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ABSTRACT 

Present study was planned to utilize the indigenous organic resources for the insect 
pest management of stored wheat with the purpose to provide safe food to the end 
users and to make the pest control technique environment-friendly. It will also be 
helpful to avoid heavy expenses being spent on the import of pesticides. The focus 
of the project was to provide a secure IPM protocol to the farmers for the easy and 
organic control of stored grains insect pests, at farm level. For this purpose, oils of 
Acorus calamus (Sweet flag), Azadirachta indica (Neem) and Ricinus communis 
(Castor) were applied individually and as combinations in various concentrations 
@ 15-18 ml solution per sq. ft. area of the jute/cotton bags of different densities. 
Infestation free wheat was packed in respective treated bags and stored under 
prevailing ambient conditions of the flourmills. Antixenotic and antibiotic effects 
of the botanical oils were determined at different storage intervals i.e. 30, 60 and 
90 days against Rhizopertha dominica, Sitophilus granarius, Tribolium castaneum 
and Trogoderma granarium. Statistical examination of the data regarding percent 
mortality and population build up of the target insects has indicated that different 
concentrations, storage periods and packing materials have a momentous effect on 
the insects mortality and their penetration into the bags. Degree of antixenosis and 
antibiosis has a linear correlation with the concentration of the oils but inversely 
with the storage periods. Moreover, penetration into the bags was inversely but the 
mortality was directly proportional to the density of the packing materials. It was 
observed that fine packing material with 20% concentration, Neem oil conferred 
90 %, sweet flag oil 94% and castor oil 82% mortality up to one month. 
Afterwards a gradient decrease in percent mortality was found in second and third 
months. Whereas, mixture of three oils in 10% concentration of each exhibited 
100, 95.55, and 91.55% mortality for 30, 60 and 90 days respectively, in cotton 
bags, having mesh size of 0.1 x 0.1 mm. Farinographic studies indicated non 
significant differences on the water absorption of the dough made from the 
respective flours of the treatments and the control. Furthermore, sensory 
evaluation established that there was no distinguishable taste or taint found in the 
chapatties made from the respective flours of the treatments and the control. It is 
concluded that oils of Acorus calamus, Azadirachta indica and Ricinus communis 
are effective, with the selected dosage levels, to save the stored grains from insect 
pests, the food from toxic residues and the environment from chemical pollution. 
Mixture of three oils in 10% concentration showed a better performance than the 
rest of treatments. Therefore, packing of the cleaned wheat in new treated bags 
with selected botanical oils and proper sealing thereof can, certainly, provide 
better results for the safe storage of food grains. An addition of some appropriate 
IPM practices may also be a supplement for the accomplishment of the suggested 
insect pests control measure. 
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Chapter-1 

INTRODUCTION 
Food security always remains the strategic focal point for the astute nations 

and the only nations with secure food sources can survive honorably in the ever-

growing populous world. As per practice, food safety is a complementary module 

of all the food security programs, for the simple reason that the food products, 

certainly, endure losses due to a number of biotic and abiotic factors during their 

production, handling, processing, storage, etc. Safety of food grains is one of the 

most important challenges confronting the grain-handling agencies and stored-

product entomologists of the world, in their combat against hunger, today. 

Accordingly, protection of food requires as much attention as is required for its 

better production. It is supported by the fact that “post-harvest losses are directly 

proportional to the backwardness of a nation” (Ashfaq et al., 2001). Food-grain 

protection from pest insects through synthetic insecticides and fumigants has, 

since long, been a usual practice, and an indiscriminate use of various insecticides 

has, from time to time, created a number of risks, like, genetic resistance in pest 

insects, contamination of food products with toxic residues, increased cost of 

application, handling hazards, ecological disorders etc. Such alarming issues have 

signified the need for some biodegradable and nature-friendly pesticides, in order 

to replace the undesirable ones. Botanicals are one of the groups of safe 

insecticides, which have a broad spectrum of anti-pest activity, relatively specific 

mode of action, low mammalian toxicity and more tendency to disintegrate, in 

nature or to metabolize in a biological system. Moreover, their preparation and 

application, at farm level  are more convenient for the farmers. Accordingly, the 

botanical pesticides are quite incorporable in the integrated-pest-management 

programs. Furthermore, the developed nations of the globe are emphasizing upon 

the adoption of organic farming for the conservation of the world health as well as 

for the development of sustainable agriculture. Therefore, it was imperative for us 

to utilize botanicals for the organic control of stored-food pest insects. The strong 
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activity of botanical oils can make them potential substitutes for the methyl 

bromide, which has been identified as a major contributor to the ozone depletion 

(Jacobson, 1983). According to Roger (1997), Insect Pest Management has to face 

the economic and ecological consequences of the use of synthetic and oil-

derivative molecules for the pest control measures. Among the alternative 

strategies, the use of plants or insecticidal allelochemicals appeared to be the right 

approach against the menace. Aromatic plants and their essential oils are among 

the most efficient botanical pesticides, their activities are manifold and they can 

induce fumigant action and topical toxicity, antifeedant or repellent effects and can 

also inhibit reproduction. Their modes of action depend upon the molecular 

patterns and are presently regarded as a new class of ecological products for 

controlling insect pests.  

 In the recent past, insecticidal properties, like, toxicity, feeding-repellence 

and oviposition deterrence of Acorus calamus L. have been confirmed against the 

insect pests of stored-grains (Khan, 1986, Rasool, et al. 2002, Ahmad and Ashfaq, 

2005). Ahmed, et. al. (2000) studied the efficacy of Castor-seed extract in 

different solvents, against Sitophilus oryzae and found it to be inhibiting 

cholinesterase and peroxidase levels, differently at different exposure times, in 

adult insects. Narayanasamy, (1998) tested oil of Neem for its surface-protection 

effects, on the black gram and wheat grains. The results showed that the oil was 

effective in checking the insect infestation and F1 adult emergence. Boeke, et al. 

(2004) made safety assessments for various Neem-derived preparations and 

compared the outcome with the ingestion of residues, on the food, treated with 

Neem preparations. They concluded that the use of Neem-derived insecticides 

should not be discouraged, if applied properly. In every situation, the grain 

protectants or fumigants should never destroy the viability of the grains or taint the 

stored commodity.  
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Many plant materials, added directly to food commodities, may impart a 

taint to the processed or unprocessed food. The traditional practice of applying 

pepper, turmeric and garlic to rice or beans to control storage pests, appears to be 

acceptable. However, few investigators have carried out tasting trials to ascertain 

whether or not the treated commodity is acceptable to the local people, when 

prepared in the customary manner. For an insecticide to be approved for use in 

grain-storage, it must fulfill ten criteria, one of which is that it must not affect the 

quality, flavor, smell or handling of the grains (Snelson, 1987). 

Wheat (Triticum aestivum L.) is an important cereal grain that constitutes a 

major proportion of the global diet (Anonymous, 2004). It is the leading cereal 

crop in Pakistan, grown over about 8.33 million hectares, with a production of 

about 21 million tons (Anonymous, 2005). About 25-30% of wheat production is 

procured by the government and stored for 6 to 12 months, in order to meet the 

food requirements of urban population of the country. Remaining 70-75% of the 

produced wheat is kept by the farmers in the rural areas, for meeting their food, 

feed and seed requirements, and also by the traders for storage at small scale 

levels. The food-grains, during storage, may suffer heavy losses due to the attack 

of insect pest, under poor storage conditions and inadequate safety measures. 

According to Chaudhry (1980), the aggregate losses of wheat, during the post-

harvest operations, were recorded as 15.3%, during his research studies. The usual 

practice is to apply synthetic insecticides and phosphine gas, for the control of 

insect pests of wheat, during its storage (Arthur, 1994; Mahla, 2001; Anwar, et al., 

2003). A continuous use of phosphine gas has, in Pakistan, made the insect pests 

resistant, against it (Irshad and Iqbal, 1994.). In the early 90’s, Punjab Food 

Department remained controlling insect pests of stored-wheat, with one tablet of 

Aluminum Phosphide (1 gm PH3↑) per cubic meter volume of the storage-space, 

but now-a-days, it is being done with three tablets, to control the resistant pest 

insects (Anonymous, 2003). 
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Most of the research work done on the botanical-grain-protection was of 

the subjective type and was conducted in the laboratories, which cannot be 

comprehended and utilized by the farmers, at their fields. But, we have tried to do 

some objective research-work, which can, easily, be followed by the farmers and 

be applied by them, at their farms. Accordingly, we used measuring units of the 

common use, at a percentage level, rather than those used in micro-technology.  In 

the present studies, possible sources of infestation have been focused upon, as to 

be (i) foodstuff to be stored (ii) storage structure (iii) packing material (iv) 

migration of insects from outside the storage system. For this purpose, three 

known botanical insecticides, i.e., oils of Sweet flag rhizomes, Neem-seeds and 

Castor-seeds were used in the organic control of major coleopteran pest-insects of 

stored-wheat, with the help of a pre-storage disinfestation of the foodstuff and 

different insect-free packing materials, under natural conditions, for achieving the 

following objectives:- 

 

1. To replace the synthetic insecticides with botanicals for the organic control 

of pest-insects of stored-grains. 

2. To determine the effective dose rates of the botanical oils and their 

mixtures against the pest-insects of stored-grains. 

3. To assess the antixenosis and antibiosis of the botanicals, used against the 

target pest-insects. 

4. To ascertain the safe storage-periods for wheat grains, with different oil 

concentrations and different packing materials. 

5. To save the commodity from direct contact with the insecticidal material, 

so that flavor of the foodstuff may not be affected. 

6. To develop an IPM protocol, for safe storage of food grains at farm level, 

by the use of botanicals, packing bags of specific quality and disinfestation 

of wheat before it’s packing in the bags. 
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On the completion of research studies, it was recommended that farmers 

can save their grains, environment and capital, by using the oil of Castor-seeds, 

Neem-seeds and rhizomes of the Sweet flag plant, to control the insect pests. Oils 

should be mixed in equal proportion and sprayed over to the jute/cotton bags, to be 

used for the packing of cleaned/insect-free wheat. The mixture may be sprayed 

with the help of a fine sprayer, which can apply 15-18 ml botanical solution over 

one sq. ft. area of the cotton bag, having a density of 0.1 x 0.1 mm. Wheat should 

be spread on metal sheets or cemented floor, in the sun and allow raising of its 

temperature upto 55 ºC for about four hours. These sun-heated wheat grains, 

having moisture contents not more than 8 %, may be packed in the treated bags to 

get a safe storage for one to two months, only. If wheat is to be stored for a long 

period, then repeat the botanical application after every two months. Insect-free, 

new crop wheat, with newly treated bags and a proper sealing thereof, can provide 

better results. Moreover, appropriate repair, cleaning and treatment of the 

godowns / bins are also a supplement for the success of the suggested insect pests 

control measure. 
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REVIEW OF LITERATURE 
 

2.1 Sweet Flag (Acorus calamus) Oil 

Jilani and Saxena (1990) monitored the repellency of the oils of turmeric, 

Neem and Sweet flag against Rhizopertha dominica, for eight weeks. In a choice 

test, filter-paper-strips treated with test-materials, at 200, 400, 800 μg / cm² 

repelled the insects. All the three oils showed significant repellence during the first 

two weeks, thereafter, their repellency decreased more rapidly. R. dominica adults 

made significantly fewer and smaller feeding punctures in the filter paper discs 

(7cm diameter) treated with test materials @ 100, 500 and 1000 μg/ cm², than 

those in the control. 

Rao et al. (1990) evaluated the efficiency of Sweet flag, ginger, ‘jamun’ 

(Syzygium cumini), ‘Neem’ & mango powders, ‘Neem’ & sesame cake, sunflower, 

groundnut & palm oils and ordinary ashes against the Callosobruchus chinensis on 

pigeon peas. Acorus calamus was the most effective, followed by the ‘Neem’ 

kernel powder, while the ‘Neem’ cake and ashes were the least effective. 

Risha et al. (1990) studied the toxicity of Acorus calamus rhizome oil 

vapors against the immature stages of Sitophilus granarius, Sitophilus oryzae, 

Tribolium confusum and Callosobruchus chinensis. It was observed that the eggs 

of C. chinensis were the most susceptible; the eggs of S. granarius were slightly 

more susceptible than those of S. oryzae, while those of T. confusum were not 

affected, at all. In all cases, younger embryonic stages were more susceptible than 

the later stages. Larvae and pupae, however, did not show any appreciable 

susceptibility to the vapors. 

Schmidt et al. (1991) observed that the number of offspring of Sitophilus 

granarius, Sitophilus oryzae and Callosobruchus chinensis, emerging from the 

food, on which adults were placed, during and after treatment with Acorus 

calamus oil vapors were considerably lower than those emerged from the 
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untreated controls. This response was correlated with an increase of exposure time 

rather than with an increase in the dose. In Tribolium confusum, no appreciable 

differences between the treatments and control were observed. 

Su (1991) evaluated the essential oil of Acorus calamus, in the laboratory, 

at 27±1°C and 60±5% R.H., for its contact toxicity to the adults of Callosobruchus 

chinensis, Sitophilus oryzae, Lasioderma serricorne and Tribolium confusum. The 

oil, when topically applied was highly toxic to the L. serricorne, with 100% 

mortality, at 30 µg/insect and also to C. maculatus and S. oryzae, with a mortality 

of 98.3 and 61.7%, respectively, at 50 µg/ insect. When applied at a dosage of 

1000 ppm. to the wheat or cow peas (Vigna unguiculata), the oil gave 100% 

protection from the infestation of S. oryzae and C. maculatus, respectively. 

Pierce and Schmidt (1993) tested an extract of Acorus calamus, and its 

main ingredient (β-asarone) in the laboratory, against a stored product pest, 

Prostephanus truncates, on maize. Treatment of the maize kernels and cobs, with 

vapors, was unsuccessful and, sometimes, led to significant increases in the 

damage and beetle reproduction. However, the vapor-treatment killed the starved 

beetles in 3 days and the short periods of treatment achieved a high rate of pest 

destructions, leaving the survivors with a reduced appetite and reproduction rate. 

Spraying the cobs did not prevent the infestation and the beetles, which could 

infest the cobs, reproduced normally. Success was achieved only by spraying the 

maize kernels with Acorus calamus oil, at 750 mg/kg of the maize and restricted 

the damage to only 5 percent. 

Risha (1993) observed, in the laboratory experiments, that the exposure to 

vapors of a synthetic pure β-asarone (1-propenyl-2, 4,5-trimethoxy benzene), an 

active ingredient of Acorus calamus oil, was as effective against the adults of 

Sitophilus zeamais as an exposure to the vapors of Acorus calamus oil. The period 

of exposure appeared to be the main factor, affecting the efficiency of the vapors 

of both materials. 
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Tiwari (1993) tested plant powder of Acorus calamus as a grain protectant, 

at 1% (w/w), against Sitophilus oryzae, in wheat grains. The product of Acorus 

calamus, significantly, reduced the kernel infestation and F1 progeny of the weevil 

and it was also proved to be effective at a concentration of 0.05%. 

Joseph et al. (1994) reported that the postembryonic development and adult 

emergence of Tribolium castaneum were, adversely, affected to a varying degrees, 

when its larval stages were reared on the wheat flour, treated separately 

(Concentrations of 0.001 to 1%) with the root extracts of Acorus calamus and 

Rauvolfia serpentina. There was a marked decline in the reproductive potential, in 

terms of the female fecundity and egg hatchability, when extracts were applied 

topically or administered orally, through the food. 

Schmidt and Streloke (1994) used Acorus calamus oil and B-asarone, to 

coat grains of maize, and investigated the effects on Prostephanus truncatus, in 

the laboratory. Maize was also treated with the powdered rhizomes of Acorus 

calamus. The oil treatment reduced the feeding by 50%, within 21 days. A 

decrease in the feeding was observed in maize, treated with B-asarone, after 21-42 

days, at 30 °C but not at 25 °C. The admixture of rhizome powder also reduced the 

feedings upto 83%. 

Shivanna et al. (1994) evaluated the efficacy of rhizome powder of Sweet 

flag, at 0.5, 1.5 and 2.5g/50g of seeds, as a pre-storage treatment against 

Callosobruchus chinensis in red gram. The parameters measured, were the 

fecundity, adult-emergence and the percent grain-weight loss. It was found that the 

Sweet flag powder applied at all the 3 rates, gave maximum protection against the 

three generations of the pest. 

Tiwari (1994) evaluated Acorus calamus root-powder as a protectant of 

wheat-grains, against Rhizopertha dominica, in the laboratory. Although, the 

powdered roots of Acorus calamus were observed to be effective at 1% (w/w), in 
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an initial test and yet they were also, assessed at 0.25 and 0.50 (w/w). 0.50% 

admixture of A. calamus achieved more than 80% suppression of the insects.  

Dales (1996) reviewed the use of plant materials for the protection of stored 

products, against insect pests. It was observed that 11 species of the genus Acorus 

had a potential usefulness as stored product protestants. 

Pal et al. (1996) tested the insecticidal properties of alcoholic extracts of 

the leaves of ‘chandani’ (Tabernaemontana coronaria), ‘curry’ (Murraya 

paniculata), asriple (Lantana camara), eucalyptus (Eucalyptus sp.), ‘Neem’ 

(Azadirachta indica), rhizomes of Sweet flag (Acorus calamus) as well as of the 

seeds of ‘imli’ (Tamarindus indica) and Neem-seed oil and compared with the 

commonly used organophosphate insecticides, such as Malathion 50EC and 

Chlorphyrifos-methyl 50EC, for their comparative toxicity against the full-grown 

larvae of Trogoderma granarium. Their relative toxicity, based on LC50, in a 

descending order was: Malathion> Chlorpyrifos-methyl> A. indica oil> A. 

calamus> T. coronaria> T. indica> A. indica leaves> L. camara> M. paniculata> 

Eucalyptus sp. 

Shanthi and Logiswaran (1996) prepared the petroleum-ether extract of 

rhizomes of Acorus calamus and tested it at four concentrations (0.05, 0.10, 0.15 

and 0.20%) by diluting in acetone. The concentrations were used to evaluate their 

effect on the biology of Sitotroga cerealella. It was observed that the percent 

adult-emergence was lowest in the grains, treated with 0.15% and 0.20% of the A. 

calamus. 

Paneru et al. (1997a) admixed the powdered Sweet flag rhizomes, with the 

wheat, infested with Sitophilus oryzae and Sitophilus granarius adults, at the 

concentrations ranging from 0.05 to 2%. Sweet flag rhizomes were collected, both 

from the high (1700 m) and low (900 m) altitudes, in the Eastern Nepal. Following 

7 days of the incubation period, the mortality of both species, was significantly 

lower at 20 °C than that at 30 °C and the material collected from the high altitude, 
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was less toxic than that collected from the low altitude. The moisture contents of 

wheat (14-17%) and of rhizomes had no apparent effect, on the toxicity of the 

preparations. The adults of S. granarius were seen to be more tolerant to the 

material than those of S. oryzae, while an inverse response was seen in the larvae 

developed in the treated grains. An admixture of rhizome-powder, with the wheat, 

@ 2% w/w, gave a complete kill of the adults of both species, with an exposure of 

7 days at 20 °C, while a concentration of 1% (w/w) either prevented the 

emergence of adults or killed them rapidly, following their emergence, when the 

wheat containing eggs of either species, was incubated for 7-8 weeks, at 30 °C. 

Paneru et al. (1997b) studied the effect of different doses of Acorus 

calamus (L.) rhizome-dust, against Sitophilus oryzae, on the stored wheat grains. 

Rhizome-dust of Acorus calamus was mixed @ 0, 5, 10, 20, 30, 40, 50 and 60 

g/kg grains of wheat, before storage. The most effective dose rate, against the 

Sitophilus oryzae, was calculated to be 25 g./kg of wheat grains. 

Schmidt et al. (1997) observed that the rate of evaporation of the essential 

oil of Acorus calamus was affected by the exposure period and temperature. Its 

sorption in relation to the quality and amount of treated food material vis-a-vis of 

vapors to penetrate through seeds, were studied. The most active ingredient of the 

oil against Sitophilus oryzae, Sitophilus granarius and Callosobruchus chinensis 

was identified to be the cis-asarone. The volatilization of oil was very slow. The 

vapors were highly absorbed by the treated commodities and their penetration, 

through the food materials, was negligible. The oil was active against S. oryzae 

and S. granarius adults, at 30 °C but not at the cooler temperatures. 

Ahmed et al. (1998) observed the effect of cypermethrin (synthetic 

pyrethroid) and Acorus calamus extract (AC-Hex-I), following the topical method 

(filter-paper impregnation technique) against Sitophilus oryzae. LC50 values were 

calculated with a log-probit graph-paper. The LC50 was 19 ug/cm²for 

cypermethrin and 3500 ug/cm² for the Acorus calamus extract, respectively. 
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Chander et al. (1999) evaluated acetone extracts of the Sweet flag (Acorus 

calamus) and turmeric (Curcuma longa), in the laboratory, as repellents, on the 

jute fabric, against Tribolium castaneum. Extracts of the Sweet flag and turmeric 

rhizomes were highly effective, even at the lowest concentrations of 2.5 and 3.12 

mg/cm² of jute fabric, respectively. The concentrations exhibited repellency, even 

after three months of their aging, at room temperature. 

Kumari and Verma (1999) carried out a laboratory experiment to assess the 

effect of leaf powder of Acorus calamus (at 0.5, 1, 1.5 and 2g) against 

Callosobruchus chinensis. The beetles were placed in the glass tubes, containing 

chickpea seeds, mixed with the Acorus calamus leaf-powder. The mortality of 

beetles was observed for 240 hours, at 24 hour intervals. The effect of low doses 

(0.5 and 1 g) of A. calamus leaf-powder on the mortality of adult beetles had a 

longer duration, while that of the high doses (1.5 and 2g) resulted in a higher 

mortality, for shorter durations. The instant mortality was not, however, observed 

at any dose. 

Rehman and Schmidt (1999) studied the toxic effects of vapors of the 

essential oil of Acorus calamus L. rhizomes, obtained from three countries, on the 

adults and eggs of Callosobruchus phaseoli (Gyllenhal) found on the seeds of 

Lablab purpureus (Medik). All of the oils were found to be toxic, depending on 

the exposure period and their doses. The Indian oil showed a strong latent effect, 

while an acute effect was more dominant in the Yugoslavian oil, followed by that 

of the Russian oil. A significant reduction in oviposition was observed in 

Yugoslavian and Russian oil vapors @ 5 and 10ul of oil per 400ml jar, after 24h of 

the exposure. Longer exposure periods increased the differences in the egg-

production of the insects from the treated and untreated stocks and the newly laid 

eggs were more susceptible than the older ones. They concluded that the Indian oil 

vapors, were observed to be the most effective. 
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Ahmed et al. (2000) tested an extract of Acorus calamus and cypermethrin 

for their effect on the enzymatic activity of Sitophilus oryzae. Alkaline-phosphate 

activity was reduced to 11.11 and 13.13% by a treatment with LC50’s of Acorus 

calamus extract and cypermethrin, respectively, while the acid-phosphate activity 

was reduced to be 15.15 and 31.57%. The total protein contents were, also, seen to 

be reduced by these treatments. 

Chander et al. (2000) reported that nine insect repellents, including acetone 

extracts of some local plants, viz., Sweet flag rhizomes, kut root, ‘curry’ (Murraya 

paniculata) leaf, kinnow peel, turmeric rhizomes, crude mustard oil, two 

commercial ‘Neem’ formulations and one synthetic pyrethroid (cypermethrin), 

were evaluated, at 1% level, as bag treatments, for the control of storage insects, 

under the warehouse conditions. As an insect repellent, cypermethrin was the most 

effective followed by the ‘kut’ root, turmeric-extract, nimbicidin, Murraya-extract, 

Acorus calamus-extract and S. lappa-extract. Treatments of mustard oil and 

‘kinnow’ peel-extract were the least effective. Extracts of Murraya, turmeric. S. 

lappa and nimbicidin, showed a good repellence against the test insect, even after 

three months of ageing, under laboratory conditions. 

Umoetok (2000) investigated the toxicity of the powdered Acorus calamus 

to three species of insect pests, viz., Sitophilus oryzae, Tribolium castaneum and 

Rhizopertha dominica, in the laboratory. Acorus calamus was applied at six doses 

of 0, 0.025, 0.05, 0.1, 0.2 and 0.5 g./20g of wheat grains. Ten insects of each 

species, with three replicates, were exposed at each concentration. The treatments 

were observed after every two days for a total period of 16 days. The results 

indicated that only Sitophilus oryzae and Rhizopertha dominica were susceptible 

to the test-products and 100% of S. oryzae and 90% of R. dominica died, within 16 

days. No mortality was, however, observed in the case of T. castaneum. 

Chandel et al. (2001) observed the effect of rhizomes of Sweet flag (Acorus 

calamus) on grubs and adults of Tribolium castaneum, after an oral administration, 
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through food, for a prolonged period. Periodical observations over 125 days, 

revealed a phago-deterrent activity of the botanical tested. 

Park et al. (2003) tested the contact application and fumigation effect of 

Acorus gramineus rhizome extract against the adults of Sitophilus oryzae, 

Callosobruchus chinensis and Lesioderma serricorne. The insecticidal 

constituents of the extract were characterized as Phenyl Pro Penes (Z)-asarone and 

(E)-asarone by the spectroscopic analysis. Their response varied with insect 

species, compound and exposure time. The results indicated that the toxicity of 

asarones might be due to the cis-configuration rather than the position of the 

double bond in their molecules. It was also observed that the insecticidal activity 

of the compound was largely credited to its fumigation action. 

 

2.2 Neem ( Azadirachta indica ) Oil 

 According to Saxena et al. (1989), Azadirachta indica had shown anti-

feedant effects on different insect pests of stored products, during their 

investigations. 

Bloszyk et al. (1990) reported that hundreds of materials ‘such as’ synthetic 

pyrethroids, natural botanical anti-feedants and silica gel, had been investigated 

for their use in the insect-resistant packagings. 

Seck et al. (1991) studied the protection of stored cowpeas by using 

different formulations of ‘Neem’ against Callosobruchus maculatus. Powder of 

Neem-leaves and Neem-seed were used to check the mortality of adults of 

Callosobruchus maculatus. Dry Neem-leaves gave better results as compared to 

the fresh Neem-leaves. Dipping of cowpeas in aqueous solution of dry-seeds 

reduced the fecundity and oviposition. 

Mohiuddin, et al. (1993) evaluated twelve plant oils to test their toxicity 

and repellence against T. castaneum  and R. dominica for a period of two months. 

Botanical oils showed repellence in an order of, A. indica (80.1-100) > T. 
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foenumgraecum > M. fragrans > Piper nigrum > Nigella sativa > C. longa (40.1-

60%). Oils of M. fragrans, A. indica and P. nigrum produced the highest toxicity 

with a dose of 0.25% (w/w) as a surface treatment of the wheat grains. 

Patel et al. (1993) evaluated the Neem-seed powder @ 1, 2, 3, 4 and 5% 

against the Rhizopertha dominica, in wheat, under laboratory conditions. An 

admixture of 5% showed the highest efficacy and reduced the percent grain-

damage upto 2.55, 3.15, and 7.13% as compared to that in the control which was 

6.57, 13.6 and 24.71% after 32, 64 and 96 days, respectively.   

Susha and Karnavar (1993) studied the effect of azadirachtin, as 

vitellogenic oocyte-development in Trogoderma granarium, which reduced the 

vitellogenic count, when topically applied to the pupae, @ 0.5 or 1.0g/ pupae. It 

was concluded that the compound disrupted the hormonal control of oocyte-

development. 

Khan et al. (1994) tested two ‘Neem’ compounds, viz., RB-a (a crude 

methanolic extract of the kernels of ripe berries of ‘Neem’) and SDS (a ‘Neem’ 

formulation) against the Tribolium castaneum and the results were compared with 

those of Coopex (permethrin and bioallethrin), as a standard synthetic pyrethroid, 

when applied topically. The LD50 values were found to be 12.0, 320 and 0.41 

µg/cm2, respectively. The order of efficacy was: Coopex > RB-a > SDS. The RB-a 

extract was much more toxic than the SDS. 

Xie et al. (1995) studied the repellency and toxicity of azadirachtin and 

‘Neem’ extracts to three stored product insects, viz., Cryptoletes ferrugineus, 

Sitophilus oryzae and Tribolium castaneum.  Tribolium castaneum was proved to 

be more sensitive to the repellent action of ‘Neem’ than the other two species. The 

test materials were also toxic to the three pest species, with C. ferrugineus being 

the most susceptible. It was also confirmed that the azadirachtin was, largely, 

responsible for both repellent and toxic actions of Neem, on the stored product 

insects. However, the ‘Neem’ extracts were slightly more active than pure 
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azadirachtin. Hence, it was concluded that azadirachtin was not the only active 

compound in the ‘Neem’ plant. 

Rahim (1998) evaluated the Neem-extract containing azadirachtin against 

Rhizopertha dominica, on wheat, stored upto 48 weeks. On freshly treated grains, 

the application rate of 5mg/kg of azadirachtin was effective in inhibiting F1 

progeny production by >98% against the three test strains. The minimum 

application rate, for >95% reduction of F1 progeny of the multi- resistance strain, 

throughout the 48 week’s of storage period, was 25mg/kg, with a complete 

prevention to have occurred with 75mg/kg. The results indicate the emulsifiable 

‘Neem’ formulation, and the potential for field evaluation, as a grain protectant. 

EL-Lakwah and Kashlan (1999) tested ‘Neem’azal-wp (powder containing 

10% azadirachtin) for the mortality and reduction, in F1 progeny, of five stored 

product insect-pests, at the concentrations between 20 to 1000 ppm, on wheat 

grains. Results revealed that the average mortality of Rhizopertha dominica was 

32.2 to 100%, for concentrations between 50-1000 ppm, after 14 days of the 

treatment. The results also showed that Callosobruchus maculatus, adults, were 

most susceptible, followed by those of Sitophilus oryzae, Rhizopertha dominica 

and Tribolium castaneum. 

Muda and Cribb (1999) investigated the effects of uneven applications of 

an azadirachtin-enriched Neem-extract to wheat grains on the reproduction and 

feeding behavior, in Rhizopertha dominica. The evenness of distribution among 

individual wheat-grain treatment was not important, in enduring its effectiveness, 

as an antifeedant or as an insect growth regulator, provided the grains were treated 

with an effective level of azadirachtin. The effect of azadirachtin, on the 

reproduction, was not improved when the application rate of diluents was 

increased from 0.5 ml / kg to 5 ml /kg. Treating 10% of the grains provided the 

same level of protection, as in treating 100% of the grains. The antifeedant effect 
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of azadirachtin on the beetles, also remained unaffected by an unevenness of the 

treatments, provided 50% of the grains were treated. 

Sharma (1999) reported that Neem-seed kernel powder, used at 4% and that 

the Neem-leaf powder used at 5%, protected the maize, for 5 months, against 

Rhizopertha dominica and Trogoderma granarium. ‘Neem’ oil (1%) was found to 

be toxic to Tribolium castaneum and Sitophilus oryzae, while the ‘Neem’ oil (2%) 

effectively reduced the emergence of F1 and F2 progeny, of all the pests and 

completely protected maize, upto 9 months. 

Elhag (2000) tested extracts from nine plant materials, in choice and no-

choice tests, as oviposition deterrents, for Callosobruchus maculatus (F.), on 

chickpea (Cicer arietinum L.). Seed treatment with 0.1% of crude-extracts, 

resulted in the highest repellency in Rhazya stricta leaves (82%), Azadirachta 

indica seeds (76.8%), Heliotropium bacciferum aerial parts (59.2%) and citrus-

peels (58.6%). Progeny production was significantly reduced. Only 11.5, 11.9, 

12.4, 13.4 and 14.8 % of the eggs, deposited, reached the adulthood in R. stricta, 

‘Neem’ seeds, Piper nigrum, citrus peels and H. bacciferum, respectively. F1 

females laid significantly fewer eggs in response to R. stricta, ‘Neem’ seeds, 

Eugenia caryophyllata , H. bacciferum, citrus peels and P. nigrum. Percentage 

reduction in F2 progeny ranged between 71.4% with R. stricta-treated seeds and 

24.5% in the P. nigrum treatment. 

Lale and Mustapha (2000) evaluated the efficacy of four dosages (25, 50, 

75 and 100 mg) of ‘Neem’ seed oil, applied on cowpea seeds, for reducing the 

reproductive potential of Callosobruchus maculatus, in three storage devices (two 

unventilated and one ventilated), over a period of three month. Damaged seeds, 

ranged from 0.6 %, in the first month of storage, to 3.4 %, in the third month (in 

NSO-treated seeds) and from 8.3 %, in the first month, to 100 %, in the third 

month (in untreated seeds). Treatments with Neem seed oil imparted a strong 

objectionable flavor and aroma to the cooked cowpea seeds. 
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Jilani et al. (2003) investigated the growth-inhibition-effect of Neem-seed 

oil, obtained from different localities of Pakistan, upon the red flour beetle 

(Tribolium castaneum), in the laboratory conditions, and established significant 

reduction in progeny at a concentration of 250 ppm, in case of all the samples. 

Khan and Marwat (2003) evaluated the powders made from leaves, seeds 

and bark of Azadirachta indica and Nerium oleander for their deterrent effects 

against Rhizopertha dominica and got its repellency upto 96 %, from Neem-leaves 

and seeds. 

Lale and Maina (2003) studied the influence of four carrier-solvents 

(acetone, ethanol, petroleum ether and hexane) on the efficacy of Neem-

(Azadirachta indica) seed oil, applied at the rate of 0.04 ml / 33 ml of the cowpea 

seeds, against the cowpea-bruchid, Callosobruchus maculatus (F.), under tropical 

storage conditions. Neem-seed oil (NSO), applied in ethanol or hexane, on an 

average, reduced the egg-laying, percent-infestation of seeds with eggs as well as 

the adult progeny-development and severity of seed-damage (number of adult 

emergence holes per seed), significantly, more than the application of NSO in 

acetone or in petroleum ether. 

Nazli et al. (2003) appraised the ‘Neem’ seed oil, in the laboratory studies, 

as an insect repellent against red flour beetle. ‘Neem’ seeds were collected from 

different localities of Pakistan. They observed repellence of the beetles up to 

52.25%, in response to the Neem-seed oil, obtained from Hyderabad. 

Rahman et al. (2003) evaluated the botanical products, viz., leaf powder  

and extract of Nishinda (Vitex negunda Linn.), eucalyptus (Eucalyptus 

macrorhyncha F.muell.), Bankalmi (Ipomoea sp.), ash of babla wood (Acacia 

arabica Willd), oil of ‘Neem’ (Azadirachta indica A. Juss.), sesame (Sesamum 

indicum) and safflower (Carthmus tinctorius) against the attack of grain weevil 

(Sitophilus granarius) on wheat. The results showed that the higher concentration 

of oil (0.25-1.0%) indicated lower infestation, less emergence of adults, less seed 
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damage, less weight loss and a higher inhibition rate. Neem oil was observed to be 

the most effective in checking the insect infestation and allowing the least number 

of F1 adult-emergence from the seed. The wood ash was found highly effective in 

prohibiting the adult emergence (F1), with higher inhibition rate and showed a 

reduction in the seed damage and weight loss (%) over other treatments. It was 

concluded that the botanical products acted as insect antifeedants and the order of 

toxicity of the three plant leaf-extracts on the grain weevil were:  nishinda> 

eucalyptus> bankalmi. 

Zaidi et al. (2003) compared extracts of ‘Neem’, turmeric and Sweet flag as 

insect repellents against Sitotroga cerealella, under laboratory conditions and 

found that the acetone-extract of Neem was the most effective botanical 

insecticide. 

Boeke et al. (2004) reported that the Azadirachta indica provided many 

useful compounds, which could be applied to protect seeds in storages, against 

insect pests. They also reviewed the toxicological data, from human and animal 

studies, with the oral administration of different ‘Neem’-based preparations. The 

non-aqueous extracts appeared to be the most toxic with an estimated safe dose 

(ESD) of 0.002 and 12.5 μg/kg bw./day. Less toxic were the unprocessed seed-oil 

and the aqueous extracts (ESD 0.26 and 0.3 mg/kg bw/day, 2 μl/kg bw/day, 

respectively). Most of the pure compounds showed a relatively low toxicity (ESD 

of the azadirachtin is 15mg/kg bw/day). Safety assessments of various ‘Neem’-

derived preparations were made and compared with the ingestion of residues on 

food, treated with them, as insecticide. They concluded that the use of ‘Neem’ 

derived insecticides should not be discouraged, if applied with care. 

Hou et al. (2004) compared two known repellents of stored-product insects, 

viz., DEET and ‘Neem’ with the protein-enriched pea flour, defatted protein-

enriched pea flour, and pea protein-extract for their efficacy, at reducing 

penetration and invasion by several common stored-product insects, like, 
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Sitophilus oryzae, Tribolium castaneum, Cryptolestes ferrugineus and 

Oryzaephilus surinamensis. The methods of preparation of pea-extracts affected 

the penetration of S. oryzae. The number of S. oryzae, T. castaneum, C. 

ferrugineus and O. surinamensis that pierced through the paper envelopes, treated 

with DEET, containing wheat, was reduced by 99%, 86%, 97% and 91%, 

respectively, as compared to that in the control. The protein-enriched pea flour did 

not prevent the insects to pierce through the envelopes. 

Rahman and Talukder (2006) studied the bio-efficacy of the extracts, 

powders, ashes and oils of nishinda, (Vitex negundo L.), eucalyptus ( Eucalyptus 

globulus Labill.), bankalmi (Ipomoea sepiaria K.), ‘Neem’ (Azadirachta indica 

L.), safflower (Carthamus tinctorius L.), sesame (Sesamum indicum L.) and of 

‘bablah’ (Acacia arabica L.) against Callosobruchus maculatus F., fed on Vigna 

mungo seeds, for the oviposition-inhibition, surface-protection, residual-toxicity 

and direct-toxicity. The results showed that least number of F1 adults, emerged 

from black gram seeds, treated with ‘Neem’ oils, as compared to others. The oil 

treatment did not, also, show any adverse effect on the germination capacity of 

seeds, even after three months of the treatment. 

2.3 Castor (Ricinus communis) oil 

Khaire et al. (1992) described the efficacy of different vegetable oils, as 

grain protectants, against Callosobruchus chinensis. The vegetable oils of 

sunflower, Castor, mustard, safflower, palm, groundnut, sesame, ‘Neem’, karanj 

and maize, were used as grain protectants of pigeon pea seeds. The adult 

emergence was inhibited completely by ‘karanj’ and Neem-oil, upto100 days. No 

emergence of adults occurred upto 66 days, with the caster-oil. Minimum grain 

loss was noted to be there, with Castor, mustard and groundnut oils, at 1% level 

upto 100 days and there was no adverse effect observed, on the seed germination. 
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Okonkwo and Okoye (1992) controlled the Callosobruchus maculatus (F.), 

effectively, in stored cowpeas, with the application of dried ground leaves of 

Ricinus communis (L.), as an admixture, in Nigeria. 

Pacheco et al. (1995) evaluated the refined soybean oil and crude Castor-oil 

for the control of infestations of Callosobruchus maculatus (F.) and 

Callosobruchus phaseoli (Gyllenhal), in the stored chick-pea (Cicer arietinum L.). 

Both oils were applied @ 0, 5 and 10 ml/kg of chick-pea seeds. The oviposition, 

adult-emergence and development from the egg to the adult stage, were evaluated, 

after storing the treated seeds for 5 months. At the end of the storage period, 

effects of the treatments on the flavor, consumer-acceptability and on the seed-

germination were evaluated. Both the oils inhibited the population growth of the 

two insect species as compared to that in the untreated seeds. Castor oil was found 

to be more effective than the soybean oil.  Castor oil, at 5 and 10 ml/kg, protected 

the stored chick-peas from being infested with C. maculatus, for 60 and 150 days 

and with C. phaseoli for 60 and 90 days, respectively. No harmful effect was 

observed on the germination of treated seeds. Although, the oil treatments 

conferred off-flavors to the chickpeas, yet the consumers, even for both oils used 

at 10 ml/kg dose rate, compromised with the product-acceptability. 

Ahmed (2000) studied the efficacy of Castor-seed extract, as an insecticide, 

against Sitophilus oryzae. He found it to be inhibiting cholinesterase and 

peroxidase enzymes in the insect body and the enzyme-inhibition levels varied 

differently in adult insects, at different exposure times and with the extracts taken 

with different solvents. 
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MATERIALS AND METHODS 

This research was carried out at the Grain Research, Training & Storage 

Management Cell, Department of Agricultural Entomology, University of 

Agriculture, Faisalabad. Extraction of the oils and rheological studies were carried 

out at the Institute of Food Science & Technology, University of Agriculture, 

Faisalabad. Warehouse studies were performed at the Babar, Faisal and Usman 

Flourmills, Faisalabad. 

 

3.1 Extraction of the Botanical Oils 

Azadirachta indica (Neem) seed kernels, Ricinus communis (Castor) seeds 

and Acorus calamus (Sweet flag) rhizomes, were shade dried and powdered for 

use in the extraction process. Oils of the three plants were extracted through 

Soxtec System (Model: H-2 1045 Extraction Unit, Hoganas, Sweden) according to 

Method No. 30-10 described in AACC (2000) using n-hexane as an organic 

solvent. The n-hexane was preferred for extraction due to its extraction efficiency 

and easy availability in the Institute of Food Science & Technology, University of 

Agriculture, Faisalabad. After the complete evaporation of the solvent through 

vacuum evaporator, oils were preserved in the airtight bottles.  

 

3.2 Packaging Materials  

Jute bags of two different densities (1x1 mm and 0.5x0.5 mm mesh size) 

and cotton bags, having 0.1x0.1 mm mesh size, were prepared, in dimensions of 9 

inches width and 16 inches length (total sprayable area of the bag was 2 sq. ft.), by 

stitching after folding the end of one cloth sheet over that of the other, in such a 

way that make the seam insect proof. In the first part of the experimentation, thin 

and thick jute bags were used while the thick jute and cotton bags in the second 

part. Such packing materials were preferred keeping in view their common use for 
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the purpose. Before using in the experiment, bags were disinfested through heat 

treatment, at 60 °C in the oven for two hours. 

3.3 Cleaning of Wheat to be Stored 

Wheat was dried up to 8% moisture content and fumigated with phosphine 

in accordance with the method prescribed by the Punjab Food Department 

(Anonymous, 2003). Then fumigated wheat was spread in the sun for about four 

hours so that any living stage of the insects could be destroyed. Sun-heated wheat 

was passed through the Entoleter. Afterward, cleaning of wheat was carried out by 

using an air blower, before its packing into the bags. 

 

3.4 Bioassay of the Botanicals 

Four concentrations of 5%, 10%, 15% and 20%, from each of the oils, were 

prepared, using ethanol (95%) as a solvent to apply on the jute bags of two 

different densities, for their evaluation in the first experiment. Forty five bags were 

prepared for each of the oils, with three replicates, for three storage intervals of 30, 

60 and 90 days, for each of the packaging materials. Treatments were applied to 

the bags with the help of a sprayer @ 30-35 ml solution per bag, having an area of 

2 square feet. Control-bags were sprayed over with the solvent, only. Insect-free 

wheat was packed in the treated bags and kept for a period of 90 days to check the 

effectiveness of each botanical-oil as a repellant and a biocide against the major 

coleopterous insect pests of stored wheat. The experimental units were placed in 

the warehouse of the flourmills, under natural conditions. Data about penetration 

and multiplication of the insects inside the bags along with mortality thereof were 

recorded at intervals of 30 days, 60 days and 90 days. 

 

3.5      Additive Effects of the Botanicals 

In the second experiment, the oils were tested individually and as mixtures, 

in all possible combinations, with the concentration which showed considerable 
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efficacy during the first experiment, to observe their additive effects, while applied 

on the thick jute (0.5x0.5mm mesh size) and cotton bags (0.1x0.1mm mesh size). 

In this case, 72 experimental units were prepared by treating likewise as in the 

previous experiment. Similarly, the data about the multiplication of insects inside 

the experimental units and mortality thereof were recorded at intervals of 30, 60 

and 90 days. 

 

3.6      Target Pest Insects 

Rhizopertha dominica (Lesser Grain Borer), Sitophilus granarius (Granary 

Weevil), Tribolium castaneum (Red Flour Beetle) and Trogoderma granarium 

(Khapra Beetle) were the target insects of the present study. Data regarding their 

repellence, penetration in the treated bags, population build up and their percent 

mortality were recorded at the intervals of 30, 60 and 90 days. Percent mortality 

was determined by multiplying the dead insects with 100 and dividing by the total 

insects (live + dead). 

 

 

3.7       Penetration and Multiplication of the Insects  

 

The insects, overcoming the repellence of the essential oils, penetrated into 

the treated bags but they could not avoid their body contact with the oils, which 

induced some detrimental effects and caused an enhanced mortality as compared 

to those in the Control. Total population of the insects (dead and alive), inside the 

bags, was inversely proportional to the deterrent effect of the oil used. 

    

1 
 Deterrence α  

Population build up 
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3.8      Assessment of the Antixenosis 

Antixenosis is a relative term and cannot be expressed in an absolute 

manner. It can also be described as percentage difference between efficacies of 

two different insect repellents. In the instant studies, antixenosis of the plant oils 

was assessed, following the formula given below. 

 

Cn Tn  x 100 Cn  = No. of insects under the Control Antixenosis =   
Cn  Tn  = No. of insects under a treatment 

 

                   

 

3.9      Toxicity of the Botanicals 

Total number of insects (dead and alive) multiplied inside the treated bags 

were counted and the percent mortality was calculated which is a measure of 

insecticidal activity of the used botanical extract as compared to the Control. In the 

present study, insect mortality was caused due to the direct toxicity and growth-

inhibiting effect of the botanical oils, by their contact action on the insect bodies.  

 

3.10 Assessment of the Antibiosis 

  

In the present investigation, antibiosis of the test materials, against the target insect 

pests, was assessed from the percent-mortalities determined in the toxicity studies, 

by using the simple mathematical equation, given below. 

 

Antibiosis =  Tm Cm  x 100                 Cm =  % mortality under control 

   Tm                                 Tm =  % mortality under treatment 
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3.11  Meteorological Conditions 

 The information regarding temperature and relative humidity inside the 

warehouse was recorded on daily basis.  

 

3.12    Rheological Studies  

Rheological tests were applied to the whole wheat flour, made from the 

wheat used in the experiment for 90 days, to determine the adverse effects on the 

quality of flour, on its dough-development characteristics and on the taste & flavor 

of the ‘chapatti’, made from the wheat stored in the treated bags.  

 
3.12.1 Farinographic Studies 

Physical dough characteristics were studied by running samples of the 

whole wheat flour, made from the experimental wheat, through the Brabender 

Farinograph. The procedure described by the AACC (2000) was adopted for 

testing the samples. Farinograms were obtained at 500 Brabender Unit Line, with 

50 g of flour, having moisture of 12%, at 30 °C. Water absorption by the 

respective flour samples was recorded, while preparing the Farinograms, for 

comparison of the treatments with the Control. 

 

3.12.2 Sensory Evaluation of the Chapatties 

‘Chapatties’ were made from the whole wheat flour, produced from the 

experimental wheat, according to the method described by Haridas Rao et al. 

(1986). The dough was prepared by adding predetermined amount of water in 

200g of flour and the mixing was done, for three minutes in the mixer (National 

Mfg. Co., Lincoln, Nebraska). The dough was allowed to rest for one hour, at 

room temperature. Dough pieces, weighing 80 g each, were rounded and rolled 

into chapatties of uniform thickness. Baking was carried out on a thermostatically 
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controlled hot plate, at a temperature of 210 °C for 2 minutes. The ‘chapatties’ 

were offered to a panel of six judges of the Institute of Food Science and 

Technology, University of Agriculture, Faisalabad and got evaluated the 

‘chapatties’ for flavor, taste and overall acceptability, according to the procedure 

described by Larmond (1986).  

3.13 Statistical Analysis of the Data  

Analyses of Variance for each parameter and their interactions were carried 

out, to determine the levels of significance by applying CRD, three factorial 

design, as described by Steel et al. (1997). The packages, used for the calculations, 

were M-Stat and Minitab-13. The comparisons of mean values were carried out by 

using Duncan’s Multiple Range Test (Duncan, 1951). During the analysis, the 

control-values were compared with other treatments, at all the levels. Graphs and 

figures were drawn, by using the Microsoft Excel program. Regression analysis 

was performed to observe the trend of the mortality and the population builds up 

of the target insects, in response to the different levels of the botanical oils, with 

different packing materials, at different storage intervals.  
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RESULTS AND DISCUSSION 

The present project was undertaken in order to study the antibiotic and 

antixenotic effects of five different concentrations (0%, 5%, 10%, 15% and 20%) 

of three oil-extracts, of Acorus calamus, Azadirachta indica and Ricinus 

communis. Botanical oils were applied on two different types of packing materials 

to be used for the storage of wheat grains, up to three months. The toxicity and 

deterrence of these oils, against Rhizopertha dominica, Sitophilus granarius, 

Tribolium castaneum as well as Trogoderma granarium, were determined at three 

storage-intervals of 30, 60 and 90 days, at an ambient temperature and relative 

humidity, that generally prevailed under warehouse conditions. Results regarding 

percent mortality/ antibiosis and population build-up/antixenosis are being 

discussed as under: 

 
4.1:  EFFICACY OF ACORUS CALAMUS OIL AGAINST VARIOUS 

STORED GRAIN INSECT PESTS 
 

4.1.1: Toxicological Studies of A. calamus oil 

 Toxicity of the A. calamus oil, at three storage periods, with two types of 

packing materials has been described through the analysis-of-variance for percent 

mortality of the target insects. Main and interaction effects of the independent 

factors upon the mortality of R. dominica, S. granarius, T. castaneum and T. 

granarium have been given in ANOVA tables, separately for each insect. Toxicity 

is ascribed to beta-asarone. This compound may cause duodenal and liver cancer.   

 Means of percent mortality shown by the target insects against different 

concentrations of the A. calamus oil, at three storage periods, with two types of 

packing materials, have been set in the tables of means, separately for each insect. 

These tables demonstrate the mean-percent mortality of the insects against each 

treatment and each level of the independent factors, averagely. Significant 

differences between the figures are denoted with different letters and non 



Chapter-4 

 28

significant with the similar ones.  

Assessment of antibiosis of an organic material is necessary for its use and 

categorization in the sustainable agricultural system. In case of isolated phyto-

chemicals, antibiosis can, also, be expressed as a percent enhancement in the 

induced mortality of an insect relative to its natural or control mortality, under a 

specific set of environmental conditions. In the instant studies, percent antibiosis 

has been derived mathematically from the mortality of the insects. 

Regression between concentrations of the botanical oils and the mortality of 

target insects in response thereto has been displayed through mathematical 

equations, separately for different storage durations, with different packing 

materials. With the help of a regression equation, we can be able to determine the 

level of a dependent factor (y-value) against a specific treatment, from the a-value 

and b-value, with the interaction of an independent factor level. Accordingly, a 

level of treatment can be calculated which can cause 100% results. R²-values 

mention the meticulousness of the observations along the regression lines. 

In the proceeding paragraphs, ANOVA and means tables for percent 

mortality, antibiosis shown by the organic material and regression between the oil 

concentrations & mortality of the target insects, are discussed for each of the 

insects, separately. It is pertinent to mention here that total mortality of the insects 

also includes the natural mortality which is common in all treatments and control, 

hence ignored in comparisons.   

 
4.1.1.1:  Percent mortality of R. dominica against A. calamus oil 

treatments.  
 

Experimental information presented in Table-1 shows the analysis of 

variance for percent mortality of R. dominica with A. calamus oil treatments at 

three storage periods, with two types of packing materials. Main effects, 

packaging materials (P), concentrations of Sweet flag oil (C) and storage periods 

(D) had a significant effect on the mortality of R. dominica. However, various 
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interactions, like, PxD, PxC and (PxDxC) showed non-significant differences, 

except of course, DxC which had a significant effect.  

The data given in Table-2 show the mean values for the percent mortality of 

R. dominica, observed with different concentrations of A. calamus oil, at different 

storage intervals and packing materials. A perusal of the data indicates that the 

mean mortality differed significantly from one concentration to another and was 

found to be 15.93, 38.75, 54.91, 66.91 and 79.58% against 0, 5, 10, 15 and 20% 

oil concentrations, respectively. The data in Table-2 also show the mean percent 

mortality for packing A & B, to be 49.13 and 53.30% and for the storage durations 

to be 54.25, 51.61 and 47.79 % against 30 , 60 and 90 days, respectively. A 

cautious study of this table shows that a maximum mortality of 87.78% was 

observed at 20% x 30 days and a minimum of 9.48% was observed at a 

combination of 0% x 30 days, in packing B.  

Figure-1 shows the graphical presentation of the interaction of percent 

mortality and the concentrations of the oil applied to different packing materials. 

The concentrations have a significant effect on the insect mortality and have a 

positive correlation with it. Similarly, packing-B produced an enhanced mortality 

of the insect as compared to that with packing-A, particularly at two lower 

concentrations.  

Our findings concur with the research of Tiwari (1994) who evaluated A. 

calamus root-powder as a protectant of wheat-grains against R. dominica, in the 

laboratory. Powdered roots of A. calamus were found, by him, to be effective at 

1% (w/w), in an initial test and were, also, assessed at .0.25, 0.50 and 1.0% (w/w), 

later. Only 0.50% admixture of A. calamus achieved more than 80% suppression 

of the insects. Similarly, Dales (1996) reviewed the use of plant materials for the 

protection of stored products against insect pests. He observed that 11 species of 

the genus Acorus had a potential usefulness as stored product protectant. Umoetok 

(2000) investigated the toxicity of the powdered A. calamus to R. dominica, in the 
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Table 1:  Analysis of variance for percent mortality of R. dominica with A. calamus oil 
treatments at three storage periods, with two types of packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

544.693 
412.248 
33.029  

11635.222 
57.801  

119.327 
18.196  

    27.594 

19.7394** 
14.9396** 
1.1969 NS 

421.6537** 
2.0947 NS 
4.3243* 

           0.6594 NS 
 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 2:  Means for percent mortality of R. dominica against A. calamus oil 

 treatments, at three storage periods, with two types of packing 
 

Packing Duration C1 C2 C3 C4  C5 Packing 
Means 

Days 
Means  

A 30 days 10.05 36.35 57.07 66.71 84.92 54.25 a 
 60 days 18.22 34.52 52.19 64.35 76.15 51.61 b 
 90 days 24.55 31.99 43.40 63.04 73.46 

49.13 b 

47.79 c 
B 30 days 9.48 51.28 66.29 72.62 87.78 
 60 days 16.55 44.75 60.63 67.50 81.24 
 90 days 16.73 33.61 49.92 67.27 73.97 

53.30 a  

Overall means 15.93 e 38.75 d 54.91 c 66.91 b 79.58 a   
C1= control,   C2= 5%,   C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 1: Percent mortality of R. dominica with A.  calamus oil  treatments. 
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 laboratory. A. calamus was applied by him, at six doses of 0, 0.025, 0.05, 0.1, 0.2 

and 0.5 g/20g of wheat grains. Ten insects of each species, with three replicates, 

were exposed at these concentrations. The treatments were observed after every 

two days for a total of 16 days. The results indicated that 100% of S. oryzae and 

90% of R. dominica died, within 16 days.  

 

4.1.1.1a: Antibiosis showed by A. calamus oil to R. dominica   
  

    As mentioned in Table-3, calculated antibiosis of Sweet flag oil, with 

20% concentration, is maximum (89.20%) with packing-B, at 30 days storage 

period whereas minimum (66.58%) with the same concentration and with packing-

A, at 90 days time interval. 

Change in antibiosis with the passage of time and density of packing 

material is quite logical, because essential oils fade away with the passage of time 

and the holding capacity of the dense packing material tries to retain the oil, for a 

longer time. 

 

4.1.1.1b: Regression between A. calamus oil and percent mortality of      R.  
dominica, in packing A and B. 

 

Data regarding regression between oil concentrations and percent mortality 

of the insect are contained in Table-4. The statistical analysis shows that the R²-

values ranged from 0.890 to 0.992 and b-values were maximum (3.58) for 30 

day’s storage-interval with packing-A, while these were minimum (2.96) for both 

60 days with packing-A and 90 days with packing-B. Accordingly, the 

concentration required for 100% mortality, at 30 day’s interval, with packing-A, 

has been calculated to be 27.93% and 33.78% for both 60 days with packing-A 

and 90 days with packing-B.  
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Table 3:  Antibiosis showed by A. calamus oil to R.  dominica treatment, at three 
 storage periods, with two types of packing. 

 

Packing Duration Control mortality (%) Treated mortality (%) 
Antibiosis (%) 

 
A 30 days 10.05 84.92 88.16 

 
  60 days 18.22 76.15 76.07 

 
  90 days 24.55 73.46 66.58 

 
B 30 days 9.48 87.78 89.20 

 
  60 days 16.55 81.24 79.63 

 

  
90 days 16.73 73.97 77.38 

 
 
 
 
 
 
 
 
 
 
Table 4:  Regression between  A. calamus oil and R.  dominica mortality at three 

 storage periods, with two types of packing. 
 
Packing Duration R² value b value Concentration needed for 100% mortality

 
A 30 days 0.969 3.58 27.93 

 
 60 days 0.989 2.96 33.78 

 
 90 days 0.992 2.98 33.55 

 
B 30 days 0.890 3.54 28.24 

 
  60 days 0.942 3.04 32.89 

 
  90 days 0.982 2.96 33.78 

 
 
 



Chapter-4 

 33

4.1.1.2: Percent mortality of Sitophilus granarius with A. calamus oil. 

 

Table-5 contains the ANOVA for percent mortality of S. granarius with A. 

calamus oil treatments, at three storage periods, with two types of packing 

materials. Independent factors, packaging materials (P), concentrations of Sweet 

flag oil (C) and storage periods (D) had a significant effect on the mortality of 

Sitophilus granarius. However, various interactions, like, PxD, PxC and (PxDxC) 

showed non-significant differences, except DxC, which had a significant effect.  

The data shown in Table-6 provide the mean values of percent mortality of 

Sitophilus granarius observed against different concentrations of A. calamus oil, 

at different time intervals and packing materials. A perusal of the data indicates 

that the mortality differed significantly from one concentration to another and was 

found to be 18.88, 39.90, 56.77, 66.07 and 79.29% against 0, 5, 10, 15 and 20% 

concentration, respectively. The data in Table-6 also show the mean values of 

percent mortality for packing A & B, to be 50.26 and 54.11% and for storage 

durations to be 59.37, 52.94 and 44.23 % at 30, 60 and 90 days of storage, 

respectively. The maximum mortality was, however, observed to be 93.33% at 

20% x 30 days in packing B and minimum mortality was observed to be 10.66% 

in the control, at 30 days, in packing B.  

Figure-2 shows the graphical presentation of the interaction of percent 

mortality and different concentrations of the oil, applied to the different packing 

materials. The concentrations were found to have a significant effect upon the 

mortality of the insect and have a positive correlation with it. Similarly, packing-B 

produced enhanced mortality as compared to the packing-A. It is clarified that 

toxicity and deterrence effect of the oil against the newly entering insects 

decreased with the passage of time which reduced the mortality by both ways. 

Also the thick cloth took more time to dry out as compared to thin one.   
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Table 5:   Analysis of variance for percent mortality of S. granarius with A. calamus oil  
     treatments, at three storage periods, with two types of packing 
 

Source of Variation Degree of 
freedom Mean square      F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

351.807 
1747.356 

35.998  
9450.625 

54.077  
407.665 
15.497  

               34.854 

10.09373** 
50.13359** 
1.032823NS 
271.1489** 
1.551529NS 
11.69636** 
0.444626NS 

    NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 6: Means for percent mortality of S. granarius with A. calamus oil treatments,  
  at three storage periods, with two types of packing. 
 

Packing Duration C1 C2 C3 C4  C5 Packing 
Means 

Days 
Means  

30 days 14.21 54.85 65.28 66.18 91.67 59.37 a 
60 days 24.51 38.85 54.00 65.08 73.22 52.94 b 

A 

90 days 21.07 23.36 43.27 54.05 64.35 

50.26 b 

44.23 c 
30 days 10.66 53.71 69.45 74.44 93.33 
60 days 19.23 39.90 60.79 74.02 79.87 

B 

90 days 23.62 28.75 47.88 62.70 73.33 

54.11 a  

Overall means 18.88 e 39.90 d 56.77 c 66.07 b 79.29 a   
C1= control,   C2= 5%,   C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 2:  Percent mortality of S. granarius with A.  calamus oil treatments. 

S.granarius

0

20

40

60

80

100

120

0 5% 10% 15% 20% 0 5% 10% 15% 20%

 Packing  A                                                            Packing  B

M
or

ta
lit

y 
(%

)

30 days
60 days
90 days

 



Chapter-4 

 35

Conclusions of our experiments were found to match, at some extent, with 

the results of Risha et al. (1990) who studied the toxicity of A. calamus, rhizome 

oil vapors to immature stages of S. granarius. It was observed that the eggs and 

other younger embryonic stages were more susceptible than the later stages. 

Larvae and pupae, however, did not show any appreciable susceptibility to the 

vapors. Schmidt et al. (1991) observed that the number of offspring of S. 

granarius, S. oryzae and Callosobruchus chinensis, emerging from food, on which 

adults were placed, during and after treatment, with A. calamus oil vapors, were 

considerable lower than those that emerged from the untreated controls. This 

response was correlated with an increase of exposure time rather than an increase 

in the dose. Results of our research partially tally with those of Schmidt et al. 

(1997), who observed that the rate of evaporation for the essential oil of A. 

calamus, was affected by the exposure period and temperature. The most active 

ingredient of the oil against S. oryzae, S. granarius and Callosobruchus chinensis 

was identified as cis-asarone (.having two atoms or groups on the same side of a double 

bond between carbon atoms). The volatilization of oil was very slow. The vapors 

were absorbed much by the treated commodities, but their penetration, into the 

food materials, was negligible.  
 

 
4.1.1.2a: Antibiosis showed by A. calamus oil to Sitophilus granarius. 

 

As mentioned in Table-7, the calculated antibiosis of Sweet flag oil against 

the target insect was found to be maximum (88.58%) with 20% concentration and 

in packing-B, at 30 days storage period, whereas it was minimum (63.29%) with 

the same concentration in packing-A, at 90 days time interval. The changes 

observed in the antibiosis with the passage of time and higher density of the 

packing material is justifiable because essential oils were oxidized/ disintegrated 

with the passage of time, more rapidly from the thin cloth bags but the better 

holding capacity of the dense packing cloth retained the oil for a longer duration. 
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4.1.1.2b: Regression between A. calamus oil and percent mortality of S. 
granarius in packing A and B.   

Statistics regarding regression between oil concentrations and percent 

mortality of the insect are contained in Table-8. Statistical analysis shows R² 

values ranging from 0.866 to 0.985 and b-values to be maximum (3.66) for 30 

days storage interval and packing-B, while minimum (2.24) for both 60 and 90 

days with packing-A. Accordingly, the concentration required for 100% mortality 

at 30 days interval with, packing-B, has been calculated to be 27.32 and 44.64% 

for 90 days with packing-A. 

 Figure-3 illustrates the graphical situation of the regression between oil 

concentrations and percent mortality of the insect. It shows the distribution of 

observations with regression lines drawn on their basis. It also contains the 

regression equations showing a-values, b-values and R²-values for the calculation 

of y-values, at 30, 60 and 90 days of storage periods. 

 

4.1.1.3: Percent mortality of T. castaneum with A. calamus oil 
treatments.  

 

Table-9 contains the analysis of variance for percent mortality of T. 

castaneum with A. calamus oil treatments, at three storage periods, with two types 

of packing materials. Independent factors, like, packaging materials (P), 

concentrations of Sweet flag oil (C) and storage periods (D) had a significant 

effect on the mortality of Sitophilus granarius. But, various interactions, like, 

PxD, PxC and (PxDxC) showed non-significant differences, except DxC, which 

had a significant effect.  

Figures shown in Table-10 provides  the mean values of percent mortality 

of T. castaneum observed for different concentrations of A. calamus oil at different 

time intervals and packing materials. A perusal of data indicates that all the main 

effects of independent factors differed significantly for mortality from one another 
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with mean values of 17.74, 43.30, 61.63, 73.34 and 77.72% against oil 

concentrations of 0, 5, 10, 15 and 20%, respectively. The data  

in Table-10 also show the mean values of percent mortality for packing A & B as 

52.78 and 56.71% and for storage durations as 57.98, 56.72 and 49.54 % against 

30 , 60 and 90 days respectively. An attentive study of this table shows that 

maximum mortality (82.22%) observed at 20% x 30 days and minimum mortality 

(10.85%) was observed in the combination 0% x 30 days, in packing B.  

Figure-4 shows the graphical presentation of the interaction of percent 

mortality and the concentrations of the oil applied to the different packing 

materials. The concentrations have a significant effect upon the mortality of the 

insect and have a positive correlation with it. Similarly, packing-B has provided 

enhanced mortality as compared to the packing-A. 

Just like the antixenosis in living plants (in vivo), bags with high 

concentration lipid extract showed less infestation as compared to low 

concentration or control. The test materials had repelling effects against the insects 

depending upon their concentration, thickly woven bags showed lower population 

even in control due to its physical hindrance against the incoming insects more 

than that of thin cloth bags. This physical factor is in addition to the chemical one 

(botanical oils) and is common for all treatments including control. 

Results of our experiments have resemblance with the conclusions of Risha 

et al. (1990) who studied the toxicity of A. calamus rhizome oil vapors to 

immature stages of Tribolium spp. It was observed that the eggs and younger 

embryonic stages were more susceptible than later stages. Larvae and pupae did 

not show any appreciable susceptibility to the vapors. Also the Joseph et al. (1994) 

reported that the postembryonic development and adult emergence of T. 

castaneum were, adversely, affected to the varying degrees when its larval stages 

were reared on the wheat flour, treated separately with the root extracts of A. 

calamus and Rauvolfia serpentina. There was a marked decline in the reproductive  
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Table 7:    Antibiosis showed by A. calamus oil to S. granarius, at three storage periods, with 
      two types of packing. 
 

Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 
A 30 days 14.21 91.67 84.50 

  60 days 24.51 73.22 66.53 
  90 days 23.62 64.35 63.29 

B 30 days 10.66 93.33 88.58 
  60 days 19.23 79.87 75.92 
  90 days 21.07 73.33 71.27 
 
 
Table 8:  Regression between A. calamus oil and S. granarius mortality, at three 

 storage periods, with two types of packings . 

 

 
Figure 3: Regression between different concentrations of A. calamus oil and percent 

mortality of S. granarius for two packing materials. 
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Table 9:  Analysis of variance for percent mortality of T. castaneum with A. calamus oil  
  treatments, at three storage periods, with two types of packings. 
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

272.693 
710.644 
23.363  

10895.022 
33.689  

314.799 
6.151  

41.795 

6.524536* 
17.00309**
0.55899NS

260.6776**
0.806053NS
7.531978**
0.147171NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 10: Means for percent mortality of T.  castaneum with A.  calamus oil 

treatments. 
 

Packing Duration C1 C2 C3 C4  C5 Packing 
Means 

Days 
Means  

30 days 11.65 48.81 66.39 73.07 78.33 57.98 a 
60 days 18.04 48.25 64.79 72.62 74.45 56.72 a 

A 

90 days 23.64 30.50 43.51 65.57 72.22 

52.78 b 

49.54 b 
30 days 10.85 51.52 76.85 80.16 82.22 
60 days 18.24 46.99 67.52 75.76 80.56 

B 

90 days 24.07 33.75 50.73 72.90 78.56 

56.71 a  

Overall means 17.74 e 43.30 d 61.63 c 73.34 b 77.72 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 4:  Percent mortality of T. castaneum with A.  calamus oil treatments. 
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potential, in terms of female fecundity and egg hatchability, when extracts were 

applied topically or administered orally, through food.  

4.1.1.3a: Antibiosis showed by A. calamus oil to T. castaneum   

As given in Table-11, calculated the antibiosis of Sweet flag oil is 

maximum 86.80% with 20% concentration and with packing-B, at 30 days storage 

period, whereas minimum is 67.27% with same concentration and with packing-

A,at 90 days time interval. In the instant studies, percent antibiosis has been 

derived mathematically from the mortality of the insects. 

Differences observed in antibiosis of the test oil with different packing 

materials, at different storage intervals are due to the reason that the essential oils 

weaken away with the passage of time and holding capacity of the dense packing 

try to retain the oil for a longer time that. Resultantly, the dense packing material 

has produced better results at a certain time interval. 

4.1.1.3b: Regression between A. calamus oil and percent mortality of T. 

castaneum in packing A and B. 

Table-12 contains the data regarding regression between oil concentrations 

and percent mortality of the target insect. Statistical analysis shows R²-values 

ranging from 0.787 to 0.966 and b-values maximum 3.49 for 30 days storage 

interval and packing-B while minimum 2.64 for 90 days with packing-A. 

Accordingly the concentration required for 100% mortality at 30 days interval 

with packing-B has been calculated as 28.65% and 37.87% at 90 days with 

packing-A.  

 Figure-5 explains the graphical demonstration of the regression 

between oil concentrations and percent mortality of the insect. It shows the 

distribution of observations with regression lines drawn on their basis. It also 

contains the regression equations showing a-values, b-values and R²-values for the  
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Table 11:  Antibiosis showed by A. calamus oil to T.  castaneum at three storage periods 
with two types of packing. 

 

Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 
A 30 days 11.65 78.33 85.13 

  60 days 18.04 74.45 75.77 
  90 days 23.64 72.22 67.27 

B 30 days 10.85 82.22 86.80 
  60 days 18.24 80.56 77.36 
  90 days 24.07 78.56 69.36 
 
 
Table 12:  Regression between A. calamus oil and T.  castaneum mortality at   
  three storage periods with two types of packings. 
 
Packing Duration R² value b value concentration needed for 100% mortality

A 30 days 0.852 3.33 30.03 
  60 days 0.891 2.91 34.36 
  90 days 0.966 2.64 37.87 

B 30 days 0.787 3.49 28.65 
  60 days 0.942 3.43 29.15 
  90 days 0.954 2.8 35.71 
 
 
 
Figure 5: Regression between different concentrations of A. calamus oil and percent 

mortality of T. castaneum for two packing materials. 
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calculation of y-values, at 30, 60 and 90 days storage periods. 

4.1.1.4: Percent mortality of T. granarium with A. calamus  oil. 

Table-13 shows the analysis of variance for percent mortality of T. granarium 

with A. calamus oil treatments, at three storage periods, with two types of packing 

materials. Independent factors, like, packaging materials (P), concentrations of 

Sweet flag oil (C) and storage periods (D) had a significant effect on the mortality 

of T. granarium. But, various interactions, like, PxD, PxC and (PxDxC) showed 

non-significant differences, except DxC, which had a significant effect, upon the 

mortality of the insect.  

The information shown in Table-14 provides the mean values of percent 

mortality of T. granarium observed for different concentrations of A. calamus oil 

at different time intervals and packing materials. A perusal of the data indicates 

that all the main effects for mortality differed significantly from one concentration 

to another and the mortality was found to be 21.42, 42.50, 59.60, 72.28 and 

81.33% against 0, 5, 10, 15 and 20%, oil-concentrations, respectively. The percent 

mortalities in packing A & B were, similarly, found to be 53.87 and 56.97% and 

for different storage durations to be 57.84, 57.08 and 51.36 % after 30, 60 and 90 

days, respectively. The maximum mortality (90.28%) was, however, observed to 

be 20% x 30 days and minimum mortality (12.82%) in the control after 30 days, in 

packing-B.  

Figure-6 shows the graphical presentation of the interactions of percent 

mortality of the test insect with the various concentrations of the test oil, applied to 

different packing materials, at 30, 60 and 90 days storage periods. Graph lines 

show that the concentrations have a significant effect upon the mortality of the 

insect and have a positive correlation with it, demonstrating different trends at 

different time intervals. Similarly, packing-B gave an enhanced mortality of the 

insect than the packing-A, due to its higher density.  

 



Chapter-4 

 43

Table 13:  Analysis of variance for percent mortality of T. granarium with A.  calamus oil  
  treatments, at three storage periods, with two types of packing 
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

361.281 
376.361 

6.635 
1031.801 

43.332 
196.043 
19.676 
23.404 

 

15.4367** 
16.0810** 
0.2835N.S. 

441.4538** 
1.8515 N.S 
8.3765** 
0.8407 N.S 

 
 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
Table 14:   Means for percent mortality of T. granarium with A. calamus oil treatments, 

at three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 13.47 41.59 62.64 76.52 89.17 57.84 a 
60 days 26.53 38.66 58.04 73.05 77.14 57.08 a 

A 
  
  90 days 28.92 33.82 50.34 64.43 73.86 

53.87 b 

51.36 b 
30 days 12.82 52.21 65.81 76.84 90.28 
60 days 25.14 50.06 63.51 73.92 81.84 

B 90 days 21.66 38.66 57.28 68.96 75.69 

56.97 a  

Overall means 21.42 e 42.50 d 59.60 c 72.28 b 81.33 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
 
Figure 6:  Percent mortality of T. granarium with A.  calamu oil treatments. 
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4.1.1.4a: Antibiosis showed by A. calamus  oil to T. granarium  
     

Table-15 shows the calculated antibiosis of Sweet flag oil against the test 

insect, which is maximum (85.80%) in a combination of 20% concentration and 

with packing-B, at 30 days storage period, whereas it is minimum is (60.84%) 

with same concentration and packing-A, at 90 days of the time interval. Percent 

antibiosis has, mathematically, been derived from the percent mortality of the 

insect, under a specific treatment.  

The changes in degree of antibiosis with the passage of time and density of 

the packing material is quite reasonable, because essential oils lighten away with 

the passage of time and the holding capacity of the dense packing material tries to 

retain the oil till a longer period. 

 

4.1.1.4b: Regression between A. calamus oil and percent mortality of 
 T. granarium in packing A and B. 
 

Records regarding the regression between oil concentrations and percent 

mortality for this insect, at 30, 60 and 90 days storage-periods, with two different 

packing materials, are contained in Table-16. Statistical analysis shows R²-values 

ranging from 0.946 to 0.993 and b-values to be maximum 3.86 for 30 days 

storage-interval and packing-B, while minimum (2.48) for 90 days with packing-

A. Accordingly, the concentration required for 100% mortality, at 30 days interval 

with packing-B has been calculated as 25.90% and after 90 days with packing-A, 

was found to be 40.32%.  

 Figure-7 shows the graphical presentation of the regression between oil 

concentrations and percent mortality of the insect. It shows not only the 

distribution of observations along the regression lines, but also contains the 

regression equations showing a-values, b-values as well as R²-values for the 

calculation of y-values, at 30, 60 and 90 day storage-periods. 
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Table 15:  Antibiosis showed by A. calamus oil to T.  granarium,  at three storage 
 periods, with two types of packing. 

 
Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 

A 30 days 13.47 89.17 84.89 
  60 days 26.53 77.14 65.61 
  90 days 28.92 73.86 60.84 

B 30 days 12.82 90.28 85.80 
  60 days 25.14 81.84 69.28 
  90 days 21.66 75.69 71.38 
 
 
Table 16:  Regression between A . calamus oil and T. granarium mortality, at three 

 storage periods, with two types of packings. 
 
Packing Duration R² value b value concentration needed for 100% mortality

A 30 days 0.977 3.52 28.40 
  60 days 0.970 2.65 37.73 
  90 days 0.993 2.48 40.32 

B 30 days 0.980 3.86 25.90 
  60 days 0.946 2.75 36.36 
  90 days 0.977 2.70 37.03 
 
 
Figure 7: Regression between different concentrations of A. calamus oil and percent 

mortality of T. granarium for two packing materials. 
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4.1.2: ANTIXENOTIC STUDIES OF A. CALAMUS OIL 

 Antixenosis is a component of resistance in plants that shows their ability to 

repel insects due to physical or biochemical attributes. Accordingly, we used this 

term in general sense keeping in view the repelling effect of plant extracts (oils) 

and physical hindrance of thick packing material in the way of penetrating insects, 

covering the both profiles (chemical & physical) of antixenosis. Hence, we tried 

the plant lipid extracts (oils) to test their insect repelling effect along with toxicity 

outside the plant body (in vitro).  

. Antixenotic impact or repellence of the sweet flag oil against different 

insect pests of stored wheat were studied by determining their penetration and 

population build-up inside the treated bags, packed with insect free wheat, kept for 

30, 60 and 90 days, at the ambient temperature and relative humidity, in the 

warehouses. In the instant work, test insects were R. dominica, S. granarius, T. 

castaneum and T. granarium.  

 Main and interaction effects of the independent parameters upon the 

population build-up of the target insects were determined through analysis of 

variance and given in ANOVA tables, separately, for each of the insects. 

 Means of population build-up shown by the target insects against different 

concentrations of the A. calamus oil, at three storage periods, with two types of 

packing materials, have been placed in the tables, separately, for each of the 

insects. These tables demonstrate the mean-percent mortality of the insects against 

each treatment and each level of the independent factors, averagely. Significant 

differences between the figures are tagged with different letters and non 

significant with the similar ones.  

   According to Pedigo (1991), antixenosis (non preference/ repellence) is the 

plant characteristic that drive insects away from it; involves activities of both host 

plant and insects. In fact, ability of a plant to repel insects is due to its physical 

(like hairiness) or biochemical attributes (like repelling phytochemicals) and it can 
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be measured by comparing the infested number of plants of a variety. Similarly, 

antixenosis of a phyto-chemical is a measure of its repelling effect against an 

insect. In the present study, we explored the antixenotic effects of phytochemicals 

trying them outside the plant body i.e. in vitro.  it can be explained as “A percent 

fall in the penetration/population build-up of an insect, inside the treated bags, due 

to the effect of a repellent relative to the control or the normal population of the 

insect, under a specific set of environmental conditions.” 

Regression between concentrations of the botanical oil and the population 

build-up of the target insects in response thereto has been exhibited through 

mathematical equations, separately for different storage durations and different 

packing materials. Through regression equation, we can determine the level of a 

dependent factor (y-value) against a specific treatment, from the a-value and b-

value, by putting the value of a level of an independent factor. Accordingly, an 

amount of a treatment can be calculated which can cause 100% results. R²-values 

mention the fastidiousness of the observations along the regression lines. 

Different aspects regarding repellence of the oil, like, population build-up 

(progeny of treated insects) & penetration of insects inside the treated bags, 

antixenotic assessment and regression analysis, for each of the insects, are 

discussed below.  

 

4.1.2.1: Repellence of A. calamus oil against R. dominica  

  

Table-17 is an ANOVA table for population build-up of R. dominica 

against A. calamus oil treatments, at three storage periods, with two types of 

packing materials. Contents of the table show that the main effects of the 

independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions DxC, PxC, PxD and PxDxC are 

highly significant for reducing the population build-up of the target insect. 
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Table 17 Analysis of variance for population build-up of R. dominica against A.         
  calamus oil treatments , at three storage periods, with two types of packing 

Source of Variation Degree of 
freedom Mean square                   F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

  728.178 
13423.600 
  276.844 
 4111.472 
   37.928 
  863.614 
   98.303 
    4.100 

177.6044**
3274.049**
67.52293**
1002.798**
9.250732**
210.6376**
23.97634** 

          NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
Table 18:  Means for population build-up of R. dominica with A. calamus oil 

treatments, for three storage periods, with two packings. 
Packing Days C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 17.67kl 13.67mn 10.67nop 8.33pq   6.00q 10.83 c 
60 58.33c 43.33e 37.67fg 33.00hi 20.00k 36.03 b 

A 
 
 90 116.7a 57.33c 47.67d 42.67e 41.33e 

36.95 a 

54.00 a 
30 16.67lm 13.00no 10.00op   7.33Pq   5.00q 
60 55.33c 35.67gh 31.33i 27.67j 18.00kl 

B 

90 83.33b 48.67d 40.00ef 34.33ghi 28.00j 

30.28 b  

Overall means 58.00 a 35.27 b 29.55 c 25.55 d 19.72 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 8:  Means for population build-up of R. dominica with A. calamus oil 

treatments.  
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Means of the populations build-ups of R. dominica against the Sweet flag oil 

treatments, with two types of packing materials and three storage periods of 30, 60 

and 90 days, have been presented in Table-18. Maximum population was, 

however, observed in the control with packing-A, at a storage time of 90 days, 

whereas a minimum population was recorded with 20% concentration of the oil 

with packing-B, at an interval of 30 days. Overall means of the insect population 

were seen to be 58.00, 35.27, 29.55, 25.55 and 19.72 against the concentrations of 

0%, 5%, 10%, 15% and 20%, respectively. Similarly, the mean population of the 

insect was found to be 36.95 and 30.28 against the packing-A and B, as well as, a 

population of 10.83, 36.03 and 54.00 against 30, 60 and 90 days of the storage 

period, respectively. 

Figure-8 illustrates the interaction of oil concentrations and the population 

build-up of the target insect, separately for packing-A and packing-B. A perusal of 

the information displayed for different storage periods shows that the population 

build-up of the insect was reduced significantly in packing-B as compared to that 

in packing-A.   

 Our findings agree with the investigations of Jilani and Saxena (1990), who 

monitored the repellency of the Sweet flag oil against R. dominica for eight weeks. 

In a choice test, filter-paper-strips treated with the test-materials, at 200, 400, 800 

μg / cm², repelled the insects. The oil showed a significant repellence, during the 

first two weeks, where afterwards it decreased more rapidly. R. dominica adults 

were found to make significantly fewer and smaller feeding punctures, in the filter 

paper discs, treated with the test material, at 100, 500 and 1000 μg/ cm², than those 

in the control. The work of Chander et al. (2000) who evaluated the insect 

repellents, including local plants, like, Sweet flag rhizomes and ‘Neem’ 

formulations at 1% level, as bag treatments, for the control of storage insects, 

under the warehouse conditions, also agreed with our findings. Both test-materials 

showed a good repellence against the test insects, even after three months. In the 



Chapter-4 

 50

present investigation, test materials had repelling effects against the insects 

depending upon their concentration, thickly woven bags showed lower population 

even in control due to its physical hindrance against the incoming insects more 

than that of thin cloth bags. This physical factor is in addition to the chemical one 

(botanical oils) and is common for all treatments including control. 

 

4.1.2.1a: Antixenosis showed by A. calamus, oil to R. dominica 
 

 Table-19 contains the information about the percent-antixenosis, shown by 

the 20% oil to the target insect, with two different packing materials, at three 

storage periods of 30, 60 and 90 days. Maximum antixenosis (70.01%) was shown 

by the 20% oil concentration with packing-B, at 30 days of storage interval, while 

it was seen to be minimum (64.87%) by the same concentration with packing-A, at 

90 days of storage period.  

Our assessment of the antixenosis has been supported by the proved 

behavior of the essential oils, whose repellence reduces with the passage of time. 

Density of the packing material, also, reduces the volatilization of the oil and 

enhances its impacts against the insects. Thus, the insect-population inside the 

treated bags correlates negatively with the antixenotic potency of the oil and with 

the density of the packing material, while positively with the storage duration. 

 

4.1.2.1b: Regression between A. calamus oil and population build-ups of 
R. dominica in packing A and B. 

  

 Statistical data about the regression between oil-concentrations and the 

population build-ups of the insect, at storage periods of 30, 60 and 90 days, with 

packing-A and packing-B, have been displayed in Figure-9. Declining trend of the 

regression lines indicates the reduction in population build-ups of the insect in 

accordance with the oil concentrations for different time intervals and packing  
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Table 19:  Antixenosis showed by A. calamus oil to R. dominica at three storage 
periods, with two types of packing. 

Packing Duration Control Population Treated population Antixenosis (%) 
A 30 days 17.67 6 66.04 

  60 days 58.33 20 65.71 
  90 days 116.7 41 64.87 

B 30 days 16.67 5 70.01 
  60 days 55.33 18 67.47 
  90 days 83.33 28 66.40 
 
Figure 9: Regression between different concentrations of A. calamus oil and 

population build-up of R. dominica for two packing materials. 
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Table 20:  Analysis of variance for population build-up of S. granarius with A.  calamus oil 

treatments, at three storage periods, with two types of packing 
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

523.211 
4742.411 
  96.878 
2666.539 
  36.461 
 435.272 
   8.628 

1.522 

343.7654** 
3115.907** 
63.65177** 
1751.997** 
23.95598** 
285.9869** 
5.668857** 

        NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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materials. R²-values indicate the fitness of the data, which is based upon the proper 

distribution of the observations along the regression lines. R²-values range from 

0.765 to 0.992 for both the packing materials and three storage periods. Maximum 

b-value (3.71) is concerned with packing-A, at 90 days time interval, and a 

minimum (0.58) relates to both packing-A & B at an interval of 30 days. 

Regression lines in both the packing materials for a storage period of 90 days are 

steeper than those for 60 and 30 days, consecutively. Such trend of regression 

lines, points out that the population build-up for the control increased steadily with 

the passage of time and the environmental conditions were favorable for the insect 

multiplication.  

 

4.1.2.2: Repellence of A. calamus oil against S. granarius 

  

 Table-20 contains the analysis of variance for population build-up of S. 

granarius against A. calamus oil treatments, at three storage periods, with two 

types of packing materials. Entries of the table show that the 

main effects of the independent parameters, i.e., concentration of the oil (C), 

packing material (P) and storage period (D) along with their interactions i.e. DxC, 

PxC, PxD and PxDxC are highly significant for reducing the population build-up 

of the target insect. 

 Table-21 has the information, regarding population build-up of S. 

granarius under Sweet flag oil treatments, with two types of packing materials and 

three storage periods of 30, 60 and 90 days. Maximum population (70.67) was 

observed in the Control with packing-A, at a storage time of 90 days, whereas the 

minimum population (2.00) was recorded with 20% concentration of the oil with 

packing-B, at an interval of 30 days. Overall means of insect population, however, 

found were to be 40.05, 26.05, 19.11, 13.66 and 9.38 in the control, 5%, 10%, 

15% and 20%, respectively.  
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Table 21:  Means for population build-up of S. granarius with A. calamus oil 
treatments, at three storage periods, with two types of packing. 

 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 13.67j 10.33kl 7.67mn   6.67no   3.00pq 7.70 c 
60 days 49.00c 31.67f 24.00g 18.67hi 11.33kl 24.06 b 

A 
  
  90 days 70.67a 45.67d 32.33f 20.33g 18.00hi 

24.20 a 

33.20 a 
30 days 12.33jk   9.33lm   6.67no   5.33op  2.00q 
60 days 37.67e 23.33g 20.33h 16.67i 8.00l 

B 90 days 57.00b 36.00e 23.67g 14.33j 14.00j 

19.11 b  

Overall means 40.05 a 26.05 b 19.11 c 13.66 d 9.38 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
 
Figure 10:  Population build-up of S. granarius with A. calamus oil treatments. 
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Table 22:   Antixenosis showed by  A. calamus oil to S. granarius, at three storage  
  periods, with two types of packing. 

Packing Duration Control Population Treated population Antixenosis (%) 
A 30 days 13.67 3.00 78.05 

  60 days 49.00 11.33 76.88 
  90 days 70.67 18.00 74.53 

B 30 days 12.33 2.00 83.78 
  60 days 37.67 8.00 78.76 
  90 days 57.00 14.00 75.44 
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Similarly, means for the packing types were observed to be 24.20 and 19.11 with 

packing A and B, respectively. The means for storage durations, however, 

remained 7.70, 24.06 and 33.20 after 30, 60 and 90 days, respectively. 

Figure-10 gives the line graph of the interactions of oil-concentrations and 

the population build-ups of the target insect, separately for packing-A and 

packing-B. Graph lines for 30, 60 and 90 days, show that the population build-up 

of the insect reduced significantly in packing-B as compared to that in packing-A. 

Our results partially conform to the work of Chander et al. (2000), who evaluated 

the insect repellents, including local plants, like, Sweet flag rhizomes and ‘Neem’ 

formulations, useing as bag treatment, for the control of storage insects, under the 

warehouse conditions. Both showed a good repellence against the test insects. 

They tested only repellence of acetone extracts of different plants against 

controlled population of insects while we concentrated upon repellence against 

open population with toxicity. We utilized oils, instead of extracts, keeping in 

view their high stability and activity as contact insecticide. One of the demerits of 

the extract is that it dries out shortly and its entry into insect body is difficult, 

supporting no antibiotic evaluation but oil, in our studies, showed contact action 

with the insect bodies, hence helped to test its antibiotic effects on the insects. 

That is why; Chander could not test the antibiotic impacts of botanical extracts. 

They only signified its repelling/deterring effects which may be due to physical 

hindrance of the solid / dried matter of the extract. 

 

4.1.2.2a:  Antixenosis showed by A. calamus, oil to S. granarius. 
  

Table-22 contains the data for the percent antixenosis, showed by 20% oil 

in the target insect, with two different packing materials and at three storage 

Periods of 30, 60 and 90 days. Maximum antixenosis (83.78%) was shown by 

20% oil concentration with packing-B, at an interval of 30 days while minimum 

(74.53%) was shown by the same concentration with packing-A, after 90 days of 
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the storage period. Determination of the antixenosis has been proved from the 

behavior of the essential oils whose repellent action diminishes with the passage of 

time. Density of the packing material reduces the evaporation of the oil and 

enhances its effects against the insects. So, the antixenosis of the oil and reduction 

in population have a positive correlation between them. Similarly, density of the 

packing material and reduction in population has a positive correlation among 

themselves. But storage periods and reduction in population have a negative 

correlation between them.     

 

4.1.2.2b: Regression between A. calamus, oil and the population build-ups 
of S. granarius in packing A and B. 

 

 Figure-11 presents the statistical data for the regression between 

concentrations of the oil and population build-ups of the insect, at storage periods 

of 30, 60 and 90 days, with packing A and B. A declining trend of the regression 

lines indicates the reduction in population build-up of the insect with the oil 

concentrations, at different time intervals and packing materials. R²-values 

indicate the suitability of the data, based upon the proper distribution of the 

observations along the regression lines. Range of R²-values was 0.912 to 0.984 for 

both the packing materials and three storage periods. Maximum b-value is 2.77, 

which is concerned with packing-A, at 90 days time interval and minimum is 0.45, 

which relates to the packing-B, at an interval of 30 days. In both the packing 

materials, regression lines for 90 days of the storage periods are steeper than those 

for 60 and 30 days, consecutively. Such a trend of regression lines, points out that 

the population build-up in the control was much progressive, with the passage of 

time and that the environmental conditions were quite favorable for the insect-

multiplication.    
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4.1.2.3: Repellence of A. calamus oil against T. castaneum 

 Table-23 has the analysis of variance for population build-up of T. 

castaneum against A. calamus oil treatments, at three storage periods, with two 

types of packing materials. Entries of the table show that the main effects of the 

independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with an interaction i.e. DxC are highly significant, while 

interactions like PxC, PxD and PxDxC are non significant for reducing the 

population build-up of the target insect.  

Table-24 contains the data regarding population build-up of T. castaneum 

with the Sweet flag oil treatments, with two types of packing materials and three 

storage periods of 30, 60 and 90 days. Maximum population (60.67) was observed 

in the Control with packing-A, at a storage period of 90 days, whereas the 

minimum population (3.33) was recorded with 20% concentration of the oil in 

packing-B, at 30 days of interval. Overall means of the insect-population for 

different concentrations as found to be 37.61, 23.72, 20.66, 16.27 and 12.88 

against the control, 5%, 10%, 15% and 20%, respectively. Similarly, the means of 

population for the packing materials were seen to be 22.88 and 21.57 in packing A 

and B, respectively. While mean-population for the storage durations remained to 

be 8.56, 25.56 and 32.56 for 30, 60 and 90 day’s period, respectively. 

Test oil was applied on bags prior to its filling but not on the grains. 

Toxicity and deterrence to insects was only due to the presence of oil in the 

packing material not in the grains. Toxicity was caused due to body contact of 

insects with the oil while penetrating into the treated bags. Our results have been 

confirmed by the work of Chander et al. (1999) who evaluated the acetone extract 

of the Sweet flag (A. calamus), in the laboratory, as a repellent, on the jute fabric 

against T. castaneum. Extract of the Sweet flag rhizomes was found to be highly 

effective, even at the lowest concentration of 2.5 mg/cm² of jute fabric. The 

concentrations exhibited repellency, even after three months of aging, at room  
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Figure 11: Regression between different concentrations of A. calamus oil and 
population build-up of S. granarius for two packing materials. 

 
 Packing  A      Packing  B 
 
Table 23:  Analysis of variance for population build-up of T. castaneum with A.  calamus oil 

treatments, at three storage periods, with two types of  packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

  31.211
4155.600

   6.178
1853.539

   2.906
 289.906
   2.372

2.989

10.44195**
1390.298**
2.066912NS
620.1201**
0.972232NS
96.99097**
0.793576NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 24:  Means for population build-up of T. castaneum with A. calamus oil 

treatments, at three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 13.00 11.67   9.00   7.33   4.00 8.56 c 
60 days 42.67 27.33 23.67 19.67 15.67 25.56 b 

A 
  
  90 days 60.67 33.00 31.00 22.33 22.33 

22.88 a 

32.56 a 
30 days 11.67 10.33   8.67   6.67   3.33 
60 days 42.00 28.33 22.67 20.67 13.00 

B 90 days 55.67 31.67 29.00 21.00 19.00 

21.57 b  

Overall means 37.61 a 23.72 b 20.66 c 16.27 d 12.88 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
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temperature. Also, Chander et al. (2000) evaluated the insect repellents, including 

local plants, like, Sweet flag rhizomes and ‘Neem’ formulations at 1% level, as 

bag treatments, for the control of storage insects, under the warehouse conditions. 

Both showed a good repellence against the test insects, even after three months. 

Also, Chandel et al. (2001) observed the effects of rhizomes of Sweet flag (A. 

calamus) on the grubs and adults of T. castaneum, after an oral administration, 

through food, for a prolong exposure period. Periodical observations over 125 

days, revealed a phago-deterrent activity of the botanicals tested. 

4.1.2.3a: Antixenosis showed by A. calamus, oil to T. castaneum. 

Table-25 contains the information about the percent antixenosis, shown by 

20% oil to the target insect, with two different packing materials, at three storage 

periods of 30, 60 and 90 days. Maximum antixenosis of 71.47% was shown by the 

20% oil concentration with packing-B, at 30 days of interval, while it was seen to 

be minimum (63.19%) with the same concentration, in packing-A, at 90 days of 

the storage period. Our results about antixenosis are in accordance with the proven 

behavior of the essential oils which repellent action decreases with the passage of 

time. Dense packing material reduces the evaporation of the oil and enhances its 

positive effects against the insects. Hence, the antixenotic strength of the oil and 

reduction in population has a positive correlation between them. Similarly, density 

of the packing material has a positive, whereas, storage duration has a negative 

correlation with the reduction in population build-up.    

4.1.2.3b: Regression between A. calamus oil and the population build-ups  

  of T. castaneum in packing A and B. 

Statistical information about the regression between the oil-concentrations and the 

population build-ups of the test insect, at storage periods of 30, 60 and 90 days, 

with packing A and B, has been demonstrated in Figure-12. A declining trend of 

the regression lines indicates the reduction in the population of the insect with 

different oil concentrations, time intervals and packing materials. R²-values  
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Table 25:  Antixenosis showed by A. calamus oil to T. castaneum at three storage 
periods with two types of packing. 

 
Packaging Duration Control 

Population 
Treated 

population Antixenosis (%) 

30 days 13 4 69.23 
60 days 42.67 15 64.85 A 
90 days 60.67 22.33 63.19 
30 days 11.67 3.33 71.47 
60 days 42 13 69.05 B 
90 days 55.67 19 65.87 

 
 
 
 
 
 
 
 
Figure 12:  Regression between different concentrations of A. calamus oil and       

population build-up of T. castaneum for two packing materials. 
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indicate the robustness of the data, based upon the distribution of the observations 

along the regression lines. Range of R²-values is 0.881 to 0.980 among the both 

packing materials and three storage periods. Maximum b-value is 2.07 which 

relates with packing-A, at 90 days of the time interval and minimum is 0.41, 

which is related to packing-B, at a time interval of 30 days. In both the packing 

materials, regression lines for 90 days of the storage periods are steeper than those 

for 60 and 30 days, consecutively. Such a trend of the regression lines, points out 

that the population build-up of the control increased continuously with the passage 

of time as well as environmental conditions favored the insect multiplication. 

4.1.2.4: Repellence of A. Calamus oil against T. granarium 
  

 Table-26 is the analysis of variance table for population build-up of T. 

granarium against A. calamus oil treatments, at three storage periods, with two 

types of packing materials. Contents of the table show that the main effects of the 

independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions, except PxC, are highly significant, 

for reducing the population build-up of the target insect. Table-27 shows the 

statistical data regarding population build-up of T. granarium with the Sweet flag 

oil treatments, types of packing materials and storage periods of 30, 60 and 90 

days. Maximum population (70.67) was observed in the control, with packing-A, 

at a storage period of 90 days, whereas the minimum population (5.67) was 

recorded with 20% of the oil in packing-B, at 30 day’s of the time interval. Overall 

means of the insect-population for various concentrations were 44.33, 29.88, 

26.27, 22.66 and 17.05 in the control, 5%, 10%, 15% and 20%, respectively. 

Similarly, the mean populations for packing materials were 32.15 and 23.93 in 

packing A and B, respectively. The population counts for storage durations, 

however, remained to be 13.30, 28.86 and 41.96 after 30, 60 and 90 days, 

respectively. 

Figure-13 illustrates the line-graph drawn for the interactions of oil 
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concentrations and the population build-ups of the target insect, separately for 

packing A and B. Graph lines for 30, 60 and 90 days, show that the population of 

the insect reduced significantly in packing-B as compared to that in packing-A.   

Our research was in line with the work of Chander et al. (2000), who evaluated the 

insect repellents, including local plants, like, Sweet flag rhizomes and ‘Neem’ 

formulations at 1% level, as bag treatments, for the control of storage insects, 

under the warehouse conditions. Both showed a good repellence against the test 

insects, even after three months. 
 

4.1.2.4a: Antixenosis showed by A. calamus oil to T. granarium. 
  

Table-28 contains the information about the percent antixenosis shown by 20% oil 

to the target-insect, with two different packings, at three storage periods of 30, 60 

and 90 days. Maximum antixenosis of 74.58% was shown by the 20% oil-

concentration in packing-B, at 30 days of the time interval, while a minimum of 

56.60% was shown by the same concentration with packing-A, at 90 days storage 

 period. Thus, the antixenosis of the oil and reduction in population have a positive 

correlation between them. Similarly, density of the packing material and reduction 

in population has a positive correlation among themselves. But storage periods and 

reduction in population have a negative correlation between them.   

4.1.2.4b: Regression between A. calamus oil and the population   
  build-ups of T. granarium in packing A and B. 
  

Figure-14 displays the statistical information about the regression between 

concentrations of the test oil and the population build-ups of the insect, at storage 

periods of 30, 60 and 90 days, with packing A and B. A declining trend of the 

regression lines indicates a reduction in the population build-ups of the insect with 

an increase of the oil concentration. R²-values indicate the fitness of the data. 

Range of R²-values is seen to be 0.811 to 0.995 among the both packing materials 



Chapter-4 

 62

and three storage periods. Maximum b-value is 2.11 which concerns with the 

packing B at 90 days of the time-interval and minimum is calculated to be 0.68, 

which relates to the packing-B, at a time interval of 30 days. Such a trend of 

regression lines, points out that population build-up in the control increased 

continuously with the passage of time as the environmental conditions were 

favorable for insect multiplication.    
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Table 26:  Analysis of variance for population build-up of T. granarium with A.  calamus oil 
treatments, at three storage periods, with two types of packing 

Source of Variation Degree of freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

1496.544 
6220.411 
 292.811 
2133.489 
   4.211  
 193.939 
  22.144 

   3.70 

404.4714**
1681.192**
79.13811**
576.6186**
1.138108NS

52.41595**
5.984865** 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
Table 27:   Means for population build-up of T. granarium with A.  calamus oil 

treatments, at three storage periods, with two types of packing 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 20.67l-o 17.33op 13.33qrs 11.33rs   6.33t 13.30c 
60 days 56.33c 35.33gh 31.00i 27.00j 22.00lm 28.86b 

A 
  
  90 days 70.67a 49.33d 47.00de 44.00e 30.67i 

32.15a 

41.96a 
30 days 19.67mno 16.00pq 12.67qrs 10.00s   5.67t 
60 days 40.00f 23.33kl 21.00lmn 18.00nop 14.67pqr 

B 90 days 58.67b 38.00fg 32.67hi 25.67jk 23.00nop 

23.93b  

Overall means 44.33 a 29.88 b 26.27 c 22.66 d 17.05 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 

 
 

Figure 13:  Population build-up of T. granarium with A. calamus oil  treatments. 
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4.2:  EFFICACY OF AZADIRECHTA. INDICA OIL VERSUS STORED 
GRAIN INSECT PESTS 

 

4.2.1: Toxicological Studies of A. indica (Neem) Oil 

 Toxicity of the ‘Neem’ oil, at three storage periods, with two types of 

packing materials has been described through the analysis-of-variance for percent 

mortality of the target insects. Main and interaction effects of the independent 

factors upon the mortality of R. dominica, S. granarius, T. castaneum and T. 

granarium have been given in ANOVA tables, separately for each insect. 

 Means of percent mortality shown by the target insects against different 

concentrations of the A. indica oil, at three storage periods, with two types of 

packing materials, have been set in the tables of means, separately for each insect. 

These tables demonstrate the mean-percent mortality of the insects against each 

treatment and each level of the independent factors, averagely. Significant 

differences between the figures are denoted with different letters and non 

significant with the similar ones.  

Assessment of antibiosis of an organic material is necessary for its use and 

categorization in the organic farming. In case of isolated phyto-chemicals, 

antibiosis can, also, be expressed as a percent enhancement in the induced 

mortality of an insect relative to its natural or control mortality, under a specific 

set of environmental conditions. In the instant studies, percent antibiosis has been 

derived mathematically from the mortality of the insects. 

Regression between concentrations of the botanical oils and the mortality of 

target insects, in response thereto, has been displayed through mathematical 

equations, separately for different storage durations, with different packing 

materials. With the help of a regression equation, we can be able to determine the 

level of a dependent factor (y-value) against a specific treatment, from the a-value 

and b-value, with the interaction of an independent factor level. Accordingly, a 

level of treatment can be calculated which can cause 100% results. R²-values 
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mention the meticulousness of the observations along the regression lines. 

In the coming paragraphs, ANOVA & means tables for percent mortality, 

antibiosis shown by the organic material and regression between the oil 

concentrations & mortality of the target insects, are discussed for each of the 

insects, separately.   

4.2.1.1: Toxicity of the Neem Oil against R. dominica. 

Experimental information presented in Table-29 shows the analysis of 

variance for percent mortality of R. dominica with ‘Neem’ oil treatments at three 

storage periods, with two types of packing materials. Main effects, packaging 

materials (P), concentrations of ‘Neem’ oil (C) and storage periods (D) had a 

significant effect on the mortality of R. dominica. However, various interactions, 

like, PxD and (PxDxC) showed non-significant differences, except DxC and PxC 

which had a significant effect.  

The data in Table-30 shows the mean values of the percent mortality of R. 

dominica with different concentrations of the Neem Oil at different time intervals 

and with the packing materials. A perusal of data indicates that all the main effects 

and interactions, except PxD and PxDxC, varied significantly, from one another, 

for the mortality of the test insect with mean values of 13.97, 34.36, 49.55, 62.05 

and 73.85% against oil-concentrations of 0, 5, 10, 15 and 20%, respectively. The 

data in Table-24 also shows the mean values of the percent mortality for packing 

A & B to be 43.92 and 49.60% and for storage durations to be 49.22, 48.25 and 

42.80 % against 30 , 60 and 90 days respectively. Vigilant study of this table 

shows that maximum mortality (79.44%) observed at 20% x 30 days and 

minimum mortality (9.39%) observed in a combination 0% x 30 days, with 

packing B.  

Figure-15 shows the graphical presentation of the interaction of the percent 

mortality and the concentrations of the oil applied to the different packing 

materials. The concentrations have a significant effect upon the mortality of the 
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Table 28:  Antixenosis showed by A. calamus oil to T. granarium at three storage  
  periods, with two types of packing. 

 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 20.67 6.33 69.38 
  60 days 56.33 22 60.94 
  90 days 70.67 30.67 56.60 

B 30 days 19.67 5 74.58 
  60 days 40 14 65.00 
  90 days 58.67 23 60.80 
 
 
Figure 14: Regression between different concentrations of A. calamus oil and 

population build-up of S. granarius for two packing materials. 
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Source of Variation Degree of 
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Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

835.152 
389.608 

9.414  
9828.519 
103.003 
104.280 
16.180  
11.869 

70.36414** 
32.82568** 
0.793159NS 
828.0832** 
8.678322** 
8.785913** 
1.363215NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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reason, the dense packing material showed more effectiveness at a specific time 

period and oil concentration. insect and have a positive correlation with it. 

Similarly, packing-B produced an enhanced mortality as compared to the packing-

A, due its density. 

Findings of our work agree with Mohiuddin et al. (1993) who evaluated twelve 

plant oils for their toxicity and repellence against T. castaneum and R. dominica 

for a period of two months. Botanical oils showed repellence in an order of A. 

indica (80.1-100) > T. foenumgraecum > M. fragrans > Piper nigrum > Nigella 

sativa > C. longa (40.1-60%). Oils of M. fragrans, A. indica and P. nigrum 

produced the highest toxicity with a dose of 0.25% w/w as a surface treatment of 

the wheat grains. Similarly, Boeke et al. (2004) reported that the A. indica 

provided many useful compounds, which could be applied to protect seeds in the 

storages against insect pests. They also reviewed the toxicological data, from 

human and animal studies, with oral administration of different Neem-based 

preparations. Most of the pure compounds showed a relatively low toxicity (ESD 

of the Azadirachtin, which was 15mg/kg bw/day). Safety assessments of various 

Neem-derived preparations were made and compared to the ingestion of residues 

on food treated with Neem products as insecticide. They concluded that the use of 

Neem derived insecticides should not be discouraged, if applied with an 

appropriate way. 
 

4.2.1.1a: Antibiosis showed by Neem oil to R. dominica  

Table-31 shows the considered antibiosis of ‘Neem’ oil, and shows it to be 

maximum (88.18%) with 20% concentration and with packing-B, at 30 days 

storage period, whereas it was found to be minimum (76.13%) with the same 

concentration in packing-A, at 60 days of the time interval. Change in degree of 

antibiosis with the passage of time and density of packing material is natural one 

because essential oils evaporate away with the passage of time and holding 

capacity of the dense packing material keeps the oil for a longer time. 
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Table 30:   Means for % mortality of R. dominica with Neem oil treatments, at three 
storage periods, with two types of packing. 

 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 9.95 33.29 49.52 63.60 75.40 49.22 a 
60 days 16.75 29.41 47.85 61.27 70.16 48.25 a 

A 
  
  90 days 14.74 26.04 36.04 58.72 66.08 

43.92 b 

42.80 b 
30 days 9.39 46.52 60.56 64.62 79.44 
60 days 16.73 40.23 59.18 63.89 77.06 

B 90 days 16.31 30.71 44.20 60.25 75.00 

49.60 a  

Overall means 13.97 e 34.36 d 49.55 c 62.05 b 73.85 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
 
Figure 15:  Percent mortality of R. dominica with Neem oil treatments  
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Table 31:  Antibiosis shown by R. dominica to 20% Neem oil treatment at three storage 

periods, with two types of packing. 
 

Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 
A 30 days 9.95 75.40 86.80 

  60 days 16.75 70.16 76.13 
  90 days 14.74 66.08 77.69 

B 30 days 9.39 79.44 88.18 
  60 days 16.73 77.06 78.29 
  90 days 16.31 75.00 78.25 
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4.2.1.1b: Regression between the Neem oil and percent mortality of R. 
dominica  in packing A and B. 

 

Statistics regarding the regression between oil concentrations and percent 

mortality of the insect is given in Table-32. R²-values which ranged from 0.901 to 

0.999 and the b-values with a maximum of 3.45 for 30 days of the storage interval 

with packing-B, while a minimum of 2.71 for 90 days with packing-B. 

Accordingly, the concentrations required for 100% mortality, at 30 day’s interval, 

with packing-B have been calculated to be 28.98% and 36.90% for 90 days with 

packing-A.  

Figure-16 explains the graphical position of the regression between oil 

concentrations and percent mortality of the insect. Regression lines showed 

different trends for 30, 60 and 90 days storage periods, for both packing materials 

such as jute and cotton bags having 0.5 x 0.5 and 0.1 x 0.1 mm mesh size, 

respectively.  

 

4.2.1.2: Toxicity of the Neem oil against S. granarius. 

Table-33 demonstrates the ANOVA for percent mortality of S. granarius 

with ‘Neem’ oil treatments, at three storage periods, with two types of packing 

materials. Input factors, packaging materials (P), concentrations of the botanical 

oil (C) and storage periods (D) had a significant effect on the mortality of 

Sitophilus granarius. However, various interactions, like, PxD, PxC and (PxDxC) 

showed non-significant differences, except the DxC interaction, which had a 

significant effect.  

The data shown in Table-34 displays the mean values of the percent 

mortality of S. granarius, observed for different concentrations of the Neem oil at 

different time intervals and packing materials. A perusal of the figures indicates 

that all the main effects for the mortality of this insect differed significantly from 

one another. All the interactions, except that between DxC had a non-significant  
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Table 32:  Regression between Neem oil and R. dominica mortality at threestorage 
periods, with two types of packing. 

Packing Duration R² value b value 
Concentration needed  

for 100% mortality 
A 30 days 0.984 3.20 31.25 

  60 days 0.976 2.82 35.46 
  90 days 0.975 2.71 36.90 

B 30 days 0.901 3.45 28.98 
  60 days 0.905 2.77 36.10 
  90 days 0.999 2.94 34.01 
 
 
Figure 16:  Regression between different concentrations of Neem oil and percent 

mortality of R. dominica for two packing materials. 
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Table 33:  Analysis of variance for percent mortality of S. granarius with Neem oil 

treatments, at three storage periods, with two types of packing  

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

621.207 
790.130 

9.624  
9796.937 

23.104  
325.092 
31.285  
23.506 

26.42759** 
33.61397** 
0.409427NS 
416.7845** 
0.982898NS 
13.83017** 
1.330937NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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effect upon the mortality of the insect. Mean values of the mortality were seen to 

be 15.18, 37.13, 53.64, 63.50 and 76.24% against oil concentrations of 0, 5, 10, 15 

and 20%, respectively. The data in Table-34 also show the mean values of percent 

mortality for packing A & B to be 46.61 and 51.67% and for the storage durations 

to be 54.79, 49.09 and 43.54 % against 30 , 60 and 90 days, respectively. An 

attentive study of this table shows that maximum mortality (85.00%) at 20% x 30 

days and minimum mortality (10.10%) in a combination of 0% x 30 days, in 

packing A.  

 Figure-17 shows the graphical presentation of the interactions of percent 

mortality and the concentrations of the oil, applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation with it. Similarly, packing-B produced enhanced 

mortality as compared to the packing-A.  

Results of our research agree with the findings of Rahman et al. (2003), 

who evaluated the botanical products, viz., leaf-powder and extract of Nishinda 

(Vitex negunda), eucalyptus (Eucalyptus macrorhyncha.), Bankalmi (Ipomoea 

sp.), ash of babla wood (Acacia arabica), oil of Neem (A. indica), sesame 

(Sesamum indicum) and safflower (Carthmus tinctorius) against the attack of grain 

weevil (S. granarious) on the stored wheat. The results showed that the higher 

concentrations of oil (0.25-1.0%) indicated the lower infestation, less emergence 

of adults, less seed-damage, less weight loss and higher inhibition rate. Neem oil 

was most effective in checking the insect infestation and in allowing the least 

number of F1 adults to emerge from the seed.  

4.2.1.2a: Antibiosis showed by Neem oil to S. granarius. 

As contained in Table-35, the assessed level of antibiosis of the Neem oil is 

maximum (87.60%) with 20% concentration and with packing-B, at 30 days of the 

storage period, whereas it is minimum is (68.78%) with the same concentration 

and with packing-A, at 90 days of the time interval. Variation in antibiosis, with
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Table 34:   Means for % mortality of S. granarius with Neem oil treatments, at three 
storage periods, with two types of packing. 

Packing Duration C1 C2 C3 C4  C5 Packing 
Means 

Days 
Means  

30 days 10.10 42.37 65.28 65.08 79.58 54.79 a 
60 days 17.01 29.19 47.33 64.64 71.67 49.09 b 

A 
  
  90 days 20.32 27.50 41.77 52.31 65.08 

46.61 b 

43.54 c 
30 days 10.54 54.23 65.28 70.52 85.00 

60 days 13.85 38.98 55.79 68.89 83.57 
B 

90 days 19.29 30.55 46.44 59.56 72.58 

51.67 a  

Overall means 15.18 e 37.13 d 53.64 c 63.50 b 76.24 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 17:  Percent mortality of S. granarius with Neem oil treatments. 
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Table 35:  Antibiosis shown by S. granarius to 20% Neem oil treatment at three storage 

periods, with two types of packing. 

 

Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 
A 30 days 10.10 79.58 87.31 

  60 days 17.01 71.67 76.27 
  90 days 20.32 65.08 68.78 

B 30 days 10.54 85.00 87.60 
  60 days 13.85 83.57 83.43 
  90 days 19.29 72.58 73.42 
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 the passage of time and with different density of packing material is a reasonable 

one because the essential oils lightened down with the passage of time and 

holding-capacity of the thick packing material withheld the essential oil for a 

longer time. 

 
4.2.1.2b: Regression between the Neem oil and percent mortality of S. 

granarius in packing A and B. 
 

Data regarding the regression between oil-concentrations and percent 

mortality of the insect is contained in Table-36. The statistical analysis shows R²-

values to range from 0.826 to 0.997 and b-values to be maximum (3.45) for 60 

days of the storage interval and packing-B, while their being minimum (2.25) for 

90 days with packing-A. Accordingly, the concentration required for 100% 

mortality, at 30 days of the interval, with packing-A has been calculated to be 

44.44% and that for 60 days with packing-B to be 28.98%.  

Figure-18 explains the graphical situation of the regression between oil 

concentrations and percent mortality of the insect. It shows the distribution of 

observations with regression lines drawn on their basis and it also contains the 

regression equations showing a-values, b-values and R²-values for the calculation 

of y-values, at 30 days, 60 days and 90 days storage periods, separately. 

 

4.2.1.3: Toxicity of the Neem oil against T. castaneum. 

Table-37 demonstrates the ANOVA for percent mortality of T. castaneum 

with ‘Neem’ oil treatments, at three storage periods, with two types of packing 

materials. Input factors, packaging materials (P), concentrations of the botanical 

oil (C) and storage periods (D) and DxC had a highly significant effect on the 

mortality of T. castaneum. However, interactions, like, PxD, PxC had significant 

and PxDxC showed non-significant differences. Table-38 gives the mean values of 

percent mortality of T. castaneum observed for different concentrations of Neem- 
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Table 36:  Regression between Neem oil and S. granarius mortality at three storage 
periods, with two types of packing. 

 

Packing Duration R² value b value Concentration needed  for 
100% mortality 

A 30 days 0.826 2.92 34.24 
 60 days 0.993 3.25 30.76 
 90 days 0.997 2.25 44.44 

B 30 days 0.847 3.27 30.58 
 60 days 0.982 3.45 28.98 
 90 days 0.996 2.71 36.90 

 
 
 
 
 
 
 
 
Figure 18: Regression between different concentrations of Neem oil and percent 

mortality of S. granarius for two packing materials. 
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oil at different time intervals and packing materials. A perusal of analysis of 

variance indicates that the effects of all factors as well as of their interaction 

except PxDxC differed significantly from one another for the mortality of the 

insect with mean values of 15.42, 39.19, 53.84, 69.23 and 75.90% against oil 

concentrations of 0, 5, 10, 15 and 20%, respectively. The data in Table-30 also 

show the mean values of the percent mortality for packing A & B to be 49.67 and 

51.76% and for the storage durations to be 53.28, 51.26 and 47.61 % for 30, 60 

and 90 days of storage, respectively. An alert study of this table shows that 

maximum mortality to be 78.33% at 20% x 30 days and minimum-mortality to be 

8.71% in a combination of 0% x 30 days, in packing B.  

Figure-19 shows the graphical situation of the interactions of percent 

mortality and the concentrations of the oil, applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation, with it. Similarly, packing-B produced an enhanced 

mortality as compared to the packing-A.  

 Findings of our project match with those of Mohiuddin, et al. (1993), who 

evaluated twelve plant oils for the toxicity and repellence against T. castaneum  

and R. dominica for a period of two months. Botanical oils showed a repellence in 

an order of A. indica (80.1-100) > T. foenumgraecum > M. fragrans > Piper 

nigrum > Nigella sativa > C. longa (40.1-60%). Oils of M. fragrans, A. indica and 

P. nigrum produced the highest toxicity with a dose of 0.25% w/w, as a surface 

treatment of the wheat grains. Also, Jilani et al. (2003) investigated the growth- 

inhibition-effect of Neem seed oil, obtained from different localities of Pakistan, 

upon the red flour beetle (T. castaneum), under the laboratory conditions, and 

established a significant reduction in the progeny at 250 ppm concentration, in 

case of all the samples. 
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Table 37:  Analysis of variance for percent mortality of T. castaneum with Neem oil 
treatments, at three storage periods, with two types of packing  

 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

203.100 
255.944 
34.644 

10662.629 
28.391 

181.733 
11.318  
10.852 

   18.71544** 
         23.58496** 

      3.192407* 
982.5497** 
   2.6162* 

    16.7465** 
  1.042941NS  

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
Table 38:   Means for % mortality of T. castaneum with Neem oil treatments, at three 

storage periods, with two types of packing. 
 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 10.90 47.20 57.50 73.81 76.67 53.28 a 
60 days 17.17 35.66 50.67 69.07 74.93 51.26 a 

A 
  
  90 days 20.64 27.66 45.89 64.85 72.52 

49.67 b 

47.61 b 
30 days 8.71 48.48 60.19 71.03 78.33 
60 days 14.81 46.68 56.99 69.39 77.31 

B 

90 days 20.34 29.51 51.81 67.27 75.64 

51.76 a  

Overall means 15.42 e 39.19 d 53.84 c 69.23 b 75.90 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 19:  Percent mortality of T. castaneum  with Neem oil treatments. 
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4.2.1.3a: Antibiosis showed by Neem oil to T. castaneum. 
 

As shown in Table-39, the calculated antibiosis of Neem oil is maximum 

(88.88%) with 20% concentration and with packing-B, at 30 days of storage 

period, whereas it is minimum (71.54%) with the same concentration and in 

packing-A, at 90 days of the time interval. Significant variations in antibiosis with 

the passage of time and density of packing material was quite a rational conclusion 

because essential oils lose their activities with the passage of time and greater 

density of the packing materials showed more efficacy due to better retention of 

test materials. 
 
 
 
4.2.1.3b: Regression between the Neem oil and percent mortality of T. 

castaneum in packing A and B. 
 

Statistics regarding the regression between oil-concentrations and percent 

mortality of the insect is contained in Table-40. Statistical analysis shows that R²-

values range from 0.878 to 0.977 and b-values to be maximum (3.45) for 30 days 

of storage interval and packing-B, while it was minimum (2.83) for 90 days with 

packing-A. Accordingly, the concentration required for 100% mortality at 30 days 

interval with packing-B has been calculated to be 28.98% and to be 35.33% for 90 

days with packing-A. Figure-20 explains the graphical situation of the regression 

between oil-concentrations and percent mortality of the insect.  It shows the 

distribution of observations with regression lines drawn on their basis. It also 

contains the regression equations showing a-values, b-values and R²-values for the 

calculation of y-values, at 30 days, 60 days and 90 days storage periods. 
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Table 39:  Antibiosis showed by Neem oil to T. castaneum,  at three storage periods,  
  with two types of packing. 
 

 
Table 40:  Regression between Neem oil and T. castaneum  mortality at three  storage 

 periods, with two types of packing. 

 
Figure 20:  Regression between different concentrations of Neem oil and percent 

mortality of T. castaneum  for two packing materials. 
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 4.2.1.4:  Toxicity of the Neem oil against T. granarium. 

 

Table-41 demonstrates the ANOVA for percent mortality of T. granarium 

with ‘Neem’ oil treatments, at three storage periods, with two types of packing 

materials. Independent factors, packaging materials (P), concentrations of the 

botanical oil (C) and storage periods (D) and DxC had a highly significant effect 

on the mortality of T. granarium. However, interactions, like, PxD, PxC and 

PxDxC showed non-significant differences.   

The figures shown in Table-42, describe the mean values of percent mortality of T. 

granarium, observed for different concentrations of the Neem oil, at different time 

intervals and packing materials. A perusal of the analysis of variance indicates that 

effects of all the main factors and of the interactions DxC on the insect-mortality 

differed significantly from one another with mean values of 17.89, 35.94, 53.19, 

67.45 and 77.59% against of 0, 5, 10, 15 and 20% oil-concentrations, respectively. 

The data in Table-33 also show the mean values of percent mortality for packing 

A & B to be 48.82 and 52.00% and for the storage durations to be 51.99, 51.65 

and 47.59 % against 30, 60 and 90 days, respectively. A careful study of this table 

shows that the maximum mortality (82.50%) was observed at 20% x 30 days and 

minimum mortality (9.42%) was observed in a combination 0% x 30 days, in 

packing B.  

 Figure-21 shows the graphical position of the interactions of percent 

mortality of T. granarium and the concentrations of the ‘Neem’ oil, applied to the 

different packing materials. The concentrations have a significant effect upon the 

mortality of the insect and have a positive correlation, with it. Similarly, packing-

B produced an enhanced mortality as compared to the packing-A and the storage 

days were inversely proportional to the mortality of the insect. Conclusions of our 

research have an agreement with the work of Susha and Karnavar (1993), who 

studied the effect of Azadirachtin, as vitellogenic oocyte development in T. 
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Table 41:    Analysis of variance for percent mortality of T. granarium with Neem oil      
 treatments, at three storage periods, with two types of  packing 

Source of Variation Degree of freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

142.003 
186.537 

6.062  
10518.706 

24.773  
134.160 
11.848  
13.775 

10.30875** 
13.54171** 

0.440073 NS 
763.6084** 

1.798403 NS 
9.739383** 

0.860109 NS  

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 42:   Means for % mortality of T. granarium with Neem oil treatments,   
  at three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 11.05 37.16 55.57 69.54 80.55 51.99 a 
60 days 20.25 36.19 50.99 66.25 74.40 51.65 a 

A 
  
  90 days 24.58 27.74 46.13 60.12 71.88 

48.82 b 

47.59 b 
30 days 9.42 41.64 59.00 73.50 82.50 
60 days 21.86 41.04 55.41 69.88 80.32 

B 

90 days 20.22 31.89 52.06 65.43 75.91 

52.00 a  

Overall means 17.89 e 35.94 d 53.19 c 67.45 b 77.59 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 21:  Percent mortality of T. granarium  with Neem oil treatments. 
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 granarium, which reduced the vitellogenic count, when topically applied at the 

rate of 0.5 or 1.0g/ pupa. It was concluded by them that the compound disrupted 

the hormonal control of oocyte-development. Boeke et al. (2004) reported that the 

A. indica provided many useful compounds, which could be applied to protect 

seeds in the storages against insect pests. They also reviewed the toxicological 

data, from human and animal studies, with oral administration of different Neem-

based preparations. Most of the pure compounds showed a relatively low toxicity 

(ESD of the Azadirachtin is 15mg/kg bw/day). Safety assessments of the various 

Neem-derived preparations were also made and compared with the ingestion of 

residues on food treated with Neem products, as insecticide. They concluded that 

the use of Neem-derived insecticides should not be discouraged, if applied with 

care. 

 

4.2.1.4a: Antibiosis showed by Neem oil to T. granarium. 

 

As evident from the Table-43, the calculated antibiosis of Neem oil is 

maximum (88.58%) with 20% concentration and with packing-B, at 30 days of the 

storage period, whereas it is minimum (65.80%) with the same concentration and 

in packing-A, at 90 days of the time interval. Variation in antibiotic effect of the 

oil with the passage of time and density of packing material is logical upshot 

because botanical oils lose their potency with the passage of time and retention 

capacities of densely woven cloth bags for essential oil is higher than the thin ones 

resulting in improved antibiotic impacts..  

 
4.2.1.4b: Regression between the Neem oil and the percent mortality of T. 

granarium in packing A and B. 
 

Table-44 contains the statistics regarding regression between the oil-

concentrations and percent mortality of the insect. Statistical analysis shows that 
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the R²-values range from 0.947 to 0.993 and b-values are maximum (3.57) for 30 

day’s of the storage interval and packing-B, while these are minimum (2.64) for 

90 days with packing-A. Accordingly, the concentration required for 100% 

mortality at 30 days of the time interval, with packing-B, has been calculated to be 

28.01% and to be 37.87% for 90 days with packing-A.  

 Figure-22 illustrates the graphical situation of the regression between oil-

concentrations and percent mortality of the insect. It shows the distribution of 

observations with regression lines drawn on their basis. It also contains the 

regression equations showing a-values, b-values and R²-values for the calculation 

of y-values, at 30 days, 60 days and 90 days storage periods. Steeper trend of 30 

days lines shows the higher antibiosis as compared to that of 60 days or 90 days. 

 

4.2.2: REPELLENT EFFECT OF THE NEEM OIL 

 

Antixenosis (non preference/ repellence) is the plant characteristic that 

drive insects away from it; involving activities of both host plant and insects 

(Pedigo, 1991). Physiologically, insect repelling ability of plants is mainly 

attributed to its physical (like hairiness) or biochemical attributes (specific 

phytochemicals) and can be measured by comparing the infestation in different 

cultivars in environmental conditions. Hence, we tried the plant lipid extracts 

(oils) to test their insect repelling effect along with toxicity outside the plant body 

(in vitro). Resultantly, penetrating insects got body touch with the higher 

concentration of oils giving higher level of mortality as well as repellence. 

Antixenotic impact or repellence of the A. indica oil towards different 

insect pests of stored wheat, were studied by determining the penetration and 

population build-up of insects, inside the treated bags of two types, packed with 

insect free wheat, kept for 30 days, 60 days and 90 days, at an ambient 

temperature and relative humidity, in the warehouse. In the instant study, test  
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Table 43:  Antibiosis showed by Neem oil to T. granarium  at three storage periods, 
with two types of packing. 

 
 
Table 44:  Regression between  Neem oil and T. granarium mortality at three storage 

periods, with two types of packing. 

 
 
Figure 22:  Regression between different concentrations of Neem oil and 

percent- mortality of T. granarium  for two packing materials. 
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insects were R. dominica, S. granarius, T. castaneum and T. granarium.  Main and 

interaction effects of the independent parameters upon the population build-up of 

the target insects were determined through analysis of variance and given in 

ANOVA tables, separately, for each of the insects. Means of population build-up 

shown by the target insects against different concentrations of the A. calamus oil, 

at three storage periods, with two types of packing materials, have been placed in 

the tables, separately, for each of the insects. These tables demonstrate the mean-

percent mortality of the insects against each treatment and each level of the 

independent factors, averagely. Significant differences between the figures are 

tagged with different letters and non significant with the similar ones. That is why, 

antixenosis may be taken as a gauge of its repelling effect against an insect. We 

computed it as a percent descend in the entrance/population build-up of an insect 

inside the treated bags, due to the effect of a botanical relative to the control or the 

normal population of the insect, under a specific set of environmental conditions. 

In this way, we can categorize phyto-repellents on the basis of their antixenotic 

effects against a target insect.  

Regression between concentrations of the botanical oil and the population 

build-up of the target insects in response thereto has been displayed through 

numerical equations, separately for different storage periods with different packing 

materials. Through regression equation, we can determine the level of a dependent 

factor (y-value) against a specific treatment, from the a-value and b-value, by 

putting the value of a level of an independent factor. Accordingly, an amount of a 

treatment can be calculated which can cause 100% results. R²-values mention the 

meticulousness of the observations along the regression lines. 

 Different characteristics of oil repellence like population build-up & 

penetration of insects inside the treated bags, antixenotic assessment and 

regression analysis, for different target insects, are discussed below. 
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4.2.2.1: Repellence of Neem oil against R. dominica  

 

Table-45 is the Analysis-of-Variance table for population build-up of R. 

dominica against ‘Neem’ oil treatments, at three storage periods, with two types of 

packing materials. Entries of the table show that the main effects of the 

independent factors i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions DxC, PxC, PxD and PxDxC are 

highly significant for reducing the population build-up of the target insect. 

Table-46 contains the means of the population build-ups of R. dominica 

against the ‘Neem’ oil treatments, with two types of packing materials and three 

storage periods of 30, 60 and 90 days. Maximum population (117.70) was 

observed in the control with packing-A, at a storage time of 90 days, whereas the 

minimum population (5.00) was recorded with 20% concentration of the oil in 

packing-B, at 30 days of the time interval. Overall means of insect population for 

concentrations were found to be 59.17, 39.50, 33.39, 28.05 and 23.66 against the 

control, 5%, 10%, 15% and 20%, respectively. Similarly, means for packing A and 

B were found to be 41.47 and 32.04, respectively and those for the storage 

durations were seen to be 11.63, 36.56 and 62.07 against 30, 60 and 90 days of the 

storage-period, respectively.  

 Our results correspond with the findings of Jilani and Saxena (1990) at 

some extent, who monitored the repellency of Neem oil against R. dominica for 

eight weeks. In a choice test, filter-paper-strips, treated with test materials, at 200, 

400, 800 μg / cm², showed significant repellence during the first two weeks, 

thereafter their repellency decreased rapidly. R. dominica adults made 

significantly fewer and smaller feeding punctures, in the filter paper discs, treated 

with 100, 500 and 1000 μg/ cm² of the test material than those in the control. 

According to Saxena et al. (1989), A. indica had shown anti-feedant effects 

against different insect pests of stored products, during their investigations.  
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Table 45:  Analysis of variance for population build-up of R. dominica with Neem oil 
treatments, at three storage periods, with two types of packing  

Source of Variation Degree of 
freedom               Mean     square    F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

598.044
13883.878

171.211
4340.500

43.656
904.600
105.489

5.400

110.7489** 
2571.089** 
31.70574** 
803.7963** 
8.084444** 
167.5185** 
    19.535**  

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
Table 46:  Means for population build-up of R. dominica with Neem oil  treatments, at 

 three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 17.67kl 16.00klm 12.67mn   8.67op  6.67op 11.63 c 
60 days 57.67c 42.00e 37.67fg 32.00h 22.33j 36.56 b

A 
  
  90 days 117.7a 77.67c 67.33d 53.67de 52.33h 

41.47 a 

62.07 a 
30 days 16.67klm 14.00lmn 10.67no   8.33op   5.00p 
60 days 59.67c 36.67g 31.33h 27.33i 19.00jk 

B 

90 days 85.67b 50.67cd 40.67ef 38.33gh 36.67i 

32.04 b  

Overall means 59.17 a 39.50 b 33.39 c 28.05 d 23.66 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 23:  Means for population build-up of R. dominica with Neem oil treatments. 
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Mohiuddin, et al. (1993) evaluated twelve plant oils to test their toxicity and 

repellence against T. castaneum  and R. dominica for a period of two months. 

Botanical oils showed repellence in an order of A. indica (80.1-100) > T. 

foenumgraecum > M. fragrans > Piper nigrum > Nigella sativa > C. longa (40.1-

60%). Oils of M. fragrans, A. indica and P. nigrum produced the highest toxicity 

with a dose of 0.25% w/w, as a surface treatment of the wheat grains. Khan and 

Marwat (2003) evaluated the powders made from leaves, seeds and bark of A. 

indica and Nerium oleander for their deterrent effects against R. dominica and got 

its repellency upto 96 %, from Neem leaves and seeds. 

 

4.2.2.1a: Antixenosis showed by Neem oil to R. dominica. 
 

Table-47 contains the information about the percent antixenosis shown by 

Neem oil against the target insect, with two different packing materials, at three 

storage periods of 30, 60 and 90 days. Maximum antixenosis of 70.01% was 

shown by the 20% oil concentration with packing-B, at 30 days of the storage 

interval, while a minimum of 55.54% was shown by the same concentration with 

packing-A, at 90 days of the storage period. Hence, antixenosis (deterrence) of the 

test material and decline in population have a positive correlation between them. 

Similarly, density of the packing material and reduction in population has a 

positive correlation among themselves. But storage durations and decrease in 

population have a negative correlation between them.     

 

4.2.2.1b:  Regression between the Neem oil and population build-ups of R. 
dominica in packing A and B. 

  

Figure-24 demonstrates the statistical data about the regression between 

concentrations of the oil and the population build-up of the insect, at storage 

periods of 30, 60 and 90 days, with packing A and B. A declining trend of the 

regression lines indicates a reduction in the population build-up of the insect with  
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Table 47:  Antixenosis showed by Neem oil to R.  dominica at three storage periods,  
 with two types of packing. 

Packing Duration Control Population Treated population Antixenosis (%) 
A 30 days 17.67 6.67 62.25 

  60 days 57.67 22.33 61.28 
  90 days 117.7 52.33 55.54 

B 30 days 16.67 5.00 70.01 
  60 days 59.67 19.00 68.16 
  90 days 85.67 36.67 57.20 
 
Figure 24: Regression between different concentrations of Neem oil and population 

build-up of R. dominica for two packing materials. 
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Table 48:  Analysis of variance for population build-up of S. granarius with Neem oil 

treatments, at three storage periods, with two types of packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

608.400
4726.011
104.633

2622.750
32.706

448.067
10.606
1.544

394.0415** 
3060.888** 
67.76749** 
1698.672** 
21.18264** 
290.1988** 
6.869171**  

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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the oil concentrations, different time intervals and packing materials. R²-values, 

which indicate the suitability of data based upon the proper distribution of the 

observations along the regression line, range of from 0.754 to 0.998 among the 

both packing materials and three storage periods. Maximum b-value for packing-A 

is 3.69, at 90 days of the time interval and minimum of 0.58 is for packing-B, at a 

time interval of 30 days. In both the packing materials, regression lines of 90 days 

of storage period are steeper than those of 60 and 30 days, consecutively. Such a 

trend of regression lines points out that the population build-up in the control was 

much progressive with the passage of time and the environmental conditions were 

favorable for the insect-multiplication. 

 

4.2.2.2: Repellence of Neem oil against S. granarius 

 Table-48 contains the analysis of variance for population build-up of S. 

granarius against ‘Neem’ oil treatments, at three storage periods, with two types 

of packing materials. Entries of the table show that the main effects of the 

independent parameters, i.e. concentrations of the oil (C), packing materials (P) 

and storage periods (D) along with their interactions i.e. DxC, PxC, PxD and 

PxDxC are highly significant for reducing the population build-up of the target 

insect pests. 

Statistical information regarding means of the population build-ups of S. 

granarius under ‘Neem’ oil treatments, with two types of packing materials and 

three storage periods of 30, 60 and 90 days, have been displayed in Table-49. 

Maximum population (70.67) was observed in the control with packing-A at a 

storage time of 90 days, whereas minimum population (3.67) was recorded with 

20% concentration of the oil in packing-B, at 30 days of the time interval. Overall 

means of insect population for concentrations were seen to be 40.00, 33.16, 26.94, 

22.11 and 17.33 against the control, 5%, 10%, 15% and 20%, respectively. 

Similarly, means for packing A and B were 32.37 and 23.44 B, respectively, while 
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those for storage durations remained to be 8.10, 28.96 and 46.66 against 30, 60 

and 90 days, respectively. Figure-25 illustrates the line graph for the interactions 

of the Neem oil concentrations and the population build-ups of the target insect, 

inside the bags, separately for packing A and B. Graph lines for 30, 60 and 90 

days show that the population build-up of the insect reduced more significantly in 

packing-B as compared to that in packing-A. Findings of our experiments 

correlate with the research work of Saxena et al. (1989), who found that A. indica 

had shown anti-feedant effects against different insect pests of the stored products. 

Also, Hou et al. (2004) compared two known repellents of stored-product insects, 

viz., DEET and Neem, with the protein-enriched pea flour, defatted protein-

enriched pea flour, and pea protein-extract for their efficacy, in reducing 

penetration and invasion by several common stored-product insects, like, S. 

oryzae, T. castaneum, Cryptolestes ferrugineus and Oryzaephilus surinamensis. 

The methods of preparation for the pea-extracts affected the penetration of S. 

oryzae. The number of S. oryzae, T. castaneum, C. ferrugineus and O. 

surinamensis that pierced through the paper envelopes of the stored wheat treated 

with DEET, was reduced by 99%, 86%, 97% and 91%, respectively, as compared 

to those of the control. The protein-enriched pea flour did not prevent the insects 

to enter by piercing through the envelopes. 

 

4.2.2.2a: Antixenosis showed by Neem oil to S. granarius. 

 

Table-50 contains the data regarding percent-antixenosis, showed by 20% 

of the Neem oil to the target insect, with two different packing materials, at three 

storage periods of 30, 60 and 90 days. Maximum antixenosis (71.03%) was shown 

by the 20% oil concentration with packing-B, at 30 days of the interval time, while 

minimum (51.42%) was shown by the same concentration with packing-A, at 90 

days of the storage period. Density of the packing material reduces the evaporation 
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of the oil and enhances its impacts against the insects. So antixenosis of the oil and 

reduction in population have a positive correlation between them. Similarly, 

density of the packing material and reduction in population has a positive 

correlation among themselves. But storage periods and reduction in population 

have a negative correlation between them.     

 

4.2.2.2b: Regression between the Neem oil and population build ups of S. 
granarius in packings, A and B. 

  

Figure-26 illustrates the statistical data about the regression between 

concentrations of the Neem oil and population build-ups of the insect, at storage 

periods of 30, 60 and 90 days, with packing A and B. The declining trend of the 

regression lines indicates the reduction in the population build-up of the insect 

with the oil concentrations for different time intervals and packing materials. R²-

values indicate the fitness of data, based upon the proper distribution of the 

observations along the regression line. The range of R²-values is 0.923 to 0.999 

among both the packing materials and three storage periods. Maximum b-value is 

2.75, which is with reference to packing-A, at 90 days of time interval and 

minimum is 0.42 which relates to packing-A at time interval of 30 days. In both 

the packing materials, regression lines for 90 days of the storage periods are 

steeper than those for 60 and 30 days, consecutively. Such a trend of regression 

lines, points out that the population build-up of the control was much progressive 

with the passage of time and that the environmental conditions were favorable for 

insect growth.    
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Table 49: Means for population build-up of S. granarius with Neem oil treatments. 
 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 13.00o 11.00p   8.67q   6.67r   4.67s 8.10 c 
60 days 49.00e 42.67g 34.67i 28.00J 21.33l 28.96 b 

A 
  
  90 days 70.67a 66.67b 52.67d 41.67g 34.33i 

32.37 a 

46.66 a 
30 days 12.67op   8.67q   6.67r   5.33rs   3.67s 
60 days 37.67h 24.00k 20.33 l 17.00 m 15.00n 

B 

90 days 57.00c 46.00f 38.67h 34.00i 25.00k 

23.44 b  

Overall means 40.00 a 33.16 b 26.94 c 22.11 d 17.33 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 

 
 
 
Figure 25:  Population build-up of S. granarius with Neem oil treatments. 
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Table 50:  Antixenosis showed by Neem oil to S. granarius at three storage periods, 

 with two types of packing. 
 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 13.00 4.67 64.08 
  60 days 49.00 21.33 56.47 
  90 days 70.67 34.33 51.42 

B 30 days 12.67 3.67 71.03 
  60 days 37.67 15.00 60.18 
  90 days 57.00 25.00 56.14 
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 4.2.2.3:  Repellence of Neem oil against T. castaneum  

 

 Table-51 is the table of analysis-of-variance for population build-up of T. 

castaneum against ‘Neem’ oil treatments, at three storage periods, with two types 

of packing materials. Entries of the table show that the main effects of the 

independent parameters, i.e. concentrations of the oil (C) and storage periods (D) 

along with their interactions i.e. DxC and PxD are highly significant but packing 

materials (P) and  PxC are non significant whereas PxDxC is significant for 

reducing the population build-up of the target insect pests. 

Table-52 contains the means of the population build-ups of T. castaneum 

with the Neem oil treatments, with two types of packing materials and three 

storage periods of 30, 60 and 90 days. Maximum population (60.67) was observed 

in the control with packing-A, at storage time of 90 days, whereas the minimum 

population (3.33) was recorded with 20% concentration of the oil in packing-B, at 

30 days of the time interval. Overall means of the insect population for 

concentrations were 38.00, 28.16, 22.83, 18.27 and 13.77 against the control, 5%, 

10%, 15% and 20%, respectively. Similarly, means for the packing were 26.71 

and 21.71 against packing-A and B, respectively. While the population means for 

storage durations remained to be 9.09, 26.26 and 37.36 against 30, 60 and 90 days, 

respectively. 

Figure-27 displayed the line-graph for the interactions of Neem oil 

concentrations and the population build-ups of the target insect, separately for 

packing A and B. Graph lines for 30, 60 and 90 days, show that the population 

build-up of the insect was reduced significantly in packing-B as compared to those 

in packing-A.   

Results of our research work match with the investigations of Saxena et al. 

(1989), who reported that A. indica had shown anti-feedant effects on different 

insect pests of the stored products, during their investigations. 
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Figure 26: Regression between different concentrations of Neem oil and population 
build-up of S. granarius for two packing materials. 
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Table 51:  Analysis of variance for population build-up of T. castaneum with Neem oil 

treatments, at three storage periods, with two types of packing 
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

8.100
4164.311
  24.133

1900.183
   7.072

 280.158
   6.647
   2.856

2.836134 NS 
1458.092** 
8.44993** 
665.3302** 
2.47619 NS 
98.09454** 
2.327381* 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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 Nazli et al. (2003), also appraised the Neem-seed oil, in the laboratory 

studies, as an insect repellent against the red flour beetle. Neem seeds were 

collected from different localities of Pakistan. They observed repellence by the 

beetles upto 52.25% in response to the Neem seed oil obtained from Hyderabad. 

Moreover, Hou et al. (2004) compared two known repellents of stored-product 

insects, viz., DEET and Neem with the protein-enriched pea flour, defatted 

protein-enriched pea flour, and pea protein-extract for their efficacy, in reducing 

the penetration and invasion by several common stored-product insects, like, S. 

oryzae, T. castaneum, Cryptolestes ferrugineus and Oryzaephilus surinamensis. 

The way of preparation for the pea-extracts affected the penetration of S. oryzae. 

The number of S. oryzae, T. castaneum, C. ferrugineus and O. surinamensis that 

pierced through the wheat containing paper envelopes, treated with DEET, was 

reduced by 99%, 86%, 97% and 91%, respectively, as compared to the control. 

The protein-enriched pea flour did not prevent the insects to pierce through 

envelopes. 
 

4.2.2.3a: Antixenosis showed by Neem oil to T. castaneum. 
 

Table-53 describes the information about the percent-antixenosis, shown by 

20% oil against the target insect, with two different packings, at three storage 

periods of 30, 60 and 90 days. Maximum antixenosis of 72.99% was shown by the 

20% oil concentration with packing-B, at 30 days of the time interval, while a 

minimum of 59.34% was shown by the same concentration with packing-A, at 90 

days of the storage period. Density of the packing material reduces the evaporation 

of the oil and enhances its impacts against the insects. So antixenosis of the oil and  

reduction in population have a positive correlation between them. Similarly, 

density of the packing material and reduction in population has a positive 

correlation among themselves. But storage periods and reduction in population 

have a negative correlation between them.   
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4.2.2.3b:  Regression between the Neem oil and the population build ups of 
T. castaneum in packing A and B. 

  

Figure-28 demonstrates the statistical information for the about regression 

between concentrations of the Neem oil and population build-ups of the target 

insect, at storage periods of 30, 60 and 90 days, with packing A and B. A declining 

trend of the regression lines indicates a reduction in the population build-up of the 

insect, in accordance with the oil concentrations for different time intervals and 

packing materials. R²-values indicate the fitness of data, based upon the 

distribution of the observations alongwith the regression line. The range of R²-

values is 0.856 to 0.995 with both packing materials and three storage periods.  

Maximum b-value for packing-A at 90 days of the time interval is 2.02 and 

minimum is 0.37 for packing-B at a time interval of 30 days. In both the packing 

materials, regression lines for 90 days of storage-periods are steeper than those for 

60 and 30 days, consecutively. Such a trend of regression lines points out that the 

population build-up of the control was much progressive with the passage of time 

and that the environmental conditions were favorable for insect multiplication.    
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Table 52:  Means for population build-up of T. castaneum with Neem oil treatments, at 
three storage periods, with two types of packing. 

 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 15.00lm 12.00mno 9.33opq   7.67pq   4.67r 9.09c 
60 days 42.67c 32.67de 25.67hi 20.67k 16.00l 26.26b 

A 
  
  90 days 60.67a 54.33bc 41.00c 33.67de 24.67ij 

26.71a 

37.36a 
30 days 12.33mn 10.33nop   8.33pq   7.00qr   3.33r 
60 days 40.67c 28.00gh 23.67ij 19.33k 13.33lm 

B 

90 days 56.67b 31.67def 29.00fg 21.33jk 20.67k 

21.71b  

Overall means 38.00 a 28.16 b 22.83 c 18.27 d 13.77 e   
 

C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
 
 
 
Figure 27:  Population build-up of T. castaneum  with Neem oil treatments. 
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Table 53:  Antixenosis showed by Neem oil to T. castaneum at three storage periods, 

with two types of packing. 
 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 15.00 4.67 68.87 
  60 days 42.67 16.00 62.50 
  90 days 60.67 24.67 59.34 

B 30 days 12.33 3.33 72.99 
  60 days 40.67 13.33 67.22 
  90 days 56.67 20.67 63.53 
 



Chapter-4 

 98

4.2.2.4: Repellence of the Neem oil against T. granarium 

 

 Table-54 is the table of analysis-of-variance for population build-up 

of T. granarium against ‘Neem’ oil treatments, at three storage periods, with two 

types of packing materials. Entries of the table show that the main effects of the 

independent parameters, i.e. concentrations of the oil (C), packing materials (P) 

and storage periods (D) along with their interactions are highly significant but  

PxC is non significant for reducing the population build-up of the different target 

insect pests. 

 

 Table-55 presents the means of the population build-ups of T. granarium 

with the Neem oil treatments, with two types of packing materials and three 

storage periods of 30, 60 and 90 days. Maximum population (74.33) was observed 

in the Control with packing-A at a storage time of 90 days, whereas minimum 

population (4.00) was recorded with 20% concentration of the oil in packing-B, at 

30 days of time interval. Overall means of the insect-population for concentrations 

were 45.11, 30.94, 26.61, 22.55 and 18.39 against the control, 5%, 10%, 15% and 

20%, respectively. Similarly, the mean insect-population for packing were 32.71 

and 24.73 in packing A and B, respectively, while those for the storage durations 

remained to be 13.30, 28.70 and 44.36 against 30, 60 and 90 days, respectively. 

Figure-29 illustrates the line graph for the interactions of Neem oil 

concentrations and the population build-ups of the target insect, separately for 

packing A and B. Graph lines of 30, 60 and 90 days show that the population 

build-up of the insect reduced significantly in packing-B as compared to those in 

packing-A, due to its density and the holding capacity of the oil.  
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Figure 28: Regression between different concentrations of Neem oil and population 
build-up of T. castaneum  for two packing materials. 
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Table 54:  Analysis of variance for population build-up of T. granarium with Neem oil 

treatments, at three storage periods, with two types of packing  

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

1480.278
6604.044
 184.178
2102.983

   3.028
 292.475
  22.303
   5.011

295.4057** 
1317.909** 
36.75474** 
419.6733** 
0.604271NS 
58.36659** 
4.450808** 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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Our results match with the work of Saxena et al. (1989), who reported that 

A. indica had shown anti-feedant effects on different insect pests of stored 

products, during their investigations. Mohiuddin, et al. (1993) also evaluated 

twelve plant oils for their toxicity and repellence against T. castaneum and R. 

dominica for a period of two months. The botanical oils showed repellence in an 

order of A. indica (80.1-100) > T. foenumgraecum > M. fragrans > Piper nigrum > 

Nigella sativa > C. longa (40.1-60%). Oils of M. fragrans, A. indica and P. 

nigrum produced the highest toxicity with a dose of 0.25% w/w, as a surface 

treatment of the wheat grains. Sharma (1999) reported that the Neem seed kernel 

powder, used at 4% and Neem leaf powder, used at 5%, protected maize, for 5 

months, against R. dominica and T. granarium. 1% Neem oil was found to be 

toxic to T. castaneum and S. oryzae, while 2% Neem oil effectively reduced the 

emergence of F1 and F2 progeny of all the pests and completely protected maize, 

upto 9 months. 

 

4.2.2.4a: Antixenosis showed by Neem oil to T. granarium. 

 

Table-56 contains the information about the percent-antixenosis shown by 

20% oil to the target insect, with two different packing materials, at three storage 

periods of 30, 60 and 90 days. Maximum antixenosis of 71.43% was shown by the 

20% oil concentration with packing-B, at 30 days interval, while a minimum of 

52.01% was shown by the same concentration with packing-A, at 90 days of the 

storage period. Density of the packing material reduces the evaporation of the oil 

and enhances its impacts against the insects. Consequently, antixenosis of the test 

material and decrease in population have a positive correlation with each. 

Likewise, packing material density is positively associated with reduction in 

population. However, storage periods and reduction in population were found to 

have inverse correlation. 
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Table 55:  Means for population build-up of T. granarium with Neem oil treatments, at 
three storage periods, with two types of packing. 

 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 21.00lmn 19.33mn 15.00o-r 11.00rs   6.67tu 13.30c 
60 days 52.67c 36.00h 31.00i 25.67jk 22.00klm 28.70b 

A 
 
 90 days 74.33a 49.33cd 47.00de 44.00ef 35.67h 

32.71a 

44.36a 
30 days 14.00pqr 17.0n-q 13.00qrs 10.00st   4.00u 
60 days 41.00fg 24.00jkl 21.00lmn 18.67mno 15.00o-r 

B 

90 days 67.67b 40.00g 32.67hi 26.00j 27.00j 

24.73b  

Overall means 45.11 a 30.94 b 26.61 c 22.55 d 18.39 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
 
Figure 29:  Population build-up of T. granarium with Neem oil treatments. 
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Table 56:  Antixenosis showed by Neem oil to T. granarium at three storage periods, 

with two types of packing. 

Packing Duration Control Population Treated population Antixenosis (%) 
A 30 days 21.00 6.67 68.24 

  60 days 52.67 22.00 58.23 

  90 days 74.33 35.67 52.01 

B 30 days 14.00 4.00 71.43 

  60 days 41.00 15.00 63.41 

  90 days 67.67 27.00 60.10 
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4.2.2.4b:  Regression between the Neem oil and population build-ups of T. 
granarium  in packing A and B. 

  

 Statistical analysis about the regression between concentrations of the 

Neem oil and population build-ups of the target insect, at storage periods of 30, 60 

and 90 days, with packing A and B, has been demonstrated in Figure-30. A 

declining trend of the regression lines indicated reduction in the population build-

up of the insect with the progressive increase in oil concentrations, different time 

intervals and packing materials. R²-values indicate the fitness of data, based upon 

the proper distribution of the observations alongwith the regression line. Range of 

R²-values is 0.756 to 0.982 for both packing materials and three storage periods. 

Maximum b-value which is concerned with packing-B at 90 days time interval is 

2.27 and a minimum, which relates to packing-B at time interval of 30 days is 

0.46. In both the packing materials, regression lines for 90 days of the storage 

periods are steeper than those of 60 and 30 days, consecutively. Such a trend of 

regression lines points out that the population build-up in the control was much 

progressive with the passage of time and that the environmental conditions were 

favorable for the insect multiplication.   

  

4.3: EFFICACY OF THE CASTOR (R. communis) OIL 

4.3.1:  Toxic effect of the castor oil against the stored grain insects 

 Toxic effects of the Castor-oil, at three storage periods, with two types of 

packing materials has been described through the analysis-of-variance for percent 

mortality of the target insects. Main and interaction effects of the independent 

factors upon the mortality of R. dominica, S. granarius, T. castaneum and T. 

granarium have been given in ANOVA tables, separately for each insect. 

 Means of percent mortality shown by the target insects against different 

concentrations of the Castor-oil, at three storage periods, with two types of 

packing materials, have been placed in the tables of means, separately for each 
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insect. These tables demonstrate the mean-percent mortality of the insects against 

each treatment and each level of the independent factors, averagely. Significant 

differences between the figures are denoted with different letters and non 

significant with the similar ones.  

Assessment of antibiosis of an organic material is necessary for its use and 

categorization in the sustainable/ organic agricultural system. In case of isolated 

phyto-chemicals, antibiosis can, also, be expressed as a percent enhancement in 

the induced mortality of an insect relative to its natural or control mortality, under 

a specific set of environmental conditions. In the instant studies, percent antibiosis 

has been derived mathematically from the mortality of the insects. 

Regression between concentrations of the botanical oils and the mortality of 

target insects in response thereto has been displayed through mathematical 

equations, separately for different storage durations, with different packing 

materials. With the help of a regression equation, we can be able to determine the 

level of a dependent factor (y-value) against a specific treatment, from the a-value 

and b-value, with the interaction of an independent factor level. Accordingly, a 

level of treatment can be calculated which can cause 100% results. R²-values 

mention the meticulousness of the observations along the regression lines. 

In the coming paragraphs, ANOVA and means tables for percent mortality, 

antibiosis shown by the organic material and regression between the oil 

concentrations & mortality of the target insects, are discussed for each of the 

insects, separately.  
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4.3.1.1: Toxicity of the Castor Oil against R. dominica 
 

 Table-57 is the table of analysis-of-variance for percent mortality of R. 

dominica against Castor oil treatments, at three storage periods, with two types of 

packing materials. Entries of the table show that the main effects of the 

independent parameters, i.e. concentrations of the oil (C) and storage periods (D) 

along with their interactions are highly significant but  packing materials (P) and 

PxD are non significant for percent mortality of the target insect pests. 

  The data shown in Table-58, present the mean values of percent mortality 

of R. dominica observed for different concentrations of R. communis oil at 

different time intervals and packing materials. A perusal of the data indicates that 

the effects of all the main factors and of their interaction except those for the 

packing (P) and (PxD) differed significantly from one another. The mean values 

for mortality of the insect were found to be 20.73, 37.10, 48.79, 67.54 and 72.66% 

for 0, 5, 10, 15 and 20% of the oil concentrations, respectively. The data in the 

table also show the mean values of percent mortality for packing A & B to be 

46.67 and 52.06% and those for the storage durations to be 50.63, 51.09 and 46.38 

% against 30, 60 and 90 days of time interval, respectively. An careful study of 

this table also shows that maximum mortality (82.22%) at 20% x 30 days and 

minimum mortality (7.41%) in a combination of 0% x 30 days, in packing B.  

Figure-31 shows a graphical presentation of the interactions of percent 

mortality and the concentrations of the Castor oil applied to different packing 

materials. The concentrations are seen to have a significant effect upon the 

mortality of the insect and have a positive correlation with it. Similarly, packing-B 

produced an enhanced mortality as compared to that in packing-A. 

 Castor oil contains ricin, a poisonous chemical having biocidal activities 

that is why we used it as insecticide in our project. Our results are in agreement 

with the work of Ahmed et al. (2000), who studied the efficacy of Castor seed 
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Figure 30:  Regression between different concentrations of Neem oil and population 
build-up of T. granarium  for two packing materials. 
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Table 57:  Analysis of variance for percent mortality of R. dominica with Castor oil treatments, 

at three storage periods, with two types of packing  

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

16.865  
163.576 

2.285  
9844.829 
232.245 
204.021 
68.334 

8.961 

1.882044 NS 
18.25421** 

0.254994 NS 
1098.631** 
25.91731** 
22.76766** 
7.625711** 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 58: Means for % mortality of R. dominica with Castor oil  treatments, at three 

storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 8.97m 35.14i 48.72g 70.47cd 80.61a 50.63 a 
60 days 29.64ij 33.87i 43.02h 66.81de 64.63e 51.09 a 

A 
  
  90 days 27.67jk 32.75ij 42.00h 58.56f 57.26f 

46.67 b 

46.38 b 
30 days   7.41m 44.12h 57.20f 71.47cd 82.22a 
60 days 25.09k 42.60h 57.19f 70.82cd 77.28ab 

B 

90 days 25.65k 34.17k 44.62gh 67.15de 74.00bc 

52.06 a  

Overall means 20.73 e 37.10 d 48.79 c 67.54 b 72.66 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
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 extract, as insecticide, against S. oryzae. He found it to be inhibiting 

cholinesterase and peroxidase enzymes in the insect body and the enzyme 

inhibition levels varied differently in adult insects, at different exposure times and 

with the extractants. Similarly, Khaire et al. (1992) described the efficacy of 

different vegetable oils, as grain protectants, against Callosobruchus chinensis. 

The vegetable oils of sunflower, castor, mustard, safflower, palm, groundnut, 

sesame, Neem, ‘karanj’ and maize, were used as grain protectants for the pigeon 

pea seeds. Adult emergence was inhibited completely by ‘karanj’ and Neem oil, 

upto100 days. No emergence of adults occurred upto 66 days, with castor oil. 

Minimum grain loss was noted to be there, with castor, mustard and groundnut 

oils, at 1% level upto 100 days and no adverse effect was observed, on the seed 

germination. Okonkwo and Okoye (1992) controlled Callosobruchus maculatus 

(F.), effectively, in stored cowpeas, with the application of dried ground leaves of 

R. communis (L.), as an admixture, in Nigeria. 

 

4.3.1.1a:  Antibiosis showed by Castor-oil to R. dominica. 

 

As mentioned in Table-59, the calculated antibiosis of Castor oil is 

maximum (90.99%) with 20% concentration and packing-B, at 30 days of the 

storage period, whereas a minimum is 51.68% with the same concentration and 

packing-A, at 90 days of the time interval. Significant variations in antibiosis with 

the passage of time and density of packing material is quite logical because 

essential oils fade away  with the passage of time and holding capacity of the 

dense packing try to retain the oil longer. 

 

4.3.1.1b:  Regression between the Castor-oil and the percent mortality of 
R. dominica in packing A and B. 

 

 Data regarding the regression between oil-concentrations and percent-
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Figure 31:  Percent mortality of R. dominica with Castor oil treatments. 
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Table 59:  Antibiosis showed by Castor oil to R. dominica at three storage periods, with 

two types of packing. 
 

 
 
Table 60:  Regression between Castor oil and R. dominica mortality at three  storage 

 periods, with two types of packing. 
 
Packing Duration R² value b value Concentration needed for 100% mortality 

A 30 days 0.978 3.68 27.17 
 60 days 0.893 2.03 49.26 
 90 days 0.921 1.70 58.82 

B 30 days 0.984 3.68 27.17 
 60 days 0.980 3.25 30.76 
 90 days 0.971 3.90 25.64 

 
 

Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 
A 30 days 8.97 80.61 88.87 

  60 days 29.64 64.63 54.14 
  90 days 27.67 57.26 51.68 

B 30 days 7.41 82.22 90.99 
  60 days 25.09 77.28 67.53 
  90 days 25.65 74.00 65.34 
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mortality of the insect is contained in Table-60. Statistical analysis shows that the 

R²-values range from 0.893 to 0.984 and b-value is maximum (3.90) for 90 days of 

the storage interval in packing-B, while it is minimum (1.70) for 90 days with 

packing-A. Accordingly, the concentration required for 100% mortality at 90 days 

interval with packing-B has been calculated to be 25.64% and that for 90 days 

with packing-A to 58.82%.  

 Figure-32 gives the graphical presentation of the regression between 

Castor-oil concentrations and percent mortality of the target insect. It shows the 

distribution of observations with regression lines drawn on their basis. It also 

contains the regression equations showing a-values, b-values and R²-values for the 

calculation of y-values, at 30 days, 60 days and 90 days storage periods. 

 

4.3.1.2: Toxicity of the Castor oil against S. granarius. 

 

 Table-61 is the table of analysis-of-variance for percent mortality of S. 

granarius against Castor oil treatments, at three storage periods, with two types of 

packing materials. Entries of the table show that among the main effects of the 

independent parameters, i.e. concentrations of the oil (C) and storage periods (D) 

along with their interactions, C, D, and DxC are highly significant but  P, PxC and 

PxDxC are non significant for percent mortality of the different target insect pests. 

 Table-62 provides the data regarding mean values for the percent mortality 

of S. granarius observed for different concentrations of R. communis oil at 

different time intervals and packing materials. Percent mortality was observed 

with mean values of 21.01, 37.11, 46.76, 65.43 and 76.39% against 0, 5, 10, 15 

and 20% oil concentrations, respectively. The data in Table-62 also show the mean 

values of percent mortality for packing A & B to be 47.67 and 51.01% and those 

for storage-durations to be as 50.35, 49.86 and 46.01 % for 30, 60 and  
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Figure 32:  Regression between different concentrations of Castor oil and percent 
mortality of R. dominica for two packing materials. 
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Table 61:  Analysis of variance for percent mortality of S. granarius with Castor oil 

treatments, at three storage periods, with two types of packing  

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

4.606  
269.909 
53.219  

8036.421 
27.192  

199.684 
20.008  
19.544 

0.235673 NS 
13.81033** 

2.723035 NS 
411.1963** 

1.391322 NS 
10.21715** 

1.023741 NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 62:  Means for % mortality of S. granarius with Castor oil treatments, at   
  three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 12.29 36.56 48.86 65.48 80.16 50.35 a 
60 days 28.02 36.04 44.83 62.40 80.55 49.86 a 

A 
  
  90 days 24.03 32.97 39.13 59.70 64.14 

47.67 b 

46.01 b 
30 days 10.97 41.86 51.52 73.15 82.74 
60 days 27.45 38.77 48.15 66.58 83.82 

B 

90 days 23.33 36.49 48.10 65.30 66.93 

51.01 a  

Overall means 21.01 e 37.11 d 46.76 c 65.43 b 76.39 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%.
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90 days respectively. A cautious study of this table shows that the maximum 

mortality (83.82%) was observed at 20% x 30 days and the minimum mortality 

(10.97%) was observed in a combination of 0% x 30 days, in packing B.  

Figure-33 illustrates the graphical presentation of the interaction of percent 

mortality and the concentrations of the oil applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation, with it. Similarly, packing-B produced an enhanced 

mortality as compared to that in the packing-A due to its greater density.  

 Castor-oil has been used in our research as insecticide, which is confirmed 

by the work of Ahmed (2000), who studied the efficacy of Castor seed-extract, as 

insecticide, against S. oryzae. He found it to be inhibiting cholinesterase and 

peroxidase enzymes in the insect body and the enzyme inhibition levels varied 

differently in adult insects, at different exposure times and with the extracts made 

in different solvents. Khaire et al. (1992) described the efficacy of different 

vegetable oils, as grain protectants, against Callosobruchus chinensis. The 

vegetable oils of sunflower, Castor, mustard, safflower, palm, groundnut, sesame, 

Neem, ‘karanj’ and maize, were used as grain protectants of pigeon pea seeds. 

Adult emergence was inhibited completely by ‘karanj’ and Neem oil, upto100 

days. No emergence of adults occurred upto 66 days, with caster oil. Minimum 

grain loss was noted to be there, with Castor, mustard and groundnut oils, at 1% 

level upto 100 days and there was no adverse effect observed, on the seed 

germination. Okonkwo and Okoye (1992) controlled the Callosobruchus 

maculatus (F.), effectively, in stored cowpeas, by the application of dried ground 

leaves of R. communis (L.), as an admixture, in Nigeria. 

 

4.3.1.2a:  Antibiosis showed by Castor-oil to S. granarius   

As evident from Table-63, the calculated antibiosis of Castor-oil is 

maximum (86.74%) with 20% concentration and with packing-B, at 30 days of the 



Chapter-4 

 111

storage period, whereas minimum is (62.54%) with the same concentration and 

with packing-A, at 90 days of the time interval.  

Changeability in antibiosis with the passage of time and with the density of 

packing material were of mainly attributed to loss in botanical oil potency with the 

passage of time. Similarly, packing material with high density resulted in better 

retention capabilities as compared to less dense packing material, resulting in 

better performance.  

 

4.3.1.2b:  Regression between the Castor oil and percent mortality of S. 
granarius in packing A and B. 

 

Data regarding the regression between various concentrations of castor oil and the 

percent mortality of the test insect is contained in Table-64. Statistical analysis 

shows that the R²-values range from 0.950 to 0.989 and b-values had a maximum 

(3.50) for 30 days of the storage interval in packing-A, while these were minimum 

(2.08) for 90 days with packing-A. Accordingly, the concentration required for 

100% mortality at 30 days of the time interval with packing-A has been calculated 

to be as 28.57% and 48.07% for 60 and 90 days with packing-A.  

 Figure-34 explains the graphical situation of the regression between oil 

concentrations and percent mortality of the insect. It shows the distribution of 

observations with regression lines drawn on their basis. It also contains the 

regression equations showing a-values, b-values and R²-values for the calculation 

of y-values, at 30 days, 60 days and 90 days storage periods. 

 

4.3.1.3: Toxicity of the Castor-Oil against T. castaneum. 
  

 Table-65 is the table of analysis-of-variance for percent mortality of S. 

granarius against Castor oil treatments, at three storage periods, with two types of 

packing materials. Entries of the table show that among the main effects of the 

independent parameters, i.e. concentrations of the oil (C) and storage  
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Figure 33:  Percent mortality of S. granarius with R. communis oil treatments, at three 
storage periods, with two types of packing. 
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Table 63:  Antibiosis showed by Castor oil to S. granarius at three storage periods, with 

two types of packing. 

 
 
 
 
 
Table 64:  Regression between Castor oil and S. granarius mortality three storage 

periods, with two types of packing. 
 
Packing Duration R² value b value Concentration needed for 100% mortality 

A 30 days 0.962 3.50 28.57 
  60 days 0.964 2.48 40.32 
  90 days 0.950 2.08 48.07 

B 30 days 0.988 3.29 30.39 
  60 days 0.989 2.59 38.61 
  90 days 0.972 2.29 43.66 
 
  

Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 
A 30 days 12.29 80.16 84.67 

  60 days 28.02 80.55 65.21 
  90 days 24.03 64.14 62.54 

B 30 days 10.97 82.74 86.74 
  60 days 27.45 83.82 67.25 
  90 days 23.33 66.93 65.14 
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 periods (D) and their interactions, C and DxC are highly significant, D,  PxC and 

PxD are significant but  P and PxDxC are non significant for percent mortality of 

the different target insect pests. 

The data shown in Table-66 provides the mean values for the percent 

mortality of T. castaneum, observed for different concentrations of R. communis 

oil at different time intervals and packing materials. The table of mean values 

shows 19.03, 36.54, 48.48, 66.07 and 74.76% mortality with oil concentrations of 

0, 5, 10, 15 and 20%, respectively. The data in Table-66 also show the mean 

values for the percent mortality of packing A & B to be as 46.75 and 51.20% and 

for storage durations to be as 50.10, 48.47 and 48.36 % against 30, 60 and 90 days 

of storage, respectively. A careful study of this table also shows that the maximum 

mortality (83.80%) to have been observed at 20% x 30 days and a minimum 

mortality (10.47%) to have been observed in a combination of 0% x 30 days, with 

packing B.  

Figure-35 shows the graphical presentation of the interaction of percent 

mortality and the concentrations of the oil, applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation with it. Similarly, packing-B produced an enhanced 

mortality as compared to the packing-A.  

 In the present studies, we utilized Castor-oil as a grain protectant following 

the results of scientific investigations conducted by Khaire et al. (1992), Okonkwo 

and Okoye (1992) and Ahmed (2000). These groups of scientists observed the 

reduction in infestation of food grains by the different insect pests with the 

application of castor oil during their storage for different durations. 

 

4.3.1.3a: Antibiosis showed by Castor-oil to T. castaneum. 

As contained in Table-67, the computed antibiosis of Castor-oil is 

maximum (87.51%) with 20% concentration and with packing-B, at 30 days of the 
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storage period, whereas minimum (59.25%) with the same concentration and with 

packing-A, at 90 days of the time interval.   

Significant variations in antibiosis shown by an oil concentration with the 

passage of time and with the density of packing material is logical as volatile 

constituents of essential oils decreased as a function of storage periods under 

ambient conditions. However, higher holding capacity of the dense packing 

retained these components for longer time than that by less dense packing 

materials. 

 
4.3.1.3b: Regression between the Castor-oil and percent mortality of T. 

castaneum in packing A and B. 
 

Statistics regarding the regression between Castor oil concentrations and percent 

mortality of the target insect is contained in Table-68. Statistical analysis shows 

that the R²-values ranged from 0.960 to 0.996 and b-values were maximum (3.60) 

for 30 days of the storage interval and packing-A, while the minimum (2.01) were 

for 90 days with packing-A. Accordingly, the concentration required for 100% 

mortality at 30 days time interval with packing-A has been calculated to be 

27.77% and for 90 days with packing-A to be 49.75%. 

 

Figure-36 explains the graphical situation of the regression between the oil- 

concentrations and percent mortality of the insect. It shows the distribution of 

observations with regression lines drawn on their basis. It also contains the 

regression equations showing a-values, b-values and R²-values for the calculation 

of y-values, at 30 days, 60 days and 90 days storage periods. 
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Figure 34: Regression between different concentrations of Castor oil and percent 
mortality of S. granarius for two packing materials. 
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Table 65:  Analysis of variance for percent mortality of T. castaneum with Castor oil 

treatments, at three storage periods, with two types of packing 
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

2.988  
57.671 
45.428 

9040.763 
33.618 

199.683 
19.413  
12.737 

0.234592 NS 
4.527832* 
3.566617* 
709.8032** 
2.639397* 
15.6774** 

1.524142NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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Table 66: Means for percent mortality of T. castaneum with Castor oil treatments,  
  at three storage periods, with two types of packing. 
 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 11.67 37.21 47.57 66.13 80.09 50.10 a 
60 days 15.92 34.24 46.18 62.89 69.09 48.47 b 

A 
  
  90 days 26.55 33.56 45.94 60.34 65.15 

46.75 b 

48.36 b 
30 days 10.47 39.08 53.37 71.67 83.80 
60 days 20.84 38.33 50.00 71.48 75.79 

B 

90 days 28.75 36.83 47.85 63.94 74.69 

51.20 a  

Overall means 19.03 e 36.54 d 48.48 c 66.07 b 74.76 a   
 
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 

 
Figure 35:  Percent mortality of T. castaneum with R. communis oil treatments. 
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Table 67:  Antibiosis showed by Castor oil to T. castaneum  at three storage periods,  
  with two types of packing. 
 

Packing Duration 
Control 
mortality (%) 

Treated 
mortality (%) Antibiosis (%) 

A 30 days 11.67 80.09 85.43 
  60 days 15.92 69.09 76.96 
  90 days 26.55 65.15 59.25 

B 30 days 10.47 83.80 87.51 
  60 days 20.84 75.79 72.50 
  90 days 28.75 74.69 61.51 
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Table 68:  Regression between castor oil and T. castaneum mortality during three 
storage  periods, with two types of packing. 

 
 
 
 
 
 
 
 
 
 
 
Figure 36:  Regression between different concentrations of Castor oil and percent 

mortality of T. castaneum  for two packing materials. 
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4.3.1.4:  Toxicity of Castor oil against T. granarium. 
 

 Table-69 is the table of analysis-of-variance for percent mortality of T. 

granarium against castor oil treatments, at three storage periods, with two types of 

packing materials. Data of the table show that all the main effects of the 

independent parameters, i.e. concentrations of the oil (C) and storage periods (D) 

along with their interactions are highly significant, except PxC which has non 

significant effect for percent mortality of the different target insect pests. 

The data shown in Table-70 provides the mean values for the percent 

mortality of T. granarium, observed for different concentrations of R. communis 

oil at different time intervals and packing materials. Percent mortality shows its 

mean values as 17.88, 32.40, 45.97, 66.68 and 74.44% against the oil 

concentrations of 0, 5, 10, 15 and 20%, respectively. The data in Table-70 also 

show the mean values of percent mortality for packing A & B, which were found 

to be 45.53 and 49.42%, and for the storage durations to be 50.67, 47.68 and 44.08 

% against 30, 60 and 90 days, respectively. A vigilant study of this table also 

shows that the maximum mortality (86.30%) observed at 20% x 30 days and the 

minimum mortality (12.40%) was observed in a combination of 0% x 30 days, in 

packing B.  

 Figure-37 depicts the graphical presentation of the interaction of percent- 

mortality and the concentrations of the oil applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation with it. Similarly, packing-B produced an enhanced 

mortality as compared to the packing-A.   

Mechanisms behind the toxic action of castor oil have been elaborated by some 

other researchers. Ahmad (2000) described inhibition of cholinesterase and 

peroxidase enzymes ought to be major cause of insect mortality. Their findings 

also highlighted the impact of other variables that include age of the insect, 

varying exposure time and concentrations of the extracts used.  
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Table 69:  Analysis of variance for percent mortality of T. granarium with Castor oil 
treatments, at three storage periods, with two types of packing  

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

275.205 
240.064 
136.863 

9056.656 
18.132  

236.671 
49.370 
17.179 

16.01985** 
13.97427** 
7.966878** 
527.1934** 

1.055475 NS 
13.77676** 
2.873858** 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 70:   Means for % mortality of T. granarium with Castor oil treatments during 

three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 13.68m 34.70ij 47.62gh 70.56bcd 83.20a 50.67 a 
60 days 18.34lm 31.09jk 43.87h 67.76cd 67.43cd 47.68 b 

A 
  
  90 days 24.19kl 25.65k 41.25hi 54.60fg 59.09ef 

45.53 b 

44.08 c 
30 days 12.40m 36.47ij 48.72gh 73.05bc 86.30a 
60 days 18.79jk 36.05ij 48.09gh 69.11bcd 76.30b 

B 

90 days 19.96jk 30.47jk 46.28h 65.02de 74.37bc 

49.42 a  

Overall means 17.88 e 32.40 d 45.97 c 66.68 b 74.44 a   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 37:  Percent mortality of T. granarium with R. communis oil treatments. 
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Khaire et al. (1992) described the efficacy of different vegetable oils, as grain 

protectants and their findings included that minimum grains loss was noted with 

castor, mustard and groundnut oils, at 1% level without having adverse 

consequences. Findings of Okonkwo and Okoye (1992) also support the results of 

present studies.  

 

4.3.1.4a: Antibiosis showed by Castor-oil to T. granarium. 

As mentioned in Table-71, the calculated antibiosis of Castor-oil is 

maximum (85.63%) with 20% oil-concentration and with packing-B, at 30 days of 

the storage period, whereas the minimum is 59.06% with the same concentration 

and with packing-A, at 90 days time-interval.  

Essential oils are complex and intricate collection of phytochemicals 

mainly of volatile nature that tends to decrease/disintegrate with the passage of 

time. The decrease in potency of bioactive molecules could yield differences in 

antibiosis with the passage of time. Density of packing material is also of 

significant importance and is well correlated with retention capacities for test 

materials which gave respective results.    

 

4.3.1.4b:  Regression between the Castor-oil and percent mortality of T. 
granarium in packing A and B. 

 

 Statistical data regarding the regression between Castor-oil concentrations 

and percent mortality of the test-insect is contained in Table-72. Statistical 

analysis shows that the R²-values ranged from 0.881 to 0.992 and the b-values 

were maximum (3.69) for 30 days of the storage interval with packing-A, while 

these were minimum (1.70) for 90 days with packing-A. Accordingly, the 

concentration required for 100% mortality at 30 days of the time interval with 

packing-A has been calculated to be 27.10% and that for 90 days with packing-A 

to be 58.82%. 
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Figure-38 explains the graphical position of the regression between Castor-

oil concentrations and percent mortality of the insect. It shows the distribution of 

observations with regression lines drawn on their basis. It also contains the 

regression equations showing a-values, b-values and R²-values for the calculation 

of y-values, at 30 days, 60 days and 90 days storage periods. 
 

4.3.2:  POPULATION BUILD UPS WITH THE CASTOR-OIL 
 

 Main and interaction effects of the independent parameters upon the 

population build-up of the target insects were determined through analysis of 

variance and given in ANOVA tables, separately, for each of the insects. 

 Means of population build-ups shown by the target insects against different 

concentrations of the R. communis oil, at three storage periods, with two types of 

packing materials, have been placed in the tables, separately, for each of the 

insects. These tables demonstrate the mean-percent mortality of the insects against 

each treatment and each level of the independent factors, averagely. Significant 

differences between the figures are tagged with different letters and non 

significant with the similar ones.  

Regression between concentrations of the botanical oil and the population 

build-up of the target insects in response thereto has been exhibited through 

mathematical equations, separately for different storage durations and different 

packing materials. Through regression equation, we can determine the level of a 

dependent factor (y-value) against a specific treatment, from the a-value and b-

value, by putting the value of a level of an independent factor. Accordingly, an 

amount of a treatment can be calculated which can cause 100% results. R²-values 

mention the fastidiousness of the observations along the regression lines. 

Different aspects regarding repellence of the oil, like, population build-up & 

penetration of insects inside the treated bags, antixenotic assessment and 

regression analysis, for each of the insects, are discussed below. 
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Table 71:  Antibiosis showed by Castor oil to T. granarium at three storage periods, 

with two types of packing 
 

Packing Duration 
Control 
mortality (%) 

Treated 
mortality (%) Antibiosis (%) 

A 30 days 13.68 83.20 83.56 
  60 days 18.34 67.43 72.80 
  90 days 24.19 59.09 59.06 

B 30 days 12.40 86.30 85.63 
  60 days 18.79 76.30 75.37 
  90 days 19.96 74.37 73.16 
 
 
Table 72:  Regression between Castor oil and T. granarium mortality at three storage  
  periods, with two types of packing. 
 
Packing Duration R² value b value Concentration needed for 100% mortality 

A 30 days 0.989 3.69 27.10 
  60 days 0.945 2.70 37.03 
  90 days 0.881 1.70 58.82 

B 30 days 0.992 3.50 28.57 
  60 days 0.970 2.70 37.03 
  90 days 0.977 2.56 39.06 
 
 
Figure 38: Regression between different concentrations of Castor oil and percent 

mortality of T. granarium  for two packing materials. 
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4.3.2.1: Repellence of Castor oil against R. dominica . 

 

Table-73 is the analysis-of-variance table for population build-up of R. 

dominica against Castor oil treatments, at three storage periods, with two types of 

packing materials. Entries of the table show that the main effects of the 

independent factors i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions are highly significant for reducing 

the population build-up of the target insect. 

 Statistical information regarding population build-up of R. dominica under 

Castor-oil treatments, with two types of packing materials and three storage 

periods of 30, 60 and 90 days, have been given in Table-74. Maximum population 

(110.70) was observed in the control with packing-A at a storage time of 90 days, 

whereas a minimum population (7.33) was recorded with 20% concentration of the 

oil in packing-B, at 30 days of the time-interval. Overall means for the insect-

population were 56.39, 45.72, 41.38, 37.77 and 33.05 with different oil-

concentrations of 0, 5, 10, 15 and 20%, respectively. Similarly, the population 

means for the packing materials were 46.64 and 39.08 in packing A and B, 

respectively and those for the storage durations remained to be as 12.73, 42.23 and 

73.83 for 30, 60 and 90 days of the storage-time, respectively. 

Figure-39 illustrates the line-graph for the interactions of oil-concentrations and 

the population build-ups of the target insect, separately for packing A and B. 

Graph lines for 30, 60 and 90 days show that the population build-up of the insect, 

was reduced significantly in packing-B as compared to that in packing-A. 

Our results are in agreement with those of Bloszyk et al. (1990), who 

reported that hundreds of materials, such as, synthetic pyrethroids, natural 

botanical anti-feedants and silica gel had been investigated for their use in the 

insect-resistant packaging. Also, Pacheco et al. (1995) evaluated refined soybean 

oil and crude Castor oil for the control of infestations of Callosobruchus 
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maculatus (F.) and Callosobruchus phaseoli (Gyllenhal), in stored chick-pea 

(Cicer arietinum L.). Both oils were applied @ 0, 5 and 10 ml/kg of chick-pea 

seeds. The oviposition, adult-emergence and development from the egg to the 

adult-emergence, were evaluated, after storing the treated seeds for 5 months.  

At the end of the storage period, effects of the treatments on flavor, consumer 

acceptability and on the seed germination were evaluated. Both the oils inhibited 

population growth of the two insect species as compared to the untreated seeds. 

Castor-oil was found to be more effective than the soybean oil.  Castor-oil, at 5 

and 10 ml/kg, protected the stored chick-peas from being infested with C. 

maculatus, for 60 and 150 days and with C. phaseoli for 60 and 90 days, 

respectively. No harmful effect was observed on the germination of treated seeds. 

Although, the oil treatments conferred off-flavors to the chickpeas, yet the 

consumers, even for both oils at 10 ml/kg dose-rate, compromised with the 

product acceptability. 

 

4.3.2.1a: Antixenosis showed by Castor oil to R. dominica. 

 

Table-75 contains the information about the percent-antixenosis shown by 

20% oil to the target insect, with two different packings, at three storage periods of 

30, 60 and 90 days. Maximum antixenosis of 51.13% was shown by 20% oil-

concentration with packing-B, at 30 days of the time interval, while it’s minimum 

(36.77%) was shown by the same concentration with packing-A, at 90 days of the 

storage-period. Density of the packing material reduced the evaporation of the oil 

and enhanced its effects against the insects. Repellence of the oil has a positive 

correlation with population reduction. Moreover, density of the packing material 

and reduction in population positively correlated with each. However, storage 

periods are inversely correlated with reduction in population.  
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Table 73:  Analysis of variance for population build-up of R. dominica with Castor oil 
treatments, at three storage periods, with two types of  packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

650.711
22375.244
  344.311
 2155.511
   39.267
  642.328
   38.783
    6.633

98.10207** 
3373.322** 
51.90879** 
324.9677** 
5.919946** 
96.83823** 
5.846977** 

 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 74:  Means for population build-up of R. dominica with Castor oil treatments, at 

three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 17.67m 14.67mn 13.00no 11.67no 10.33no 12.73 c 
60 days 55.00f 48.33gh 43.33ij 38.00k 33.00l 42.23 b 

A 
 
 90 days 110.7a 81.33c 77.33d 75.33e 70.00gh 

46.64 a 

73.83 a 
30 days 15.00mn 12.67no 12.00no 11.00no  7.33o 
60 days 52.67fg 46.00hi 41.00jk 37.00k 28.00l 

B 

90 days 87.33b 71.33c 61.67fg 53.67ij 49.67jk 

39.08 b  

Overall means 56.39 a 45.72 b 41.38 c 37.77 d 33.05 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
Figure 39:  Population build-up of R. dominica with Castor oil treatments. 
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4.3.2.1b:  Regression between Castor-oil and population build-ups of R.  
  dominica in packing A and B.   

Statistical data for the regression between concentrations of the oil and 

population build-ups of the insect, at storage periods of 30, 60 and 90 days, with 

packing A and B, have been displayed through Figure-40. The declining trend of 

the regression lines indicates an inverse reduction in the population build-up of the 

insect, with the oil-concentrations for different time-intervals and packing 

materials. R²-values indicate the fitness of data, based upon the proper distribution 

of the observations alongwith the regression-line. The range of R²-values is 0.908 

to 0.997 with both the packing materials and three storage periods. Maximum b-

value is 2.85, with packing-A at 90 days of the time interval and its minimum is 

0.25 with packing-B at a time interval of 30 days. In both the packing materials, 

regression lines for 90 days of the storage periods are steeper than that for 60 and 

30 days, consecutively. Such a trend of regression lines points out that population 

build-up in the control was much progressive with the passage of time and that the 

environmental conditions were favorable for the insect-multiplication. 

 

4.3.2.2: Repellence of Castor oil against S. granarius. 
 

 Table-76 is the analysis-of-variance table for population build-up of S. 

granarius against the Castor oil treatments, at three storage periods, with two 

types of packing materials. Entries of the table show that the main effects of the 

independent factors i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions, are highly significant for reducing 

the population build-up of the target insect. 

 Table-77 contains the information, regarding population build-up of S. 

granarius in the Castor-oil treatments, with two types of packing materials and 

three storage periods of 30, 60 and 90 days. Maximum population (68.00) was  
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Table 75:  Antixenosis showed by Castor oil to R. dominica at three storage periods,  
  with two types of packing. 
 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 17.67 10.33 41.54 
  60 days 55.00 33.00 40.00 
  90 days 110.7 70.00 36.77 

B 30 days 15.00 7.33 51.13 
  60 days 52.67 28.00 46.84 
  90 days 87.33 49.67 43.12 
 
Figure 40: Regression between different concentrations of Castor oil and population 

build-up of R. dominica for two packing materials. 
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NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 

0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

0 5 1 0 1 5 2 0 2 5
C o n c e n t r a t io n  ( A )

Po
pu

la
tio

n 
bu

ild
 u

p

3 0  d a ys
6 0  d a ys
9 0  d a ys
L in e a r (3 0  d a ys )
L in e a r (6 0  d a ys )
L in e a r (9 0  d a ys )

y (3 0  d a ys )  =  17 .0 0  -  0 .3 5  x ; R 2  =  0 .9 6 5
y (6 0  d a ys )  =  5 4 .4 0  -  1.0 9  x ; R 2  =  0 .9 9 7
y (9 0  d a ys )  =  10 2 .4 0  -  2 .8 5  x ; R 2  =  0 .9 19

Co n c e n tr a tio
n  ( A )

0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

0 5 1 0 1 5 2 0 2 5
C o n c e n t r a t io n  (B)

Po
pu

la
tio

n 
bu

ild
 u

p

3 0  d a ys
6 0  d a ys
9 0  d a ys
L in e a r (3 0  d a ys )
L in e a r (6 0  d a ys )
L in e a r (9 0  d a ys )

y (3 0  d a ys ) =  14 .6 0  - 0 .2 5  x ; R 2  =  0 .9 18
y (6 0  d a ys ) =  5 1.7 3  - 0 .9 8  x ; R 2  =  0 .9 8 8
y (9 0  d a ys ) =  8 7 .3 3  - 2 .6 6  x ; R 2  =  0 .9 0 8



Chapter-4 

 128

observed in the control with packing-A, at storage time of 90 days, whereas 

minimum population (4.67) was recorded with 20% concentration of the oil in 

packing-B, at 30 days interval. Overall means for the insect-population with 

various oil concentrations were 40.38, 31.99, 28.77, 25.61 and 23.39 for 0, 5, 10, 

15 and 20% of them, respectively. Similarly, the population means were 34.53 and 

25.53 for the packing A and B, respectively and those for the storage durations 

remained to be 9.13, 31.89 and 49.06 against 30, 60 and 90 days, respectively. 

Figure-41 shows the line-graph for the interactions of oil-concentrations 

and the population build-ups of the target insect, separately for packing A and B. 

Graph lines for 30, 60 and 90 days, show that the population build-up of the insect, 

was reduced significantly in packing-B as compared to that in packing-A.  

 Results of our research work are in agreement with those of Bloszyk et al. 

(1990), who reported that hundreds of materials, such as, synthetic pyrethroids, 

natural botanical anti-feedants and silica gel had been investigated for their use in 

the insect-resistant packaging. Also, Pacheco et al. (1995) evaluated refined 

soybean oil and crude Castor-oil for the control of infestations of Callosobruchus 

maculatus (F.) and Callosobruchus phaseoli (Gyllenhal), in stored chick-pea 

(Cicer arietinum L.). Both oils were applied @ 0, 5 and 10 ml/kg of chick-pea 

seeds. The oviposition, adult-emergence and development from the egg to the 

adult emergence, were evaluated, after storing the treated seeds for 5 months. At 

the end of the storage period, effects of the treatments on flavor, consumer-

acceptability and on the seed-germination were evaluated. Both the oils inhibited 

population growth of the two insect species as compared to that in the untreated 

seeds. Castor oil was found to be more effective than the soybean oil.  Castor-oil, 

at 5 and 10 ml/kg, protected the stored chick-peas from being infested with C. 

maculatus, for 60 and 150 days and with C. phaseoli for 60 and 90 days, 

respectively. No harmful effect was observed on the germination of treated seeds. 

However, the oil treatments conferred off-flavors to the chickpeas yet the 
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consumers, even for both oils at 10 ml/kg dose rate, compromised with the product 

acceptability. 

 

4.3.2.2a: Antixenosis showed by Castor oil to S. granarius. 

 

Table-78 contains the information about the percent-antixenosis showed by 

castor oil to the target insect, with two different packing materials, at three storage 

periods of 30, 60 and 90 days. Maximum antixenosis (56.23%) was shown by the 

20% oil-concentration with packing-B, at 30 days of the time interval, while its 

minimum (33.34%) was observed with the same concentration in packing-A, at 90 

days of the storage period. Density of the packing material decreased the wastage 

of the oil and prolonged its impacts against the insects. Reduction in population is 

dependent upon the concentrations and density of packing cloth and have a 

positive correlation between them. But storage duration has a negative correlation 

with reduction in population.     

 

4.3.2.2b:  Regression between the Castor-oil and population build-ups of 
S. granarius in packing A and B. 

  

Figure-42 illustrates the statistical data for the regression between 

concentrations of the oil and the population build-ups of the insect, at storage 

periods of 30, 60 and 90 days, with packing A and B. A declining trend of the 

regression lines indicates a reduction in the population build-up of the insect with 

the oil concentrations, different time intervals and packing materials. R²-values 

indicate the fitness of data, based upon the proper distribution of the observations 

alongwith the regression line. Range of R²-values is 0.816 to 0.985 with both the 

packing materials and three storage periods. Maximum b-value is 2.36, with 

packing-B at 90 days of the time-interval and minimum is 0.21, with packing-B at 

a time interval of 30 days. In both the packing materials, regression lines for 90 
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Table 77:  Means for population build-up of S. granarius with Castor oil treatments, at 
three storage periods, with two types of packing. 

 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 12.33no 12.00no 10.33opq 8.67pqr   6.67qr 9.13 c 
60 days 50.00c 37.33e 35.67h 32.33ikl 31.00kl 31.89 

b 

A 
 
 

90 days 68.00a 63.00d 55.33f 50.00hi 45.33jkl 

34.53 a 

49.06 a 
30 days 10.67op 10.00opq 8.33pqr   7.67qr   4.67r 
60 days 41.33d 28.33g 24.00h 20.00kl 19.00l 

B 

90 days 60.00b 41.33d 39.00fg 35.00hij 33.67mn 

25.53 b  

Overall means 40.38 a 31.99 b 28.77 c 25.61 d 23.39 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 

 
Figure 41:  Population build-up of S. granarius with R. communis oil treatments. 
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Table 78:  Antixenosis showed by Castor oil to S. granaries at three storage periods, 

 with two types of packing. 

Packing Duration Control Population Treated population Antixenosis (%) 
A 30 days 12.33 6.67 45.90 

  60 days 50.00 31.00 38.00 

  90 days 68.00 45.33 33.34 

B 30 days 10.67 4.67 56.23 

  60 days 41.33 19.00 54.03 

  90 days 60.00 33.67 43.88 
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days of the storage periods are steeper than those for 60 and 30 days, 

consecutively. Such a trend of regression lines points out that the population build-

up of the control increases with the passage of time and that the environmental 

conditions were favorable for the insect multiplication.    

 

4.3.2.3: Repellence of Castor oil against T. castaneum  

 

 Table-79 contains the analysis-of-variance for population build-up 

(progeny of treated insects) of T. castaneum against the Castor oil treatments, at 

three storage periods, with two types of packing materials. Entries of the table 

show that the main effects of the independent factors i.e., concentration of the oil 

(C), packing material (P) and storage period (D) along with their interactions, are 

highly significant except those for P, PxC and PxDxC, for reducing the population 

of the target insect. 

Statistical figures regarding population build-up of T. castaneum with the 

Castor-oil treatments, with two types of packing materials and three storage 

periods of 30, 60 and 90 days, have been given in Table-80. Maximum population 

of 59.00 was observed in the control with packing-A at a storage time of 90 days, 

whereas a minimum population of 6.00 was recorded with 20% concentration of 

the oil in packing-B, at 30 days of the time interval. Overall means for the insect 

population with different concentrations were 36.72, 31.77, 27.16, 24.16 and 22.33 

in the control, 5, 10, 15 and 20% concentrations, respectively. Similarly, the 

population means for packing materials were 29.80 and 27.06 against A and B of 

them, respectively and those for the storage durations remained to be 9.83, 31.26 

and 44.20 against 30, 60 and 90 days, respectively. 

Figure-43 illustrates the line-graph for the interactions of oil-concentrations 

and the population build-ups of the target insect, separately for packing A and B.  
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Figure 42: Regression between different concentrations of Castor oil and population 
build-up of S. granarius for two packing materials. 
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Table 79:  Analysis of variance for population build-up of T. castaneum with Castor oil 

treatments, at three storage periods, with two types of packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

   5.878
5757.811
  23.011

1016.028
   6.406

 218.561
   1.706
   3.544

1.658578NS 
1624.665** 
6.492946** 
286.6896** 

1.807562 NS 
61.67071** 

0.481377 NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 80:  Means for population build-up of T. castaneum with Castor oil treatments, 

at three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means  
30 days 12.67 11.33 10.67  9.33  7.33 9.83 c 
60 days 41.67 36.67 32.00 28.67 25.33 31.26 b 

A 
  
  90 days 59.00 52.33 42.67 39.33 38.00 

29.80 a 

44.20 a 
30 days 11.33 10.67 10.00  9.00 6.00 
60 days 40.00 34.00 27.33 23.67 23.33 

B 

90 days 55.67 45.67 40.33 35.00 34.00 

27.06 b  

Overall means 36.72 a 31.77 b 27.16 c 24.16 d 22.33 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
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Graph lines for 30, 60 and 90 days, show that the population build-up of the insect 

reduced significantly in packing-B as compared to that in packing-A. Our findings 

are in line with those of Bloszyk et al. (1990), who reported that hundreds of the 

materials, such as, synthetic pyrethroids, natural botanical anti-feedants and silica 

gel had been investigated for their use in the insect-resistant packaging.  Similarly, 

Pacheco et al. (1995) evaluated a refined soybean-oil and crude castor-oil for the 

control of infestations of Callosobruchus maculatus (F.) and C. phaseoli 

(Gyllenhal), in the stored chick-pea (Cicer arietinum L.). Both oils were applied 

@ 0, 5 and 10 ml/kg of chick-pea seeds. The oviposition, adult-emergence and 

development from the egg to the adult emergence, were evaluated, after storing the 

treated seeds for 5 months. At the end of the storage period, effects of the 

treatments on the flavor, consumer-acceptability and on the seed-germination were 

evaluated. Both the oils inhibited the population growth of the two insect species 

as compared to that for the untreated seeds. Castor-oil was found to be more 

effective than the soybean-oil. Castor oil, at 5 and 10 ml/kg, protected the stored 

chick-peas from being infested with C. maculatus, for 60 and 150 days and with 

C. phaseoli for 60 and 90 days, respectively. No harmful effect was observed on 

the germination of treated seeds. Although, the oil treatments conferred off-flavors 

to the chickpeas, yet the consumers, even of both oils at 10 ml/kg dose rate, 

compromised with the product acceptability. 

 

4.3.2.3a:  Antixenosis showed by Castor oil to T. castaneum. 
 

Table-81 contains the information for the percent-antixenosis shown by 

20% oil against the target insect, with two different packing materials, at three 

storage periods of 30, 60 and 90 days. Maximum antixenosis of 47.04% was 

shown by the 20% oil-concentration with packing-B, at 30 days of the time-

interval, while its minimum 35.59% was shown by the same concentration in 

packing-A, at 90 days storage period. Antixenosis of a phyto-chemical is a 
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measure of its repelling effect to an insect and can be defined as “the percent fall 

in the population build-up of an insect due to the effect of a material relative to the 

control or normal population of the insect, under a specific set of environmental 

conditions.” Calculated antixenosis is being supported by the proved behavior of 

the essential oils whose repellent action reduces with the passage of time. Density 

of the packing material reduces the evaporation of the oil and enhances its impacts 

against the insects. Antixenosis of the oil and reduction in population have a 

positive correlation between them. Similarly, density of the packing material and 

reduction in population has a positive correlation among themselves. But storage 

periods and reduction in population have a negative correlation between them.     

 

4.3.2.3b:  Regression between the Castor-oil and population build-up of T. 
castaneum  in packing A and B. 

  

Statistical information about the regression between concentrations of the 

Castor-oil and population build-ups of the test insect, at storage periods of 30, 60 

and 90 days, with packing A and B, have been presented in Figure-44. A declining 

trend of the regression lines indicates the reduction in population build-up of the 

insect with the oil-concentrations, different time intervals and packing materials. 

R²-values indicate the fitness of data, based upon the proper distribution of the 

observations along with the regression line. Range of R²-values is 0.909 to 0.992 

for both the packing materials and three storage periods.  

Maximum b-value is 1.74, with packing-A at 90 days of the time-interval 

and its minimum is 0.15, in packing-B, at a time interval of 30 days. In both the 

packing materials, regression lines for 90 days of the storage periods are steeper 

than those for 60 and 30 days, consecutively. Such a trend of regression lines 

points out that the population build-up of the control increases with the passage of 

time and that the environmental conditions, were favorable for the insect-

multiplication.    
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Figure 43:  Population build-up of T. castaneum  with R. communis oil treatments. 
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Table 81:  Antixenosis showed by Castor oil to T. castaneum at three storage periods, 

with two types of packing. 

Packing Duration Control Population Treated population Antixenosis (%) 
A 30 days 12.67 7.33 42.15 

  60 days 41.67 25.33 39.21 

  90 days 59.00 38.00 35.59 

B 30 days 11.33 6.00 47.04 

  60 days 40.00 23.33 41.68 

  90 days 55.67 34.00 38.93 
 
Figure 44: Regression between different concentrations of Castor oil and population 

build-up of T. castaneum  for two packing materials. 
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4.3.2.4: Repellence of Castor oil against T. granarium 

 

 Table-82 is the analysis-of-variance table for population build-up of T. 

granarium against the Castor oil treatments, at three storage periods, with two 

types of packing materials. Figures of the table show that the main effects of the 

independent factors i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions, are highly significant except those 

for PxC, for reducing the population build-up of this target insect. 

Table-83 contains the statistical information regarding the population build-

up of T. granarium in Castor-oil treatments, with two types of packing materials 

and three storage periods of 30, 60 and 90 days. Maximum population (69.00) was 

observed in the control with packing-A at a storage time of 90 days, whereas a 

minimum population (8.00) was recorded with 20% concentration of the oil in 

packing-B, at 30 days interval. Overall means of insect population for different 

concentrations appeared to be 45.33, 36.55, 30.33, 28.38 and 25.89 in the control, 

5, 10, 15 and 20% concentrations, respectively. Similarly, the population means 

for packing A & B were 36.31 and 30.28, respectively, whereas those for the 

storage durations remained to be as 13.20, 36.33 and 50.36 against 30, 60 and 90 

days, respectively. 

Figure-45 illustrates the line-graph for the interactions of oil-concentrations 

and the population build-ups of the target insect, separately for packing A and B. 

Graph lines for 30, 60 and 90 days show that the population build-up of the insect, 

was reduced significantly in packing-B as compared to that in packing-A. 

Our results are in accordance with Bloszyk et al. (1990), who reported that 

hundreds of materials, such as, synthetic pyrethroids, natural botanical anti-

feedants and silica gel had been investigated for their use in the insect-resistant 

packagings. Pacheco et al. (1995) evaluated a refined soybean-oil and crude  
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Table 82:  Analysis of variance for population build-up of T. granarium with Castor oil 
treatments, at three storage periods, with two types of packing 

 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
4 
4 
8 
8 
60 
89 

582.678**
10459.433**

   64.744**
 1202.139**

    4.983 NS

  111.739**
    9.633*
    3.833

152.0162** 
2728.785** 
16.89121** 
313.6288** 
1.300026NS 
29.15184** 
2.513175* 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
Table 83:  Means for population build-up of T. granarium with Castor oil treatments, 

at three storage periods, with two types of packing. 
Packing Duration C1 C2 C3 C4  C5 Packing 

Means 
Days 

Means 
30 days 19.00k 15.67kl 13.67lm 12.33lmn  9.67no 13.20c 
60 days 56.33b 45.00d 38.33h 35.00h 32.00i 36.33b 

A 
 
 90 days 69.00a 58.33b 49.33c 47.00cd 44.00de 

36.31 a 

50.36a 
30 days 17.33k 13.33lm 12.67lmn 10.33mno   8.00o 
60 days 44.33fr 37.00h 27.00i 25.67ij 22.67j 

B 

90 days 66.00a 50.00c 41.00ef 40.00fg 39.00fg 

30.28 b  

Overall means 45.33 a 36.55 b 30.33 c 28.38 d 25.89 e   
C1= control,   C2= 5%,  C3= 10%,  C4= 15% and  C5= 20%. 
 
 
Figure 45:  Population build-up of T. granarium  with R. communis oil treatments. 

T.granarium

0

10

20

30

40

50

60

70

80

0 5% 10% 15% 20% 0 5% 10% 15% 20%

 Packing  A                                                            Packing  B

P
op

ul
at

io
n

30 days
60 days
90 days

 
 



Chapter-4 

 138

Castor-oil for the control of infestations of Callosobruchus maculatus (F.) and 

Callosobruchus phaseoli (Gyllenhal), in the stored chick-pea (Cicer arietinum L.). 

Both oils were applied @ 0, 5 and 10 ml/kg of the chick-pea seeds. The 

oviposition, adult-emergence and development from the egg to the adult-

emergence, were evaluated, after storing the treated seeds for 5 months. At the end 

of the storage period, effects of the treatments on the flavor, consumer-

acceptability and on the seed-germination were evaluated. Both the oils inhibited 

population growth of the two insect species as compared to that of the untreated 

seeds. Castor-oil was found to be more effective than the soybean-oil.  Castor-oil, 

at 5 and 10 ml/kg, protected the stored chick-peas from being infested with C. 

maculatus, for 60 and 150 days and with C. phaseoli for 60 and 90 days, 

respectively. No harmful effect was observed on the germination of treated seeds. 

Although, the oil-treatments conferred off-flavors to the chickpeas, yet the 

consumers, even for both oils, at 10 ml/kg dose rate, compromised with the 

product acceptability. 

 

4.3.2.4a:  Antixenosis showed by Castor oil to T. granarium. 

 

Table-84 contains the information about the percent-antixenosis shown by 

20% oil to the target insect, with two different packing materials, at three storage 

periods of 30, 60 and 90 days. Maximum antixenosis of 53.84% was shown by the 

20% oil-concentration with packing-B, at 30 days interval, while its minimum of 

36.23% was shown by the same concentration with packing-A, at 90 days of the 

storage period. Antixenosis of a phyto-chemical is a measure of its repelling effect 

to an insect and can be defined as “the percent fall in the population build-up of an 

insect due to the effect of a material relative to the control or normal population of 

the insect, under a specific set of environmental conditions.” Calculated 

antixenosis is being supported by the proved behavior of the essential oils whose 
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repellent action reduces with the passage of time. Density of the packing material 

reduces the evaporation of the oil and enhances its impacts against the insects. So 

antixenosis of the oil and reduction in population have a positive correlation 

between them. Similarly, density of the packing material and reduction in 

population has a positive correlation among themselves. But storage periods and 

reduction in population have a negative correlation between them.     

 

4.3.2.4b:  Regression between the Castor-oil and population build-up of T. 
granarium  in packing A and B. 

  

Statistical data for the regression between concentrations of the oil and 

population build-ups of the insect, at storage periods of 30, 60 and 90 days, with 

packing A and B, have been demonstrated in Figure-46. A declining trend of 

regression lines, indicates a reduction in the population build-up of the insect with 

the oil-concentrations for different time intervals and packing materials. R²-values 

indicate the fitness of data, based upon the proper distribution of the observations 

alongwith the regression line. Range of R²-values is 0.790 to 0.979 with both the 

packing materials and three storage periods.  

 

Maximum b-value is 1.45, with packing-A at 60 days of the time-interval 

and minimum is 0.43 with packing-B at a time interval of 30 days. In both the 

packing materials, regression lines for 90 days of storage periods are steeper than 

those for 60 and 30 days, consecutively. Such a trend of regression lines points out 

that population build-up in the control experimental unit progressed vigorously 

with the passage of time and that the environmental conditions, were favorable for 

the insect-multiplication. 
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Table 84:  Antixenosis showed by Castor oil to T. granarium at three storage periods,  
  with two types of packing. 
 
Packing Duration Control Population Treated population Antixenosis (%) 

A 
30 days 

 
19.00 

 
9.67 49.11 

  
60 days 

 
56.33 

 
32.00 43.19 

  
90 days 

 
69.00 

 
44.00 36.23 

B 
30 days 

 
17.33 

 
8.00 53.84 

  
60 days 

 
44.33 

 
22.67 48.86 

  
90 days 

 
66.00 

 
39.00 40.91 

 
 
 
 
 
 

 

Figure 46: Regression between different concentrations of Castor oil and population 

build-up of T. granarium  for two packing materials. 
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4.4: MIXTURE OF THREE OILS 

4.4.1: Toxicological Studies of Mixed-oils 

 Toxicity of the mixture of  A. calamus oil, A. indica oil and R. communis 

oil, at three storage periods, with two types of packing materials, has been 

described through the analysis-of-variance for percent mortality of the target 

insects. Main and interaction effects of the independent factors upon the mortality 

of R. dominica, S. granarius, T. castaneum and T. granarium have been given in 

ANOVA tables, separately for each insect. 

 Means of percent mortality shown by the target insects against different 

concentrations of the mixed-oils, at three storage periods, with two types of 

packing materials, have been set in the tables of means, separately for each of the  

insects. These tables demonstrate the mean-percent mortality of the insects against 

each treatment and each level of the independent factors, averagely. Significant 

differences between the resultant figures are denoted with different letters and non 

significant with the similar ones.  

Assessment of antibiosis of the organic materials to be used as pesticide is 

necessary for their comparison among themselves and for their categorization in 

order to incorporate in the sustainable agricultural system. In case of isolated 

phyto-chemicals, antibiosis can, also, be expressed as a percent enhancement in 

the induced mortality of an insect relative to its natural or control mortality, under 

a specific set of environmental conditions. In the instant studies, percent antibiosis 

has been derived, mathematically, from the mortality of the insects. 

In the proceeding paragraphs, ANOVA and means tables for percent 

mortality and antibiosis shown by the organic material against the target insects 

are discussed for each of the insects, separately.  
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4.4.1.1: Additive toxicity of the mixed-oils against R. dominica. 
 

Statistical information presented in Table-85 shows the analysis of variance 

for percent mortality of R. dominica with the mixed-oil treatments at three storage 

periods, with two types of packing materials. Main effects, like, packaging 

materials (P), concentrations of mixed-oil (C) and storage periods (D) had a 

significant effect on the mortality of R. dominica. Similarly, various interactions, 

like, DxC, PxC and (PxDxC), also, showed significant effects, except PxD. 

Data shown in Table-86 gives the mean values of percent mortality of R. 

dominica observed for different concentrations of the mixed-oils at different time 

intervals and packing materials. Percent mortality was observed with mean values 

of 12.70, 55.35, 50.54, 47.75, 77.31, 71.46, 67.19 and 92.26% against the mixed-

oil treatments of C1, C2, C3, C4, C5, C6, C7 and C8, respectively. The data in 

Table-86 also show the mean values of percent mortality for packing A & B to be 

as 56.57 and 62.07% and those for the storage durations to be as 64.13, 59.76 and 

54.07 % against 30, 60 and 90 days, respectively. A careful study of this table 

shows that the maximum mortality (100.00%) was observed at C8 x 30 days, in 

packing A & B and the minimum mortality (7.41%) was observed in a 

combination of C1 x 30 days, in packing A.  

Figure-47 illustrates the graphical position of the interactions of percent 

mortality and the treatments of the oil, applied to different packing materials. The 

treatments of the mixed-oil have a significant effect upon the mortality of the 

insect and have a positive correlation, with it. Pooled means for packing materials 

indicated that packing-B was more helpful in enhancing the mortality of insects as 

compared to the packing-A, due to their physical compactness and oil holding 

capacity. Results of the present study are supported by the conclusion of Boeke et 

al. (2004), who reported that A. indica provided many useful compounds which 

could be applied to protect seeds in the storages against insect pests. They also 
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Table 85:  Analysis of variance for percent mortality of R. dominica with Mixed-oils 
 treatments, at three storage periods, with two types of packing 

 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

976.406 
1005.568 

7.422  
10332.955 

106.415 
132.389 
52.106 
16.787 

58.16441** 
59.90159** 

0.442128 NS 
615.5332** 
6.339131** 
    7.8864** 
3.103949** 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
Table 86:  Means for percent mortality of R. dominica with mixed-oils  treatments, at 

three storage periods, with two types of packing. 
 
Packing Treatments 30 days 60 days 90 days Packing  

Means 
Concent. Means

A C1 7.41r 18.22g 14.74q 12.70 h 
 C2 53.37mn 49.44no 42.66op 55.35 e 
 C3 59.18lm 50.23no 36.04p 50.54 f 
 C4 49.98no 46.16mo 43.47o 47.75 g 
 C5 80.16d 71.54f-i 66.98g-k 77.31 b 
 C6 72.22e-h 65.67h-l 64.03i-l 71.46 c 
 C7 69.84f-i 67.19g-k 59.94klm 67.19 d 
 C8      100.00a 87.96bc         81.32cd 

56.57 b 

92.26 a 
B C1 7.69r 12.12qr 16.02q  
 C2 72.35e-h 66.95g-k 47.37no  
 C3 61.20jkl 53.19mn 43.43o  
 C4 51.49n 49.70no 45.75no  
 C5 87.78bc 81.24cd 76.20def  
 C6 79.55de 74.67d-g 72.62e-h  
 C7 73.89d-g 68.46f-j 63.83i-l  
 C8 100.00a 93.52ab         90.79b  
Overall means 64.13 a 59.76 b      54.07 c 

62.07 a 

 
 C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 
C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
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reviewed the toxicological data, from human and animal studies, with oral 

administration of different Neem-based preparations. Safety assessments of 

various Neem-derived preparations were made and compared with the ingestion of 

residues in the food treated with Neem products. They concluded that the use of 

Neem-derived insecticides should not be discouraged, if applied with a care. 

 

4.4.1.1a: Antibiosis showed by mixture of three oils to R. dominica 
 

 As mentioned in Table-87, the calculated antibiosis of mixed-oils is 

maximum (92.59%) with C8 concentration and with packing-A, at 30 days of the 

storage period, whereas, the minimum is 79.28% with the same concentration and 

with packing-A, at 60 days of the time-interval. In the present studies, percent 

antibiosis has been derived, mathematically, from the mortality of the insects. 

Significant changes in antibiosis with the passage of time and compactness of the 

packing material is quite a logical because essential oils evaporate away  with the 

passage of time and holding capacity of the compact packing material tries to 

retain the oil for a longer period. 

 

4.4.1.2: Additive toxicity of the mixed-oils against S. granarius. 

  

Statistical information presented in Table-88 shows the analysis of variance 

for percent mortality of S. granarius with the mixed-oil treatments at three storage 

periods, with two types of packing materials. Main effects, like, packaging 

materials (P), concentrations of mixed-oils (C) and storage periods (D) had a 

significant effect on the mortality of S. granarius. Whereas, various interactions, 

like, PxD, PxC and (PxDxC) showed non significant effects, except DxC. 
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Figure 47:  Means for % mortality of R. dominica with mixed-oils treatments. 
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Table 87:  Antibiosis showed by three oils mixture to R. dominica  at three storage  
  periods, with two types of packing. 
 
Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 

A 30 days 7.41 100.00 92.59 
  60 days 18.22 87.96 79.28 
  90 days 14.74 81.32 81.87 

B 30 days 7.69 100.00 92.31 
  60 days 12.12 93.52 87.04 
  90 days 16.02 90.79 82.35 
 
 
 
 
 
Table 88: Analysis of variance for percent mortality of S. granarius with Mixed-oils treatments, at 

three storage periods, with two types of  packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

963.326
2098.673

24.333
9560.118

54.904
231.096
26.012
31.648

30.43876** 
66.31297** 
0.768864 NS 
302.0765** 
1.734833 NS 
7.302073** 
0.821916 NS  

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
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The data contained in Table-89 give the mean values of the percent 

mortality of S. granarius, observed for different concentrations of mixed-oils, at 

different time intervals and packing materials. Percent mortality of the test-insect 

was observed with mean values of 17.22, 54.53, 54.13, 45.67, 78.30, 77.24, 64.27 

and 91.12% against the oil treatments of C1, C2, C3, C4, C5, C6, C7 and C8, 

respectively. The data in Table-89 also show the mean values of the percent 

mortality for packing A & B to be as 57.72 and 62.90% and those for the storage 

durations to be as 66.58, 60.95 and 53.40 % against 30, 60 and 90 days of the 

storage time, respectively. A wary study of this table shows that maximum 

mortality (100.00%) was observed at C8 x 30 days, in packing A & B and the 

minimum mortality (8.28%) was observed in a combination of C1 x 30 days, in 

packing B.  

Figure-48 shows the graphical picture of the interactions of percent 

mortality and different treatments of the oils, applied to different packing 

materials. The concentrations have a significant effect upon the mortality of the 

insect and have a positive correlation with it. Similarly, packing-B produced an 

enhanced mortality as compared to that with packing-A, due to its higher 

thickness.  
 

4.4.1.2a: Antibiosis showed by mixture of three oils to S. granarius. 
   

Table-90, gives the calculated antibiosis of mixed-oils and shows that it 

was maximum (91.72%) with C8 treatment and with packing-B, at 30 days of the 

storage period, whereas it was minimum (66.96%) with the same treatment and 

with packing-A, at 90 days of the time interval. In the instant studies, percent 

antibiosis has been derived mathematically from the mortality of the insects. 

Significant changes in antibiosis with the passage of time and solidity of packing 

material is very rational because essential oils fade away with the passage of time 

and holding capacity of the thick packing material tries to retain the oil longer. 
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Table 89:  Means for % mortality of S. granarius with Mixed-oils treatments, at three 
storage periods, with two types of packing. 

 
 
C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 %, C5= C2+C3, 
C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
 
Figure 48:  Percent mortality of S. granarius with Mixed-oils treatments. 
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Table 90:  Antibiosis showed by three oils mixture to S. granarius at three storage  
  periods, with two types of packing. 
Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 

A 30 days 8.74 100.00 91.26 
  60 days 20.32 85.09 76.11 
  90 days 26.55 80.37 66.96 

B 30 days 8.28 100.00 91.72 
  60 days 19.46 92.50 78.96 
  90 days 20.01 88.80 77.46 

Packing Treatments 30 days 60 days 90 days Packing 
Means 

Concent. 
Means 

A C1 8.74 20.32 26.55 17.22 f 
 C2 61.58 47.17 43.27 54.53 d 
 C3 65.28 48.67 41.77 54.13 d 
 C4 51.52 48.86 30.35 45.67 e 
 C5 85.00 73.22 66.73 78.30 b 
 C6 80.31 75.40 63.97 77.24 b 
 C7 65.06 65.00 51.27 64.27 c 
 C8     100.00 85.09 80.37 

57.72 b 

91.12 a 
B C1 8.28 19.46 20.01 
 C2 69.45 59.21 46.55 
 C3 65.28 57.38 46.44 
 C4 52.31 51.95 39.03 
 C5 91.67 79.87 73.33 
 C6 87.78 83.95 72.06 
 C7 73.13 67.22 63.99 
 C8 100.00 92.50       88.80 

62.90 a  

Overall means 66.58 a 60.95 b 53.40 c   
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4.4.1.3: Additive toxicity of the mixed oils against T. castaneum. 
 

 Statistical information presented in Table-91 shows the analysis of variance 

for the percent mortality of T. castaneum, with the mixed-oil treatments, at three 

storage periods, with two types of packing materials. Main effects of the 

independent factors, like, packaging materials (P), concentrations of mixed-oils 

(C) and storage periods (D) were significant for percent mortality of T. castaneum, 

whereas, various interactions, like, PxD, PxC and PxDxC showed non significant 

effects, except DxC. 

 

The data given in Table-92, presents the mean values of percent mortality 

of T. castaneum, observed for different concentrations of the mixed-oils, at 

different time intervals and packing materials. Mortality of the test-insect was 

observed with mean values of 16.73, 61.69, 54.31, 47.30, 77.30, 73.47, 75.66 and 

93.53% against oil-concentrations of C1, C2, C3, C4, C5, C6, C7 and C8, 

respectively. The figures in Table-92 also show the mean values of percent 

mortality for packing A & B to be as 60.60 and 64.40% and that for the storage 

durations to be as 66.07, 63.53 and 57.90 % against 30, 60 and 90 days, 

respectively. A watchful study of this table shows, that the maximum mortality 

(100.00%) was observed at C8 x 30 days, in packing A & B and the minimum 

mortality (8.93%) was observed, in the combination C1 x 30 days, in packing B.  

 

 Figure-49 displays the graphical position of the interactions of percent 

mortality and the concentrations of the oil, applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation with it. Similarly, packing-B produced enhanced 

mortality as compared to that with packing-A. 
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Table 91:  Analysis of variance for percent mortality of T. castaneum with Mixed-oils 
treatments, at three storage periods, with two types of packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

518.549
 826.419
  11.506

9948.428
  22.413
 159.272
  15.029
  27.687

18.72897** 
29.84863** 

0.415574 NS 
359.3177** 

0.809513 NS 
5.752591** 

0. 542818 NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01) 
 
 
 
 
Table 92:  Means for percent mortality of T. castaneum with Mixed-oils  treatments, at 

 three storage periods, with two types of packing. 
 
C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 

C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
 

Packing Treatments 30 days 60 days 90 days Packing 
means 

Concent. 
means 

A C1 10.47 19.57 20.34 16.73 g 
 C2 66.39 63.13 47.08 61.69 d 
 C3 60.83 49.33 43.93 54.31 e 
 C4 46.97 46.29 41.86 47.30 f 
 C5 78.33 76.60 74.44 77.30 b 
 C6 77.38 73.07 61.40 73.47 c 
 C7 76.67 70.75 72.52 75.66 bc 
 C8 100.00 93.27 83.89 

60.60 b 

93.53 a 
B C1 8.93 17.17 23.94 
 C2 73.15 67.52 52.92 
 C3 63.89 59.65 48.24 
 C4 53.37 49.49 45.83 
 C5 80.56 79.44 74.45 
 C6 80.16 75.91 72.90 
 C7 80.08 78.33 75.64 
 C8     100.00 96.97        87.07 

64.40 a  

Overall means 66.07 a 63.53 b 57.90 c   
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 4.4.1.3a:  Antibiosis showed by mixture of three oils to T. castaneum. 
     

 As mentioned in Table-93, the degree of antibiosis of the mixed-oils is 

maximum (91.07%) with C8 concentration and with packing-B, at 30 days of the 

storage period, whereas its minimum is 72.50% with the same concentration and 

with packing-B, at 90 days of the time interval. In the instant studies, percent 

antibiosis has been derived mathematically from the mortality of the insects. The 

changes in antibiosis with the passage of time and concreteness of packing 

material is quite a reasonable because essential oils fade away with the passage of 

time and holding capacity of the dense packing try to retain the oil for a longer 

time due to its higher density. 

 

4.4.1.4: Additive toxicity of the mixed oils against T. granarium. 
 

 Table-94 contains statistical information regarding analysis of variance for 

the percent mortality of T. granarium, against the mixed-oil treatments, at three 

storage periods, with two types of packing materials. Main effects of the 

independent factors, like, packaging materials (P), concentrations of mixed-oils 

(C) and storage periods (D) were significant for percent mortality of T. granarium, 

whereas, various interactions, like, PxD and PxDxC showed non significant 

effects, except DxC and PxC. 

The data shown in Table-95 present the mean values of percent mortality of 

T. granarium, observed for different concentrations of the mixed-oils at different 

time intervals and packing materials. A perusal of the data indicates that the 

effects of all the main factors and of their interactions, except in the cases of PxD 

and PxCxD differed significantly from one another for the mortality of the test-

insect with mean values of 18.56, 60.17, 54.73, 45.10, 80.04, 75.67, 72.64 and  
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Figure 49:  Percent mortality of T. castaneum  with different oil treatments. 
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Table 93:  Antibiosis showed by three oils mixture to T. castaneum, at three storage 

periods, with two types of packing. 
 
Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 

A 30 days 10.47 100.00 89.53 
  60 days 19.57 93.27 79.01 
  90 days 20.34 83.89 75.75 

B 30 days 8.93 100 91.07 
  60 days 17.17 96.97 82.29 
  90 days 23.94 87.07 72.50 
 
 
 
 
 
 
Table 94:  Analysis of variance for percent mortality of T. granarium with Mixed-oils 

treatments, at three storage periods, with two types of packing  
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

  293.608
  899.507
    1.480

10110.821
   62.486
  138.494
   16.318
   15.283

19.21141** 
58.8567** 

0.09684 NS 
661.5731** 
4.088595** 
9.061964** 

1.067722 NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01)  
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94.89% against the oil concentrations of C1, C2, C3, C4, C5, C6, C7 and C8, 

respectively. The data in Table-95 also show the mean values of percent mortality  

for packing A & B to be as 61.29 and 64.15% and that for the storage durations to 

be as 66.08, 63.90 and 58.20 % against 30, 60 and 90 days, respectively. A careful 

study shows that the maximum mortality (100.00%) was observed at C8 x 30 

days, in packing-A & B. and the minimum mortality (8.70%) was observed in a 

combination of C1 x 30 days, in packing B.  

 Figure-50 shows the graphical situation of the interactions of percent 

mortality and the concentrations of the oil, applied to different packing materials. 

The concentrations have a significant effect upon the mortality of the insect and 

have a positive correlation, with it. Similarly, packing-B produced an enhanced 

mortality as compared to that in packing-A.  

 

4.4.1.4a:  Antibiosis showed by mixture of three oils to T. granarium. 
     

As contained in Table-96, the determined antibiosis of the mixed-oils is 

maximum (91.30%) with C8 concentration and with packing-B, at 30 days of the 

storage period, whereas minimum is 65.25% with the same concentration and with 

packing-A, at 90 days of the time-interval. Assessment of antibiosis of the organic 

materials is necessary for their comparison among themselves and categorization 

thereof. In case of isolated phyto-chemicals, antibiosis can also be expressed as a 

percent enhancement in the induced mortality of an insect relative to its natural or 

control mortality, under a set of environmental conditions. In the instant studies, 

percent antibiosis has been derived mathematically from the mortality of the 

insects. Significant variations in antibiosis with the passage of time and thickness 

of packing material is fairly sound because essential oils weaken away  with the 

passage of time and with holding capacity of the compact packing material tries to 

retain the oil for a longer time, due to its good compactness. 
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Table 95:  Means for percent mortality of T. granarium with Mixed-oils treatments, at 
three storage periods, with two types of packing. 

`  
 

C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 
C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
 
 
 
 
Figure 50:  Percent mortality of T. granarium  with mixed-oils treatments. 
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Packing Treatments 30 days 60 days 90 days Packing 
Means 

Concent. 
Means 

A C1 8.93 24.58 30.73 18.56 h 
 C2 62.64 59.15 51.07 60.17 e 
 C3 57.80 54.88 46.13 54.73 f 
 C4 48.72 44.92 34.45 45.10 g 
 C5 84.72 77.14 71.71 80.04 b 
 C6 79.55 71.60 68.93 75.67 c 
 C7 75.00 71.06 64.17 72.64 d 
 C8 100.00 94.84 88.45 

61.29 b 

94.89 a 
B C1 8.70 18.78 19.65 
 C2 68.59 66.62 52.98 
 C3 61.39 57.08 51.10 
 C4 52.38 49.48 40.65 
 C5 89.17 81.84 75.69 
 C6 81.45 79.87 72.66 
 C7 78.33 75.63 71.69 
 C8 100.00      94.94      91.14 

64.15 a  

Overall means 66.08 a 63.90 b      58.20 c   
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4.4.2: ADDITIVE REPELLENCE OF THE MIXED OILS 

 

Antixenotic impact or repellence of the mixed-oils against different insect 

pests of stored wheat were studied by determining their penetration and population 

build-up (progeny of treated insects) inside the treated bags of two types, packed 

with insect free wheat, stored for 30, 60 and 90 days, at the ambient temperature 

and relative humidity, in the warehouse. In the present investigation, test insects 

were R. dominica, S. granarius, T. castaneum and T. granarium.  

 Main and interaction effects of the independent parameters upon the 

population build-ups of the target insects were determined through analysis of 

variance and given in ANOVA tables, separately, for each of the insects. 

 Means of the populations of the target insects in the experimental units 

against different concentrations of the mixed-oils, at three storage periods, with 

two types of packing materials, have been placed in the tables, separately, for each 

of the insects. These tables, also, demonstrate the mean percent mortality of the 

insects against each treatment and each level of the independent factors, averagely. 

Significant differences between the resultant figures are tagged with different 

letters and non significant with the similar ones.  

   As per Pedigo, (1991), the antixenosis of a plant is due to its phyto-

chemical and physical characters thereof. Present study was planned to test the 

components of the antixenosis (physical & chemical) outside the plant body i.e. in 

vitro. Density of packing cloth was taken as physical factor and phytochemicals as 

chemical one. 

Different aspects of mixed oils, regarding repellence against test insects 

while penetrating into the treated bags, population status of insects in the treated 

bags and determination of antixenosis showed by the test material, for each of the 

insects, are discussed below.  
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4.4.2.1: Additive repellence of mixed oils against R. dominica  
 

Table-97 is an ANOVA table for population build-up of R. dominica 

against the mixed-oil treatments, at three storage periods, with two types of 

packing materials. Contents of the table show that the main effects of the 

independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions DxC, PxC, PxD and PxDxC are 

highly significant for reducing the population build-up of the target insect. 

Statistical data regarding population build-ups of R. dominica with the 

mixed-oils treatments and two types of packing materials and at three storage 

periods of 30, 60 and 90 days, have been given in Table-98. Maximum population 

(117.67) was observed in the control (C1) with packing-A at a storage time of 90 

days, whereas the minimum population (4.33) was recorded under C8 

concentration of the mixed-oils with packing-B, at 30 days of the time-interval. 

Overall means of the insect population for different concentrations were 58.77, 

29.55, 30.05, 38.05, 18.33, 25.55, 18.66 and 19.61 against the C1, C2, C3, C4, C5, 

C6, C7 and C8, respectively. Similarly, the population-means for packing materials 

were 32.61 and 27.04 against the packing A and B, respectively, while those for 

the storage durations remained to be 9.52, 31.91 and 48.04 against 30, 60 and 90 

days, respectively. 

Figure-51 illustrates the bar-diagram for the interactions of mixed-oil 

concentrations and the population build-ups of the target insect, separately for the 

packing A and B. Graph bars of 30, 60 and 90 days, show that the population 

build-up of the insect, decreased significantly in packing-B as compared to that in 

packing-A.   

Our results are in agreement with the research work of Bloszyk et al. 

(1990) who reported that hundreds of the materials, such as, synthetic pyrethroids,  
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Table 96:  Antibiosis showed by three oils mixture to T. granarium, at three storage 
periods, with two types of packing. 

 
Packing Duration Control mortality (%) Treated mortality (%) Antibiosis (%) 

A 30 days 8.93 100.00 91.07 
  60 days 24.58 94.84 74.08 
  90 days 30.73 88.45 65.25 

B 30 days 8.70 100.00 91.30 
  60 days 18.78 94.94 80.21 
  90 days 19.65 91.14 78.43 
 
 
 
 
 
 
 
 
 
 
Table 97:  Analysis of variance for population build-up of R. dominica with Mixed-oils 

treatments, at three storage periods, with two types of packing 
 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

855.563 
16574.590 

293.521 
3590.951 

24.626 
706.201 
52.227 
4.840 

176.7692** 
3424.502** 
60.64483** 
741.932** 
5.088017** 
145.9093** 
10.7907** 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01)  
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natural botanical anti-feedants and silica gel had been investigated for their use in 

the insect-resistant packing. 

 

4.4.2.1a:  Antixenosis showed by mixture of three oils to R. dominica. 
  

 Table-99 displayed the information about the percent-antixenosis shown by 

C8 of the mixed-oils to the target insect, with two different packing materials, at 

three storage periods of 30, 60 and 90 days. Maximum antixenosis (74.53%) was 

shown by the C8 oil-concentrations with packing-B, at 30 days of the interval, 

while its minimum (60.06%) was observed with the same concentration and with 

packing-A, at 90 days of the storage period. Calculated antixenosis has been 

supported by the proven behavior of the essential oils whose repellent action 

reduces with the passage of time. Density of the packing material reduces the 

evaporation of the oil and enhances its impacts against the insects. So antixenosis 

of the oil and reduction in population have a positive correlation between them. 

Similarly, density of the packing material and reduction in population has a 

positive correlation among themselves. But storage periods and reduction in 

population have a negative correlation between them.  

 

4.4.2.2: Additive repellence of mixed-oils against S. granarius 
 

Table-100 contains the analysis of variance for population build-ups of S. 

granarius against the mixed-oils treatments, at three storage periods, with two 

types of packing materials. Contents of the table show that the main effects of the 

independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions, DxC, PxC, PxD and PxDxC are 

highly significant for reducing the population build-up of the target insect. 
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Table 98:  Means for population build-up of R.  dominica with mixed-oils treatments, at 
three storage periods, with two types of packing. 

 C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 
C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
 
Figure 51:  Means for population build-up of R. dominica with mixed-oils treatments, 

three storage periods, with two types of packing. 
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Table 99:  Antixenosis showed by three oils mixture to R. dominica at three storage 

 periods, with two types of packing. 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 17.67 5.33 69.84 
  60 days 55.33 18.00 67.47 
  90 days 117.67 47.00 60.06 

B 30 days 17.00 4.33 74.53 
  60 days 57.67 15.67 72.83 
  90 days 87.33 28.00 67.94 

Packing Treatments 30 days 60 days 90 days Packing 
Means 

Concent. 
Means 

A C1 17.67NO 55.33D 117.67A 58.77 a 
 C2 10.67RST 37.67HI 47.67F 29.55 c 
 C3 12.67PQR 37.67HI 47.33F 30.05 c 
 C4 13.00PQR 43.33G 67.33C 38.05 b 
 C5 6.67TU 21.00MN 31.33JK 18.33 e 
 C6 8.33STU 33.00J 42.67G 25.55 d 
 C7 6.67TU 22.33M 32.33J 18.66 e 
 C8 5.33U 18.00OP 47.00L 

32.61 a 

19.61 f 
B C1 17.00O 57.67D 87.33B 
 C2 10.00RST 31.33JK 40.00GH 
 C3 10.67RST 31.33JK 40.67GH 
 C4 12.00QRS 41.00GH 51.67E 
 C5 5.00U 19.33MNO 26.67L 
 C6 7.33TU 27.67KL 34.33IJ 
 C7 5.00U 19.00MNO 26.67L 
 C8 4.33U 15.00OPQ   28.00M 

27.04 b  

Overall means 9.52 c 31.91 b   48.04 a   
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  Table-101 contains the data about the means of population build-ups of the 

target insect with different treatments of mixed-oils, at three storage periods, with 

two types of the packing materials. Maximum population (70.67) was observed in 

the control (C1) with packing-A at a storage time of 90 days, whereas the 

minimum population (1.67) was recorded under C8-concentration of the oil with 

packing-B, at 30 days of the time interval. Overall means of insect population for 

concentrations were, however, observed to be 40.22, 19.11, 19.44, 21.61, 8.88, 

13.66, 9.22 and 8.33 against C1, C2, C3, C4, C5, C6, C7 and C8, respectively. 

Similarly, the population means for packing were found to be 19.27 and 15.84 

with respect to the packing A and B, respectively, and those for the storage 

durations remained to be 6.45, 19.95 and 26.27 after 30, 60 and 90 days, 

respectively. 

Figure-52 displayed the bar-diagrams for the interactions of mixed-oil-

concentrations and the population build-ups of the target insect, separately for the 

packing A and B. Graph bars for 30, 60 and 90 days, show that the population 

build-up of the insect, reduced significantly in packing-B as compared to that in 

packing-A. Our results are in agreement with Bloszyk et al. (1990), who reported 

that hundreds of materials, such as, synthetic pyrethroids, natural botanical anti-

feedants and silica gel had been investigated for their use in the insect-resistant 

packing. 

 
 4.4.2.2a: Antixenosis showed by mixture of three oils against S. granarius 
   

Table-102 contains the information about the percent-antixenosis shown by C8 oils 

to the target insect, with two different packing materials, at three storage periods 

of 30, 60 and 90 days. Maximum antixenosis (85.69%) was shown by the C8 oil 

concentration with packing-B, at 30 days of the interval, while the minimum 

(76.89%) was shown by the same concentration, with packing-A, at 90 days of the 

storage period.  
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Table 100:  Analysis of variance for population build-up of S. granarius with Mixed-oils 
treatments, at three storage periods, with two types of  packing 

 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

  361.000
4481.688
  48.563

2074.889
  21.968
 355.934
  15.221
   1.431

252.2711** 
3131.857** 
33.93641** 
1449.957** 
  15.3515** 
  248.731** 
10.63662** 

 NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01)  
 
 
 
 
 
Table 101: Means for population build-up of S. granarius with mixed-oils treatments, at 

three storage periods, with two types of packing. 
 

C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 
C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 

Packing Treatments 30 days 60 days 90 days Packing 
Means 

Concent. 
Means 

A C1 12.33JK 49.00C 70.67A 40.22 a 
 C2 7.67OP 24.00G 32.33E 19.11 c 
 C3 8.67NOP 24.67G 32.67E 19.44 c 
 C4 10.33K-N 25.67G 31.33E 21.61 b 
 C5 3.67RS 11.33KL 14.00J 8.88 ef 
 C6 6.67PQ 18.67H 20.33H 13.66 d 
 C7 4.67QRS 11.33KL 14.33J 9.22 e 
 C8 2.00S 10.00MNO 16.33K-N 

19.27 a 

8.33 f 
B C1 11.67KL 37.67D 60.00B 
 C2 6.67PQ 20.33H 23.67G 
 C3 6.67PQ 20.33H 23.67G 
 C4 8.33NOP 25.00G 29.00F 
 C5 3.00S 10.00LMN 11.33KL 
 C6 5.33QR 14.33J 16.67I 
 C7 4.00RS 10.00LMN 11.00KLM 
 C8 1.67S  7.00NOP  13.00MNO 

15.84 b  

Overall means 6.45 c 19.95 b 26.27 a   
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Calculated antixenosis is being supported by the proven behavior of the essential 

oils whose repellent action reduces with the passage of time. Concreteness of the 

packing material reduces the evaporation of the oil and enhances its impacts 

against the insects. So antixenosis of the oil and reduction in population have a 

positive correlation between them. Similarly, density of the packing material and 

reduction in population has a positive correlation among themselves. But storage 

periods and reduction in population have a negative correlation between them.     

 
4.4.2.3: Additive repellence of mixed oils against T. castaneum 

 

Table-103 contains the analysis of variance for population build-ups of T. 

castaneum against the mixed-oils treatments, at three storage periods, with two 

types of packing materials. Contents of the table show that the main effects of the 

independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with interaction DxC are highly significant, but PxC, 

PxD and PxDxC have non significant effect, for reducing the population build-up 

of the target insect. 

Statistical information regarding means of the population build-ups of T. 

castaneum under mixed-oils treatments, with two types of packing materials and 

three storage periods of 30, 60 and 90 days, have been given in Table-104. 

Maximum population (60.67) was observed in the control (C1) with packing-A, at 

a storage time of 90 days, whereas the minimum population (2.67) was recorded 

under C8 concentration of the oil with packing-B, at 30 days of the time-interval. 

Overall means of insect population for concentrations were 36.44, 20.66, 21.00, 

23.83, 10 55, 16.27, 11.11 and 10.55 against C1, C2, C3, C4, C5, C6, C7 and C8, 

respectively. Similarly, the population means for the packing materials were seen 

to be 19.79 and 17.82 in the packing A and B, respectively, whereas those for 

storage durations remained to be 7.27, 21.79 and 27.35 against 30, 60 and 90 days, 

respectively. 
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Figure 52:  Population build-up of S. granarius with mixed-oils treatments. 
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Table 102:  Antixenosis showed by three oils mixture to S. granarius  at three storage 

 periods, with two types of packing. 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 12.33 2.00 83.78 
  60 days 49.00 10.00 79.59 
  90 days 70.67 16.33 76.89 

B 30 days 11.67 1.67 85.69 
  60 days 37.67 7 81.42 
  90 days 60.00 13 78.33 
 
 
 
Table 103:  Analysis of variance for population build-up of T. castaneum with Mixed-oils 

treatments, at three storage periods, with two types of  packing 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

35.007
4922.111

7.194
1602.682

3.642
229.310

3.853
2.910

12.0299** 
1691.447** 

2.472165 NS 
550.7498** 

1.251546 NS 
78.80069** 

1.324055 NS 

NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01)  
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Figure-53 displayed the bar-diagram for the interactions of mixed-oil 

concentrations and the population build-ups of the target insect, separately for the 

packing A and B. Bars of 30, 60 and 90 days, show that population build-up of the 

insect, reduced significantly in packing-B as compared to that in packing-A.   

Our results are in accordance with Bloszyk et al. (1990), who reported that 

hundreds of materials, such as, synthetic pyrethroids, natural botanical anti-

feedants and silica gel had been investigated for their use in the insect-resistant 

packagings. 
 

4.4.2.3a:  Antixenosis showed by mixture of three oils to T. castaneum. 
  

 Table-105 contains the information about the percent-antixenosis shown by 

the target insect to C8 oil treatment, with two different packing matrials, at three 

storage periods of 30, 60 and 90 days. Maximum antixenosis (76.43%) was shown 

by the C8 oil concentration with packing-B, at 30 days of the time-interval, while 

the minimum (66.49%) was shown by the same concentration with packing-A, at 

90 days of the storage period. Calculated antixenosis is in accordance with the 

proven behavior of the essential oils whose repellent action reduces with the 

passage of time. Density of the packing material reduces the evaporation of the oil 

and enhances its impacts against the insects. So antixenosis of the oil and 

reduction in population have a positive correlation between them. Similarly, 

density of the packing material and reduction in population has a positive 

correlation among themselves. But storage periods and reduction in population 

have a negative correlation between them.   

 
4.4.2.4: Additive repellence of mixed-oils against T. granarium 
  

Table-106 holds the analysis of variance for population build-ups of T. 

granarium against the mixed-oils treatments, at three storage periods, with two 

types of packing materials. Contents of the table show that the main effects of the 
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Table 104:  Means for population build-up of T. castaneum with Mixed-oils treatments, 
at three storage periods, with two types of packing. 

 

C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 
C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
 
Figure 53:  Population build-up of T. castaneum with different oil treatments. 
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Table 105:  Antixenosis showed by three oils mixture to T. castaneum at three storage 

 periods, with two types of packing. 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 12.67 3.33 73.72 
  60 days 42.67 12.33 71.10 
  90 days 60.67 20.33 66.49 

B 30 days 11.33 2.67 76.43 
  60 days 35.67 9.00 74.77 
  90 days 55.67 15.67 71.85 

Packing Treatments 30 days 60 days 90 days Packing 
Means 

Concent. 
Means 

A C1 12.67 42.67 60.67 36.44 a 
 C2 9.00 23.67 31.00 20.66 d 
 C3 9.33 25.67 31.00 21.00 c 
 C4 10.67 30.33 32.67 23.83 b 
 C5 4.00 14.33 15.67 10.55 g 
 C6 7.33 20.67 22.33 16.27 e 
 C7 4.67 14.67 16.00 11.11 f 
 C8 3.33 12.33 20.33 

19.79 a 

10.55 g 
B C1 11.33 35.67 55.67 
 C2 8.67 22.67 29.00 
 C3 8.33 23.67 28.00 
 C4 10.00 27.33 32.00 
 C5 3.33 13.00 13.00 
 C6 6.67 19.67 21.00 
 C7 4.33 13.33 13.67 
 C8 2.67 9.00   15.67 

17.82 b  

Overall means 7.27 c 21.79 b 27.35 a   
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independent parameters, i.e., concentration of the oil (C), packing material (P) and 

storage period (D) along with their interactions are highly significant, except PxC 

which has significant effect, for reducing the population build-up of the target 

insect. 

Data regarding means of the population build-ups of T.   granarium in the 

mixed-oils treatments, with two types of packing materials and three storage 

periods of 30, 60 and 90 days, have been presented in Table-107. Maximum 

population (74.33) was observed in the control (C1) with packing-A, at a storage 

time of 90 days, whereas, the minimum population (5.00) was recorded in C8 

concentration of the oil with packing-B, at 30 days of the time-interval. Overall 

means of the insect-population for concentrations were found to be 45.88, 26.44, 

26.77, 29.27, 16.28, 22.66, 16.55 and 13.61 with respect to C1, C2, C3, C4, C5, C6, 

C7 and C8, respectively. Similarly, the population means for the packing materials 

were recorded to be 28.45 and 20.91 against the packing A and B, respectively, 

whereas the means for storage durations remained to be 10.93, 26.33 and 37.79 

against 30, 60 and 90 days, respectively. 

Figure-54 shows the bar-diagrams for the interactions of mixed-oil 

concentrations and the population build-ups of the target insect, separately for the 

packing A and B. Graph-bars for 30, 60 and 90 days, show that the population 

build-up of the insect, was significantly less in packing-B as compared to that in 

packing-A. Similarly, populations in all the experimental units increase with the 

passage of time.     

Our findings are in conformity with the work of Bloszyk et al. (1990) in the 

way that we, also, focused upon the insect resistant packing rather than mixing of 

protectants with the food grains. They explored the efficacy of large number of  

materials including synthetic pyrethroids, natural botanical anti-feedants and silica 

gel for their use in the insect-resistant packing.  
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Table 106:  Analysis of variance for population build-up of T. granarium with Mixed-oils 
treatments, at three storage periods, with two types of packing 

 

Source of Variation Degree of 
freedom Mean square F-Value 

Packing (P) 
Storage duration(D) 
P x D 
Concentration (C) 
P x C 
D x C 
P x D x C 
Error 
Total 

1 
2 
2 
7 
7 

     14 
     14 
     96 
   143 

1980.250
8407.146
 434.438
1910.901

   8.996
 206.320
  11.422
   3.569

554.8473** 
2355.603** 
121.7254** 
535.4164** 
2.520594* 
57.80891** 
3.200336** 

 NS = Non-significant (P>0.05),   * = Significant (P<0.05),  ** = Highly significant (P<0.01)  
 
 
 
 
Table 107:  Means for population build-up of T. granarium with different oil treatments, 

at three storage periods, with two types of packing. 
 

C1 = control, C2 = Sweet flag oil 10 %, C3 = Neem oil 10 %, C4 = Castor oil 10 % 
C5= C2+C3, C6 =  C2+C4, C7 = C3+C4 and C8 = C2+C3+C4. 
 

Packing Treatments 30 days 60 days 90 days Packing 
means 

Concent. 
means 

A C1 19.33IJ 56.33C 74.33A 45.88 a 
 C2 13.33MNO 31.00G 48.00DE 26.44 c 
 C3 15.00KLM 32.00G 47.00DE 26.77 c 
 C4 13.67MN 33.33G 49.33D 29.27 b 
 C5 6.67P 22.00I 30.67G 16.28 e 
 C6 11.33NO 27.00H 44.00EF 22.66 d 
 C7 6.67P 22.00I 30.67G 16.55 e 
 C8 5.67P 17.67JKL 26.00H 

28.45 a 

13.61 f 
B C1 18.33JK 41.00F 66.00B 
 C2 12.67MNO 21.00IJ 32.67G 
 C3 13.00MNO 23.00IJ 30.67G 
 C4 12.67,MP 25.67H 41.00F 
 C5 5.67P 14.67LMN 18.00JKL 
 C6 10.00Q 18.00JKL 25.67H 
 C7 6.00P 15.00KLM 19.00J 
 C8 5.00P    12.67MNO    21.67LMN 

20.91 b  

Overall means      
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4.4.2.4a:  Antixenosis showed by mixture of three oils to T. granarium  
  

 Table-108 displays the information about the percent-antixenosis shown by 

C8 of the mixed-oils to the target insect, with two different packing materials, at 

three storage periods of 30, 60 and 90 days. Maximum antixenosis (72.72%) was 

shown by the C8 oil-concentration with packing-B, at 30 days of the time interval, 

while the minimum (65.02%) was shown by the same concentration with packing-

A, at 90 days of the storage period. Considered antixenosis is in conformity with 

the proven behavior of the essential oils whose repellent action reduces with the 

passage of time. Compactness of the packing material reduces the evaporation of 

the oil and enhances its impacts against the insects. So antixenosis of the oil and 

reduction in population have a positive correlation between them. Similarly, 

density of the packing material and reduction in population has a positive 

correlation among themselves. But storage periods and reduction in population 

have a negative correlation between them.   

 

4.5 ENVIRONMENTAL CONDITIONS OF THE WAREHOUSE 

4.5.1:  Temperature Variations in the Warehouse 

 During the first step experiments, April to June, the atmospheric conditions 

that prevailed in the warehouse, during the experiment, were as given in the Table-

109. Although the temperature fluctuated from time to time and day to night, yet 

the average temperature during the experimental period of twelve weeks, ranged 

from 24.15 to 39.84 ºC. Similarly, the other meteorological data, recorded from 

the warehouse, during the second-step experiment, July to September, have been 

given in Table-110. Physical environmental conditions inside the warehouse 

remained favorable for the multiplication of insects, throughout the twenty four 

weeks of the experimentation and the average minimum temperature recorded was 

26.23 ºC and the average maximum was 33.53 ºC. 
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  Figure 54:  Population build-up of T. granarium with different oil   

 treatments. 
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Table 108:  Antixenosis showed by three oils mixture to T. granarium at three storage 

 periods, with two types of packing. 
 
Packing Duration Control Population Treated population Antixenosis (%) 

A 30 days 19.33 5.67 70.66 
  60 days 56.33 17.67 68.63 
  90 days 74.33 26.00 65.02 

B 30 days 18.33 5.00 72.72 
  60 days 41.00 12.67 69.09 
  90 days 66.00 21.67 67.16 
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4.5.2: Humidity fluctuations in the warehouse 

Table 109 & 110 contains the data regarding relative humidity. Relative 

humidity varied on day to day basis and its average remained to be 35.30%, during 

the first step of the experiment, and 55.61%, during the second step of the 

experiment. In this way, the physical conditions remained favorable for the 

multiplication of insects, which according to the insect physiologists, remaining 

most favorable during April to September. 

 

4.6 RESIDUAL EFFECTS ON THE STORED FOOD GRAINS 

4.6.1:  Farinographic studies on the flour made from the stored wheat 

Flour made from the experimental wheat, was run through the Farinograph, 

and had shown variation in the dough characteristic due to the application of 

botanical oils. Figure-55 shows the Farinograms related to the control, Neem oil, 

Sweet flag oil and Castor oil treatments, and shows the water absorption of their 

whole wheat-flours, which was 62.02, 62.01, 62.04 and 62.03 %, respectively. 

Minor changes in the water absorption, might be due the variation in the particle 

size of the whole wheat flour. Non-significant change in the water-absorption 

capacity of the flour samples indicates that no considerable addition or residues of 

the botanical oils were found in them, even after three months of the storage of 

wheat, in the treated bags. Our observations are somewhat similar to the work of 

Anjum and Butt (1995), who reported that any addition of a material in the flour 

will change the sensory and dough characteristics of the chapatti made from it. 

 

4.6.2: Sensory evaluation of the “chapattis” made from the stored wheat 

Data regarding the sensory evaluation of the chapatties, made from the 

flour of experimental wheat, have been given in Table-111. The statistical analysis 

indicated that the flavor, taste or overall-acceptability was not affected 

significantly, by the application of the botanical oils. It is obvious from the results  
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Table 109: WEEKLY RECORD OF TEMPERATURE AND RELATIVE   
  HUMIDITY 
 
 

Temperature oC (Ave) RH. % (Ave)  
Weeks 

Min. Max. Mean --- 
0 
 

15 33 24 51 

1 
 

20 36 28 40 

2 
 

17 35 26 38 

3 
 

21 39 30 28 

4 
 

21 41 31 40 

5 
 

23 37 30 46 

6 
 

24 38 31 30 

7 
 

27 41 34 26 

8 
 

26 42 34 27 

9 
 

28 44 36 28 

10 
 

28 42 35 36 

11 
 

32 44 38 26 

12 
 

32 46 39 43 

April—June/ 2005. 
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Table 110:  WEEKLY RECORD OF TEMPERATURE AND RELATIVE   
  HUMIDITY 

 
 

Temperature oC (Ave) RH. % (Ave)  
Weeks Min. Max. Mean --- 

0 
 32 40 36 70 

1 
 29 35 32 75 

2 
 28 35 31.5 72 

3 
 29 36 32.5 65 

4 
 31 38 34.5 60 

5 
 30 38 34 61 

6 
 28 36 32 55 

7 
 29 38 33.5 57 

8 
 27 36 31.5 53 

9 
 28 37 32.5 50 

10 
 25 32 28.5 52 

11 
 24 32 28 52 

12 
 25 35 30 53 

July---September/ 2005. 
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that the scores assigned to flavor, taste and overall acceptability of ‘chapatties’ by 

the judges did not differ significantly among the control and the treatments. Mean 

scores for the taste are seen to be 7.33 & 7.16, for the flavor to be 7.5 & 7.5 and 

for the overall acceptability to be 7.83 & 7.5 against the control & treatments, 

respectively. Differences in the mean values are negligible and might be due to the 

baking level of the ‘chapatties’. Such result revealed that nothing has been 

contaminated in the wheat from the treated bags. Similarly, Anjum et al. (2006) 

observed that the taste and flavor of a chapatti alters with an addition of a material 

in the flour sample. It is an important sensory characteristic, which determines the 

quality of the product and consumer-acceptability.  

Lale and Mustapha (2000) applied Neem seed oil on the cowpea seeds, to protect 

it for a period of three months. They observed that Neem seed oil imparted strong 

objectionable flavor to the cooked cowpea seeds. Learning a lesson from them, we 

did not directly apply the oils to the commodity so that it can be saved from any 

undesirable taint/contamination.  
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Figure 55: Farinograms made from the flour of experimental wheat packed in fine 
cotton bags treated with different botanical oils, stored for three months. 

 

      
 Castor oil                                                                   Control 
-------------------------------------------------------------------------------------------------------- 
 
 

      
                  Neem                                                                    Sweet flag 
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Table 111:  Evaluation of chapatti made from the flour of wheat stored for three  
  months with mixed botanical oils treatment 
 

Rating for sensory evaluation 

Taste Flavor Overall acceptability

Replication 
--- 

Control Treatment Control Treatment Control Treatment

1 7 7.5 8 7.5 8 7.5 

2 8 7 7 8 8 7.5 

3 7 7 7.5 7 7.5 7.5 

Mean 7.33 7.16 7.5 7.5 7.83 7.5 
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5. SUMMARY 

 Food security and safety are the vital issues, wanting focus to deal, 

adequately, with the global food requirements in future. Ample production, proper 

handling/processing, safe packaging/storage, appropriate distribution, judicious 

supply and rational consumption are the main components of the food-security 

programs. In the post-harvest system of the perishable and semi-perishable food, 

pest insects play a major role as destructive agents, deteriorating its quantity and 

excellence, whose efficient and safe management is compulsory to achieve the 

food-security targets.  

Among the principal foods of the global nations, wheat holds a distinctive 

position due to its capability to form dough and is being used for the preparation 

of several food-products of the daily use. Similarly, it is a staple food of the 

Pakistani peoples and about 80% of the wheat flour is used in the form of 

unleavened flat bread, locally known as ‘chapatti’, while the rest 20% for various 

bakery products.  

Pakistan grows over 8.33 million hectares of wheat crop, with a production 

of about 21 million tons (Anonymous, 2005). As a post-harvest system, 25-30% of 

wheat produced is procured by the government and stored for 6 to 12 months 

while remaining 70-75% is kept by the farmers to meet their own needs and 

demands of local community. During storage, heavy losses may occur by insect 

pests, due to poor storage conditions and inadequate safety measures. The post-

harvest losses, ranging from 2.5 to 15.3 %, depending upon the excellence of post-

harvest system, must be curtailed to increase the food availability to the 

consumers. The handling and storage losses are high in private sector due to the 

unawareness of farmers about pest management protocols and the uncertain 

storage & marketing system.  

Presently, food grains are being protected from the pest insects, by using 

synthetic insecticides and fumigants in public and private sectors. The 
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indiscriminate use of pesticides developed immunity in the insect pests. In early 

90’s, the Punjab Food Department (Pakistan) remained controlling insect pests of 

stored-wheat with one tablet of Aluminum Phosphide (1 gm PH3↑) per cubic meter 

volume of the storage structure but now-a-days, it is being done with three tablets 

per cubic meter, to control the resistant strains of the storage insects.  

Government is emphasizing to explore the indigenous resources to curtail 

the huge investment being spent on the import of pesticides. Moreover, Codex 

Alimentarius Commission (WTO) recommends the organic control of insect pests 

to make the food products according to the food safety standards. Keeping in view 

the demand of the days, present attempt was made to utilize local botanicals for an 

organic management of the pest insects of stored wheat.  

  In the recent past, insecticidal properties including toxicity, feeding-

repellence, oviposition-deterrence and growth inhibition effects of Acorus calamus 

(Sweet flag), Azadirachta indica (‘Neem’) and Ricinus communis (Castor) have 

been established by different researchers against insect pests of stored grains in the 

laboratory studies. Accordingly, to proceed further, oils of these botanicals were 

utilized in the organic control of coleopteran pest-insects of stored-wheat, with the 

integration of asepsis, disinfestation of commodity before packing and different 

packaging materials, under natural conditions in the warehouses, so that an IPM 

protocol for safe storage system at farm level can be developed to replace the 

synthetic insecticides. 

Jute bags of two different densities (1x1 mm and 0.5x0.5 mm mesh size) 

and cotton bags having 0.1x0.1 mm mesh size were prepared, in dimensions of 

9˝x16˝ (spray able area was 2 sq. ft.). Four concentrations of 5%, 10%, 15% and 

20% from each of the oils were prepared to apply on the jute bags of two different 

densities for their evaluation in the first experiment. 45 bags were prepared for 

each of the oils with three replicates, for three storage intervals (30 days, 60 days 

and 90 days) and for each packaging material. Treatments were applied to the bags 
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with the help of a sprayer @ 30-35 ml solution per bag. Insect-free wheat, 

prepared through fumigation, heat treatment and entoleter, was packed in the 

treated bags and kept for a period of 90 days to check their effectiveness as 

repellant and biocide against the major coleopterous insect pests of stored wheat. 

The experimental units were placed in the warehouse of the flourmills, under 

natural conditions. Data about penetration and multiplication of the insects inside 

the bags along with mortality thereof were recorded at storage periods 30, 60 and 

90 days for statistical analysis. In the second experiment, 10% concentrations of 

individual oils and their all possible combinations were applied to treat the 72 bags 

for three storage intervals with three replicates against each packaging material. 

Collection of data and analysis thereof was conducted as in first experiment. 

Temperature and relative humidity inside the warehouses remained favorable for 

multiplication of the insects, through out the experimental duration.  

Different concentrations of the test materials, storage periods and 

packaging materials showed a significant effect on the penetration of insects into 

the bags and mortality of insects due to their body contact with the botanical oils. 

However, some interactions of the independent parameters depicted non 

significant impacts upon the dependent factors. The dense jute bags with 20% 

concentrations, Neem oil conferred 90 %, Sweet flag oil 94% and Castor oil 82% 

mortality up to one month. Afterwards a gradient decrease in percent mortality 

was found in second and third months. Degree of antixenosis and antibiosis 

showed a positive correlation with the concentration of the botanicals but negative 

with the storage periods. Besides, penetration of target insects into the bags was 

inversely proportional but the percent mortality was directly proportional to the 

density of the packaging materials.  

Mixture of three botanical oils with 10% concentration of each conferred an 

effective control of the target insects for one month with a fine cotton cloth 

packaging which lessened gradually in the second and third months. In cotton bags 
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(mesh size of 0.1 x 0.1 mm), mixture of three oils in 10% concentration exhibited 

100, 95.55 and 91.55% mortality for 30, 60 and 90 days, respectively. 

Farinographic studies showed no significant change in the dough development 

properties especially water absorption of the flour made from the wheat stored in 

bags treated with the botanicals. Moreover, the sensory evaluation proved that 

there was no distinguishable taste or taint found in the ‘chapatties’ made from the 

flour of the wheat packed in the treated bags, for a period of three months.  

Present studies have initiated the practical use of the indigenous plant 

resources for the organic management of the pest insects of the stored agricultural 

commodities, at farm level. It can, also, play a key role in the food-safety 

programs to be instigated according to the recommendations of Codex 

Alimentarius (WTO). Economic tension of the farmers and environmental 

pollution may be lessened through the adoption of the integrated-pest-management 

protocol, suggested for the safety of food grains as a conclusion of the present 

research work.   

 

5.1: RECOMMENDATIONS 

 Organic-management of the storage insect-pests must be encouraged and 
recognized as a component of Organic-farming, for its active role in the up-
gradation of the food-grains. It should be appreciated at government level, 
to achieve meticulous practical benefits. 

 
 Contribution of botanical extracts in the IPM programs must be promoted to 

make our food products according to the standards of ISO-22000 which 
recognizes the key elements ensuring the food safety up to the point of final 
consumption. 

 

 Farmers can save their stored-grains, capital, health and environment by 
using the oils of Castor-seeds, ‘Neem’-seeds and Sweet flag rhizomes. 
Cotton bags, having 0.1 x 0.1 mm mesh size, are to be used for the packing 
of cleaned/insect free wheat. Solution of the oils should be sprayed over the 
bags @ 15-18 ml per sq. ft. area, before the packing of a commodity. 
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 For disinfestation, wheat should be spread over the metal-sheets or 

cemented floor, in the sun and allow rising of its temperature upto 55 ºC for 
about 4 hours. The sun-heated wheat, having moisture contents about 8 %, 
may be packed in the treated bags to get a safe storage for about two 
months. If the wheat is to be stored for a longer period, then repeat the 
botanical application after every two months.  

 
 Packing of cleaned wheat in the bags of the prescribed quality, treated with 

the specified dosage of botanical insecticide, having proper sealing/ 
stitching thereof, can afford better results, provided, the appropriate repair, 
cleaning and treatment of the godowns / bins are done, regularly. 

 
 Further research is required to explore some new indigenous organic 

sources of the insecticidal allelo-chemicals, which can, more efficiently, be 
utilized for the food-safety purposes and to overcome the dilemma of health 
hazards and environmental pollution.  
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