PYINN .NONXRD DIDIDMN DPINNID DIPYN
NYVYND NOWnd M NN MDYH .DPYNDN TN DNNONN DIYONTY NPYIDNN Y90
NIANN 20 (Oryzaephilus surinamensis) MDD NINWHD NRNXRN ,NPYIDNN TH) DWTIN
YPYIN NN ,NNONNA PONND MIVARN DY MY HOON MR (Rhyzopertha dominical)

2212 TRIINID PYWOM (X.F) PYOVPNN WDV D200 NI2THN

DR DWVY PN DY NPDIVOR NN NTNND ,TRD NMIYHD DO MININ MIRNIN NI
PYON DY 5OND IR XN ,Mating disruption WX 9129210 NVIVD ,MXROPN DY DTN NOVIWYN
PYINN DVNTND DN DR TIVND MIDPAN YPPRONY 22PN PN N DY ONON
DIPN2 MDD MO X PMYNRYHI TN NPVNTN Y 000 X "yown” 51520

JNONNRN
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NN NN INONN .5

;DY MIWY YINIWAY TR D3 1NV L(.2.02) T0YN2 DINnN DY viddwn RN NXIPO
OIS VINIWN D2 YAV IR LDDINRNND DXDONN RINNDD 1D DIPNND DY NONMN NHNN
AXPD T POV ,PVINN VIND DOWD YT IWYIY MY DY NNT.MAD DIV NI THX PYIN
NPV ,PYUONN DY DYTIN 1INI0N .MM 902 PODIva vy My Sund ,m>ys ot
MOV YIOY NI2M DIPNNN Y DOYMN DPIN2 DTN MNNONNY  NOWHN

TPR PYIN RINNDD NN 0 N DX 290 PONN 0N ,MINRY NPODID
DYV MIN2 DNPNRY NONRD ,DPTN DORINIVION DMIININN 12 .NDIWYO PN D INXR
DY WX DIPRI POPIR 1IN NX T2 ,I2P0MN DY YDNNN IPINN DOXRIWN 'aM) 172)
YV ,DINX - DORIY DMIPIN .NDNY MIYARD T2 DMWY X NI¥HIN YT IND
P72 PHIIRN LTPR SPYONI DINXR DOINY DOP ,DONY DININ NWHON T2 ,PD2IPVDIN
DIN80N YT PIND WX T XND DY TN ,TIND ,DWY NIATN2 299 MIWAR PONND XN D)
DINDN PYIONT INDHN DONPA DOYNON DI MNION D) NN PN M PYON?
DY DINX DINY PT2 QDN IPNNY DN PONND NIITONRN YR Y P72 IR PN
TY DR NIND MYPAWN NTAYH NMIRNIN NN DIPNHNND PON .NNPN MIVIDN ¥ NHMOPI

JONR MWD NONIM YWY DIV NNOSN DY W XD ND

NP2 OONN NI NPWN NR RV ,2006—2003 DY DXDIDL DNV YN : DIDD
MIOIN2 VIDOYW DY NUOMD NPDN  MPWUN M0 IS DY THXROPN NININD DIMND
MYTN NIV DY MDY IPND NN T2 DXNHN DY NHYON TUNN MOMNRY NNATH
SV DIYOPN MY .11 NNAT NPOPDID MVLIY ,N2X202) IO DTRD NPT MDY
MONN DPWON DY NP2 YN DD DY P XD LINI2TN IR DY) NP2 NV DD
VINDD SR POYND ,DOP99N) NONNXN Y91 NX 025NN 10N DINNIN YN NN NIRD

HACCP = 190 DRNND MM M) NNDNA MY NXR 5N XY DINPN
MRXIN 2PN SYYPHN NV Y N2 DIV NPY DY NOPN PTY DN 1OON DOIYN INXND
5Y DWW DY XOOM ,MINKR MOYYY OYN2 PNnD DXOYONN NP2 NN2THNA DMIPNNIN

.(IPM) MWW S¥ NadwNn Npa
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TNND DNIND DR ,DPATIN TPV ,DOPRND NP2 DXPOIYN VX D NMNX 1D POMN
MDIO MO PPN MINR 2PYD XN NXONNN ,NRT MY INIWHD NPWN DR OISO

DYAY MVLIYD 1097 DPONY PAD PR .DIWVITN NX DYDY N N
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DYIYA XV MO NN YN MIVON NMNDYA NIATH

M2 OV
FTIC Ltd.
YDAMDN DY

mMNMIN TIVN

mTPN

DPRNN DPIN NIATND ,DONV WX DOV DYy NDDIANN TPNOP2 NIATHA WIIWN
02NN NPXDION MOLMWA NIATIN 29 DY ,0527 MNIN NOY2 XN ,DNONINRD DIININY
9INYY 1) ,0MY2VN DANRD DX .MPMWD NP NPIRY DIPRYND DPNX DPYIV DN
JOMININ INNIN DY NDN TIN2 PINY DIRNNDIN DOPRHNN NX PN RIS DN TR DIPN2
NOIYNA DMNINY OINR MAINND DIDOWNN ,D52 DMYIV DN .DINDM NMNIPPA N
LDYDONRNN N2Y20MN MRIN DOPNDF DIRPINONY It D ,NONNXN

W DDV SV NINY NIVARNDN NP ,NPI2N MR DY MIOITOHN MYIN NNDID 1992-2
DPIN2 YD NIWANRD 7IPNN WD I0NNY DHDNMNKD NPIVPY DPYI TINd ,DON0
(FIFRA) Federal Insecticides Fungicides and Rodenticides Act MIPNN XW) DNY DWW
PWVOR L(FDA) SXPIMIRN MMINN ON»H NN NN N0 DY NYdITIN DNV
MPON MY NN DPIN SPON NND DY NYORD ,FIFRA SW DMIPIVIPL WNINWND
(GIPSA) — D»N Y5Y25 110 %AD) DOXNNRN ,DX1YNN DY MNP (FIGS) D¥dY NN DY MOITON
DY DY MOMNRM MY DIRINK

WX DOV PHNY NN NIDNA NPXR NOMIRD NN DRI ,0PIN HY IINHPAN NIATIN
DXONM NN MDD DN ,0°27 D) MINIY DXPYNNY 5D ,POIDN NN NN DIDYOVN
SNONIVION NPPD DN DIDPHVMY DXONVN NPPOD Q0N ,NT NN .DPIDN 195N DN

JONNN PN NH2THD,D0INN2 DIDN
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DM
MIND NRNYN2A ,NIP2D MONS HP RIN ,NONXND DY OMNDIPRN TIWNNY NT2IY2 2WNNN2
NP2 MNIND PHDO 9127 ,0MY0Y DIDDIADN DINMI IR DINN YIDIWD DRINIVIN ,NTY

Rubinliwn)a)

DPIN

DM Bacillus thuringiensis (Bt) PTNN DY (MMAD) X1DMP 91 DV (D¥POPIV) DMIOYIN
;052128 , NP DOVIPN ,Bt DY DX D) DD .(Lepidoptera) D?IIDID DY Ipdya NOPVPD
.DINNX DPIM

NI PYIND DD DOVWY NIATNY DPYMA WY MDD DWW ,Dipel BT =N I8M
OMOPN NSO MY DNINRA DR HVIP2 MV WD MYIn S DY) >ONna
PHON VY2 YA ,DPRMNN DOWYL DTN DY NINNN MNNSNNN XN ,Bt =N vinwa
MYNNRA XN ,0%IN NI2TNY DPTON YIDIWD NYSMN NYWTN N .Plodia interpunctella
NY DM 'OV ,DPINA RPN NNXN NND  Pseudomonas syringae OV UVINDIWN
Pusarium avenaceum 70NV NN .NNYT MY YHY2 DN DIINXR DNDHNNNX DY .NDMINN
3" =17 -0 Cryptolestes ferrugineus NTI2NN DIPYIIN NOWVINN DY NROPNN NP NXR NOYN

X' +16 -5

NYIVO
MUP ,NUPIY LIMN TPNNN 21 DR L,DPIN MOVIP) NPNAMIVIX M NIV MY
DV NYOYNN .Metarhizium anisopliae ,Beauveria bassina ,0°20 DY NWYIN JONNDN SP0NID
NIPNY , (Oryzaephilus surinamensis) ™MN DINVND NRNR TPVNDNN DY Beauveria bassina
1R ONND PN NI2TNA NNV WIDIWN 2D DRI OVMIPN DINN RO MNON 2D R¥NDIN

DIV MDYAD DIMNNND INRY NONNRN TIVH2 DINMWN YIAPH ONXIN D92 vy

(Baculoviruses) :DYOY
Sy NNT DT DMIPN2 P .DYMIHIOD IPXYA ,NPOIN DN DINND DN (Bv) Baculoviruses
NNYOWN NNAPN DN By . JONMIXKD 1HNND MIP®HN NPYINN XD POVIDND DaX ,NPYISNND By

nuclear polyhedrosis virus D) Bv 2Y1.27790 X OXRPINGD DOHNOD DN DPIN2 INN2
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YT DY DIDYN TY DN DN 199 DMWY DI DMINY ,Granulosis virus (GV) D) (NPV)

.DPINN
,N2YN OV R TIT.DONAN TIT TPRIRND NYM N2PMD MN2AYY DN ,Bv YD XD DX 2N
NN .DDYPIN DY MNXY NNON2 VIO DY NYON NNOSND 09PN DRINIDION DY NN
W CTIRD NXNYN D2 NPND NYY YOND D% TH) ,DXOYIMA WIDIWN PNNY NN 1O

P20 NNNRD

RMIOYIS

DN D2YN W D1V YT DY ORPINGD TN 59D TITAW OXN TN DHNMXR XIN IRV
N X PNADND NMNPN ,)DIUN 9N DY DOVRIS DN Coccidia, Gregarinida .MINNNXND
NIN 91T HROXIVIO DY Neogregarine .NVDN NMINTT N DN YT DY DIINND DN DPINN
2D ,Trogoderma granarium Y0 TPYIDN DV YOININOWD YWINS Mattesia trogodermae
PR NDOWN MO VIOYW TN YONN WINA Trogoderma glabrum DY NPDDONR XROTH
.D%)2570 NN D ROV

DOYNN NX INRYN P2 DO0DN ,D0I1979) NN D I9DNN NNWIY  Mattesia dispora
NN .Plodia interpunctella ,Cryptolestes ferrugineus  Galleria mellonella
WM NX2AP2 PPN 2 DAR ,Prostephanus truncatus HIVNDNNND D) NTN2  Nosemia  sp.
D27 OOXRN N .(Tribolium sp.) MIPN TOWIDN DY DDA Nosemia whitei YO0 DY NVY)

JPYNT 29 VYRS NN JONHN PN DY DNYOWN DN SPINN 172 DIV DINX

TN
NNINN . ONNIN PR TND MTIVNIA YNV DY ,MNDN PN MMIY NRDD PR

5932 ,00 N2 SYNPWN TN XN ,DNDNIRD DIPYDL MTIVNIA VIDVY XN NY2IDNN

ND N2°202 MPIYT MTVNINY
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DYONVY DYV
,DNOYW DIXRPTINONY Pt D ,0%Y20 DXNIXR DY MNNONND NNRNN ,NONNN MINNIA N0
NIPDI YONN2 PN NI2TND ,DX9NV X DIDHV DXPIN WIDIYN DI NPIPXR WX DPIN

JNN902

DYDYV DY NN NXIAPN 0NN OPRND 79 DY ,DOMVY DOV PN 58 MNAN D30 DINDMP
TND 2N PNNND DIV IR DIMIN NONR DN DMHOIN .DMHXHD) DMHDOD NPOINK DONDY
JN2D NNIRKD D2 DIRPIND DY JOP D901 DY NHOND DM DPHONIDN DMWY DN DY
T2 INYD PTY ,TINR PN NP V7Y MNP DIIPYD DIYN) ,DNOMND DINMY NPD

LDYHNHD DNV NORDY NPODION NXIAPD DIDINYN ,DI9MNV X DIV

DXPIN NITOD THYN ,HI03N DY MNNANNN NN NNXR DY 9702 ,5772 DINNPNND DONV
RONTO (Hemiptea} DRWAWAON NITOD DMWY YONN PN DY DNV 190N .NNNON
Lyctocoris ,Xylocoris flavipes ;D070 2 MYS NIT DX NHIVL DNNNNN DWWV
NN (Histeridae) Teretriosoma nigrescens TPYNDNN NN NOWD . Calliodes sp. ,campestris
Prostephanus truncatus YN TPVIONN DY P2 ,NPYIDN OV MPYSH  NMITON

LDMNNANN NX MIILIY YT DIV DOV IHDN DOWITT T VN NX DMNN DNV

NPYIONRA Teretriosoma nigrescens NN YHNDYYN

DYIT72 DN TRD MDY PN NN (Bostrichidae NDNAYN) Prostephanus truncatus NOWIDNN
MOWINN NOYANN ,0”Y2V DNR NY PR IRV NOWONN ,70—N NV ND2 .NPPION
N2DP 22 DN DY POV ,NUR PR NN NPPION 2IYN2 MINKR MPTNS D) NN
Prostephanus ¥ DOM DOX°2N DN Teretriosoma nigrescens YW DYOMM DXN2AN
1D T. nigrescens 1> DY 190N yProstephanus truncatus S DOYNY 60— TIVA .truncatus
DIYDNY NPONY TINRND MNNONN P 5532 ,MIPN 522 5NN 225 MNNSNN NX DYOWND
JPO050 NYNAN XRTOD 2WNY KD T, nigrescens DY 5200 DY), DONINNN OV JOPN
MINR IRPTING D2 MIVHNR ND2 NN DAXR PNNN YN DY DYPNND DD T. nigrescens

DV 10292 .NPRMY MIND I ,NIP2 NPDIDINR DI 1IINY 1991 =2, 102 NYRIN NINYN

48



MNINRD DY X2 12 VIDIVUN P. truncatus OW 2RI ,T. nigrescens D NP2APNN NMNDNN

DM PO XN P. truncatus DY ,NPdI9R2 MINX

DYVITY DIPNN

NI2TNN MR ,0MY20N DIANRN DTN DY DOYIDYN DOVNN DY ,NTY MPNKD DOV
NPADND NPNVYNN MNNONNA TRNNND M2MN NYIDINN . NINYY NN2YN NOVW ,DNHY
PN DOYITIN DPY2VN DX S0IH D9DN DY MHND DOTINL TN ¥ .M DPIN
NN SY MADN MOIYN WITY .DPYIV DXNXR DY DD DD NINYIY DNINYD NN
M NNOND NTY MIPNN ,INN2 2IWN NN NONR NPNND DY NIND NMNO»AN NI2THN
NP2 MOLWO IXNYNL DNNRNM NI NONX NDPNN DY NN DMYIVN DANNRN DV

JNINR
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NYINNI NINRD DIPOMNN NP NN NPAYVPON NINA

D»NNS DPTAN

VYN VT

PDCA Ltd.

N)2n

MR MNM2Y NMDORN DN MDIYNA PNY NN DIWPYHN MXRDPNNY NN DINN2 DININ
2T NPIDIN DPP M21ND ,DMOIND) MR ,0°9N) N2XND MDD NOR MOIYN .ONOY
,DNPY NPON TYND NIY ,TITID ,DONN NORD NINRN DR NMNORD ,MTINNDY M1
P22 YPWND ,DMPDY DIPT DMPY ,TPON MITHN 2INI0 ,MDOR NNVIAN N/OMND MY
T T NYND NPTNNY

JNVIRD MDPIMY MT2Y NNOXRD NORN MIIPYNN D DR DNXY NXR IRV D2AMN DONIMN
N2IVYNN NPYIOVLNY DINNA DPDIYN DD DY DODM DN ,NNT N2 M2 MP2IOV MNMP
IMIMNRN NONIN PV D T DY ,210 M99 PT2N YNNI DX NN PTANN XN NP2
NIPNA XY .NOY NPOPNIORN NN NN 2NN DY DT PNARD MM NO2PN
ISO 9001, ISO 14001, OHSAS 18001, ISO :21°3 PN 922 N2IN NYOIT NN M990 PT20N
P70 W POIN DYPY N2YNN NWAIT OO DD .22000, BRC, BRC-IoP, IFS, EurepGAP
NN DI NPT DY) Y900 DY MAXWNN DY YIANND ¥TD N2 WY R DT 00

NINT DN 920 NN OINRY NMDOWH DD NN NDDY 12990 PTANNY DOWNT NOX DOIPN
DN NP2 NION NPDVPON NPN2 NX NOOD N NWMT,vNoN2

;P MNON NON NN MY — DXPRD NMY2 DY TTINNN MY NX RIM PN NN OX
DNMYURIN IOWD NP2 MOIWN NY 2D PXONY 1M 1) ,MOvd MDD ,NTIYM DPdp
5210 IR 12 23D IWARD XD XN NNIVN LDPMIN NP2 NN XN MOND NN
MMV NYINN MNYH DX DM NN DY NODIND NIIWNN DR P2 DITOON
N .DYDPONNN NP2 NN XX NIWIY NMIVYN NIP2N NIV DN DIDNNN IR ,DOOWD)

INNDY DPRHN NP2 NIIYN DY NPDVPOND NTH NN PN2D NNMOXR NNMIY NI
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SY—N7P25 NOIYN NNMINRA N2XD 22070 INND MON PTIN INNWI DNINND X INUNY

.DPMON NP2 NN SWIH NNTPIN NXINN NND NN WY
DN MMPON TNRY PMTI JD NHOIRD MY MY PODNN DYan XNNTO NP
YD) TIN2 DYTOHN DNV DXPIN DV NN YON DY INONND ,NMIRD 29 1N NI2N ,0NOY
Q901D MIHN MNON D9DN MINR .IDINRD NP2 NN OX NN DD WR DY 1N
M2YD NOVYONN TPMIRD 290 NI2ANN ,DMINN2 DPIN DY 1MHNN DN MPON DN DN IPR
DOINRND N N2Y 99000 NOXRND MNS RO INNKD MPON JTAR .INY DIPNXR DR PODO
DM NP2 MOIDON NNMPY TANDN ,NPYTAL .NIP 02T TND NYTY DOVWNT YOI
NI2TNN NI2N XY T DY DT WX ,D°270 DPIN MNDVR NANN NONMON (IPM) Nadwn
DMOVNN 217 %D RNV DNIOVPN TV TIiPON NPT .DORNNDNDN TN 591D ,MANp DNY?
NI2N 1N .00V 0D XD DWPNN TINNY ,00PN DD XD ,)NIIN DIPNA DNIPIN DX
M99 PTAN AT TMRD ATIOND MPT PRI DIRINDND MDIIVIX NP2 YN RO NNATON

OO TN GO TR N2 PR TONY NT 2¥D Y 1PN SVPON

579390 27290 1IN

DOPT20N NION NNON2 ,DMNN NP2 NOIYN NPDVPOR NPYTAD MW SNY MNP
XYM DPOMIN NP2 TONN DD NX P2 PTANN TNYY NIR 7TNR"N NW) :D»DNON
W NN M PTAN DOYNNY DY D2 ,”72N17N DY ED NN NMYD STV DTN TN
NN MNURIN YN NINN .DPOWIN NP2 DY UPHORN NX D) DR ,DMN0N NPONN
TIWVN2 DONMION NOXR DD1D DPXHNN NP2 DY DXOVIIONN DD NXR DD PTaNN NPT
SPNIRN IWPN2 NPT NIIYHNY T2 RIN NX2ANIN NWNHN DY NN .DOYOPN M NNRD)
25NN NWNN NN NP NNONMIN DY NTIAYN N0 OV NODD MOXI TIN NHY
P72 DMIDNNY DYS D2 ,9012) DPRIN NP2 XYND YTIY 70939 PT20 1POND ¥, 0D

LDPRNN NP2 RYUN NXR NODID NN MODRYN NNIWIY XTNYD ,NOY
D720 Y325 5100 INR DD XD L.PTANN NN NN XN DPTN NIDN2 NP2 2NN PONN
2VN ,9DN2 .NVLYA DPOY PIRNND) DNP2 DX TNODD ¥ NYIT MMPHD N INDN
NP2 NI2ANK WPAY ONRTD DN NIPAL P19 D19ON DMNDNON DPTNN TINY NIVWINY

MO NXR YD NORY MY DY 000997 DXPTNN SONY NXR T NNYLN NNV DPNNN
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DO ¥, DN .DMOMPN MVIN NDOOPN SYNNR NNRY DNOY DIDON MR DN

.DY2TH DIRY INNDN DINNNI DIWIRD DXTYIMIN DPRHN NP2 MNIPY DY MIND

{checklists) 21N NYYOWI NION

VN NOYI POND RO NP2 NXONMIN TITN YR PMONND W YVNAXR D720 NOVIAND ¥ 1D
MORYN DX MO21DN 21PN NNOWID NPYIIY MXDINT DI2IHD . WURID NPLIMNDT MIONRY DY
DTN ND D02 DINRYD Yo

VN2 - TN PTAn

DY DINN NHN ¥ ORN NN PN NP2 MDY NYN2NN NIY2P NN ¥ DRN .1
7091 NN’ NV 5510 MINM2NNI DD NX VN NIANN

DX 79PN PO DY THDM 2T XIN NN DO NP2 MY YN DIRN DRN .2
DRN 79799 DY NNHVURI NRY2 TITIN XN DRN ,P2THD TROWI INPRY MXIAN T2I1Y2 27710
TINRN YN DR NN NIWIN DY 1D NN

MRDINT ¥ DR WD NYYI 12 NI2TH IDIN DY NO DD 5230 NITIDN NIV ¥ DN .3
P2ATHN DRN 2NN NP YW1 DRN 7PN WIATID VDY 5D HY 1IN ¥ DRN 1NN DV
WNNYNI RN DN DIINN DD DYDY JPWIMI PRNN

70750 NVIN MNP ,NDINNN M2 DD DN NX NVINDN NP2 NN NN»P DXN 4
M2YOM DORXDNIN YTYIN DRN TN DPRNN NP2 PP N DY M2 90 DRN .5
77772 )19IN2 W2V

7MY NN NVIN 12 NIPN NNNM NINTO ,NPTN N2ANND NTYIND MTY NDMP DRN .6
NININ ORXNDND N2NN MDY NOPII DR MY DY NN MINY YN DX .7

WX NPLVPOXR MDYS MOLPIY DRN 70PN PH2 MPY NN S¥ MY DMP DXN .8
MININ NVPDNN MYAN

IWRY NN NYYY WIDMWN DRN INTIND NPTSNN DXN 7T DY12 windw YD DR .9
MMHN MNMV2 NXR 10N

DM POP 29D MNNN M 52X0 DTN DD DINYI DRN 712D ¥ ROPNN "IN .10

NN NI2TN OIIN NPIRY MPYTA NDY NIMPNN
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DOV - TIR PTIAN
MOIN OYININR DD DRN 7929010 XN 12 DIPN2 DMP NI2THN NON2A YDNY NN DD DRN .1
M902 DYINIDN NVLYAI
JPNNN DR Y7 ¥ DN NMNINHNA PYNNINRN NRM 190N DY DRI NN SYNINR DN .2
70990 M09 NINIR DY PT 29 DY Y010
72000 DOPININI NI2TNN VN IYNNIN DX .3
IR NNNH M9 MM MXNN DRN ,2PY7 IIN MDPI0N NOIRN M2 VDY ¥ DX 4
07T NN MNMNDAY NIDO NN
H2YOPON DIV DMPIND NI2TINY NVIIN PPN DNRN .5
MNPIN NOIRN M2 .DNNDD T JPNNN DY INNNN N2 NYINRN MDD 5.1
.DXNNAN NV W) WY D
NN DY XIN2D NN IPX DINDN NRNY T DMIPMND DOMYN DN MOVP 5.2
DTN M2 DMIPMND DX DAIOVPN .NDMH NIN2D DXANYND DPIN DY NIOWN YINO
W DN DINND YYN PR NVN 950 DN D9 PN DRY TD DNDPIIN DIOVPN
N
VYN ¥ 0N2 NNIPN2 MNP DOIIID MYNNINA JOND S0 MDD MNP 5.3
)TN ,DYWAY DN NIDNN ,DIPYM DONKP DY NMMIPH 10D ,JONND SN2 MY
D0
XD MTIOHNN ,0200 DM DY DY MTIOON YW NYY) DN MMPN2 5.4
20N SR NTIODHN TINKD NOVYWI NYOHWD) DY TINYWI DINRD MP1n NNND MDD
AN PTan
0NOW DOIDDN NXY DMIX MND DONDNI DX2IWNN DXPWHIN MNDD DYTII DXTAWN DXN .1
,INDTO 25200 NNNKD DN 991D IPOIN NN DY NOOMND NDYOXR NNMP DNRN .2
712 1P NN , PO TYAn DTN MMPN DN MNMIPN
DD ,NPINNXY 132 NIV ,TIOY X NYN NN :M2INM MINNON NINIPK IPMD DXN .3
2..01991010 XD 7NN ,NANYY TIDID , 00NV DXNVWN DY MY ,MP) NN ,DYTNY
DOTOPN DN DRN :M2AINN MINNON ,NDD YINY DNNNINNL DNNXIT DYTAYN DR 4

PR DXN MDY DN DIPND NOVUXR PHODY NITIDNY NMPI N2X2D DY MIYD ,MNdT MDD
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;225N NN MRDMP ,MIVP NPNDN) HYNN XN DOINN DIDDOND DIVIRY TIO MTY
207120) DI TN NPINRY
DPDRN MOYH MIND PR DXN .5
SV MM ,MapY ,DIDID MDD IV NV ,NRIN :DNDIDN MY DY DD 5.1
DONPNY DYDID
,DINPNY 7PN ,MNNIND MR ,00P ,MNN ,NYOVY :DNMDN MY DY OISO 5.2
2py
NN NOYR NS MDY ,M2PY ,NNIN INY N :DINN MDYH DY DIDD 5.3
.N2VHN
THOD ,MIPP P2 DN2N2 ,DIWN MNIPN DR :DXWIADY MIYH DY DIDD 5.4
DO YIND NWURY DIPK DD2) DXOTN YNNNRD ,NIPND
,DNOY DN 25V YD DY DN ,DIDID S DN DPIN MDY SV DD 5.5

LD250P DY WX NDIND 7V MINNA DN DY M2XDN MNDN ,DONN WX DMN

9397 PT29N YNY DY DYDON N

2PN XY IR PO NPND DN PTARN TNY DY .DOWINN DD DY T2 20 DPTAN TN
501) DN NTIZ DM DOVIN YININD R INNRMDY NNNY ,NVNVD ,NOYNY 5ONONS
YNIYNOY DN DY P72 DX DIdND NN PTANN TNY NIVN (12120 MMV SYSNNRD N
JIRD PR YN DMX IPND NIVNA DOWI MNTD ROR NN
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