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ABSTRACT 

The needs for evolution of pest management strategies based 

on non-insecticidal chemicals having behavioural or physiological 

activity with insectistatic potential with or without selective 

insecticide deployment, has been recognized as an ecological 

imperative for well over a decade now. However, such chemicals 

are often highly specific, biodegradable, of low persistance, and 

their control potential is sophisticated and long-term. Although 

ecologically desirable, these very characteristics of non

insecticidal chemicals weigh against their economic feasibility 

and reduce their appeal to the primary users - the farmers. 

For this purpose an investigation has been carried out on 

the effect of chemicals extracted from the seed of custard apple, 

Annona sguamosa Linn.,. an insecticide-methacrifos and their 

combined doses on Tribolium castaneum strains local, CR-I, FSS-II 

and CTC 12. 

Custard apple seeds after drying extracted in four chemicals 

viz.,Petroleum Spirit, ethyl acetate, acetone and methanol. 

Those four type of chemicals extracted from the seeds along with 

methacrifos tested on the adult beetles for all the strains. 

The extracted materials also treated on the larvae. Again the 

low doses of extracted chemicals and insecticide were applied 

combindly on the adult!• castaneum to observe the synergistic 

effect. 

It was found that all the chemicals extracted from the 

seeds by different solvents offered considerable mortality to 

the adult beetles • . Highest toxicity was observed in the chemicals 
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extracted by petroleum spirit for local and FSS-II strain, and 

results also indicate that the strain CR-I showed maximum 

susceptibility and the strain local showed highest resistance 

- to the insecticide methacrifos; 

It was observed that all chemicals extracted offered 

mortality to the larvae of!• castaneum. The extraction with 

petroleum spirit was found more toxicant for all the experimented 

strains. The larvae treated with the seed extraction showed 

variable larval durations. Prolonged larval period was observed 

for all the cases with respect to control except petroleum 

spirit extraction. Significant (P~0.001) analysis of variance 

were found among doses and strains in all the extraction for 

larval and pupal period. Only the extraction petroleum spirit 

showed insignificant results for both larval and pupal period. 

The fecundity and hatchability of the eggs laid by the 

adults emarged from the treated and control larvae were also 

investigated. It was observed that the control insect laid 

more eggs and the eggs showed more hatchability then the 

treated ones. Analysis of variance performed for all the 

extractions among different doses and within the strains showed 

significant results for fecundity and hatchability. But the 

extraction in petroleum spirit showed insignificant results 

within the strains. 

By using low doses of both extracted chemicals and insecti

cides methacrifos combindly, it was found that the extractions 

have synergistic role on me thacrifos in most of the cases. 
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The results suggests that, custard apple plant contains 

some alkaloids, steroids, oils and acids which may offer a 

distinct antifeeding effect as well as some destructive 

effects on!• castaneum. 



. I 



1. INTRODUCTION 

Pesticides are often considerd to be the most potent control 

technology for pests. Continuous or heavy usage of some pestici

des has created serious problems arising from factors such as 

direct toxicity to parasites, predators, pollinators, fish and 

man (Munakata, 1977; Pimentel, 1981), Pesticide resistance 

(Brown, 1968; Georghiou and Taylor,1977; Schmutterer, 1981, 

Waiss tl tl, ,1981), susceptibility of crop plants to insect pests 

(Pimentel, 1977), and increased environmental and social costs 

(Pimentel tl &.,1980). It has therefore, become necessary to 

complement our reliance on synthetic pesticides with less 

hazardous, safe and biodegradable substitutes. 

The need for evolution of pest management strategies based 

on non-insecticidal chemicals having behavioral or physiological 

activity with insectistatic potential, with or without selective 

insecticide deployment, has been recognized as an ecological 

imperative for well over a decade now. However, such chemicals 

are often highly specif i c, biodegradable, of low persistence, 

and their control potential is sophisticated and long-term. 

Although ecologically desirable, these very characteristics of 

non-insecticidal chemica ls weigh against their economic f easi

bility and reduce their appea l to the primary users - the farmers. 

The increa singly serious problems of pest resistance to 

pesticide s a nd of contamina tion of the biosphere a ssoci a ted with 

l a rge-s c a le us e of broad-spe ctrum synthe tic pest i c ids h a ve 

dictated the need for e f fec tive , biodegradable pest icide s wi th 
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greater selectivity (Saxena, 1983). This awarness has created 

a world wide interest in the re-evaluation and use of age-old, 

traditional botanical pest control agents. 

Insect antifeedants and feeding deterrents are chemicals 

which appear to be reasonable alternatives to the use of commer

cial insecticides. Many natural plant products possess insect 

antifeedant activities. These compounds probably play a role 

as resistance factors in the defence of plants against insect 

attack. This can be a novel approach in pest management pro

grammes. 

Recently, the search for naturally occurring antifeedants 

against pests of field crops and storage has been intensified. 

A number of investigators isolated, identified and screened 

chemical compounds from leaves and seeds of many botanical 

families for insect feeding deterrence and growth inhabition 

(Jacobson et al •• 1975; Bernays and Chapman, 1977; Doskotch et tl•, 

1977; Jacobson, 1977; Sudhakar et al., 1978; Carpenter et al., 

1979; Warthen, 1979; Jurd and Manners, 1980; Menn, 1980). 

Unlike synthetic pesticides that kill both hosts and 

parasites, preys and predators, naturally occurring antifeedants 

or feeding deterrents are relatively safe for natural enemies of 

pest species because of their biodegradable natural and relative 

safety to useful organisms in the environment. A large number 

of scientific papers and reports cover the subject of naturally 

occurring insect antifeedants and feeding deterrents in plants 

(Gill and Lewis, 1971; Girish and Jaln,1974; Jacobson et&·, 
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1975; Bernays and Chapman, 1977; Doskotch et &;,1977; Munakata, 

1977; Sudhakar et al; 1978; Warthen, 1979; Dethier, 1980; Jacobson, 

1981; Menn, 1980; Schmutterer and Rembold, 1980). 

It is an age old practice still prevalent in our country 

to mix dried indigenous leaves of odourous and poisonous plants 

with stored grain for protection against insects with much 

success. The available information on pyrethrins, rotenone and 

nicotine shows that these insecticides of plant origin are 

comparatively safer to mammals and higher animals (Feinstien, 

1952) and suggests possibility of occurrence of such insecticides 

in other plant resoures hither to unexplored. Further, testing 

of plant materials for insecticidal properties may help in the 

development of new efficient synthetic insecticides. These 

promising attributes led to evaluate the potential use of custard 

apple Annona sguamosa Linn. seed against red flour beetle, 

Tribolium castaneum (Herbst), a major pest of stored products, 

specially pulses, millets, and cereals (cotton, 1947; Purthi and 

Singh, 1950; Dyte et al •• 1975) in the present investigation. 

The seed of~- sguamosa extracted with four solvents and treated 

on four varieties of!• castaneum to obtain dose mortality rate. 

One insecticide methacrifos has also been applied. The lowest 

doses of insecticide and seed extracts combindly treated on the 

same insect to observe the synergistic effect if any. 
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1.1 Descriptiqn of the plan~: 

The family Annonaceae consists in the main of aromatic trees 

and shrubs of tropical origin. It contains from 800 to 900 species 

in some ,SO genera, widel Y distributed in the tropics, with an extra 

tropical ramification in Atlantic North America. Among the prin

cipal genera are Asimia, Uvaria, Guatteria, Monodora, Rollinia, 

Xylopia, Annona and Artabotrys (Tattersfield and Potter, 1940). 

The genus Annona Linn. has about 90 species of trees and shrubs 

which are distributed mainly in tropical America, but a few are 

natives of the tropics of Asia and Africa. Three species are 

met within India, of which two may be described as naturalised 

(Watt, 1889) 

A. sguamosa popularly known as custard apple of Europeans 

in India; sweet-sup. or sugar apple of the West Indies and America 
.:I 

is a small tree naturalised in Bangal and the North-west provinces 

(W~tt, 1889). Flower solitary, terminal, sepals 3, small, 

valvate, petals 3-6, valvate, 2-seriat, outer triquetrous, base 

concave, stamens numerous; anther-cell narrow, dorsal,contiguous, 

top of connective ovoid. Ovaries many, subconnate, style oblong, 

ovule, 1 erect. Ripe carpels confluent into amany - celled ovoid 

or globose, many-seeded fruit. 

1.2 Chemistry of Annona: 

The chemistry of plants of the family Annonaceae has been 

little investigated. Cortina (1901) reported to have found among 

other constituents a resin present in A. cherimola to which is 

ascribed the emetic-cathartic action of the seeds. Callan and 



5 

Tutin (1911) published an account of their chemical examination of 

the leaves of A. muricata. They isolated a steam-volatile essential 

oil, a small amount of uncrystallizable alkaloid, several fatty 

acids, myricyl -alcohol, sitosterol and a compound "annonol", 

c
23

H
38

~
4

, which was later regraded by Power and Salway (1913) as 

being a member of the group of phytosterol glucosides (Phytostero

lines). 

Trimurti (1924) isolated a minute amount of an alkaloid from 

the leaves of A. sguamosa, but glucosides were .not shown to be 

present. Santos (1930) obtained an alkaloid, annonaine, c17H
16

o
3

N, 

in a yield of 0.03-0.04% from the bark . of~- reticulata. The same 

alkaloid was isolated from the bark of~- sguamosa by Reyes and 

Santos (1931), in a yield of 0.14%, but a slightly different 

formula was later ascribed to it c
17

H17o3N (Santos, 1932). From 

the bark of the closely allied genus Asimina triloba, Manske (1938) 

isolated the alkaloid annolobine, c17H
17

o
3

N. Santos and Reyes 

(1932) and Barger and Sargent (1939) made studies of the alkaloids 

of Artabotrys suaveolens, N.O. Annonaceae, and the three alkaloids 

isolated from the bark by the latter investigators were: 

( 1) Artabotrine 0.19% C20H2304N 

( 2) Suaveoline 0.0013% C12H210 4N 

(3) Artabotrinine 0.012% C18H1703N 

Barger and Sargent (1939) considered artabotrine probably to be 

re-hydroxy - 4:5:6-trimethoxy-aporphine: suaveoline, 4:10-dihydroxy-

5:6-dimethoxyaporphine; and artabotrinine, 2-methaoxy- 5:6-methylene

dioxynoraporphine. 
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1.3 Insecticidal properties of Annona spp.: 

In 1938 a report of the insecticidal effect of~. reticulata 

upon the scale insect, Lacanium vride Green, was issued by the 

Mysore Department of Agriculture (1938). Hot alcoholic extracts, 

water suspensions of the concentrated hot alcoholic extracts of 

seed and apparently alcoholic extracts of stem, bark and leaf 

and root bark were tested. All were found to be toxic : "the 

chemically prepared alcoholic extract of the seed was very toxic 

at 0.125% strength, a mortality of 70-80% being obtained". It is, 

however, not quite clear whether the concentration is expressed 

in terms of the plant material or the extract. Extracts of stem 

bark, leaf and root bark at 10% concentration gave respectively 

100, 70 and 60% mortalities. No information is available as to 

the method of testing employed, but it was claimed that to this 

insect the hot alcoholic extracts of the seed of~. reticulata 

were more toxic than Derris elliptica. As, however, no particulars 

were given of the analytical characteristics of the derris used. 

This comparison may possess little value. Tests with other plants 

including Mundulea Suberosa (Sericea)were carried out. Extracts 

of none of them approached those of the seed of A. reticulata 

in potency. 

In view of these results a supply of several species of 

Annona was obtained from Ceylon through the good offices of the 

colonial office and the Department of Agriculture, Peradeniya, 

Ceylon. They were~- reticulata (c~stard-apple), leaves, stem, 

root and see~;~- palust~is (Glabra) (alligator apple}, leaves, 



stem, root; A. muricata (sour sop), leaves, stem, root, seed; 

~- sguamosa {sugar apple), leaves, stem, root where omitted 

the seed was not available at the time of collection. 

7 
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2. MATERIALS AND METHODS 

2.1 Collection of the beetles T. castaneum, - ..... ....;...;~~=:.:.. 

Four strain of Tribolium castaneum i.e. Local, CR-I, FSS-II, 

(susceptible) and CTC 12 (resistant) were collected from the 

laboratory culture of the Crop Protection and Toxicology Labora

tory, Department of Zoology, Rajshahi University, of which CR-I 

FSS-II and CTC 12 were previously collected from the Crop 

Protection Laboratory, Department of Agricultural and Environmental 

Science, University of Newcastle Upon Tyne, England; during August 

1989. 

2.2 Culture of the beetles; 

Cultures were maintained for each of the strains in a 

beakers (500 ml) containing food medium and pieces of crumpled 

filter papers placed inside the food medium for the easy movement 

of the beetles. The beakers were covered with pieces of cloth 

at the top and kept in an incubator at 30° ± o.s0 c without light 

and humidity control (Plate 1-4). 

2.21 Preparation of food medium: 

A standard mixture of whole wheat flour with powdered dry

yeast (19;1) was used as a food medium throughout the experiments 

(Park and Frank, 1948; Zyromska-Rudzka, 1966). Both the flour 

and yeast were priviously passed through a 60-mesh sieve. The 

food medium was sterilized at 120°c for six hours in an oven. 



Plate 1. 

Culture of T. castaneum in a glass jar. 



Plate 2. 

Culture of T. c a staneum in an incubator 



Plate 3 

Sub-cultures of T. castaneum 



Plate 4. 

Drying of collected seeds in an oven 
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Food was not used until at least 15 days after sterilization to 

allow its moisture content to equilibrate with the environment. 

2.22 Collection of eggs: 

About 200 beetles were pleaced in'·a 500 ml beaker containing 

food medium. The beaker was covered with a piece of cloth and 

kept in an incubator at 30°C + o.s0 c. On the following days the 

eggs were collected by sieving the food medium through 30-mesh 

and 60- mesh sieves separating adults and eggs respectively. 

~ggs were transferred to petridish (30 cm in diametre) incubated 

in the same temperature. 

2.23 Collection of newly hatched larvae: 

Larvae hatched in about 5 days in that conditions. Newly 

hatched larvae were then collected with a fine pointed brush and 

transferred to the food medium. 

2.24 Collection of newly formed adults: 

Before starting the experiments a huge number of the flour 

beetles were reared to get a regular supply of the newly formed 

adults. For this purpose ten cultures were prepared in large 

glass jars (120X120 mm). Each jar contained 500 gm of wheat 

flour properly mixed with appropriate quantity of yeast and 

50 pairs (male and female) of the adult insects were released 

in the medium. In regular intervals the cultures were checked 





Plate 5 

Extraction of A. squamosa seeds in Soxhelet's apparatus. 



Plale 6 
) 

Co ndensation o f e xtr2ct liqued in~ rotary vacuum evaporator 
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l)o · .. c' 

2.4 Preparation of doses: 

The extracted liquid was dried in a rotary vacuum evaporator 

and the dried extracted material then . weighed and dissolved in 

the solvent according to the proportion of dry-weight in seed. 

This was taken as the highest dose. Then other doses were made 

by serial dilution with the same solvent (Plate 7). 

For each extracted material five doses including control 

(only solvent) were used to test the mortality rate of T. castaneum 

adults strainSlocal, CR-I, FSS-II and CTC 12, the former three 

strains are susceptible and the latter was resistant to insecticide. 

For each dose 1 ml liquid was dropped on a petridish (90 mm) and 

dried. Four plastic rings (30 mm) were placed inside the petridish 

and 10 adult beetles were ~eleased in each ring. Thus within the 

petridish each ring served as a replication. 

The doses were calculated by measuring the dry-weight of the 

extract yugm) in 1 ml of the solvent divided by the surface area 

of the petridish, i.e. _;ugm/sq:- cm. 

2.5 Dose-mortality experiments with seed extracts on the adults: 

The petridishes treated with extracted materials having adult 

beetles were kept in the incubator at 30° ± o.s0 c. The mortality 

of the adults were recorded · after 12 and 24 hours of treatment. 

Thus for each of the four extractions from seeds of custard-apple 
· .•· 

was tested on the adults of the four strains of the beetl~ s 

T. castaneum having five doses includinq control (only solvent) 

with four replications in each. The recorded data were subjected 



Plate 7 . 

Preparation of doses a n d seting of a n experiment 
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to be probit analysis according to Finney (1947) and Busvine 

(1971). 

2.6 Dose mortality exp~riments with insecticide on the adult: 

The insecticide tested on the adults of!• castaneum was 

methacrifos [methyl (E)-3-3(dimethoxyphos-phinothioylony)-2-

methaylacrylate, commercially available of Damfin 950 Ee of 

Ciba-Geigy]. This insecticide was diluted in distilled water 

and the doses were made. The mortality of the adults were also 

recorded after 12 and 24 hours of the treatment and subjected 

to probit analysis. 

2.7 Dose-mortality experiments with seed extracts on the larvae: 

The newly hatched larvae were collected from the stock cul-

ture and 40 one day old larvae were placed in a treated glass 
- -····--

vial with 1.56 gm. of food . ·c 2. 7 cm. diametre) with four replica-

tions for each dose. -The larvae were observed regularly until 

all pupated. The pupae were collected by sieving the food medium . 

and sexed by microscopic examination of the exo-genital processes 

of the female pupae (Halstead, 1963). The sexed pupae were kept 

in the petridish and observed daily for eclosion. The resultant 

adults were paired (male and female) on the day of the eclosion 

and placed in a petridish for egq collection and the eggs were 

collected for 7 days at regularly (Plate 8-11). 

The larval and pupal mortality, fecundity and hatchability 

of eggs from the adults emerged from treated and cortrol larvae 

were carefully recorded. 



Pl ate 8. 

Expe r ime n t a l Larvae. 



P 1 ;_, t e 9 . 



Plate 10. 

Wingless pupae resulted from the treated pupae '/ 



Plate 11. 

Deformed a dult~ result e d from the treated larvae 








































































































































































































































































































