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ADOPTION OF HERMETIC STORAGE FOR MILLED RICE USING VOLCANI
CUBES IN THE PHILIPPINES

CeciliaV. DeDios,
��� �

MariaFinesaA. Cosico,
�

D.D. Julian,
�

J.V. Dator,
�

Ma. Elvira M.
Martinez

�
andR.L. Tiongson

�
�
TheNationalFoodAuthority (NFA), Technology ResourceDevelopmentDepartment,Technical

Research Division,QuezonCity, Metro Manila, Philippines[*e-mail: ccm@nfa.gov.ph];
�
Bureauof

PostharvestResearch & Extension,Muñoz,NuevaEcija, Philippines

A pilot trial wasconductedon theadoptionof hermeticstorageusingVolcaniCubes

for long-term storageof milled rice at the NFA Warehousein CabanatuanCity, N.E.,
Philippines.Thestoragecubesconsistof anupperanda lower sectionof plasticsheeting
zippedtogetherto provide an hermeticseal. The objective of this trial was to evaluate
the preservation of milled rice in the cubes,without employing fumigants,in a tropical
climate. Nine stacksof milled rice importedfrom Vietnamwerekept in Volcani Cubes;
threeuntreatedcontrolstackswereusedasreference.Initial infestationwasextremelylow
dueto therecentfumigationof thetestcommodity. After 3, 6 and11monthsof continuous
storage,oxygenconcentrationsin milled rice kept in Volcani Cubesdroppedto 11.4%,
5.4%and2.7%,respectively. Thehermeticconditionssuppressedinsectdevelopmentand,
wheretheatmospherescontainedsufficiently low levelsof oxygen,mortalityof insectswas
achieved. The modifiedatmosphereswereableto retardinsectgrowth anddevelopment,
asevidencedby weak andabnormalprogeny of Rhyzoperthadominica. This is further
supportedby thedecreasein live insectcounts.Thequality of rice storedunderhermetic
conditionsin the cubesremainedhigh throughoutthe storageperiod. In contrast,the
untreatedcontrol stacksstoredin a normalwarehouseatmospherewereheavily infested
after3 monthsof storage.Between4 and6 monthsof storage,six out of the ninestacks
in VolcaniCubesshowedinsectholespresumablyinflicted by R.dominica,but damageto
thecommoditywasnegligible. Furtherrefinementsweresuggestedfor this environment-
anduser-friendly hermeticstoragetechnologyfor the quality preservation of milled rice
without theuseof fumigants,in thePhilippinesclimate.

MEASUREMENT OF DELAYED EVOLUTION OF PHOSPHINE FROM SOLID
FORMULATION THROUGH PLASTIC PACKAGING

J.vanS.Graver
�

andS.Pratt
StoredGrain Research Laboratory, CSIRO Entomology, Canberra, ACT2601,Australia [*e-mail:

jan.vansgraver@ento.csiro.au]

Phosphineproductionwasmonitoredin the laboratoryand in farm-scalesilos (15 t)
usinga technique,developedin China, for retardingthe evolution of PH� by enclosing
solid aluminiumphosphideformulationsin polyethylenebags. An apparatuscomprising
a computer-controlled sampling manifold and an electrochemicalsensorwas used to
monitor, determine,andrecordPH� concentrationscontinually. Cylindersof assayedPH�
diluted in nitrogenwereusedasstandards.In the laboratory, polyethylenebagsof known
waterpermeabilitycontainingaluminiumphosphidetablet(s)wereplacedin chambersand
exposedto a streamof humidified air (70% r.h.). The delay in PH� productionwith
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respectto unenclosedtabletswas determinedby monitoring the PH� concentrationsin
the effluentsfrom the chambers.In the silo studythe PH� levels weremonitoredin two
matchedsealablebinscontainingwheat,whichwerefumigatedwith (a) unenclosedtablets
and(b) tabletsin plasticbagsplacedin theheadspace.Theutility of the‘delayedevolution’
techniquewasconsideredin relationto theneedto prolongexposureperiodsfor effective
PH� fumigations.

MOVEMENT OF PHOSPHINE GAS IN UPRIGHT CONCRETE ELEVATORS

C. Reed
Dept.of Grain ScienceandIndustry, KansasStateUniversity, Manhattan,KS66506,USA[e-mail:

carlgs@ksu.edu]

Phosphinemonitorswith electrochemicalcellsanddata-loggerswereusedto describe
movementof PH� gasescapingfrom fumigatedgrain in uprightconcretegrainbins. The
monitorswereplacedin groundandbelow-groundworker areas,outsidetheelevator, and
at bin-top locationsto characterizePH� concentrationsin worker breathingzonesand
in air nearthe facility. A monitor suspendedfrom the bin roof recordedthe fumigant
concentrationin theair insidethebin andabovethegrain.Dataweretakenateachlocation
at 15-min intervalsduring23 separatefumigationeventsat 15 grainelevatorsin Kansas,
USA. In thehardredwinter wheatareasof theUSA, wheattypically is fumigatedasit is
movedfrom onebin to another. Mostupright,concreteelevatorbinshaveseveralunsealed
openingsator neartheroof level,30to 45m abovetheground.Usuallythefumigatedgrain
is considerablywarmerthanthemeanambienttemperature.Thepredominantdirectionof
gasmovementwasupward throughthe fumigatedgrain. PH� concentrationin the grain
over-spaceincreasedand decreaseddaily, reachingthe maximum in mid-morning and
the minimum in late evening. The patternwas consistentwith the theory that chimney
effectsproduceagenerallyupwardairflow throughthegrain,with therateof air movement
influencedby the temperaturedifferentialbetweenthe grain andthe ambientair. When
the upward air movementthroughthe grain surfaceis rapid and the wind is calm, PH�
movesinto the grainover-spacemorerapidly thanit escapesthroughroof-level openings
in the bin, creatinghigh fumigantconcentrationsin the over-spaceair. Enclosedworker
areasat thebin-top level or above weremorelikely to containPH� concentrationsgreater
thantheofficial regulatoryexposurelimits (0.3ppm)thanwereworker areasat groundor
below-groundlevels.Severalclimatic factorsin additionto thework practicesandpolicies
relatedto fumigationsafetywerefoundto affect thelevel of workerexposureto fumigant.
The potentialfor worker exposureto elevatedfumigantconcentrationswasgreatestafter
windowsin roof-level workerareashadbeenclosedfor severalhours.

INTEGRATION OF INERT DUST INTO CONTROL OF STORAGE PESTS IN
BULK GRAIN IN STORAGE IN AUSTRALIA

Sylvia Allen
StoredGrain Research Laboratory, CSIRO Entomology, Canberra, ACT 2601,Australia [e-mail:

sylvia.allen@ento.csiro.au]

In Australiaan inert dust(Dryacide) is usedto protectthe boundarylayersof grain
bulks. Both the storagestructureand the surfaceof the grain bulk can be treatedwith
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Dryacide. The type of dustapplicationvariesdependingon the primary treatmentof the
grain, aerationor fumigation. For aeration,admixtureof Dryacideto the top 0.3 m of
grain is usedto protectagainstinsectre-invasionof the grainbulk surface,andto reduce
or possiblyeliminateany existing adult population. For low-flow fumigation with PH�
(SIROFLO), a thin layer (100 g m �

�
) of Dryacideis usedandappliedby blowing dust

acrossthe surfaceof the grainbulk. The purposeof thedustlayer is to retardthe lossof
PH� to the headspace.It alsoprovidesgreaterstability in PH� concentrationsover time.
Optimal useof inert dustsdependson the goal, the physicalfactorswhich may reduce
fumigant loss,and the biological factorsthat may affect insectcontrol. Laboratoryand
field datawerepresentedto describethesefactors.

PROSPECTS OF LOW PRESSURE FOR USE IN THE DISINFESTATION OF
STORED PRODUCTS

G.N. MbataandT.W. Phillips
�

Dept.of Entomology andPlant Pathology, OklahomaStateUniversity, Stillwater, OK 74078,USA
[*e-mail: tomp@okstate.edu]

Effectsof low pressureon mortality of differentlife stagesof threestored-productin-
sects,Indianmealmoth(Plodia interpunctella),lessergrainborer(Rhyzoperthadominica),
and red flour beetle(Tribolium castaneum), were determinedin the laboratory. Insects
wereexposedto a pressureof 32.5 mm Hg at 25, 33, 37 and40

	
C. Adults of all three

specieswerevery susceptibleto low pressure,andhad100%mortality within 3 h. The
immaturestagesof thelessergrainborerweremoretolerantto low pressureandrequired
a longer exposureperiod for 100% mortality to be achieved. Exposureof eggs of the
lessergrain borer to 32.5 mm Hg for 5 daysat 25

	
C did not cause100% mortality of

eggs. All stagesof the Indianmealmothandredflour beetlewerekilled within 2 daysof
exposureto 32.5mmHg at roomtemperature.Elevatedtemperaturesreducedtheexposure
periodsrequiredto obtain100%mortality of the insects. For instance,a temperatureof
40

	
C causedl00% mortality of all stagesof Indianmealmoth within 2 h. The exposure

periodsrequiredto cause100%mortality at 32.5mm Hg andthe differenttemperatures
investigatedrangedfrom 12 to 175h for all stagesof the lessergrainborer, 2 to 28 h for
all stagesof Indianmealmoth,and3 to 28h for all stagesof theredflour beetle.Theeggs,
beingthemosttolerantstagefor all theinsectsstudied,wereinvestigatedfurtheratvarious
combinationsof pressuresandtemperatures.

SIROCIRC RECIRCULATORY PHOSPHINE FUMIGATION SYSTEMS AT
THE XIZUI GRAIN TERMINAL, DALIAN, CHINA

C. Newman,
�

G. Russell,
�

W. Shore,� D. Gock



andR. Ryan
�

�
Grain Tech SystemsPty. Ltd., Juerhutong, DongchengDistrict, Beijing, P.R.China[e-mail:

cna@public2.bta.cn];
�
StoredGrain Research Laboratory, CSIRO Entomology, Canberra, ACT

2601,Australia;
�
GasAppsAustralia, Unit 6, Sydney, NSW2148,Australia;



CYTECAustralia,

Sydney, NSW2153,Australia;
�
British OxygenCo. (BOC)GasesAustralia, Sydney, NSW2164,

Australia

SIROCIRC is a new phosphinerecirculationtechnologyfor storedgrain disinfes-
tation, developedby the CSIRO Division of Entomology, Australia. SIROCIRC is a
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developmentof thewell-provenSIROFLO technologythatusesPH� gasmixedwith CO�
[ECO� FUME] as the fumigantmedium. SIROFLO andSIROCIRC technologiesoffer
technical,environmental,entomologicalandoperationaladvantagesovertraditionaltablet-
basedfumigationmethods,by uniformly distributing andmaintaininglow concentrations
of PH� overextendedperiodsof time in storagesthatarenot gastight.This is achievedby
providing a continuousflow of gasandair into thestorage,andby maintaininga positive
pressurewithin the storage. In the caseof SIROFLO, the gas is lost throughleaks in
thestructure;with SIROCIRC,somegasis recoveredfrom theheadspaceabove thegrain
andrecirculatedbackthroughthegrain,therebyeffectingsavings in gasandreducingthe
cost.GrainTechSystemsis currentlyinstallingnineSIROCIRCsystemsat thenew Xizui
GrainTerminalnearDalianin China.Theterminalis not only thenewestgrainterminalin
the world, but alsothe largest,with a total silo storagecapacityof over 1 million tonnes.
Furthermore,the terminal incorporateswhat mustbe the largestgrain silos in the world:
a group of 20 � 30,000tonnecells. The fumigation systemsincorporateseveral new
technicalfeaturesincludingon-sitemixing of thePH� [VAPORPH� OS] andCO� gases,
andanoptionalhigh-flow, high-concentrationdelivery capability. Thepaperdescribedthe
conceptsanddesignof theXizui fumigationsystems,andillustratedtheinstallationwork
currentlyin progress.

APPLICATION OF VACUUM IN A TRANSPORTABLE SYSTEM FOR INSECT
CONTROL

S.Navarro,
��� �

J.E.Donahaye,
�

R. Dias,
�

A. Azrieli,
�

Miriam Rindner,
�

T. Phillips,
�

R.T.
Noyes,

�
P. Villers,� T. Debruin,



R. Truby

�
andR. Rodriguez

�
�
Dept.of StoredProducts,Agricultural Research Organization,TheVolcaniCenter, BetDagan

50250,Israel [*e-mail: vtshlo@netvision.net.il];
�
OklahomaStateUniversity, Stillwater, OK 74078,

USA;
�
GrainPro Inc., Concord, MA 01742,USA;



HaogenplastProjectsLtd., KibbutzHaOgen,

42880,Israel;
�
MesoamericanDevelopmentInstitute, Lowell,MA, USA

It wasdemonstratedthat the responseof insectsto low pressuresis temperature-and
moisture-dependent.At 25

	
C and 65% r.h. completemortality of insect adults was

obtainedwithin 7 h when exposedto 20 mm Hg. Trogodermagranarium larvae were
themostresistantspecies,a120-hexposurebeingnecessaryunderthesameconditions.To
control thequiescentT. granariumlarvaewithin a 72-hexposuretime, it wasnecessaryto
increasethetemperatureto 30

	
C. Theencouragingreportsled to theideaof developinga

transportablesystemto renderthetechnologyapracticaltool for thecontrolof insectpests.
Two setsof experimentswerecarriedout usinga 15-m� -capacityplasticcontainertermed
the Volcani Cube. This containerconsistsof a flexible liner and is characterizedby its
transportability. Thefirst testwascarriedout in Foxboro,MA, USA usinganoil-lubricated
vacuumpump(3 hp) to reducethepressureto 25mmHg within 25min. Thenthepressure
wasmaintainedatbetween25and29mmHg for 17days.Threesetsof bioassayreplicates
wereretrieved,on day3, 10 and17 of treatment.Completemortality of testinsectswas
observedafterthe3-dayexposureto vacuum.Thesecondtestof vacuumwascarriedout in
Israelusingasimilarsetupfor thevacuumpumpandtheVolcaniCube.Thepurposeof the
testswasto studythetechnologythatwouldcontributeto improvedperformance.Vacuum
wasmaintainedwithin 22and75 mm Hg for over25 days.
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FIELD EVALUATION OF ALUMINUM PHOSPHIDE FORMULATIONS AS A
FUMIGANT FOR THE CONTROL OF STORAGE INFESTATIONS

M.G. Andrada,
�

C.G.Alingod, M.E.S.Lim, MariaFinesaA. CosicoandMa. Elvira M.
Martinez

TheNationalFoodAuthority (NFA), Technology ResourceDevelopmentDepartment,Technical
Research Division,QuezonCity, Metro Manila 1100,Philippines[*e-mail: ccm@nfa.gov.ph]

The NFA continuouslysearchesfor alternative pesticidesthat are cost effective.
It embarked on a researchproject to evaluate other commercially available fumigant
formulationsin the market, suchasQuickphos,which is suggestedto be aseffective as
Phostoxin,which is the one currently usedby the agency for phosphineformulations.
Dataobtainedfrom ananalysisof varianceshowedthatasregardstechnicalperformance,
Quickphos,whenappliedeither in singleor doubledosage,exhibited the sameeffect as
Phostoxinin thecontrolof stored-productinsectssuchasRhyzoperthadominica,Sitophilus
spp. andTribolium castaneum,yielding 100%mortality. Regardlessof the dosageused,
gasconcentrationgeneratedby Phostoxinwassignificantlyhigherthanby Quickphos.The
gasconcentrationof adoubledoseof bothfumigantswassignificantlyhigherthanasingle
dose. The peakgasconcentrationattainedat different monitoring times did not differ
significantly betweenthe two fumigantstested. Furthermore,the interactionof dosage
and time in relation to gasconcentrationrevealeda wide variety of responses,with one
variablehaving a more pronouncedeffect than the other. Quickphosis lessexpensive
thanPhostoxin. The agency will be able to realizea substantialsavings, specificallyon
fumigation,if theformeris usedin theadministrationof pestcontrol.
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