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INTRODUCTION

In India; improper storage, rodenis, insects and
microorganisme account for 10 per cent wastage of food
graing, a quantlty good enough to feed atleast 50 million
people. The loss is not merely in qpantity but alego in
quelity of the food grains. The qualitative loss ie due o
chemical changes in proteims, carbohydrate, amino acldis,
fatby acids and vitaming vhich affeet the nutrltive wvalue |
of food grains (Pingale, 1976). The timely application of
control measures against insect infestatlon i3 a method of
preventing the huge pogt-harvest wastage of agriculturel
produce a8 well as of processed products. One of the moat
successful methods of controlling pests rapidly In stored
food shuffs is fumlgation. Amongst the various fumigants
available in Indie, hydrogen phosphide is relatively
inszpensive and a convenient fumigant for treatment of food
gralng stored in bulk or in smaller lots, The storage and
trangport cost of this Fumigent is also relatively low.

An important problem faced in funigation is that of
the residues left behind in food stuffs after fumigation.
The avallable Information in India on the residues of
phosphine in different stored materials include those in
vheat (Bruce et al., 1962; Awasthi et sl., 197%; Dhaliwal
and Ial, 1974), in vheat flour, bengal gram and ground nut



(Dhalival end Lal, 1974), in turmeric (Kavedia gt 21., 1978),
in maize (Sinha ef gl., 1979), in cowpea, moong and pea
(Singh and Srivastava, 1980) and in paddy, rice, dried
taploca chips, sweet potato, ceshewnut, turmeric and cowpea
(Mohammed, 1982). Similar studies on many more food grains
and processed food products remain to be dona,., IHence under
the present programme, studies were undertaken t0 ascertain
the extent of residues of phosphine in rice flour, wheat
flour, scmolina, meida, tea, coffee, cocoa ﬁowder, nocdles,
cattle feed, rice, dﬁal, green gram, soy beang, cumin,

garlic end pepper.vhen used ag e funlgant o control the
different peste Infesting them under storage. Studies were
also made on the bloefficacy of pﬁbsphine in controlling

the different species of insccts and the toxicity of phoaphine
to different stages of the insect pests reared on thess

commodities.

Uhen food commodities are fumigated with fumigent,
the organoleptic gualities of the products méy be affected
(Reynolds et al., 1953). Therefore orgencleptic studies were
nade to ascertain whether fumigation with phosphine affected
the taste, colour, flavour, texture, etec. of the food

products.
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REVIEW OF LITERATURE

Bioofficaey of phosphine to storage pests

Experiments conducted by Lindgren et al. (1958)
revealed that phosphine was effective as a fumigant against

Sitoohilus granaring, Trogoderma granarium, Rhyzopertha

dominica, Oryzaevhilus surinemensis and cenesd 100 per cent

nortellity of different specises of insects when used at
dosages of 4.4 mg/l to 9.8 ng/l with an exposure periocd of
24 to 96 hours ot temperatures of 50 to T0°F.

Coutinho et gl. (1961) found that aluminium phosphide
at rates of 15, 16 end 30 tablets per ton againgt Araecerus

fagelculatus infesting stored coffee, Pectinovhora

gosgyplells on stored cotton seeds, Corecyra gephalonica on
stored groundmut respectively gave complete kill of all the

stages of insects in 24 hours.

Tripls conducted to compare the efficacy of EDCT and
hydrogen phosphide at doseges of 2 1b/1000 cu.ft for two
daye and 2 tablets/ton for 7 days reaspectively against

Rhyzopertha dominica, ITribolium castancum, Oryzaephilus

surinemenoio, Latheticus orvzae and Cadwra centells in vheat

otacks of 157 tonnes, under rubberized gas-proof covers

revealed that hydrogen phosphide was more effective and gave



hundred per cent mortality of all the stages of insects at
all the levels of stacks vwhereas ‘the maximm mortallty
produced by EDCT was only 52.9 per cent (Lallan Rel gt al.,

1964).

Puzzi et al. (1966) determined the effectiveness of

phogtoxin pellets in maize grains agalnst Sltophllus oryzag
and a reduction of 97.4 per cent was recorded with 1 pellet
per 800 1b after 72 hours. Similarly 95.8 per cent reduction
in inpect population was recorded with 1 pellet per 1000 1b
in 48 hours.

Zutzhi (1966) Pound that 3 & of aluminium phosphide
per ton oz 50 £4° (1.4 mg) of wheat with 5 days exposure
period was sufficlent for effective control of insects in
vheat and confirmed that the higher doses recommended by the

manufacturers or employed clsevhere may be a wastage.

Qureshi (1967) studied the toxleity of phosphine
againgt adults of Sltophilug zecameig, Tribolium castancum

and Armecerus fagclcenlatus in caczo in steel drum with a
capacity of 44 gallons. Total mortality of adults of all
species and also full fed larvae of Plodig interpunctells
vas obtained with 1 pellet (0.6 g each) for 24 hours. Total
mortality of adults wvas also obtained with ¥2 a pellet per
drum for & hours when gas was released naturally from ¥2 and

Y4 of a pellet respectively.



Rout and Mohanty (1987) found that hydrogen phosphide
released at rates of 1.24 to 4.98 mg/l from phostoxin tablets,
in o small bin contalning rice gave complete mortality of

adults of Sitophilus oryzae caged from the surface to & depth

of 120 cm at temperatures of 28.8 to 32.2°C and moisture
content of 10 per cent within 8 hours.

Anon, {(1968) reported that fumigation of different
gtored agricultural commodities with aluminium phosphide
® 24 g/28 cu.m worth an exposure time of 7 days was found
effective and resulted in 100 per cent mortality of different
kinds of insect pests. It was also poilnted out that phosphine

- penetrates evenly and rapidly in the commodity.

Puszi et gl. (1968) recommended that 1 pellet per 4 sacs
of coffee with an exposure period of 72 hours at temperatures
up to 27°C end 1 pellet per 4 sacs with an exposure period
of 48 houré at temperatures above 27°C may be uged for the

control of Arnecerus fascleounlatus.

Experinents conducted by Esin (1968) on the possibility
of using phostexin tablets for the control of larvae and
adults of Iribolium confusum feeding on vheat~-flour revealed
that total mortality was obtained from phosphine at 1 mg/l
vhen smell bags of flour containing ingects were exposed

for 5 days in air $ight chambers.



Cornees and Adeyemi (1968) meported that an open top
steel bin containing 40 tonnes of maize heavily infested

with Sitophilus zemmais and Tribolium castaneum on fumigation

with 160 phostoxin tablets, no live examples of the insecis
found either in the immediate post fumigation samples or in
the incubated samples.

Phosphine concentrations of 1.16, 1.74, 2.33, 4.66 mz/1
killed 211 the adults of Sitophilus oryzae placed at 0, 40,

80, 120 and 140 cm from the bottom of a steel bin conntaining
rice in 24 hours. Tests against adults and eggse of Sitotroge

cerealella placed at 0, 40, 80 and 120 cm from bottom of &

colurm of rice with phosphine at concentrations of 2.35 and
3.49 mg/l revealed that all “he edults were killed in 8 hours

and eggs in 24 hours (Rout, Tripathy and Biswal, 1969).

Riley (1969) estimated the insect population in the
gtacks of cécoa before and after treatment with phostoxin
at the rate of 2.86 tablet/ton, Reduction in insect popula-
tion after treatment as indicated by sieving were 99.9 and
96.2 per cent after 2 and 48 deys respectively as indicated
trap catches were 93.9, 100 and 98.9 per cent after 2, 3.5

and 5 weeks regpectively.

Adesuyl (1969) obtained complete mortality of different

gspecles of insects (Sitophilus zeamaig, Tribolium casteneum, .




Carpophilug sp. etc.) in 10 tonnes of sllo of maize fumigated
with 5 phostoxin tablets per ton whereas the results obtained

with 4 and 3 tablets/ton were not satisfactory.

Bitran gt al. (1970) reported that in tests to determine
$he dose of phosphine to control Sitophilus zeamals Iin maize
stored in very laﬁge concrete silos, it was found that
complete control of all +the stages was obtained by using
tablets of 3 g at the rate of 0.8 to 1 / ton of maize or
pellets meighing 0.6 g at the rate of 4 to 5 / ton. A rate
of 0.6 tablet or 3 pellets / ton afforded 98.52 to 99.79

per cent control at a temperature of 28 to 31°¢,

The effectiveness of phogtozin pellets was investigated
by Ilie (1970). It was found that 5 to 6 pelliets / ton
killed all the stages of Sitophllus oxryzas after an exposurse

period of 7 deys.

Bitran ot al. (1971) suggested a rate of 5 pellets of

phostoxin / ton of maize stored in silos for the comtrol of

Sitophilus sp. and the silos to remain cloged for 5 days.

Attempts . made by Baskaran and Mookherjee (1971) on the
effect of food on the susceptlbility of Cadra cautella and

Irogoderma granarium to phosphine revealed that the products
rich in fats absorbed a great deal of the fumigant than those
with & low fat content.



Kalken and Tunca (31973) observed the effectiveness of

vhostoxin againgt various stages of Acanthoscelides obtsctus,

Sitovhilus granaring and Tribolium confusum ln bagged grain
end flour in a fumigation chamber. Complete mortality of all
the stages of the above insects was obtained at dosages of

3

seven pellets per ton or five pelleis per m~ for 72 hours.

Famigation of bagged flour with aluminium phoaphide
reliets by placing them inside or under the contalner at a
rate of 160 per 1000 cu £% killed all the stages of all the
insects within 48 and 72 hours respectively vhereas 14 and
28 pellets per 1000 eu £t killed larvas, pupae and adults
within 48 and 24 hours respectively, when the pellets were
pleced under the container (Vardell ¢t al., 1973).

Yosan and Kiper (1973) suggested to fumigate the
hazel nuts with phostoxin ® 2 tablets / m> for 72 hours
for the control of Cadra cautella and Plodia interpunctella

wnich causen economic losses.

Bitran (1974) obteined complete control of all the

otages of Araecerus fasoiculatus In coffee beans when the

Jjute bags were fumigated for 48 or T2 hours with phosphine
at 0.5 and 004 ai/m3-

It was suggoested to fumlgate at a dose of 2 pellets

of phostoxin pexr m3 for the control of the adults of



Tegioderma serricorne and Ephestla elutella feeding on
tobacco (Todorovski and Vasilev, 1975).

Currie (1975) recommended dosage of 30 tablets of

phostoxin per 28 m> for the conbrol of Lasioderma sexrricorne

a pest of tobacco in store housesa.

Barbera gt 2l. (1976) studied the relative toxicity of
phosphine to 13 different species of insects at concentra-
tions ranging from 0.013 to 2.96 mg/l with exposure periodé
of 1 to 16 days. Siltovhilus specles proved to be the most

tolerant among 2ll species tested except Trogoderma granarium

where the diapausing larvae were the most tolerant.

Baged on the resulta obtainad on the control of

Sitorhilus zeamais in stored maize it is recommended to

fumigate with phosphine at the rate of 1 g al / ton of grain
for 5 days (Bitran and Campos, 1977).

Bitran (1979) found thet phosphine at 1 g/m’ with an
gxposure period of 72 hours effectively controlled all the
stages of Sitovhilus zeamais and Sitotrogae cerealella

feeding on maize under laboratory conditions.

Webley and Harrie (1979) reported that storage pests

of sorghum and maize viz. Sitophilus oryzae and Tribolium
cagtaneum could be effectively controlled by fumigation
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with phosphine at the rate of 3 g/m’ over 4 to 5 days

exposure in well gealed stores.

Investigations with stored seeds of cowpea, phosphine
at 1.6 g/m’ killed all the stages in the life history of
Callogobruchus chinengig (Chieng et al., 1980).

Mejule and Onyuike (19680) conducted space fumigation
of & 9226 m> cocoa store with phosphine gas applied at the
rate of 0.8 g/m3. The store held 2 stacks of bagged cocoa
beans each about 1250 tommes. None of the living samples

of Ahesverus advena, Cryptolestes sp:, Necrobia rufiypes,

Lagloderma serricorne, Oryzacphilusg mecator, Tribolium

castencum and Iphestia ceutella were observed after 72 hours
of fumigation,

Rashi, XK.P., (1981) studied responses of 5 species of
adult stored product insects (Tribolium castaneum (Hbst.),

Tribolium confusum Duv., Rhizoperthe dominica (F), Sitophilus

oryzae (L) and Sitophilus granariug (L)) to various doses

of phosphine in atmospheres of air or nitrogen and found
thet inereasing the phosphine concentration resulted in
increased mortalitles of Tribolium castaneum, Tribolium

confusum end Rhyzopertha dominica.

Laboratory experimenta were carried out to determine

the effectliveness of phosphine fumigotion against been weevil
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Acanthoscelides obtectus (Say) infesting bean seeds
(Phaseolous). Application fumigation for 6 days at 0°¢

vas recommended for the complete control of A. obtectus

(Bogs, D., 1981).

Boréh, B. and Mohan, B. (1981) reported that najural

infestetion of stored rice seceds by Sltotroga cerealella
and Sitophllus oryzae could be effectively controlled by

fumigation of the seeds with phosphine produced Lfrom
eluminium phosphide (Celphos) at 56 g al/28 o,

Mohemmed (1982) reported +that out of the ten insect
pesto infesting different stored commodities, none of then
showed absolute control under the lowest dose of 1.5 gfm3
of aluminiun phosvhide. A% 3.0 gfms there was no survival in

Tribolium cagteneum, Sitotrosa gerenlella, Corcyra

cephalonica, Necrobia mufines erd Callogchruchug chinensgis.

But survivals were otill in evidence under thils dose with

the insects Sitophilus oryzae, Rhyzopertha Gominica,

Araccerus fasgeiculatus, Insgioderms serricorne and Cylas

formicarivg reduction being 95.86 %o 99.65 per cenb. Among

these five species there were no survivals under the highest
dose of 4.5 e‘/m3 of the fumigant with 21l the insecis,

excepting Cyles formiesrius which still ghowed some survivals,

the percentage reduction being 99.37 per cent only.
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Sugceptibility of different life stases of storage pests

to phosphinec.

' Iallan Ral et al.. (1963) fumigeted bulk wheat stocks
heavily infested by a wide wvariety of insect pests with
hydr&gen phosphide (Phostoxin) at dosage rates of 4, 3, 2
and 1 tablet / ton and reported that phosphine exerted a
higher degree of toxicity on hidden infestation too.

Iindgren and Vincent (1966) determinad the toxiclity of
phosphine to the different life stages of warious species of

storage insects and it was found that larvae of Trosoderma

grangrium were more resistant to phosphine than the larvae

and adults of Tribolium confugum, Sitophilus granarius and

Sitornhilng oryveae,

Howe (1973) found that the different stages of

Sitoghilus granarius were not equally sueceptible to

phosphine fumigetion. Concentration of 1 mg/l for 32 hours
or 4 mg/l for 8 hours at 25°C killed all the stages of the

ingect except pupas.

Erakay gt al. (1973) mweported thaot fumigation of
tobaceo bales with phostozin &% the mate of 3 g/m° for
72 hours was completely effective against all stages of

Lagioderma serricorne and lervae of LEphestia elutelle and
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was 92.6 per cent effectlve against eggs of E. elutells,

Ozar (1974) conducted studies on the use of phostoxin
for the.control of Cellosobruchus maculatus. The results
shoved that phostoxin at a rate of 0.3 g per 100 kg caused
a mortality of 92.6 end 100 per cent of egges eand adults
reogpectively. A dosage of 3.0 g/m3 resulted in 97.7 and
100 per cent ki1l of egge and adults respectively, whereas
a doge of 4.5 to 6.0 g/m3 gave complete mortality of all
the stages.

Shayetch (1975) found that a mortelity of 100 per cent,
97.4 per cent and 96 per cent for adults, larvae and pupas

of Sitovhllug granarius respectively when phostoxin was

used at the rate of 6 g per ton of wheat in an alr tight

sbtore house.

Bell (1976) studied the tolerance of phosphine +o
different stages of Ephestia elutella, Ephestisa kuchniells,

Bphestia cautella and Plodis interpunctella and observed

that eggs of all gpecles were highly tolerant to the
fumigant,

A study conducted by lMohemmed (1982) revealed that
' the egg was found 4c be comparatively resistant in all the
ten species of storage pests tested followed by pupae end
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larvae. The adult stage was the most susceptible showing

100 per cent mortality even at the lowes: dosage of 1.5 g/m”.

Residues of phosphine in the fumisated commoditigs.

Bruce et gi:‘(1962) reported that residues in sampies
wvore 0.017 ppm which were reduced to 0.004 ppm after turning
the graing vhen phostoxin tablets were used for the fumliga-
tion of wheat at the rate of 2 to 10 per ton.

Beratilief et al. (1965) fumigated wheat with 20 to 30
rhostoxin tablets per m3 and found that there wams no

" detectable residue in any of the samples after 8 days.

Avasthi et 2l. (1971) reported that the residues of
vhosphine in wheat were below the detectable limit on 4th
day of aeration in case of 2 and 4 tablets / ton and on
Tth day of acration in case of dosages of 6 and 8 tablets

per ton.

The groundnut fumigated with phosphine at the rate of
2.08 mg/l did not contain any residues of phosphine when
pellets were enclosed in paper envelopes (Proctor and

Ashman, 1972).

Kalkan and Tunca (1973) found that the wheat flour
fumligated with phostoxin pellets at the rate of 7 per ton
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3

or 5 per m”° for 72 hours contain residues below the

toleranoe level.

Iaboratory tests conducted by Vardell gt gl. (1973a)
showed that little or no phosphine residues persisted on
soy bean after fumigation with phosphine in chembers after

an aeration period of 24 to 48 hours.

Vardell et al. (1973b) fumigated wheat flour iﬁ
plywcod containers with phostoxin at a rate of 160 pelleis
per 1000 ft3 for 72 hours. Chemlcal analysis showed that
flour fumigated seven times dld not contain a high concentra-
tion of phosphine than flour fumigated once. The greatest

concentration found was 0,0003 ppm.

Ozar (1974) reported that fumigation of stored
leguminous seeds with 0.6 g to 3.0 g phostoxin per 100 kg

for 72 hours left no residues of phogphine in the seeds.

Phaliwal and Ial (1974) found that the residues of
phogphine in the fumignted commodities resulting from
treatmentas of 2, 4 and 8 tablets of 'Celphos? per ton fox
5 days was found to reach the tolerance level of 0.01 ppm
in 0.77, 0.29 and 1.45 days foxr wheat, 0.69, 0.77 and 1.66
deys for wheat flour, 1.68, 2.02 and 3,69 days for grain
end 1.93, 2.43 and 2.44 days for groundmut respectively.
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The bagged turmeric in a store house fumigated with

3 for 10 days

Celphos at a dosage of 140 tableis per 100 m
wag found o contain residues below detectable levels after

one day of aeration (Kavadia et al., 1978).

Estimation of wealdues of phosphine in peanuts
receiving a treatment dose of 1.12 mg/l showed that the
residues were well below the tolerance level., The peanuts
funigated twice at the pame dose contained a higher residue
lovel of 11.3 ppb (0.0113 ppm) (Leesch, 1979).

Redlinger gt gl (1979) conducted in transit fumigation
of wheat in ship with aluminium phosphide at the rate of
T.77 tablet per ms and found that resldues were well below

the established tolerance limit.

- The phosphine residues in maize resulting from
_tfeatment dosages of g and 4 tablets of aluminium phosphide
per ton were found to reach the game tolerance level of
0.01 ppm in 0.82 and 2.84 days respectively. The corres-
ponding time for the resldues to reach the level of
detectability vwes 1.96 and 4.41 days (Sinha g% al., 1979).

Singh and Srivastava (1980) reported that the residues
of phosphine in fumlgated moong, cowpea and pea reached
below the tolerance limit of 0.01 ppm in 1,63, 2.19 and
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2.51 days when celphos tablets were used at an exaggerated
dosage of 8 tablets / ton. Half a minute washing of treated

grein removed the residues welow the tolerance level.

Mohammed (1982) found that in food commodities, treated
with aluminium phoephide at 4.5 g/m3 for a period of 5 days,
the residues were below detectable levels after an aeration
period of 12 hours excepsing in cashey (0.0038 ppm) and
dried ginger (0.003 ppm). VWhen the dosage was increased to
12 g/mB, ezcept cashew (0.0129 vpm), ginger (0.0114 ppm) and
sweet potato- (0.010 ppm), in all the commodities phosphine
got dissipated below the tolerance level after an aeration

period of 12 hours.

Effect of different fumisants on the organoleptilce agualities

of treated Food commoditicg.

Cotton (1943) reported that if chloropierin 1s present
- in fumigeted flour, it may have a bad effect on the baking
quality but this effect dlsappears once the material is
fully aereted. :

Reynolds (1963) showed that the benZene hexachloride
content of peanuts generally correlated positively srith

palatability seores and the quantity of insectlcide applied.
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Flour fumigated with EDB has normal baking properties
and bread made from it had normal taste and odour (Plant and
Zelebuch, 1953).

Trials conducted by Neizert (1953), Lindgren et al.
(1958) showed that fumigation of wheat with phosphine under
nornal conditions has no adverse effect on the baking

quality of flour made from it.

Majumder et al. (1961) reported that CS, affeots the
taste of coffee when used to fumigate monsooned (high mois-

ture content) beans,

As reported by Honro (1980) breand made from flour
fumigated with excessive dosages of methyl bromide may have
a forelgn odour and if the bread is toasted an unpleasant

off-flavour may be produced.
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MATERIALS AND METHODS

Rearine of test insects:

\

The insects used for the study were Tribolium cagtancun

(Herbst), Sitophilus oryzae (Limnaeus), Corgovra cephalonics

(Stainton), Callosobzmchus chinensis (Linnaeus), Araecerus

fagoiculatus (De Geer) and Lasioderms gerricorne (Febricius).

The stored products used in these studies were wheat flour,
maida, rice flour, rice (husked), semoline (rava), nocodles,
cattle feed, gram flour, soy beans, green gram, dhal (broken

pulses), coffee, tea, cocoa powder, garlic, pepper and cumin.

The products were purchased from the local market and
were thoroughly cleaned to remove extrancous matorials. None-
infested and fresh materials were procured for rearing the
insects and for various experinents. Tribolium castaneum
was reared on seven different commodities viz. whead flour,
gemolina, maidg, grem flour, noodles, cocoza pewder and tea;

Sitophilus oryzae on rioe, cattlo feed and dhal; Arnecerus

fasciculatus on coffee, garlic and pepper; Callosobruchus

chinengis on grecn gram and soy beans; Lasioderms gerricorne

on cumin and Coreyra cephalonica on rice flour. Museum jars
(20 = 20 = 12 cm) were half filled with the commoditles and
50 insects wewe introduced into each jar. ZEach species of

inseect was introduced in separate jars and they were kept
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closed with muslin cloth hel@ with rubber bandaea, Such
gettings were done once in ten days to obiain sufficient

number of insects for the experiments.

fumicant uged for the experimend:

AMuminivm phosphide in the form of pellets each woighing
0.6 g available under the trade name 'Colphos' supplied by
M/s. Excel Industries, Bombay,‘was used for the studies. The
chemical was used at three doses viz. 1.5, 3.0 and 4,5 g/m3

with an exposure period of three days.

Funmigatorium:

A rectangular wooden funilgatorium was used for the
studies. It had a capacity of 1.2m x 0.56m X 0.6m. The
‘volume of the fumigatorium was 0.4 m’. This boxz could be
opened from the top portion. The upper 1id counld bhe held in
position for closing the fumigatorium air—tight by the help

0of 12 screws with wing nuts.

Determination of bio~efficacy of sluminium Ehoénhide on

gtoraze pests:

Infested commodities containing all the stages of insects
were thoroughly mixed. They were then divided into six equal

parts and transferred to six bags. They were tied and
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sultably labelled. From this three bags were fumigated in
the fumigatorium. Regquired quantity of aluminium phoaphide
was placed in muslin cloth bag and introduced into the
funigatorium and closed air tight, The remaining three
untreated bags airanged gimilarly in an air tight wooder box

gexrved as control. Fumigation was continued for % days.

After completion of fumigation, the bags were collected
from the Tumligatorium. The contents were aergted for 48 hours.
Counts of 8ll dead and living adults were taken and they were
removed., Tor assessing the extent of surviving infestatlon,
the funigated materlals were transferred to clean glass jars,
closed with muslin cloth, held by rubber bhands and incubated
for a period of forty to sixty days. The adults emerglng
from the surviving immature stages in each- treatments were

recorded based on the length of the life-cycle (Table 1).

Studies on the relative toxicity of zluminium phosphide %o

different stoeses of insects:

For obtaining different stages of the insects viz. egg,

larva, pupa and adults the following procedure was adopted.

Ege stage: One kilogram / 500 g of the host materisl
wes taken in clean glass jars of 20 x 15 em diameter. Hundred

inaects (adults) of each species were collected randomly from
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Table 1. TIncubation of fumigated commodlities for
the surviving life stages to complete the
development and emerge as adults.

Period of incubation
after fumigation (in days)

Ingect Product
Egg Larva Papa
L. castaneunm Vheat flour 40 1 10
Semolina 42 1 10
Cocoa 46 1 10
Tea , 47 1 10
Hoodles 46 1 9
Gram flour 41 1 10
Maida 40 1 9
8. oryzae Rice 55 23 17
Broken pulses 38 25 18
Cattle feed 39 27 18
A. fasciculatug Coffee | 50 22 17
Garlic 58 31 17
Pepper 59 3% 18
C. ghinensig Green gram 33 20 17
Soy beans ' 37 24 17
L. gerricorne Cumin 57 30 17

C. gephalonica Rice flour 50 1 18
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the stock culture and releaged o the respective host
materinle. The jars were covered with muslin cloth and
fizxed with rubber bands. The insects were allowed to
oviposit for g period of 3 days. After this period they
were removed, Only in the case of Tribolium castaneﬁm the
eggs were removed by sieving, mixed with the commodities
and then exposed to the fumigant. '

Larvee and pﬁnae: The commodities containing the egg
stagea were incubated for different days depending on the
length of 1ife cycle. The details are shovm in Table 2.
After incubation the commodities were transferred o clean
miglin bags. in the case of Tribolium castoncum the fully
developed larvae (4th instar) end the pupac and in Corcyra

cephalonica the free living larvae (4th instar) were

collected from the cultures and released into the hoot
material in clean muslin bags. They were tied, labelled
and fumigated.

Adult gtage: The free living adults of different species

of insects were collected separately from the cultures. They
were introduced into the feeding medium i1n small czges of
brass wire mesh (9 cm =z 4 em dia,) and ends covered with

muglin cloth. The adults of Coroyrs cephalonica, Callosgo-

bruchus chinensis and Araecerug fasclculatus were collected
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Table 2. Incubation period for obtalning different
life stages 6f insects for studying thelr
susceptlblility +o phosphine. -

Period after oviposition

Insect Products (in daye)
Tor larvae For pupae
S. oryzae Rice 13 19
Cattle feed 16 22
Broken pulses 15 20
A. fagelculatug  Coffee 23 %4
Garlic 25 ' 5%
Pepper 28 39
C. chinengis Greon gram i0 15
Soy beans 14 18
L. gerricorne Cumin 24 31
C. cephalonica Rice flour ——— 32
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with an asplrator. ©Such cages with the insects were
introduced into the respective host materials in clean muslin
bags and tied, labelled and arranged in the fumigatorlum.

The dlifferent stages were sxpossd to the fumigant as
already mentioned, Then, after 48 hours of meration, thoey
wore transferred to glass jars and lkept closed with muslin
cloth and incubated for varylng periods for cobserving the
adult emergence from the eggs, larvae and pupas from the
funlgated samples. In the case of adults exposed to the
fumigant the mortality counts were taken after the mocration
period.

Assegsment of rosulis:

After incubation the total number of adults emerging
from each replication wvas counted. Quick moving and swift
flying insects were anathetized with ether and counted. From
thls percentege reduction of adult emergence was calculated
by using the formula P z«ggﬁﬁ—ﬂg % 100 where P = percentage
reduction of adult emergence, MU = mean number of adult
insects emerging from the unireated control and MI = mean

nunber of adulis emerging from the treated matorisl,
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ESTIMATION OF RESIDUES OF PHOSPHINE

The colorimetric method developed by Bruce et gl. (1962)
end recormended by Joint Committee of FAQO and VHO on pestli-
cide residues was used for the. estimation of phosphine
residues in the fumigated materials.

Proparation of standard curve and regression eguation:

A gtandard solution (100 ppm) of phosphorus wag prepared
by dissolving potassium dihydrogen phosphate in clean
distilled water. This served as the stock solution which was
further diluted to gzet 2 10 ppm solution. From this aliquots
0f 0.25, 0.5, 1.0, 2.0 and 4.0 ml were pipetted out into 25 ml
volumetric flasks., To each of these solutions, 8 mi of 6 N
sulphuric acid was added followed by 2 ml of 5 per cent
ammonium molybdate and 2 ml of 0.15 per cent hydrazine
sulphate. After the addition of each reagent, the contents
of the volumetric flagks were well shaked and volumes made
up. A reagent blank was similarly‘prepared. These flasks
vere placed in a bolling water bath for about 15 minutes.
After that they were cooled to room temperature. The colour
 intensity of the phosphomolybdenum blue complex thus formed
was measured by uéing spectrophotometer at 820 n.m against

the reagent blanlk,
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A regression equation was worked out with the help of
0.D, wv2lues corresponding to each .concentration. This
equation was uged for celculating the amount‘of phogphorus
reslidnes. From thig phosphine eguivalent was obtained by
mltiplying the phosphorus content by & factor 1.097.

Preparation of standard solution of phogphine in carbon
disnlphide to be mixed with commodities for recovery siudies:

A ptandard solution of phosphine in carbon disulphide
waa'prepared. Por this aluminium phosphlde pellet was placed
in a2 100 ot flask with 19/26 outer joint. Twenty five ml of
distilled water waes added to the flask. Then distilling
type adapter with 19/26 inner joint containing a gaé disper-
gion tube was quickly inserted into the flask. The other
end of the dispersion tube was immersed in 100 ml of reagent
grade carbon disulphide ‘in a reagent hottle; The phosphine
gas evolved from aluminium phosphide was allowed to dissolve
in carbon disulphide for 2 hours. Then the evolving phos~
phine gas was oxidised with bromine; the resulting phosphoric
acid was converted to its phosphomolybdenum blue complex.

By measuring the colour intemsity of this complex spectro-
photometrically et 820 n.m. the intonsity of phosphine in
carbon disulphide was determined. The amount of phosphine
in this carbon disulphide was calculated with reference to
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the regression equation obtained from potasgium dihydrogen
phosphate. A series of dilutions were then prepared from
this concentrated solution of phosphine in carbon disulphide
and ueed for further steps of recovery test.

y = (0.098x ~ 0.0145) x 1.097

Procedure of recovery exporiment:

The recovery procedure was as follows:~ Five hundred
gram each of the commodities wag placéd in a 5 litre round-
bottomed flask with 24/40 out joint. It had an i/c joint
with an inlet 2nd delivery tube and the delivery tube was
attached to & series of scrubbers. The £lask was kept in a
water bath. A quansity of 1.5 litre of 10 per cent v/v
sulphuric acid and 1 ml of carbon disulphide solution
containing 1.0/ug of phosphine were added. The flask was
immediately connected to the serubbers each containing 7 ml
of 0.2 N potassium permenganafe and 3 ml of 5 per cent v/v
gulphuric acid. Air was bubbled through the flask contents
at the rate of 30 bubbles per minute for 30 minuies., After
this, the contents of the flask were heated for 2 hours
wvith the air-flow continuing. Tﬁe gerubbers were fhen
removed and 7 ml of 0.2 N oxalic acid added to each scrubber.
Then the‘contents were pooled into a 100 ml volumetric flask

and volume made up.
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An aliguot of 10 ml was transferred to 25 ol
volumetzic flésk; 8 ml of 6 N sulphuric acld was added
to0 this followed by 2 ml of 5 per cent ammonium molybdate
and 2 m} of 0.15 per cent hydrazine sulphate. After the
addition of each reagént, the contents of the volumetric
flasks were well shaked and made up t0 the volume. Contzrol
samples were also taken in the same way. Recovery per-
conbage was then calculated referring to ‘the regression

equation (Appendix I).

Egtimation of residues in the fumisated campleq:

The residues of phosphine in all the fumigated
commodities (wheat flour, maida, rice flour, rice, semolina,
noodles, cattle feed, gram flour, soy beans, green gran,
dhal, coffee, tea, cocoz powder, garlic, pepper and cumin)
due to treatment dose of 4.5 g/ms for 3 days were estimated
after 48 hours of aeration period. For this a quantity of
500 g of fumlgated commodity was placed in the § litre
capacity round bottom flask and phosphine content was

egtimated ag done in recovery test.
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ORGANOLEPTIC QUALITIES OF THE FUMIGATED COMMODITIES

Detailed investigations were carried out to study
the effect of phosphine on the organoleptic gualitles of
different food products fumigated with aluminium phosphlde
and the detaills of the studies are given below:

Tumigation of food materials with phosphine:

The food materials treated with the fumigant were
rice flour, wheat flour, maida, semolina, coffee, tea aﬁd
cocoa powder. Lots of 250 g each of rice flour, vheat flour,
maida and semolina and 100 g each of coffee, tea and cocoa
powder were fumigated with 3.0 g/m’ of aluminium phosphide
in the fumigatorium for a period of 3 days. An equal amount
each of the food materials placed'in another wooden box
siﬁilar to the one used as fumigatorium served as control.
Both the fumlgated and non-fumigated samples were aerated
for 48 hours for the escape of any fumes present within the
products and to bring out the off flavour of the treated
samples, 1f any. |

Assessment of organoleptlec gualities of the selected

food matefials:

To find out vhether the fumigation of the‘food materials
affeeted the organoleptic characteristiecs, different
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preparations were made with them and were evaluated for

their acceptability. As the method of cooking was one of

the factors influencing the acceptability of foods, wvarious

cooking methods such as bolling, steaming and frying were

employed to process the food materials., For coffee, tea and

cocoa only boiling method was employed. The detalls regarding

the method of cooking and the different preparationé made

using the various food materiale are prescnted in Table 3.
Table 3. Detalls of different methods of

cooking employed in processing
the different food materials.

Methods of cooking
Boiling Steaming Frying

Food materizls

Wheat flour Infant —— Chappathl

food
Malda - Pudding Pancoke
Semolina Porridge -~ Upma
Rlce flour — Kozhu- ——
katta &
Pittu

Triplicate lots of 100 g of the trented and control
samples were used to prepare the products. Only one pre-
paretlion using one food material was prepared and presented

for quallty assessment by trained judges on each dey, to
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avold fatigue and to limit sample size. The preparations
were served hot to avold change in flavour and texbure due
to cooling. The testing wes done in an ideal room condition
in the moraing between 10 and 11 A.M. being considered as
ideal time for conducting organoleptic studies as reported
by Swaminathan (1974).

Selection of judges:

The panel memberé for the orgenoleptic guality evaluation
wvere seleéted from a group of young women. Only healthy
women between the age of 20 and 50 were selected as recom=
mended by Erum (1955). Sensitivity threchold test and
triangle test vere employed to select the judges.

Threshold test was employed to judge the ablility of the
membexrs +0 recognise basié tastes and odours. Sodium chloride
gsolutions of different molar concentrations (0.0526 - 2.9225)
were used since most of the test products contained salt.
Samples were coded and the judgss were asked o write the
code numbers of solutions in increasing order of concentra-

tion and also 1o express the result in the form of scors

given below.

0 = None or tasteof pure water
? = Different from water

X =' Threshold very weak {taste ldentifiable)
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= Weak taste

1}

Medium
Strong
= Very sgtrong

ASTEEEE N B
1

= ‘Extremely strong

King (1937) had suggested that the ability to identify
the basic tastes at low concentzation is valusble in selecting

3udges.

Qonduct of triangle test:

In the triengle test, solutions of different concentra-
tions were used. In the solutions supplied to the judges two
were identical and they were agled to pick out the different

sample.

Evaluation card for Triangle Test

Name of the product: Sugar solution

Note: Two of the threec samples are ldentical. Identify
the odd sample

Table 4

_ Code No.of Code No.of
g;g.ellg:.of 1dentical odd
P samples sample

Serial ¥No.
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Boggs and Hanson (1949) has reported that the panol
should be large enough t0 counteradt unusuval variability,
or other factors which might interfere with day to doy
comparisons. However, small, highly sensitive panels would
usually glve more relimble results than large less sensitive
groups. Thue from the forty elght members who participated
in $he initie) primary threshold test, seventeen members
were selected. They were agaeln subjeeted to Triangle Test,
and eight were finally selected asg Jjudges for the present

S‘budy .

Conduct of the organolentic auslities of fumizated and

non-fumisated food sanpleps

The orgenoleptic evaluation of the fumigated and non-
fumigated samples were done using the scoring method, since
scoring tests were widely used for quality evaluation in
research and industry (Svaminathen, 1974). Amerine et gl.
(1965) had elso reported that the best use of scoring tesis

was 0 compare a control scmple and an experimental eample.

A geore cerd thus developed for the study is given
in Table 5. Hence 2 4 point scale for each of tho main
characteristics evaluated was prepared; separate score cards
were propared for different products, since the characterig-

ties varied according $0 the test vproduct. As indicated
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Teble 5. Score card for acceptability test of fumigmated

and non-fumigatoed food products

Quality
attribute

£
Scores for  —°core® for Score for

Subdivision of each sub- sample I ?ample I

Code Ko.) (Code No.)
attribute division (
attributes Stumi-  (non-fumi-

gsated) gated)

Appearance

Taste

Odour

Colour

Texture

© Very good

Very rough

Exoellent
Very good
Good
Poor

Excellent

Good
Pooxr

oL =V

Pleagant &
familior
Unpleasant &
famlliar
Unpicasgant &

unfamilisr
Not clear

TWormal cooked
colourm
Slight dis-
. eolouration
High dig-
colouration
Sovere dis-
colouration

oo

=N A

Very smooth
smooth

Rough

== VIP == ) W
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in the Table, appearance, taste, odour, colour and toxturs
were the quality attributes assessed to study the orzanoleptic
gualities of cereal products. Simllarly for beverages,
attributes such as flavour, colour, taste and clarity (body)

were taken into comsideration {(Table 6).

Table 6. Score card for acceptabllity test of fumigated
and non-fumlgated beverages (coffce, tea and
cocoa powder%a

-
Seores for Score for Score for

le T Sample II
Quality Subdivision of each sub- 5200
attribute attribute division ggggggg-) ECode No.)

non~fumi—
aettrlibutes ted) sated)

Flavour Fragrant
Pleagant
Bland
Stinking

Colour Anber red
Too dark
Dark
Light

Taste Very tasty
Tasty
Slightly astringent
Bltter

mad \VACA RS Tl AV AN VAR

Body Very cleaxr &

sparkling

Clear with no
film on the
surface

Clear with £ilm on
the surfece

Unclear

5

-
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The pancl members were trained in the special
techniques used in +testing the odoui and taste of foods;
for e.g. panel members were trained to taste coffee and
tea by slurping one teaspoonful of the ligquid and smelling
done by short, rapld sequence of short "sniffa".

Then the judges were reguested 4o score the coded
fumigated and non-fumigated samples of the same product,
one after snother, for each of its characteristics on the
4 rating points. The totml score for each product and
each sample was obtained by sumning up the scores given
for indivlidual quality attributes.
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RESULTS

Blo-efficeey of aluminium phosphide in controlling different

species of insects infesting different food commodities.

Resul+ts of studies undertaken on the bio-efficacy of
gluninium phosphide at different concentrations in controlling
different specles of insects reared on different food media

are presented below:-

Control of Tribolium caatancum.in infested products with
aluminium phosnphide.

The effect of aluminium phosphide in conirolling
T. castaneum reared on different food products et different
concentrations of phosphine gag is presented in Table 7.
At the lowest dosage of 1.5 g/m3 the percentage reduction
in survival of the ingect in treated commodities as compzred
to untreated commodities varied from 92.49 to 100. 1In tea
and cocoa powder there was cent per cent control of the
infestation, followed by gram flouz (95.17), noodles (94.71),
gsemolina (94.14), meaida (93.17) and wheat flour (92.49).
When fumigated at a dose of 3.0 g/m3 of phosphine, there was
cent pér cent control of the insect in all the commodities
due to the treatment except in semolina (99.374) wheat flour
(98.6b%) and maida (97.53%). A% the highest dose of 4.5 g/m3



Table 7. Effect of aluminium phdsphide on control of Tribolium cestencum
infesting different food commodities.

Dose 1.5 g/m3 3.0 g/m3 4.5 g/ms
Food Mean No.of edul®s po,. centy Me2n No.of adults p ., ,ons Mean No.of =2dults Por cont
products Treated Control control Treated Control control Treated Control control
thoat 6.33  92.67 92.49 1.33  95.00 98.60 0.00  93.00 100.00
ﬂow L J * * - [ ] [ ] [ [ L ]
Semolina 6.00 102.33 94.14 0.66 104.66 99,57 0.00 103.00 100.00
Cocoa
povder 0.00 65.00 100.00 0.00 66.00 100.00 0.00 66.33 100.00
Tea 0.00 62.33 100.00 0.00 64.00 100.00 0.00 63.33 $00.00
Hoodles Te33 6% .00 94 .71 0.00 68.00 100.00 0.00 65.33 100.60
Grem 4.33 89.67 95.17 0.00 92.00 100.00 0.00 91.33  100.00
Maida 7.00 93.33 9%.17 2433 94 .66 97.53 0.00 97 .00 100.00
cC.D, : Doge 0.699

Product 0.128

6E
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there was no survival of the insect in any of the stored

products.

The statistical analysis of the data showed thet the
troatments were hisghly significant. There was significant
difference among the three doses in the commodities in
general oxcept for tea and cocoa powder where all the three
doses were on per. In noodles and gram flour the doses
5.0 g/m3 and 4.5 g/mS,were on par. The effect of phosphine
on T. cagtancum reaved on different food medla was found to
vary significantly. Thus at the dose of 1.5 g/m3 the
porcentage reduotion of adult population was significantly
different in different‘commodities exgept in cocoa powder .
and tea, whore the effeet was or par giving a cent per cent
reduetion and were superior over the other products. AL
3.0 g/m3 there was significant difference between the
different commoditles giving the reduction in adult counts
differently. At the highest dose of 4.5 g/m’ all the
commoditlies responded equally to the fumigent gilving o cont

per cent conirol of the ingect.

Control of Sitophilug oryzae in stored products with
" gluminium phosphidg.

This weevil Infesting three different food materiesls
also. showed differential response %o phosphine gas (Table 8).



Table 8, Effect of aluminium phosphide on control of Sitophilus orvzae
1nfesting different food produets

Dose . 1.5 g/m 3.0 g/m3 | 4.5 gfmsi
Products Mean No.of aduits Per comt Meann Ho.o0f adults Per cent Mean No.of adults Per cent
Treated Control CORETOL Treated Control %°P¥TOL  groated  Comtrol control
Rice 10.00  144.67 95,00 1.00 149,335  99.33 0.00 142,33  100.00
Gattle ' 4.0  135.35  97.00  0.66  128.33  99.48  0.00  134.00 100.00
Dhal 4.00 3100.67 96.03 1@60 ?00;83 99-00 0.00 98.00 100.00

G.D. :  Dose 0.520
Product 0.520

87



Flg. 1 and 2 Effect of aluminium phosghida on control
of stozage pests infestivng different
food products vhen treated at different
dosages:

Fig. 1 %ribolium casicneun

Fig. 2 Sitophilus omyzac
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In rice, the percentage reduction in adult populatlion was
9%.09 compared to 97.00 per cent in cattle feed and 96.03
per cent in dhal ot the lower dose of 1.5 g/mB. At the
medium dose of 3.0 g/mg, the control percentages were 99.33,
99.48 and 99.00 respectively for the commodities., Cent

per cent conbrol was exhibited by the dose 4.5 g/m? in all
the commoditles. In the case of cattle feed, the dose

1.5 g/u’ differed significantly from the next highest two
doges, But the doges 3.0 g/m3 mnd 4.5 g/ms wrere found %o
be on par in thelr effect., In dhal the insect showed
differentiel response between the above doses giving the
percentage reduction in adult population eas 96.0%, 99.00 and
100.00 respectively all of which were found +to be signi-
ficant. However, there was slgnificant difference between
the different commodities only at the lowest dose of

1.5 g/ms. In the higher doses the response was on par.

Control of Arpecerus fescloulatus infesting different
products with aluminium phosphide.

Table 9 shows that the percentage conitrol of
A. faseciculatus with phosphine in different products
ranged from 92,07 to 100.00. In pepper, the control was
maximun (100.00) followed by garlic (95.03) and coffee
(92.07) at the lowest dose. In coffee, porcentage reduction

N\



Table 9., Effect of aluminium phosphide on conirol of Arascerus fagciculabug
infesting different food products

Dose 1.5 g/m3 ' T 3.0 g/m3 . 4.5 g/m3

Hean No.of adults Mean No.of adults p... ,ont [Mean No,of adults pon oony

Products Pertcegt Hrol control
Treated Control COWVTO freated  Control CORGT Treated  Control

Coffeo 8.3  105.00  92.07 1.00  102.67 99.03 0.00 101.33 100.00

Garlic 5.00 100.67  95.03 1,33  100.00 98.67 0,00 99.00 . 100.00

Pepper 0.00 86.35 100.00 0.00 85.67 100.00 0.00 85.67 100.00

C.D. : Dose 0.365
Product 0.365

B3 7
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in adult population was 99.03, in garlic 98.67 and in
pepper 100 per cent at the doge of 3.0 g/m3. But cent ﬁer
cent control of tﬁe peot was observed at the maximum dose
(4.5 g/m3) in 811 the commodities, From the andlysis of
the data, it waes seen that all the three doses differed.
significantly in their effect in coffee. The same response
was observed in garl;c algso. But in pepper the doses were
on par glving absolute oontrol. Comparing the different
comodities at the lowest dose the regponac was found to be
highly significant with 100 per cent control in pepper,
followed by garlic (95.03) and coffee (92.07). A% 3.0 g[m3
there vas glgnificant difference betweon the percentage
control in pepper c9mpared to garlic and coffee but between
the two commodities they were on par, At 4.5 gfms all the
' three commodities behaved in the same wey.

Control of Callosobruchug chinensis infesting different

stored pulses by phosphine Fumigation.

It could be seen from Table 10 that C. chinensis was
under absolute control in green gram and soy beans at the
highest dose (4.5 g/mB). At the loweot dose of 1.5 gﬁms
the percentage control of the inmsct was to the tune of
98.09 and 94.94 per cent in greon gram and soy'beans

'reSPeetively. Cent per cemt reduction of the pest was



Table 10. Effect of aluminium phogphide on control of Czllosobruchug chinensis
infeating different food products

Doae 1.5 g/m3 3.0 g/m’ 4.5 S/m3

Mean No.of adults DPer cent lean Np.of adults Per cent Mean Ho.of adults

Per cent

Products

Trented Control COPYTOL  mreated  Comtrol COPFPOL  nrostea  Control COMETOL

E;ES“ 18.33  362.67 94.94 4.00  366.00 98,91 0.00  365.00 100.00

Soy 3.33  174.67 98.09 0.00  173.66 100.00 0.00  173.66 100.00
c.D. : Dose 0.252

Product 0.189

S
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in evidence in soy beans at 3.0 g/ms vhere ag 1t was 98.91 in

green gmm.

Statistically green-gram showed significant differential
respongse betwveen the three doses. For soy beans the lovest dose
and the medium dose only differnd significantly where the mean
porcentage reductions of adulid foyulation were 98.09 and 100,00
reopectively. Comparing the significance in adult population in
the two products, 1t was seen that at the lower two domes, they
differed significently whereas at the highest dose they were on

pale.

Control of Lasioderma serricorne infesting cumin with
aluminivm phogphide.

The response of L., serricorne reared on cumin o phosphine
gas i glven in Tablo 11. There was 89.44 per cent reduction in
adult population at the dose 1.5 g/mB. It bocame 92.24 per cent
when the dose was increased .to 3.0 g/mg. Absolute control of the
pest was obtained only at the highest dose of 4.5 g/m>. The
anralysis of the data did not show any significance indicating

thereby that all the doses were on par.

Control of Corcyra cephelonica in rice flour with aluminium
phosphide.

Results of fumigating rice flour infested with
C. cephelonica with phosphine is glven in Table 12. It could



Table 11. Effect of zluminium yhosphide on conbtrol of Lasioderms geryicorne
infesting cumin.

Dose Te5 gfms 3.0 Q;EE 4.5 gﬁmg

Mean Fo.of adults lean Fo.of adul$s po. pent 162N Fo.of adults o . cond

Por cent
ppeated  Combrol SORFTOL  mio icd  Control COPYTOL  qnonted | Contwol CORTTOL

Product

Cumin 18.33 173.67 89.44 133 176.33 92.24 0.00 174.33 100.00

Trectments @ on-significant

Ly



Table 12. Effect of aluminium phosphide on control of Corcvra cephalonica
infesating rice flour.

Dose ! 1.5 g'/m3 3.0 g/m3 4.5 g/mj

Produch Mean No.of adults p .. oont Mean No.of-adults Per cent rean Fo.of adults ;... oong
_ Treated Control S°%P™L  grented  Comtwol POl qreated  Conmtrol °OMETOL

nree. 5.00  242.33 97.94 0,00  240.33 100.00 0.00  242.00 100.00

Treatments : Non-significant

s



Figs 3 to 5 Effect of aluminium phosphide on
control of astorage pests infesting
different food products when treated
st different dosages:

Fig. 3 Callosobruchus chinensls
Fig« 4 Iagiocderma serricorne

Fig, 5 Corcyra cephalonica




FIG.3. CALLOSOBRUCHUS CHINENSIS
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be seen that thore wmo 97.94 vper cent reduction in adult
emergence at the lowest dose., Absolute control of the pest was
obgerved when the doge was increased and the different doses

were not showing any significance

Relative toxicity of aluminium phogphide on different stases

of ingects reared on different food commodities.

Results of studies on the effect of aluminium phosphide on
different life atages of the insects reared on dlffercnt food

- products treated at different doses are presented below:-

Control of Tribolium castaneum in different food products due to

effect of phosphine on the different life stages.

Tribolium castancun reared on seven different products were
exposed to phosphine and its effect on the various life sfages

ere presented in Tables 13 to 15.

Egg stage: At the lowest dose of 1.5 gfm3, the percentage
reduction in adult ecmergence from the treated commodities .
compared to untreated commoditles varied from 78.29 to 99.29,.
The highest percentage reduction was in cocoa powder (99.29)
followed by tea (98.09), noodles (97.98), gram flour (97.02),
semolire (79.40), maida (78.62) and wheat flour (78.29). When
the dose was lncreased to 3.0 g/m3, the percentage reduction in

adult emergence varied from 97.65 to 100. At this dosage in



Table 13. Effect of different food products on susceptibility of the egg stage of
Iribolium cagtaneum to phosphine fumigation

Dose (g/m’ 1.5 3.0 4.5
Tiean 10,07 adults Percentage Mean 1l0.0f adults Percentage Mean No.of 20ULts rercentage
products emgr ine from rgdugtizn emerging from rgdug;izn emerd ne from rgﬁugﬁizn
Trea eg of adu Treate of ady Treate of a
material Control emergence material Control emergence material Control emergenca
. ‘ 78.29 97.87 100 .00
Wheat flour 26,33 123,33 (62.240) 2.35 109.66 (81.522) 0.00 110.33  (90.000)
79.40 100.00 100.00
Semolina 29.66 144.00 (63.030) 0.00 124.66 (90.000) 0.00 132.53 (90.000)
. 99.29 100.00 100.00
Cocoa pOWder 0033 46 066 (85.408) 0.00 36 -OO (90 .000) 0;00 43.00 (90 .000)
98.09 100.00 100.00
97.98 100.00 100.00
97.00 100.00 ' 100.00
ik 3 78-62 97.65 100 -00
C.D. Dose 1.0%42
Product 1.6714

(Figures within parentheses are angulsr values)

0S




Table 14. Effect of different food products on susceptibility of the larval stege
of Tribolium castaneum to phosphine fumigation.

Bsse'(g/ms

1.5 ‘ 3.0 4.5
- Tean No.0T adults Percentage Heon No.or adults Percentage Meall No.0? adults rPercentage
Products emerging from _ reduction .’ emergggg from _ reduction emeraing from _ reduction
Treate Control of adult Treate Control in adult ' Treated Control of adult
material emergence material emergence materigl enerzence
97 .59 100.00 100.00
Wnezat flour 2.?3 97.00 (81.134) 0.00 113.00. (90.000) 0.00 108.00 (90.000)
98.22 100.00 100.00
100.00 100.00 100.00
100.00 100.00 100.00
100,00 100,00 100.00
99.36 100.00 100.00
= 98.34 100.00 100.00
I@ida 2039 140.66 (82.587) 0.00 1 31 033 (90 .000) 0000 1 27 533 (90.000)
Cc.D. H Doge 0.8398

Product O 50898

(Figures within parentheses are engular values)

5
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gemoline, cocoa powder, teas, noodles and gram flour cent
per cent reductlon was seern followed by wheat flour (97.87)
and maida (97.65). At the highest dosage of 4,5 g/ms cent
per cent reduction in adult cmergence was geen in all the

commodities.

The statistical analysis of the data revealed that the
treatments were highly significant. Variation in adult
emergence for different produots was prominent at the dose
of 1.5 g/m3. There was significant difference in the adult
emorgence in the different products. Wheat flour (78.29),
semoline (79.40) and maida (78.62) were showing mindisum
reduction in adult emergence and were on par. Cocoa powder,
gram flour, noodles and tea wore elso found to he on par in
thetr effect. At the dose of 3.0 g/m° the products wheat
flour and malda were on par in their effoct differing signi-
ficantly from the other products which showed cent per cent
reduction in adult emergence. The three doses (1.5, 3.0 and
4.5 g/n’) also differed significantly in wheat flour and
malda. In the case of semolina, tea, gram flour and noodles
the treatment 3.0 g/m3 was found to be significantly superior
over the lowest dose 0f 1.5 g/m3. But 211 the treatments

were on par for cocoa povder.

Larval gtage: It could be seen from the Table 14 that

the percentage reduction in adull emergence at the lowest



a ¥ oA L [
Table 15. EIffect of different food products on susceptibility of the pupal stage
of Tribolium castaneum to phosphine fumigation.
Dose (g/mB) 1.5 3.0 4.5 ]
NMean No.of adulfs Percentage Hean No.OFf adulbte rercentage lean 10.01 adults Percentage
Products energing from redggtion emerging from re&ugtion T_emerging,from rg@ugtigm
reated of adult Treated . of adult ‘ireate of adu
material COMPTOL eporgence materiml  0MPTOl onerpence material  COPPTOL cmorgence
Vheat flonr  6.00  97.00 (3-Zhay  1.33  109.00 3o-T0. 0.0  110.66  139°90,
Semolina 4.33  90.66 (222 0.00  98.66 (39:905) 000 8733 (99:990)
Cocoa powder 0.00  43.00 1((9)3:880) 0.00  41.66 1(88:880) 0.00 42.66 1999909
Tea 0.00  35.00 (50°000y  0.00  36.33 (30:00) 0,00  35.35 (3.0
Noodles 0.3  62.66 (328, o0.00  61.66 (3990, o000 61.00 13395,
Gram flour  1.35  105.00 (@217, 0.00 104.66 139:90., 0.0 11133 133:95.,
Maide 10,33 154,00 (32:82)y  3.33  162.66 @'y  0.00 15933 139-90
¢.D, Doge 0.3469
: Product 0.9179
(Figures within parentheses are angular values)

£g -
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dose 1.5 g/m° ranged from 97.59 to 100. In cocon powder,
tea and noodles the larvae showed cent per een? mortality.
In gram flour the percentege reduction was 99.36 followed
by maida (98.34), semolina (98.22) and wheat flour (97.59).
Absolute control of the larval stages of the pest in all the

products was seen at the doses 3.0 end 4.5 g/mB.

Statistlicel analyeis of the date showed that at 1.5 g/m”
there was slgnificent difference between whoat flouw (97.59),
gemolina (98.22), malde (98.34) and grem flour (99.36). In
the case of cocoa powder, tea and noodles they wers on par in
their effect at 2ll the three doses showing cent per cent
mortality in larval stage. The doses 3.0 and 4.5 gfm3 were
found to be on par in their effect for all the products with

cent per cent reduction in adult emergence.

Fupal stage: In the case of pupal stage of T. gagieneun
(Table 15), the percentage reduction in adult emergence varied
from 9%.29 to 100 at different doses. At the lowest dose of
1.5 g/m3 there was cent per cent mortality for cocoa powder
and tea followed by noodles (99.47), egram fiour (98.73),
gemolina (95.22), wheat flour (93.81) and maida (93.29). When
the dose was increased 40 3.0 glm3 there was coent per cent
mortallty for semolina, cocoa powder, tea, noodlas‘and gram

flour, But for wheat flour and malda, the percentage



Table 16. Effect of different food products on gusceptibility of the
egz stage of Sitophilus oryzae to phosphine fumigation

Dose (g[m3) 1.5 30 4.5

Mean No.of adults Percentage Hean No.of adulbts Percentage HMean Llo.of adulis Percentage

Products ~ggeraing from  reduction __omorming from  reductlon __omerging from  reduction
Treated of adult Treated

of adult  Yreated of adul%
material  COBYTOl opengonce materiel COBYTOL onorpemce mageriml  COPPTOL ongneence
rer 73993 93016 100 .00
Cattle foed 33.33  132.33 (L4-Bley  6.35  125.66 (JE:2%,,  oc.0 12333 (35:95,
az  73.55 . 97 .76 ' 100.00 .-
Dhal 27.33  103.33  (53.315) 2.55  104.33 (31.%18) 0.00  102.35  (50.000)
C.D. : Dose 0.4632

Product 0.4632

(Figures within parcntheses are angular values)

1Y




56

reductions were 98.77 and 97.95 respectlvely. At the highest

dose cent per cent reduction was obtained.

At the lowest dose 1.5 g/mB‘except for cocom powder end
tea (100 per cent) all the other products sigrificantly
differed from each other. The dosage 3.0 g/m3 wes found to be
statistically superior to 1.5 g/m3 for wheat flour end maida.
For all the other products the 2 doses (1.5 and 3.0 g]mg) were
on par in their effect.

Adultg: The esdults reared on the different commodities
were found 4o he highly susceptible to the fumigant, producing

a cent per cent mortality oven at the lowveet dose of 1,5 g/mB.

Control of Sitophllus orvezas in different food products due

to effect of phosphine on the different life stagzes.

Effect of phosphine on the life stages of S. grnvzae
reared on the food cormodities (viz. rice, catdle foed and

dhal) is presented in Tables16 %o 18.

Eom stage: It could be observed from Table 16 that the
percentage reduction in adult emergence of §. oryzac ranged
from T3.55 to 74.81 at the lovest dose (1.5 g/m”). Comparing
the different products cnttle feed showed higher percentage
reduction (74.81) followed by rice (73.93) and dhal (73.55).



Table 17. Effect of differemt food products on susceptibility of the
larval stage of Sltophilus oryzae to phosphine fumigation

Dose (g/;35 1.5 3.0 4.5

Tican H0.0f Sauits Percentage HMean Ho.of adults Percentage Mean Ho.of adﬁitarPercentage
et __emerging from  reduction emerﬁgng from _ reduction emergine from  reduction
Produetss Treated of adult Treate of adnls ?reateg Control OF edult

material Contol emergence nmaterial Coatzol emorgence mabtorial CReTHCNCE

Rice 23.00  154.00 (G3:30g) .33 119066 (33igdsy  0.00  137.66  (g5lo00)

Gattle feed 17.33  130.33 (gg-ayey 135 121.66 (@9-30., 0.0  #11.33  |30-00.

Dhel 15.66  120.35 (3825,  0.66  111.00 (2182 o0.00  106.00 (33:0%)
CeD. 2 Dose 19,76

Product - Treatments non-significant

(Figures within parentheses are angnlar values)

LS




Table 18. Efféct of different food products on susceptlbility of the pupal stage
of Sitophilus oryzae t0 phosphine fumigation

Dose (g/m’ 1.5 %540 4.5
Hotn Ro.of aduits Porceniage Mean Ho.Of DOUlES Lerconiafgé lean No.of adults rercentage
oducks emerging from  reduction enerzing from  rednetion energing from  reduction
Pz - Treated o 0 4..n7 OF adult Treated . oo tpor. OF edult Treated Control ©Ff adult
*_ naterial gnergence nmaterial ~  emergence - material eneracnce
78.05 s 96.66 - ‘ 100.00
Cottlo reed 31.00 152,33 (Z1:58, 5535 110.00 5%y o0 12333 (90:000,
o 76 .00 _ . 9B.46 ' 160.00
Dhﬂ-l 30.:’3 125¢OD (61 .340) 1 066 109060 (82.826) 0.00 107 566 (90 .OGO)

G‘Dt H DOSG 11'97 \
Product - Treztments non-sigmmificant

{Pirmres within pzrentheses are angalar velues)

8s



Fig, 6 and T Effect of sluminium phosphide on the
' 1life stages of storage peste when
treated at 2 doange of 1.5 8/m3

Fig. 6 Iribolium castencum
Fig. 7 Sitophilus oryzae
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At 3.0 g/m3 the percentage reduction for riece, cattle feed and
dnal were 95.16, 94.96 and 97.76 respectively., Cent per cent
reduction in adult emergence was observed for all the products

at the highest dose of 4.5 g/m-.

Statistical analysis of the datae showed that at the lowest
dose of 1.5 g/m> cattle feed significantly differed from rice
and dhal, But all of them differed significantly at the dose
3.0 g/ms. The dose 4.5 g/m3 was found to he saignificantly

superior to the other %wo doses.

Terval shtage: Table 17 revealed that at the dose
1.5 g/m3 dhal showed highest percentage reduction (86.98),
Tollowed by cattle feed (B86,70) and rice (85;06). The percent-

age reduction in rice, ¢attle feed and dhal were 98.89, 98.90
and. 99.40 respectively at the dose of 3.0 g/m. At 4.5 g/m>

100 per cent reduction in adult emergence was seen.

Pupal. gtage: Increasing trend of mortality was observed

in the case of pupal stages for all the three products when the
dose was increoased f£rom 1.5 10 4.5 g/m3 (Table 18). At the
lowest dose rice showed highesf porcentage reduction (78.05)
followed by cattle feed (77.68) and dhael (76.00). At the
medium dose, the percentage reduction ranged from 96.66 to
98.46., Cent per cent mortality of pupal stage wae obtained

for all. the products at 4.5 g]ms.
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Adult giage: There vas cent per cent moritallity of
S. oryzae in all the three doses in all the thres commodities.

Control of Araccerng Pfasciculatug In different food products

due to effect of phosphine on the different life stagos.

Effect of differemt commodities viz. coffee, garlic and
pepper on the survival of different stages of A. fascloulatus
subjected vo fumigation with phosphine was studied, the

details of which are presented from Tables 19 to 21.

Ege gtage: At 1.5 g/mS dose, the mortalities obaserved
in pepper wes 99.61 per cemt, followed by garlic (96.54%) and
coffee (72.67#). Cort per cent reduction in adult emergence
was observed for garlic and pepper ab 3.0 g/m3 dose and fowx
coffee it was 90.90. Absolute reduction in adult emergence

was seen at 4.5 g/m3 dose.

Garlic end pepper were found 40 be on par in their effect
at the doses of 1.5 and 3.0 g/m’ which differed sigmificantly
from coffeec. For coffee, the dose 3.0 g/m3 vas found to be

slgnlficantly superior to 4.5 g/m3 dose in the effect.

Lanvel stagze: Garlic and pepper showed cent per cent

rortality at 1.5 g/mB' followed by coffee (92.86). At the

higher doses cent per cent reduction was observed in all the



Table 19. Effect of different food products on susceptibility of the
egz stage of Argaecerus fasciculatus %o phosphine fumigation.

e —

Dose (g/m” 1.5 3.0 4.5
- Mean No.of adults Percentage Hean NO.OL adults percentage lean 10.0f adults percentage
products emerging from  reduction emerging from  reduction emerging from _ reduction
reate Control of adult Treated Control of adult reate Control of adult
materinl emergence material emergence material emergence

- T2.67 : 90.90 100.00
Coffece 26,33 96.33 (58.434) 9.00 99.00 (72.443) 0.00 99.00 (90.000)
96.54 100.00 100.00
Garlic 3.33 96+33  (80.950) 0.00 103.00  (99.000) 0.00 108.00  (99,000)
99,61 100.00 100.00
C.D. 2 Dose 5.297

Product 5.297
(Figures within parentheses are anguler values)

19



Table 20. Effect of different food products on susceptibililty of the
larval stage of Araecerusg fagclculatus to phosphine fumigation

pose (g/n°) 1.5 3.0 4.5
- Mean No.of adults Percentage Moan N0.OT &dulbts Percentage lieen NO.OT adulis Percentage

products emerging from  reduction emerging from  reduction emerggng from  reduction
N Freated oo 4no1 of adult @rea%éﬁ of adult eate of adulf

_ material emersence raterial - COMYTOL gnoncence material COREZOL omenoernce

Gotfes 7.53  102.66 (92:5¢.,  0.00.  99.00 (33:39,, 0.0 9533 {3000,

Garlic 0.00  103.35 199:390)  0.00  104.66 (33:90.y 0.0  103.00 133:05,,

Pepper 0.0  96.66 199:30y  ©0.00  97.00 139-30, 0.0 95.66  (33:300)
C.Ds : Dose 02404

Product 0.2404
(Figures within parentheses are angular values)

a9



Teble 21. Effect of different food products on susceptibility of the pupal

stege of Araccerus fasciculntus 4o phogphine fumigation

Dose (g/mB) 1.5 ' 3.0 4.5

Ileen Ho.0f adults Percentege Meoll H0.0f aduits Percentage NMeen Ho.of adults Percentage

emermins from

reduction

Products ermerging from  reduction emergine from  reduction
Treated Conkwol of adnit reatea Control of adult 'Ireated Conmtrol of adult
material = energsence material *+ enerzence material - emerZence

- - 86.79 = - 100.00 100.00
- 98.42 ! 100.00 100.00
Garlic 1.66 105.33 (83.426) 0.00 99.66 (90 0000) 0.00 97033 (900000)
100.00 100.00 100.00
C.D, : Dose 0.476

Product 0,476
(Figures within parentheses are engular values)

£9
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three products. At the lowest dose coffee differed
slignificantly from the other two products.

Pupel gisge: The percentage reduction in adult emergence
from the pupal stage varied from 86.79 to 100 (Table 21).
Pepper gave cent por cent reduction followed by garlic (28.42)
and coffee (86.79). At the increansed doses 3.0 and 4.5 g/m’

there vas cent per cent reduction in adult emergence.

Adult etage: Cent per cent reduction in adult survival

ves obtained for all the products et all the doses.

Control. of Callosobruchus chinensis in different food

mpaterials due to effeot of phosphine on the different life

gtegen.

Different life stages of the pest reared on green gram
end soy beans responded differently to the fumigant.

Ege stage: ‘The percentage reduction in adult emergence
at the lowest dose of 1.5 gfm3 for green gram and soy bLeans
(Table 22) were 72.76 and 79.38; at 3.0 g/m® the percentage
reductions became 90.85 and 100.00 per cent respectively. AL
the highest dose of 4.5 g/ms, cent per cent mortality was
obtained for both +the products., There was significand
difference between the products at the doses 4.5 and

3.0 gf’ 3.



Table 22. EBffect of different food products on the susceptibility of the

egg stage of Callosobruchug chinensis to phosphine fumigation

Dose (g/m3 1.5 3.0 4.5
Hean No.0f 2dulfs Percentage Lean No.Of cdults Percentagze Mean No.0T adults Perceniage
Producta cnerging from  recduction emerggng from reduction energing from reduction
ITreated Contraol of adult Treate Control of adult Treated Control of adult
naterial emergence nmaterigal enercence naterial Cmeroence
Green gram 27.33  100.33 (f2:10.,  9.00 9833 (23:3y 0.0 10133 (33:90,
Soy beams 22,33  108.33 (127390,  0.00 132,335 190:90., 0.0  111.00 13339,
C.D. 3 Doge 0.59354

Product 0.4345

(Figures within parentheses are angular values)
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Teble 23. Iffect of different food products on susceptibility of the larval stage
of Czllompobruchus chinengig o phosphine fumigation.

Dose (gfmS) 1.5 3.0 4.5
Tiean No.0T adults Percentage Mean No.0l aduiis Percentage Mean N0.OT adults Percentage

Products ' emeraing from reduction emerging from reduction erer, from reduction
Treateg of adult Treated of pdnlt T g

reate of adult
naotorial Control emergence material Control emergence naterial Control cnergence
' 95.32 ‘ 100.00 100.00
Green gram 6.33 135.33 (77.695) 0.00 131.00 {90.000) 0.00 120.66 (90.000)
98.64 100,00 100.00
C.D. : Dosge 1.21¢9

Product 0.006
(Figures within parentheses are angular values)
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Table 24, Effect of different food products on susceptibility of the pupal stage
of Callosobruchus chinensis to phosphine fumigation

Dose (g/mB) 1.5

Tean lo.of adults Percencage Mean N0.01 Adults Percentage Hean 1i0.0f adults Percentage

3.0 4.5

Products emerging from  reduction emerging from  reduction emerﬁing from  reduction
Treated oo rnsq OF adult  Treated  gonimgy OF adult Yreate Control °OFf adult
material emergence material gmexgence material gmergence

= 100.00 100.00

Green gran 12.39 | 142.66 (72.849) 0.00 139066 (90¢000) 0.00 130 066 (90.000)

100.00 100.00
Soy beams . 5.66  130.33 (53°9Zqy  0.00  130.00 (gq°050) 0400 127.00  (g957500)
Dose 0.3928

Product 0.35207

(Figures within parentheses are angular values)
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Filg. 8 and 9 Effect of aluminium phosphide on the
1life stages of storage pest when treated
et e dosage of 1.5 g/m3

Fig. 8 Arsmecerus fasclculatug

Fig. 9 Callogobruchus ohincnslg
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Lorval singe: Though there was varlation in percentege
reduction (95.52 40 98.64%) of larval stage of C. chinengisg
(Teble 23) to the fumigant in green gram and soy beans, at
the lovest dose, no variation could be seen at the higher
doses of 3.0 and 4.5 g/m3, where cent per cent reduction in
adult emergence was seon. There was sismificant difference
between the products and the doses 1.5 and 3.0 g/ms. The

doses 3.0 and 4.5 g/m3 were found to be on par.,

Punal, stage: It conld be observed from Table 24 that the

percentage reductions on pupal stege of C. chinensig in green
gron and soy beans at the dose 1.5 g/m3 were 91.36 and 95.65
reapectively. The producis at the higher two doses chowed
cent per cent mortality.. Statisticel annlysis of the data
revealed that the dose 1.5 g/m3 wag slgndficantly inferior to
3.0 g/mB'for the products and there was significant difference
between the products also at 1.5 g/mg.

Adult gtage: All the three doses produced cent per cent
mortality of the adults of C. chinensis in green gram and soy

beans,

Control of Lasioderma gerrioorne in cumin due 40 effect of

phosphine on different 1life stazes.

L. serricorne was reared on cumin and the regponse of the

fumigant on the life stages of the insect was studied.



Table 25. Effect of a2luminium phosphide on the life stages of Lasioderma serricorme
reared on cumin

Dose (g/&g) 1.5 3.0 4.5

Tife Ilean N0.Of adults Percentage llean NO.or adulbs Percentage lean RO.O0f 2dults Percentage
sggggs .emerging,from reduction energine from  reduction ﬁ_ggggﬁggg_gggg__ redugtign
0 e Ireate of adult ‘Treated of adult ‘Ureate , of adu
insect _materisl Control emergence material Contzol emergence maborial Control. gmerzence
Fez 34.33  133.33 (1422, 0.35  130.00 (32:22. 0.0  137.00 (9999,
Tarva 16.00  135.33 (Zo°gnoy  0.00  110.33 193°9%s  0.00  127.33  (30:00
Pupa 21,33 122.00 (ga-3l., 0.0 123.00 139:30, 0.0 123.66  (39:50
Adnlt 0.00  100.00 (33:30)y  ©0.00  100.00 133:99),  0.00  100.00 (35:50,

C.D. : DFEog ]
Larva
Pupa 2,008
Aduls §

(Figures vithin parentheses are anguler values
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Ege gtage: Trom Table 25 it could be seen that the percent~
age reduction in adult cmorgence varied from 74.25 to 100.00 at
the 3 doses. The highest percentage reductlon was at the dose
4.5 g)ﬁ3 shoving 100.per cent mowtality. At 1.5 and 3,0 g/"m3
the percentage reductions were T4.25 and 92.05 respectively. The
three doses were found to bhe significantly different from each
other in their effect on the percentage reduction in pdult emer-

gence from the egg stage.

Larval stage: IV could be observed that the percentage

reduction in adulit emergence at 1.5 g'/m3 wvas 88,18. But at 3.0
and 4.5 g/m5 cent per cent mortallity was observed. The higher
doses were on par which varied significantly from +the lowest dose
of 1.5 g/ms.

Punal gtage: Percentage reduction in pupal stege of
L. gerricorne at the lowest doge of 1.5 g/m3 was 82.51. Cent per
cent mortelity was obtained at the higher doses of 3.0 and
4.5 gjm3. The dose of 1.5 g/m3 was found %0 be significantly
Inforior to the higher doses.

Adult stage: Absolute reduction was observed at the three

doses of 1.5, 3.0 and 4.5 g/m3 vhen the adults were exposed %o
phosphine,

Control of Coxceyrs cephalonica in rice flour due to effect of

phosphine on different life stages.

The insect reared on rice flour was used for gbudying the
effect of the fumigant on different life stages of the insect
(Table 26).



Table 26. Effect of aluminium phosphide on the life stages of Corcyra cephalonics
reaved on rice flour. ,

Dose (g/m’ 1.5 3.0 4.5
Tafe Mean No.of adults Percentage Mean Wo.0T adults rercentage lcan No.0r adults Percentago
sga%gs 7 emirgigg fTrom rgdugﬁion energsing from  reduction gnerging ITrom redugﬁion
o e Treate of adult Tieateﬁ of adult reated of aduls
ingect material Confrol energence  matericl Control cnergence materisl Contzol Gmermenco
- . 88,59 - 08.%2 100.00
100.00 L 100.00 ' 100 .00
Tarve . 0.00 B86.00 (90.000) 0.00 84..66 (90.000) 0.00 121.66 (90.000)
90.09 100.00 ' 100,00
100.00 100.00 100.00
Aduld 0.00 80.00 (90.000) 0.00 80.00 (90.000) 0.00 80.90 (90.000)

C.De : Egg {
Larva

Papa 04417
Adult §

(Figures within parenthesis are angular values)

TL
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Beg stage: The percéntage reduction in the adult

emergence of C. cephelonica at the lowest dosage of 1.5 g/m3

vas 88.59. It became 98,32 when the dose was inereased to
3.0 g/mS. Cent per cent reduction was obtalned at the highest
dose of 4.5 g/m3.

Larvael stacre: For the larval stage, all the three doses

of 1.5, 3.0 and 4.5 g/m3 were found to be on par showlng cent

per cent mortality.

Pupal stama: It could be observed that the percentage

reducticon at the dose of 1.5 g/ms was 90.09 with a cent per
cont reduction in 3.0 and 4.5 g/m’ vhich differed slemificantly

from the lowest dose in thelr response,.

Adult stage: Cent per cent mortaliity was observed for
the adults of C. z2ephelonica at 2ll the three doses.

Hesidues of phogphine in different food commodities fumigated

vith gluminium phosphide.

Phosphine residues were estimated in the commodities
funizoted with aluminium phosphide at the highest dose of
4.5 g/m3 exposed FTor 3 days and aerated for 48 hours. The
amount of regidues in the commodities were estimated from the
regression equation y = (0.098z ~ 0.0145) x 1.097. The
sensitivity of the minimum level of detectabllity of
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phosphine was found to be 0.0017 ppm. The dzta presented in
Table 27 reveal that in semolina and noodles, the residuses were
below detectable levels. In wheat flour, maida and rice floux
the residues of phosphine were 0.0031, 0.0026 and 0.0029 ppm.

Table 27. Residues of phosphine in different food
oommoditigs fumigated wvith alumininm phosphide

@ 4.5 g/m’ for a period of 3 days and aerated
for 48 hours

Commodity Phosphine residue (ppm)
Semolina BDL

Noodles BDL

Maida ' 0.0026

Rice flour . 0.,0029

Wheat flour 0.0031

Cattle feed 0.0032

Rice 0.0034

Thel 0.0042

Green gram . 0.0049

Gran flour 0.0053

Soy bean ‘ 0.0059

Tea . 0.0072

Coffee 0.0079

Cocoa powder 0.008]

Cumin 0.0082

Garlic 0,0089

Pepper 0.0091

The residues to the extent of 0.0032 ppm in cattle feed and
0.0034 in rice could be tetected., Higher residues could be
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racorded on soy bean (0.0059 ppm), gram fiocur (0.0053 ppm),
green gram (0.,0049 ppm) and dhal (0.0042 ppm). In the
beverages cocoa pdwder. tea and coffee a slightly higher .
rogidues could be detected viz, 0.0081, 0.0072 and 0.0079 ppm
regpectively. Bub the maximum residues were seen on the
spices, pepper {0.0091 ppm), garlic (0.0089 ppm) and

curdn (0,0082 ppm).

IV Effect of vhosvhine fumisation on organoleptic aualities
of food products.

The general acceptebllity of the different fcood materials
funigoted with aluminium phosphide in comparison $0 non-
fumigated materials are given in Tables 28 to 32,

Teble 28. Genoral acceptebility of the preparations

of wheat flour under fumigated and non-
fumigated conditions

Acceptability score
Hethods of processing

Funigated Hon-fumlgated
Boiling (Infant food) 83.0 84.5
Frying (Chappathi) 93.0 94..5

In the case of vheat flour, (Table 28) in the bolled pre-
paration (infent food)the varietion in acceptability score wes
83.0 for fumigated and 84.5 for non~-fumigated; for the fried
preparation it was 93.0 and 94.5 respectively.
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Table 29, General acceptability of the preparations of
semolina under fumigated and non-Iumlgated
condlitions,. ,

Acceptability score
Fumigated Non-fumilgated

Methods of processing

Boiling (Porridge) 100.0 100.5'
Frying (Upna) . 108.5 110.0

For semolina (Table 29) in boilled preparation the scores
wvere 100.0 and 100.5 for fumlgated and non-funigated samples
and in the fried preparation the scores for fumigated and
non-fumlgated were 108.5 and 110.0 respectively.

Table 3Q0. Goneral acceptability of the preperations

of rice flour under fumigated and non-fumlgated
conditions

Acceptablility score
Funlgated Non-fumigmted

Methods of processing

Steaming (Putitu) 99.5 97.0
Steaming (Fozhukkatta) 106.5 107.5

In the case of rice flour the acceptabllity scorea for
the steamed produects (Puttu and Kochukkatin) ﬁere 99.5 and
106.5 for the fumigonted and 97.0 and 107.5 for non-fumigated
ones respectively (Table 30).
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Table 31, General acceptability of the preparations
of maida under funigated and non-fumigated
conditlons

Acceptability score
Fanigated  Ron-fumigated

Methods of processing

Steaming (Pudding) 91.0 91.5
Frying (Pancake) 111.0 111.5

In maida the score for the funignted steamed product viz.
pudding was 91.0 vhereas it was 91.5 for éon—fumigated'broduct;
in the fried preparation (pancake) the scores were 111.0 and
111.5 for the fumigated and non~fumigated products respectively
(Table 31).

T=ble 32, General acceptability of boeverages under
fumigated and non-fumigated conditions

Acceptabllity escore
Fumigated  HNon-fumignted

Method of processing

Boiling
Coffee 94.0 95.0
Ten 94.0 97.0
Cocoa powder ) 87.0 83,0

The acceptablllity score for the beverages viz. coffee, tea
end cocoa powder given in Table 32 revesled that for fumigated
coffee it was 94.0 and for non-fumigated 95.0. In %ea and
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cocon powder the accepbability seores for the fumlgated
products were 94.0 and 87.0 and for non-fumigated producte
they were 97.0 arnd 88,0 rospectively.



DISCUSSION



DISCUSSION

Fuamigation with phosphine using aluminium phosphide
has been recognized as a safe and casy method in the storage,
for controlling insects not only of agricultura; products
like cereals, pulses and spices but also of the various
processed products. Before recommending phoophine fumiga~
tion 1t ie necessary to examine the method from the wvarious
relevent angles. The present work has such a theme and
covers various stored products and thelr insect pests. The
factors studied were bilo-efficacy of the fumigant in con-
trolling the pests in various food products, the relative
gusceptibllity of the different stages of the lusects reared
in different commodities to toxicity of the fumigent,
reslidues left in the products after fumigation and effect of
fumigation on the organoleptlc quaelities of the materials.

Ag rogards the bio~efficacy of the fumigant in
controlling the infestation in the different producte, a
dose of 3.0 g/m3 wes found sufficient for getting effective
control of the pests. The efficacy of the fumlgant 4o the
ingect in diffgrenﬁ products showved variations. Mortality
of T, castaneun at the dose of 3.0 g/m3 varied from 97.53
to 100.00 per cent in the seven products tried, of S. oryzae
from 99.00 to 99.48 per cent in three producte of
A. fageiculatug from 98.67 to 100.00 per cent in three
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products and of C. chinensis from 98.91 to 100.00 per cent
in two commodities. In C. cephaloniea also 100 per cent
mortality was observed at 3 g/m3 but in L. gerricorne reared
on cumin only 92.24 per cent moxtality was obse;ved at this

dose.’

A comparative assgssment of the percentage control of
she differecnt species of insects showed that the toxicity
wvas 0 a great extent deﬁending upon the foq@ medla in which
‘the insects were reared and also on the dosage of the
fumigant. The variation in the degree of susceptibility of
the different species could be due %o the nutrlitional status
of the different medis on which they were reared. That the
susceptibility of insects to insgeticidé toxicity is sube
gtantially influenced by variations in their food, has been
reported by wvarious workers like Devaraj Urs ond Mookherjee
(1967), Rattan Dal and Attri (1967), Baskaran and Mookherjee
(1971) and Murthy and Srivastave (1971).

Results of the studies have also indicated that the
different stages of the insects responded differently +to
the toxicity of the fumigant, the adults invariably being
the most suscep%ible in all the species under study, this
being so even at the loweét dose-of 1.5 g/m3 of the fumi-
gant. The other life sbages viz. egg, lerva and pupa were
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less susceptible, the egge being least susceptible, the
larvae belng most susceptible and pﬁpae were of intermedlate
susceptibility. Varying susceptibility of different life
stages of insects might be due to variation in the uptake
of the fumigant es suggested by Bond (1980). He observed
thet mature larvae and adults absorbed 2 to 3 times as much
phosphine as pupae at all concentrations tested and morta-
1lities were appreclably higher in the former sfages.

Sun (1947) reported that insects in inamctive stages were
ralatively resistant to the effect of the fumigant becouse
of the reduction in the respiratory activity. Vincent and
Lindgren (1972), Barbera et gl. (1976) ané Bell (1976) also
reported similar findings.

With a'view to understanding how the susceptibility of
the life stageso of the inseccts to phosphine is related %o
the overall control of insect infestation in the different
Tood medis & comparison of the relevant data at the dose
1.5 g/m3 wvag made. The lowest dose of 1.5 gfm3 was gelected
for this comparative study since the effect of different
products as well as of different stages of the insects was

clearly differentiated at this dose only.

In the case of T« cestancum least control of the pest
wag in evidence in wheat flour and maide (Table 7). Corres-
porndingly low toxicity of the fumigent wvas seen in ege,
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larvae and pupae reared on these two commoditiea.,.cnlthe
highest level of blo-e¢fficacy alsgo the simllar relatidns
were observed. Thus vhen control of the insect infestation
was absolute in cocoa powder end tea, the mortalities of

the eggs, larvae and pupae also were highest in these
products, the overall picture in this case was that as the
control of T. castoaneum infesting seven products varled from
92.49 to 100 per cent, the mortalit& of thoe ezgs varied from
78.29 t0 99.29, of larvae from 97.59 to 100.00‘and of pupae
from 93.29 to 100.00 per cent (Tables 13 to 15).

.Reduced mortality observed in wheat flour and malda
may be welated to such factors as high fat / water or higher
surface area vhich favour adsorption of phosphine by the
fumigated food stuffs as mentioned by Kroller (1968). In
the case of the two beverages,-cocqa powvder and tea, cent
per cent control was observed even at the lowest dose of
1.5 g/m3 which was in accordance.with.the results obtained
by Qureshl (1967) and Mejule and Onyuike (1980) who observed
100 pei cent mortallty of the insects even at a lower dose
of 0,6 g/mB, The intermediary control of 2. castaneum in
gemolina apd noodles may be due to the reduced surface area
of the commodities and easy’penetraﬁion of the gas resulting
in more mortality of the insects. In the case of gram flour
the binding of phosphine by the proteln content of the
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commodity may be the meason for not getting 100 per cent
mortality as reporied by Dhaliwal and Rattan Lal‘(1974).

Vith 8. oryzas similar relations as observed with
L, castaneum in different products were seen. Thus, as
control of the infestation by the insect in the three
products varied from 93.09 to 97.00 per oent (Table 8)
there was corresponding variation of 73.55 to 74.81 per cent
mozrtality in eggs (Table 16), 85.06 to 86.98 per cent moxz-
tality in larvae (Table 17) and 76.00 %o 78.05 per cent in
pupae. In the case of pu@ae; however, the highest morinlity
(78.05%) was seen in rice in which the infestation control
was the least (93.09%) (Table 18).

The control of infestation hy A. fascilculabuag In Shion

vag positively correlated with susceptibility of the life
stages of phosphine fumigation. Thus as infestation control
varied from 92.07 to 100.00 per cent in three materials
(T2ble 9) the corresponding variation in susceptiblility %o
the fumlgent were T2.67 t0 99.61 per cent in ezg, 92.86 to
100.00 per cent in larvae and 86,79 to 100.00 per cent in
pupae (Tables 19 H0 21). Similer positive correlations were

in evidence with (. chinensisg also on two pulses (Table 10).

The residue data (Table 27) of phosphine estimnted from
the different food commodities fumigated with eluminium vhog-
phide at 4.5 g/m3 for a period of 3 days revealed that the
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regidues were below the tolerance limit of 0.01 ppm in gll
the commoditles., The residues were bhelow detectable limlt
in semolina and noodles. The lowest range of residues were
seen in meida, rice flour and wheat flour (0.0026 ~ 0.0031 ppm)
followed by cattle feed and rice (0.0032 and 0.003%4 ppmn).
Similar results were obtained by Kelkan and Tunca (1973) and
Vardell et al. (1973) for wheat flour. In soya bean, gram
flour, green gram and dhal, the residue level was slightly
higher to the tune of 0.0042 to 0.0059 ppm. The reason for
the more residues in these commoditles might be due to the
protein content of the commodity as the substrates rich in
protein are knownto have greater affinity for phosphine than
those low in protein content as explained ﬁy Dhalival and
Rattan Tal (1974).

In the beverages the residues were found to vary from
0.0072 to 0.0081 ppm. Similar findings are reported by
Sullivan and Murphy (1966) for cocoa and coffee beans and
Mohammed (1982) for tea.

Mexlmum residues vgere detected in the spices to the
tune of 0.0082 to 0.009%1 ppm. This may be due +to the
presence of oleoresins and similar components in these

spices.
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In general the differential level of residues of
phosphine in these comﬁodities may he attributed to the
chemical composition of the commodities like protein (grams),
oleoresins (spices), alkaloids (beverages) and fat. The
adsorption of phosphine with protein and mineral components
of the subsirates have been investigated by Berck (1968)
and adsorption by moipture and fat contents in the food
materials by Kroller (1968).

The effect of fumligation with phosphine on the organo-
leptic quelities of the food préducts was assessed by testing
the general acceptability of the different food materials:
fumigated in comperison to non-fumigated. As evidenced by
the acceptability score,  there was no ﬁerceptible difference
emong the boiled and fried preparatlons of wheat flour and
semolinz, fumigated or non—fumiéated (Tables 28 and 29).
Similerly in the case of rice flour the preparations made
by steaming and in maida by steaming and frying, the dif-
ference in the acceptability score was quite negligible.

Eyven in the case of all beverages a similer trend was seen.
Observations made by Nelzert (1953) and Dindgren et gl.(1958)
showed that fumigation of wheat with phosphine under normal
conditions had no édverse effect on the baking guality of
the flour made from it. Thus it can be concluded that under
the recommended doges phosphine does not affect the drgano-

leptie qualities of the food commodities.



85

Thus 1% can be conclusively stated that aluminium
phosphide which has gained worldwide acceptaﬂce as a
source of phosphine for effective fumigation of cereals,
grains, pulses and other egricultural commodities can be
safely recommended for fumigation against the storage pests.
The results uniformly indicating negligible residues below
the tolerant limit of 0.01 ppm in the fumigated materlals
indicate the suitability of phosphine as a fumigant for
control of pests of processed foods and feeds as well as

aE?in raw agricultural commodities.



SUMMARY



SUMMARY

The blo-efficacy of aluminium phosphide in controlling
' the different species of insects infesting stored wheat flour,
maida, rice flour, rice, semolina, noodles, cattle feed,
gran flour, eoy beans, green gram, dhal, coffee, tem, cocoa
powder, garlic, pepper and cumin was determined vhen used
at 3 doses of 1.5, 3.0 and 4.5 g]mS. Aftor fumigation for
3 days thg treated commodlities were incubated for perloda
depending upon the life cycle of the various insects. Out
of the three doses tried the middle dose of 3.0 g/ﬂ3 wa.s
found to be adequate for the effective control of the pests.
It was fcgnd that foxicity of the fumigant wms %0 a certaln
extent affected by the food medla in which the insects were

reared.,

"The relative suscepfibility of different stages of
ingects to aluminium phosphide in different commodities at
doges of 1.5, 3.0 and 4.5 g/m3 with an exposure perlod
of 3 dayn was also studled. Resultes of the studies have
revealed that the different stages of the insects responded
differently to the toxiclty of the fuﬁigant. The adults
of 21l the species of insects in all the products were
highly susceptible and ‘there was cent per cent mortality
even at the lowest dose of 1.5 gfm3 of the fumigant.
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The other life gtages, ezg, lérva and pupa gshowed lower
susceptibility &han the pdults, the egg showing the least
susceptibility foilowed by pupse and larvae in that-order.
Depending upon the stage, the dose required for the complete
control of the pests was also found 4o vary. The high dose
was neceasary for the elimination of the egg stage and at
these higher doses the other life stages of the inseets in
all the commodities had shown complete morta;ity. The
percentage control of T« cagtoneum infesting seven food
commodities varied from 92.49 to 100.00; the mortality of
the egg ranged fyom 78.29 to 99.29 per cent, of lervae from
97.59 to 100.00 and of pupae £rom 93.29 to 100.00 per cent
at the dose of 1.5 g/mB. Same response was observed for

B. oryzze in threee different products; the control of
infestation of the iasect in three products ranged from
9%.09 to 97.00 per cent. In egg stage, the variation in
moxrtality was from T73.55 to 74.8t1 per cent, for larvae

85.06 to 86.98 per cent and for pupae from T6.00 to 78.05
per cent at the lowest dose of 1.5 g/m3. Sinilar results
were obtained for A. fasciculatus in three products in which

the percentage control varied from 92.07 to 100.00 per cent
at the dose of 1.5 g/m’, In Callogobruchus chinensis in

pulses, forcyra cephalonica in rice flour end Iacioderms

serricorne in cumin also egg stage was the most resistant.



88

The residues of phosphine in the commodities due to
fumigation with eluminium phosphide at the dose of 4.5 g/m3
with an exposure period of 3 days vere estimated after en
aeration period of 48 hours, by colorimetric method. The
rosgldues were below detectable level in semoline and noodles.
The residues of phosphine in wheat flour, maide and rice
flour were 0.0031, 0.0026 and 0.0029 ppm respectively. In
cattle feed and rice the residues were 0.0032 and 0.00%4 ppm.
Migher residues could be obsgerved in soy bean (0.0059 ppm),
gram flour (0.0053 ppm), green gram (0,0049 ppm) and dhal
{0.0042 ppm). In the beverages coffee, tea and cocoa the
residues were 0.0079, 0.0072 and 0.0081 ppm respectively.

The highest residues were in the spices, pepper (0.0091 ppm),
garlic (0,0089 ppm) and cumin (0.0082 ppm). '

Orgenoleptic studies were made 4o find out whether
fumigation with phosphine affected the taste, colour,
aeppeerance, texture, {lavour, etc. of the food products.
Based on acceptability score, it was concluded that there
was no perceptible difference among the boiled and fried
preparations of wheat flour and semolino between fumignted
and non-fumigated materials. In rice flour (steaming),
palda (steaming and frying) and beverages (boiling) also

gimllar results were obtained.
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Appendix I,

Recovery percentage of fortified samples of
different commodities treated with sluminium

phogphide.

~ Sample Recovery %
Semolina 83.T1
Hoodles ‘ 81.45
Maida _ 83.72
Rice flourx 86.20
WVheat flour 83.T1
Cattle feed T76.24
Rice 83.64
Dhal 8t .45
Green gram 78.29
Gram flour 79.62
Soy bean 76.35
Tea 78.08
Coffee T1.74
Cocoa powder 74.08
Cumin 78.62
Garlic 73.53

Pepper 74.08



APPENDIX 11

Abpbracts of the analysis of variance on the effect of

gluminium phosphide on control of stora
different food products (Tables 7 to 12

ﬁe pests infesting

Table 7. Effect of aluminium phosphide on the
control of Tribolium castaneum
Source 8r Mean S8
Dose 2 112.040%#
Product . 6 14.718%#
Error 42 1.247

foble 8., Effect of aluminium phosphide on the
control of Sitophilus oryzae

Source ar Mean 83
Dose 2 55 .630%#
Product 2 4.2350%
DxP 4 4.201
Errox i8 0.276
Table 9. Effect of aluminium phosphide on the
control of Araecerus fasciculabuas
Source af Mean 853
Dose 2 46.750%
Product 2 {7.025#
Dz P 4 11.185
Error 18 0.5994

Table 10, Effect of aluminium phosphide on the
control of Callosobmichus chinoensis

Scuree Qg
Dose 2
Product 1
Dx?P 2
Error 12

Meon S8

21.030%%
84990 %%
J«840%%
0.0339



APPENDIX II (Contd.)

Table 1%1. IEffect of aluminjum phosphide on
the control of Tosioderma serricorne

on cumin
Souxrce af Heen S8
Doge 2 0,156
Error 6 34.718

Table 12, ZEffect of aluminium phosphide on
the control of Corcyrz cephalonica
on rice flour

Source af Hean S8
Doge 2 0.056
Error 6 1.456

* Significant at 5% level
*% Sionificant at 1% level



APPENDIX III

Abptractes of analysis of variaence on the effect of differemt
food products on susceptibility of different sitages of
Tribolium castaneum to phosphine fumigation (Tables 13 %o 15).

Table 1%. Bffect on the susceptibility of the

ecg stage
Source as Neen 85
Doge 2 1499.140%%
Product 6 229 ,535%%
Dx P 12 113.009%#
Error 42 3.143

Table 14. Effeot on the susceptibllity of the

larval siage
Source af IMean S3
Dose 2 132.245*
Product 6 14.143*%
Dx P 12 14.147
Error 42 157 .470
Table 15. Effect on the susceptibility of the
' pupal stage
Source ar Mean SS
Dose 2 263 .845%%
Product 6 100.588#%
Dx P 12 43 0405**
Error 42 0.51 6

* Bignificent at 5% level
#% Significant at 14 level



APPENDIX IV

Abstracts of analysis of variance on the affect of
differont food products on susceptibility of different
stages of Sitophilus oryzee to phosphine fumigation
(Table 16 to ig).

* Table 16, Effect on the susceptibility of the

oz otage
Source af Mean SS
Doge 2 2129 ,150%%*
Proquel 2 97 «5ECH
Dx P L 12.750
Error 18 0.219

Table 17. Effect on the susceptibility of the

larval stage
Source af Mean S8
Doge 2 1159.870%%
Product 2 4.055
Dx?P -4 1.910
Error i8 $98.460
Table {8, Effect on the susceptibility of the
pupal stage
Souxce &z Hean 88
Dose 2 1942.520%*
Product 2 25400
Dx P 4 28,670
Error 18 146.270

* Significant at 5% level
®# §ismificant at 1% level



APPENDIX V

Abstracts of analysis of wveriance on the ceffect of
different food products on the susceptibility of differcnt:
gtages of Araecerus faseciculatve to phosphine fumigation

(Table 19 %o 21).
Table 19, Effect on the susceptibility of the

egg stage
Source af Mean S5
Doge 2 652,17#%*
Product 2 53041 7%%
Dx?P 4 T33.25%%
Trror 18 31.57

Table 20. BEffect on the susceptibility of the

larval stage
Source ar Mean 55
Dose 2 80.320%
Product 2 80.320%
. Dx? 4 80.245%
18 0,059

Error

Table 21, Effect on the susceptibdility of the

pupal stage
dJource af HMean S8
Dogse 2 261 .455%#
Product 2 112.150%
DzP 4 112.150%*
Leror 18 0.232

* Significant at 5% level
** Sigmificant at 19 level



APPENDIY VI

Abstracts of anslysis of variance on the effect of
dirferent food products on the susceptlbility of
alfferent stages of Callosobruchus chinengls %o
phosphine fumigation™ (lables 22 to 24).

Table 22, Effect on the susceptibility of
the egg stage

Source ag Mean S8

Dose 2 1354.415%*
Product 1 236 .320%%
Dx? 2 127.220%*
Erzor t2 0.2225

Table 25, Iffect on the susceptibility of
the larval atage

Souzce art Iican 53
Dose -2 1691 40%%
Product | 8-53*
D=x?P 2 8&525
Exrror 12 1386.89

Table 24. Effect on the susceptibility of
: the pupel stage

Souzrce af HYean 89
Dose 2 424 ,18%#
Product 1 13.075%
Dz P 2 13,075%
Ezror iz

0.0975

* Significant at 5% level
®¥% Bignificant at 1% level



APPENDIX VII

Abstract of anmlysis of vawiance on the effect of
alunmlnium phosphide on the life stages of ILasioderma
gerricorno reared on cumin :

Teble 25. Effect on the life stages of
Leagioderma serricorne

Jource ar Mean 83
Bgp 3 112.036%*
Larva 3 131 .918#*%
Pupa 3 127.750%*
Adult 3 122,826%*
Stages 3 12.003%
Frror 56" 6.05%

* Significent at 5% level
®#* Qignificant at 1% level



APPERDIX VIII

Abstract of analysils of wvarlance on the effect of
aluniniun phosphide on the life sbages of Corgyra
cephalonloa reared on rice flour '

Table 26. Effect on the life stages of
Coroyra cephalonica

Scurce az Mesn 8§
Ezg 3 139.186%%
Larve 3 120.631 %%
Pupa 3 135.057 #=#
Adult 3 104 .5854#%
Stages 3 12.246

Ernror 56 0,499

* Significant at 5% level
#* Siemificant at 1% level
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ABSTRACT

Invectigations were carried out o determine the
blo-efficacy of fumigation with aluminium phosphide in
controlling different species of insects feeding'on atored
wheat flour, maida, rice flour, rice, semolinsg, noodles,
cattle feed, gram flour, 8soy beans, green gram, dhal,
coffee, tea, cocoa powder, garlic, pepper and cumin under
laboratory conditions at the doses 1.5, 5.0 and 4.5 'g/m"
with an exposure period of 3 days. Studies revealed that
the dose of 3.0 g/m3 vas suitable for effective control
of the pesté and that the toxleity of the fumigant depended

upon the media in which the Insects were reared.

Studles conﬂucteﬁ on the relative susceptibility of
different stages of insects feeding on different‘food
commoditles at the 3 doses revealed that adult stage was
highly susceptible showing cent per cent mortality even
at the lowest dose of 1.5 g/ms. The egg stage of all the
gpecies in ell the commodities was relatively resistant
to the fumigant followed by pupae, larvee and adults in
that descending order, . The dose required for the elimino-
tlon of the different 1life stages of different insects in
different commodities varled depending upon tﬁe stage.

Thus the percentage control of T. casteneum infesting



seven food commodities varied from 92.49 to 100.C0 per cenb;
the percentage mortality of the egg ranged from 78.29 to
99,29, of larvae from 97.59 4o 100.00 and of pupae from
93.29 t0 100.00 per cent at the lowest dose of 1.5 g/ms.

S. orvzae also, in three different products showed the same
regponse vhere the percentage control varied f£from 93.09 to
97.00. In egg otage the varilation in mortallty was from
73.55 0 T4.81 per cen%, in larvae 85.06 to 86.98 per cent
end in pupae the variation was from 76.00 %0 78.05 per cent
at the dose of 1.5 g/ms. Similer results were obtained for

A, fasciculatus in three products, C. chinensis on pulses,

C. gephalonice on rice flour and L. gezricorne on cumin.

The residues of phosphine resulting from a treatment
dose of 4.5 g/n{5 of aluminium phosphide in different food
commodities were far below the tolerance lavel of 0;01‘ppm
after an aeration period of 48 hours. The residues were
below detectable level in semolina and noodles, followed by
maida (0.0026 ppm), rice flour (0.0029 ppm), wheat flour
f0.0031 ppm), cattle feed (0.0032 ppm), rice (0.0034 ppnm),
dhel (0.0042 ppm), green grem (0.0049 prm), gram Tlour
(0.0053 ppm). soy bean (0.0059 ppm), tea (0.0072 ppn),
coffee (0.0079 ppm) and cocos powder (0.0081 ppm). The
highest residues were for spices, cumin (0.0082 ppm),

garlic (0.0089 ppm) end pepper (0.0091 ppm).



The effect of fumigation with phosphine on the
organoleptic qualities of the food products wvms asgessed
by testing the general gccepbability of the different
food materials fumigated in comparison to non-fumigated.
Ap evidenced by the acceptability score, the difference
between the fumigated and norn-fumignted products wes
quite neglizible.

It is concluded thet phosphine can he used es 2
funlcant to control insect infestation in the stored
products under study without risk of toxic residues and

loss of organoleptic qgalities.



