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ABSTRACT
India is one of the major producers and exporters of groundnut
(Arachis hypogaea L. I. When the produce is stored, the kernels
are attacked by a number of storage fungi and insects resulting
in a heavy loss. In the present study, Lindane and Bromophos
were used as seed protectans at 10, 50 and 100 ppm
concentrations, and their effect on fungi, seed quality and
storage insects, during storage was assessed. The incidence of
seed mycoflora slightly decreased in the. treated seeds. The
inhibitory effect increased with storage period. Seed treatment
enhanced germination and vigour. The insecticidal potency of the
chemicals was tested on Oryzaephilus surinamensis, Tribolium
castaneum and Ephestia'cautella. The mortality count of the
insects was taken as a criterion to judge the potency of the
chemicals. The larvae of E. cautella were comparatively
resistant to the insecticides. Bromophos exerted a greater
effect on O. surinamensis and T. castaneum than Lindane did. The
Super Soft Grain X-ray radiography technique was employed to
detect the internal grain infestation. The rate of insecticide
degradation was analysed by GLC in the treated seeds at different
intervals. The degradation of Lindane was faster than Bromophos.
The insecticides persisted up to 60 days of storage.

INTRODUCTION
The cultivated groundnut (Arachis hypogaea L.) is one of the
most important oil seed crops of India. Groundnuts are stored
both as unshelled nuts and as kernels. Both forms are
susceptible to fungi, insects, bacteria and rodents. The grain
infestation is contributed by several insect species leading to a
heavy loss. To minimise such losses, pesticides are being used
to protect the stored products (Tyler and Binns, 1982). Lindane
and Bromophos are reported to be the effective insecticides'
towards stored product pests, with least mammalian toxicity
(Anon., 1980). In the present study, the efficacy of the two
insecticides is tested against the seed mycoflora, seed quality,
adult stored pests of groundnut and their population. The mode
of infestation was studied by employing the highly advanced Super
Soft Grain X-ray radiography (SSGX) technique. The degradation
pattern of these two insecticides was studied by analysing the
residues in treated seeds by gas liquid chromatography.

MATERIALS AND METHODS
Collection of seed sample: Groundnut seed sample belonging to
the cultivar TMV-2 was collected from the local market, Mysore,
soon after harvest and analysed for its moisture content,
mycoflora and germinability (Anon., 1985), and the vi~our index
was calculated by multiplying percentage of normal germination
with mean root and shoot lengths.
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Pesticides and chemicals: The pesticides used for seed treatment
were Lindane Cl,2,3,4,5,S-HexachlorocyclohexaneJ and Bromophos
(0, 0 - Dimethyl 0-2,5-dichloro-4-bromophenyl thiophosphatel
obtained from the Central Food Technological Research Institute,
Mysore.

Seed treatment: Treatment was done at the rate of 10,50 and 100
ppm concentrations of the chemicals. The seeds were spread over
clean trays and sprayed with the insecticides using a fine
nozzled glass sprayer. The treated samples were transferred into
glass bottles. The bottles were thoroughly shaken to ensure
mixing and stored under laboratory temperature (25t2 Cl.

Insecticidal potency of Lindane and Bromophos: One hundred
grams of the sample for each treatment was weighed into the small
wide mouthed bottles. Thirty fresh adult insects of Oryzaephilus
surinamensis, Tribal ium castaneum and I arvae of Ephestia cautella
were released into the bottles. The mouth of each bottle was
covered with a muslin cloth and tied. The mortality count was
recorded at 24 and 48 hours.

Efficacy of Lindane and Bromophos on insect population:Five
hundred grams of the sample of each treated concetration was
weighed into wide mouthed bottles. One hundred fresh, adult
insects of O. surinamensis and T. castaneum were released into
the bottles and the mouth of each bottle was covered with a
muslin cloth and tied. The adult pests were allowed to breed
inside and removed after 25 days. The population study was done
with respect to a number of larvae, pupae and adults. The effect
of pesticides on the adult emergence was studied by counting the
number of larvae, pupae and adults on the 15th and 30th day. The
mode of grain infestation was studied by the Super Soft Grain X
ray radiography technique.

Super Soft Grain X-ray radiography: The seed sample was spread
uniformly in an aluminium foil and exposed to X-rays. The rays
are generated by the electrons emitted from a tungsten filament
of X-ray cathode tube. The presence of a minimum amount of
extraneous material between the seed specimen and film
facilitates the production of details when X-rays are led out
through an X-ray radiation window. This clearly shows the
internal infestation as well as the extent of internal tissue
loss of grain due to insect feeding.

Analysis of pesticide residues in the grains
Extraction: The seed samples stored for 10, 20, 30, 40, 50 and 60
days were subjected to pesticide extraction. One hundred gram of
the sample was blended with 200 ml of acetonitrile for 2-3 min
and filtered. The extraction was repeated twice and the filtrate
was collected in a 250 ml conical flask CMills et al., 1963;
Hortwitz, 1980l.
Clean up: Liquid-liquid partition was adopted as a primary clean
up procedure. The acetonitrile extract was transferred into a
glass separating funnel (2 L capacity). Partitioning was done by
adding 100 ml hexane and shaking thoroughly for five minutes.
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The hexane layer was discarded and extraction was repeated twice
with 100 ml hexane each time. The acetonitrile extract was
diluted to one. litre by adding 2% sodium chloride in distilled
water to remove any emulsions. It was partitioned with 100 ml
hexane two times separately, each time collecting the upper
hexane fraction containing the pesticides. The combined hexane
extract was concentrated to about 5 ml in a rotary flash
evaporator.

Florisil clean up for Lindane: A glass column (22 mm i.d. and 70
em long) containing glass wool at the bottom was packed with
activated florisil using hexane to a length of 38 ems. To about
5 em length, anhydrous sodium sulphate was packed on the top of
the column. The column was eluted with 200 ml solvent mixture
containing 94:6 hexane-diethyl ether. The elutes were
concentrated to about 2 ml in a vacuum flash evaporator and the
concentrated extract was used for analysing Lindane.

Florisil clean up for Bromophos: The concentrated extract was
transferred onto the colu~n. The column was eluted with diethyl
ether-hexane in the proportion of 15:85 (v/v). The elutes were
concentrated to about 2 ml in a rotary flash evaporator. The
concentrated extract was used for the analysis of Bromophos.

Detection and quantification of Lindane and Bromophos: The
detection and quantification of Lindane and Bromophos were done
by the GLC method. A varian aerograph series 1400, equipped with
a 6 ft x 118 Ld. stainless column, packed with 5% DV-17 on
chromosorb W of 60-80 mesh was used. Nitrogen (50 ml/minl was
used as a carrier gas. Electron capture detector with tritium
foil was employed for the analysis of Lindane. The injector,
column and detector were operated at 210, 190 and 200· C
respectively at 16 x 10

10
range. For Bromophos, alkali flame

ionization detector was employed. The column was packed with
1.5% OV-17+1 95% QF-l on gas chrom Q. The injector, column and
detector were operated at 150, 135 and 170· C respectively at
16xl0-

IO
range. Nitrogen (40 ml/min) was sued as a carrier gas.

Hydrogen and air were passed at the rate of 45 and 240 ml/min
respectively.

A known aliquot of cleaned up extracts of the sample was injected
to GLC. Pesticide peaks were identified and quantifieL by
comparing them with the standards.

RESULTS
The effect of seed treatment with Lindane and Bromophos at 10, 50
and 100 ppm concentrations on the incidence of the seed-borne
fungi revealed that although there was a decrease in the fungal
incidence in the treated seeds, it was not prominent. The
decrease was slightly more in the stored seeds. The fungicidal
activity of' Bromophos was lesser than that of Lindane.

The seeds treated with Lindane and stored, exhibited a slight
increase in their germinability and vigour. However, Bromophos
did not show a considerable effect on seed germination and vigour
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The larvae of E. cautella were comparatively resistant to the
insecticides. Bromophos exerted a greater insecticidal potency
on the adults of O. surinamensis and T. castaneum compared to
Lindane. Among the three insects, O. surinamensis was more
susceptible to Bromophos while T. castaneum was to Lindane
(Tables I and II).

In the experiment carried out to study the effect of the
chemicals on adult emergence of O. surinamensis, a total of 143
adults were recorded in the untreated control in the second
interval. Their number was decreased to 51, 15 and 5 in 10, 50
and 100 ppm of Lindane treatments respectively. The number of
pupae, was reduced from 6 in control to 0 at the highest
concentration of the chemical. Similarly, the number of larvae
was reduced from 12 to 0 (Table II 1).The effect of Lindane on the
population of Tribolium castaneum recorded at two different
intervals is given in Table IV. An increase in the Lindane
concentration proportionately inhibited the larval and pupal
population. Lindane, at ,different concentrations reduced the
popUlation of the insect at all the three stages. Adults were
reduced from 132 to 3, larvae from 10 to 0 and pupae 2 to O. A
100% mortality was observed in the population of T. castaneum
that were released to groundnut seeds treated with al I the three
concentrations of Bromophos. It totally inhibited the population
of O. surinamensis. There was only one insect larva and one
adult at 10 ppm treatment in the first interval itself. There
were no larvae, pupae or adults in the remaining treatments. In
the second interval, no counts were obtained for the insect
population.

The SSGX technique was a means to direct viewing the contents of
each individual grain or kernel (Plate 1). The uninfested,
healthy ~rain was dark whereas the infested grain exhibited
bright areas wherever infestation had occurred (Plate lAl. The
location of larvae coutd be traced and their movement and
behaviour could be followed in the infested grains. The image
analysis (Plate IBl and the mapping of the negative mode of the
image analysis (Plate lCl enabled one to observe the tissue-wise
damage due to the infestation.

The SSGX analysis also helped to study the efffect of chemicals
on insect infestation of grains. The image analysis revealed a
decrease in the tissue-wise damage with an increase in the
concentration of the pesticides applied.

The GLC analysis of the pesticides revealed that the degradation
of both the chemicals in seeds was faster when applied at low
concentration. Lindane degraded faster than Bromophos except at
the highest concentration (100 ppm) (Fig 1). Both the
insecticdes persisted in the sep-ds up to 60 days of the storage
period.

and
seeds

DISCUSSION
It is evident from the present study
Bromophos slightly inhIbIt the fungal
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either before or after storage. Comparatively, Lindane is more
effective than Bromophos. Lindane enhanced seed germination but
it had inhibitory effect on root and shoot elongation during
storage. The germinability of seeds exposed to Bromophos did not
change before storage. But Bromophos treated seeds when stored
had a decreased vigour indicating that Bromophos exerts
phytotoxic effect during storage.

The results from the experiment on the insecticidal potency
establish that the insecticidal activity of Bromophos is more on
O. surinamensis and T. castaneum compared to that of Lindane.
This is evident from the fact that 90 to 100% insect mortality is
exerted by Bromophos at higher concentrations. The insecticidal
activity was comparatively less on E. cautella larvae indicating
that larval stage is resistant to Bromophos treatment. Such a
behaviour of larvae has been observed in T. castaneum. The
adults were more susceptible to Deutor and Breston than larvae
(El-Nahal et al., 1975).

The susceptiblity of T. castaneum is more to Lindane than that of
O. surinamensis whereas O. surinamensis is more susceptible to
Bromophos. This suggests for the use of T. castaneum as an
indicator to detect Lindane residues in the grains and O.
surinamensis for Bromophos.

From the present study on the effect of Lindane and Bromophos on
insect population, it is confirmed that these chemicals have
insecticidal property at all the developmental stages of the
insect. Both T. castaneum and O. surinamensis are sensitive to
Lindane, the pupal stage being more so. The insecticidal
property of Lindane has been studied by La-Hue et al. (1959),
Green (1960) and AI meida et al. (1962). But in their studies,
the application of the insecticide was either onto the surface
of heaps or that of filled sacks. The direct application onto
the seed surface, carried out in the present investigation,
establishes the insecticidal property of Lindane relatively at a
lower concentration.

The SSGX technique has been in use in the recent years. It is a
highly advanced, sophisticated and non-invasive analysis of
infested grains. The seed lots can be monitored for the insect
infestation without destroying the seeds. Even the behaviour of
the insect can be followed and the efficacy of the chemicals used
can also be recorded without much difficulty.

The use of insecticides on seeds for their protection from insect
pests has resulted in the residue problem. In groundnut, residues
of chlordane, Aldrin and BHe have been detected (Morgen et al.,
1967). The residue analysis of Lindane and Bromophos treated
seeds indicate that they leave their residues in the treated
seeds up to 60 days of the tested period.

Almeida E •• Puzzi
cephalonica a
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Table I. Percentage mortality of adults of three stored
pests in ground nut seeds treated with Linda~e

insect

Percentage of mortality at different time intervals
(hours)

Dosage
(ppm)

o
(control J
10
50

100

1

a
o

13
16

24
2

o
o

16
46

o
10
10
16

1

o
3
3

13

48
2

o
7
9

13

o
10
10
33

1 DryzaephiJus surinamensis; 2 = TriboJium castaneum;
3 = Ephestia cauteIJa * Larvae used.
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Table II. Percentage mortality of adults of three stord insect
pests in groundnut seeds treated with Bromophos

Percentage of mortality at different time intervals
(hours)

Dosage
(ppm)

o
(contro I)
10
50

100

1

o
10
90

100

24
2

o
o

16
100

o
o

16
16

1

o
40
90

100

48
2

o
6

100
100

o
10
16
23

l=Oryzaephilus surinamensis; 2=TriboJium castaneum;
3=Ephestia cautella. * Larvae used.

Table III. Rate of adult emergence of Oryzaephilus surinamensis
in groundnut seeds treated with Lindane

Dosage
(ppm) Larvae

A B

Number of
Pupae

A B
Adults

A B

o
(controll
10
50

100

121
105

11
2

12
10

5
o

25
16

2
o

6
4
o
o

15
8
5

10

143
51
15

5

Table IV. The rate of adult emergence of Tribolium castaneum in
groundnut seeds treated with Lindane

Number of
Pupae

Dosage
(ppm) Larvae

A B A B
Adults

A B

o 114
(controll
10 92
50 6

100 0

10

8
2
o

18

14
o
o

2

2
o
o

10

5
3
5

132

46
13

3

A Observations made on the 15th day
B = Observations made on the 30th day
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Plate 1: A.

A

-8

c

Super soft grain X-ray of healthy (H)
infested (I) groundnut kernel; L=larva.

and

B. a, b, c-different degrees of tissue-wise
damage due to insect feeding;d-healthy tissue.

c. Mapping of the negative mode of
analysis of B.
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ETUDE DU LINDANE ET DU BROMOPHOS SUR LES ARACHIDES
PENDANT LE STOCKAGE
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RESUME

L'Inde est un des principaux producteurs et exportateurs
d' arachides (Arachis hypogea L.) . Les graines d' arachide
stockees sont malheureusement souvent attaquees par tout un
eventail d'insectes et de moisissures, entrainant de lourdes
pertes. Le Lindane et Ie Bromophos ont ete employes comme
insecticides persistants A des taux de 10, 50 et 100 ppm pour
etudier leur efficacite sur l~s insectes, les moisissures et la
qualite du grain pendant Ie stockaae. Les populations de
mycoflore ont ete reduites pour Ie grain traite,
particulierement avec Ie Lindane. L'effet inhibiteur s'est
renforce avec Ie temps. Le trai tement a augmente Ie taux de
germination et l'energie germinative. Le pouvoir insecticide des
produits chimiques a ete etudie, par comptage des insectes morts
sur des populations d' Oryzeaphilus surinamensis, Tribolium
castaneum et Ephestia cautella. Les larves de E. cautella se
sont montrees resistantes aux deux insecticides. L'action du
Bromophos a ete superieure A celIe du Lindane sur O.
surinamensis et sur T. castaneum. La technique des "Rayons X
extra-mous" a ete emp]"oyee pour detecter l'infestation cachee du
grain. Le taux de degradation de ces insecticides sur grain
traite a ete contrale par TLC et GLC. Le Lindane s'est plus vite
degrade que Ie Bromophos, mais les deux insecticides ont
persiste plus de 60 jours dans les stocks.
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