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MATERIALS AND METHODS 

The survey of insect pests of stored pulses was initiated in January 1999 and continued 

up to July 2002 (a total period, three years seven months) in Terai Agro-ecological conditions of 

W.B., India. The experiments were carried out in different seasons at ambient laboratory 

temperature and relative humidity (Appendix V and appendix VI) in the Entomology 

laboratory, Uttar Banga Krishi Viswavidyalaya, Coach Behar, W.B. (formerly, B.C.K.V., 

N.B.Campus, Coach Behar) and Department of Zoology, North Bengal University, Siliguri, 

Darjeeling, W.B., India. 

3.1. Survey of Insect Pests, Nature Enemies and their Incidence on stored 
Pulses 

3.1.1. Collection, preservation and identification 

Coleopteran, hymenopteran and other insects were killed with ethyl acetate vapor or 

chloroform. The insects were collected by hand searching, brush searching and sometime with 

the aspirator. These were mounted on card points with water-soluble glue or preserved in 70% 

alcohol or in Kohli's solution. 

Primary identification was made with the help of identification key (Annexure-) and then 

sent to the authorized institute or scientists for confirmation. The taxonomic identification of the 

pulse beetle, Ca!losobmchlls chinensis and C. maCII!attls (Coleoptera: bruchidae) used for the studies 

on bio-ecology, host preference and management under present investigation were made by 

Zoological Survey of India, Calcutta. The parasitoids of insect pests of stored pulses, Dinarm11s 

vagabundus (Timberlake) (Hymenoptera: Pteromalidae), Bracon sp. (Hymenoptera: Braconidae) & 

Cercocephala dinoderi Gahan (Hymenoptera: Pteromalidae) have been identified by Prof. T. C. 

Narendran of Calicut University, Kerala, India and Uscana mukerjii Mani (Hymenoptera: 

Trichograrnmatidae) by Prof. M. Hayat of Aligarh Muslim University, India. 

3.1.2. Insect pests and parasitoids 

The assessment of occurrence, distribution and abundance of insect pests are essential 

prerequisites to rational control program. This is made p_ossible by likely quantitative and 

qualitative survey works. Qualitative survey involves the identification of the different species 

present over an area whereas quantitative survey involves the estimation of population of one or 

more species of insect pests. Modern pest management of storage pulses can not operate without 
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accurate estimates of pests and natural enemies' population or per cent damage of the stored 

product and suitable control measures. Hence an extensive survey has been undertaken following 

the method as described by Saha et aL (199 5) and Saini (1999) with partial modification for 

assessing the per cent egg-infestation by bruchids on stored pulses . 

3.1.3. Estimation of damage of stored pulses 

To estimate the per cent infestation, weight of 200 (no.) sound seeds and 200 (no.) 

damaged seeds were taken for each sample with the help of an electronic balance and the per 

cent infestation was computed by using the following formula as described by Khare (1972). 

where, 

(X - Y) 
Per cent damage = ------ x100 

X 

X = weight (g) of 200 sound grains 

Y = weight (g) of 200 infested grains 

3.1.4. Estimation of qualitative weight loss (%) of stored pulses 

The qualitative weight loss of stored pulse seeds has been estimated following the 

formula of Boxell et aL (1977). 

where, 

(UN d)- (DNu) 
Qualitative weight loss (%) = ---------

U (Nd + Nu) 

U = the weight (g) of undamaged pulse seeds 

Nu = the number of undamaged pulse seeds 

D = the weight (g) of damaged pulse seeds 

Nd =the number of damaged pulse seeds 

Nd + Nu = 200 

3.2. Biology of C. chinensis on Green gram 

X 100 

The biological study was restricted to the fecundity, incubation period (days), larval-pupal 

period (days) , adult longevity (days), mean development period (egg to adult emergence), 

emergence of adult, sex ratio and growth index. The investigation was carried out in the 

laboratory on green gram, V zgna radiata var. radiata, variety - SML 229 (Plate 2). Studies of life 

history and biology of C. chinensis started on mid January every year for three consecutive years. 

Accordingly daily temperature and relative humidity were recorded separately. The data were 
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computed on weekly basis (Table 1) and the average daily temperature and relative humidity were 

evaluated (Table 2). 

Fecundity

Incubation period-

Larval-pupal period -

Adult longevity -

It denotes the number of eggs laid / mated female insect. 

Incubation period denotes the time between egg laying and egg 

hatching 

It denotes the time between the hatching of eggs and adult 

emergence. 

It denotes the time from emergence of adult to their death. 

Mean development period - It denotes the mean of oviposition to adult emergence periods. 

Growth index - It denotes the per cent adult emergence/ mean of total 

developmental period. 

Table 1. Weekly temperature and humidity of the experimental laboratory. 
(Average of 3 years from, January 1999 to July 2002) 

1 17.49 20.46 19.09 57.51 76.52 67.21 
2 16.62 19.69 17.99 59.50 75.75 66.17 
3 17.96 20.45 19.40 61.75 78.31 69.71 
4 17.71 21.10 19.58 61.25 76.75 66.85 
5 17.89 21.20 19.64 64.75 74.51 68.19 
6 18.77 21.83 20.14 61.75 79.25 70.40 
7 18.68 23.01 20.84 55.75 71.52 63.43 
8 20.80 23.56 22.09 53.75 68.61 61.74 
9 19.96 23.89 21.96 47.21 65.74 54.01 
10 20.60 24.90 22.72 43.50 67.55 56.95 
11 23.49 26.94 25.19 43.25 67.23 57.04 
12 24.62 27.67 26.19 45.51 . 60.41 51.13 
13 25.19 28.45 26.76 54.25 70.25 61.21 
14 25.79 28.97 27.38 52.31 79.61 64.19 
15 26.07 29.28 27.85 59.25 75.25 68.06 
16 26.83 29.76 28.30 59.50 70.25 65.24 
17 24.91 28.37 26.48 63.50 76.25 69.39 
18 24.49 27.64 26.11 62.75 79.42 70.99 
19 27.13 30.76 28.92 65.25 80.55 71.56 
20 28.44 32.22 30.26 64.25 77.75 72.46 
21 27.13 30.63 28.95 72.59 80.56 76.35 
22 27.06 29.81 28.27 76.25 86.25 61.53 
23 28.19 30.53 29.36 77.75 85.75 81.85 
24 27.94 30.61 29.27 72.24 86.56 80.63 
25 27.88 30.35 29.11 76.75 87.24 82.06 
26 27.87 29.92 28.82 77.58 84.75 81.03 
27 27.90 30.29 29.07 79.55 85.53 82.92 

Contd ... 
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28 27.83 30.94 29.45 78.25 86.25 81.17 
29 27.56 30.19 28.87 78.25 83.25 81.10 
30 27.74 30.22 28.98 77.25 84.57 80.55 
31 27.77 30.46 29.01 77.66 85.66 82.28 
32 28.25 31.09 29.67 75.66 84.66 81.26 
33 28.30 30.20 29.24 78.66 87.74 83.18 
34 27.73 30.30 29.02 78.66 89.25 83.78 
35 27.66 29.63 28.65 81.33 88.66 84.54 
36 27.68 29.83 28.75 78.34 87.33 82.48 
37 27.63 29.97 28.80 75.66 86.66 82.79 
38 26.75 29.Q4 27.89 77.66 85.62 81.37 
39 26.40 29.11 27.75 79.33 90.66 82.23 
40 26.71 28.59 27.56 80.41 88.66 84.56 
41 26.90 29.06 27.98 66.71 82.66 76.18 
42 25.83 29.59 27.71 68.66 75.66 72.29 
43 25.61 28.77 27.07 66.66 82.23 74.82 
44 23.33 27.18 25.24 61.33 83.53 70.52 
45 22.78 26.11 24.44 60.66 77.33 70.23 
46 21.49 24.54 23.01 63.33 76.36 69.28 
47 21.83 24.73 23.28 62.42 72.33 67.04 
48 21.33 23.85 22.59 53.81 67.52 59.71 
49 19.51 22.28 21.12 52.33 65.66 62.37 
50 19.37 21.67 20.58 60.66 75.66 72.74 
51 19.02 21.37 20.20 58.22 76.63 67.28 
52 18.64 21.21 19.95 57.82 74.02 65.91 

Table 2. Prevailing temperature and humidity in the laboratory during the 
study of bio-ecology of C. chinensis 
(Average of3 years, January 1999- December 2001) 

March -April 

April-May 
May 
May-June 
June-July 
July -August 
August- September 
September-October 
October-November 

November-December 
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16.90-28.23 
23.97-30.55 
26.47-31.02 
27.68-31.92 
27.36-31.60 
26.36-30.25 
26.96-30.42 
26.26-30.06 
25.57-29.59 
22.92-28.66 
19.43-25.30 

21.83 
27.25 
29.02 
29.65 
29.19 
28.73 
28.72 
28.32 
25.91 
25.62 
22.38 

51.00-68.38 60.16 
52.11-68.91 59.67 
62.75-78.96 69.80 
69.50-78.96 74.57 
69.59-84.64 78.16 
73.25-84.92 80.76 
72.11-84.86 80.74 
77.25-85.21 81.29 
67.50-82.34 77.45 
60.00-78.11 69.78 
55.75-68.98 65.56 
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Photo plate 1. Terai Agro-climatic Region of W.B., India 

~ f 



i ~ ~ 

PLATE 2 

Photoplate 2. Green gram seeds ( Vigna radiata L., variety-SM L229) used for the study of bio-ecology of 
Callosobrucltu . ., cltineusis and C. ana/is 
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3.3. Biology of C. analis on Green gram 

The study biology was also restricted to fecundity/ female, incubation period (days), 

larval-pupal period (days), adult longevity (days), mean development period (egg to adult 

emergence), emergence of adult, sex ratio and growth index following the formula adopting 

previously. The investigation was carried out in the laboratory on green gram seeds, Vigna radiata 

var. radiata, Variety - SML 229 (Plate 2). Studies of life history and biology of C. ana/is started on 

end of July evecy year for three consecutive years. Accordingly daily temperature and relative 

humidity were recorded separately (Appendix V).The data were computed on weekly basis and 

the average daily temperature and r.h. were worked out (fable 1 and 3). 

Table 3. Prevailing temperature and humidity in the laboratory during the 
study of bio-ecology of C. ana lis 
(Average of3 yearsJuly 1999-July 2001) 

Mean.daily Iriiriinium 
· Average Mean daily 

. Average daily 
Month to maximum 

daily minimum to 
relative 

temperatu.~e ~C 
temperature maximum relative 

humidity (%) •c humidity (%) . 

July 27.57-30.09 28.98 78.85-83.28 77.77 

July-August 28.56-30.09 28.78 79.25-81.72 80.74 

August-September 27.92-28.72 28.32 77.29-80.87 80.29 

September-October 27.32-28.27 27.51 65.58-7 4.04 69.78 

October-November 24.13-27.11 25.62 65.53-7 4.04 69.78 

November-} anuary 20.63-24.13 22.38 60.00-65.59 65.56 

January-February 17.82-22.19 19.69 51.00-62.21 61.84 

February-March 19.69-27.03 23.53 55.31-63.23 57.27 

March-April 26.12-28.39 27.25 54.31-65.03 59.67 

April 27.32-29.10 28.39 62.75-68.91 65.50 

May-June 28.73-29.65 29.19 74.57-81.76 78.16 
--.. -. 7·~--- ~- - •·· ·•:c -;~-..··-~-: ... -:--·-·.~-:- - ---·--~ .. -.~-:-~-:;-·-------·---~-;-;-y -:;-.-- :;--- .----.--

--~--~ .. - --- --. ···--- --"--'-

3.4. Host preference and relative susceptibility of C. chinensis and C. analis 
to fourteen different species of stored pulses 

The host preference was studied on 14 different species of pulses. Of the species the 

green gram seeds (Vigna radiata var. radiata, Variety SML229) were procured from the Dept. of 
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Genetics & Plant breeding, B.C.K. V. (Plate 2) .The other 13 legume seeds such as black gram, 

thakri kalai, moth bean, cow pea (black-eyed),horse gram, kidney bean, grass pea, pea, garden 

pea, lentil, chickpea, soybean and red gram were collected from the farmers (Plate 3).The 

assessment of susceptibility of Callorobruchur spp. To the pulses was done in respect of thickness 

of seed coat (millimeter), seed weight (gram), seed moisture content (%) and analysis of phenol 

contents (milligram). 

Table 4. Indian, common english and scientific names including physical 
characters of the stored pulses 

Mung or moong Green gram Vzgna radiata Linn Green Cylindrical Glossy 

Urd or Urad Black gram V. mungo Linn. 
Blue green 

Cylindrical Rough 
mosruc 

Khesari or chatti 
Grass pea Ladf?yrur rativur Linn. 

Grayish 
Irregular Rough 

matti brown 

Chola or chana 
Bengal gram 

Cicer areitinum Linn. Brown Oblong Rough 
or chick pea 

Motor or mottor Pea Pirum rati1111m Linn. 
Cream 

Round Rough 
white 

Krishna motor Field pea or 
P. arvenre Linn. 

Greenish 
or chota motor small pea mosaic 

Round Rough 

Arhar or khesari 
Red gram or 

Cajanur cajon Milsp. 
Brownish 

Round Glossy 
ptgeon pea red 

Labia or barbati Cowpea 
Vzgna catiang Walp. 

Cream 
Kidney Rough 

(black-eyed) white 

Thakri or 
Black gram 

V.mungo ri!vertrieJ Amber 

mash kalai Linn. brown Cylindrical Rough 

Masoor or 
Lentil 

Lenr ercu!entum 
brown 

Round 
Rough musun Moench. flat 

mosaic 
Kulastha or 

Horse gram Do!icor bif!orur Rosb. 
Light Kidney 

Glossy kulthi kalai brown flat 

Moth orBiri 
Moth bean V. aconitifolia Jack. 

Light Cylindric 
Glossy mung brown a! 

Rajmash or 
Kidney bean Phareo!ur 1111/garir Linn. 

Tan 
Kidney Glossy French bean brown 

Soya bean or 
Soybean G!J'cine max Merr. Yellow 

Round 
Glossy 

bhat flat 
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PLATE - 3 

Photoplate 3. Methodology for the study of host preference by Cal/osobruchus spp. in free-choice test 
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3.4.1. Free- choice test 

In order to study the host preference and relative susceptibility of both C chinensir and C 

ana/is in free choice test, equal volume of healthy, clean and disinfected grains of each of the 

fourteen stored pulses was spread over an equal area in for each in large plates (30 em diameter) 

and thereafter ten pairs of freshly emerged bruchids were collected from stock culture and 

released inside the plate (Plate 3). After completion of egg laying, all insects were removed and 

the number of eggs laid on different pulses were counted. Each species of the pulses were kept 

in glass jars with cloth cover to count the number of adults emerged and studied their 

ovipositional preference, adult emergence, mean development period and growth index. The 

mated was followed for both the pest species. The experiment was conducted twice, during 

summer and winter seasons. There were 4 replications for each season. 

3.4.2. No-choice test 

The test insects (0-1 day old) obtained from stock culture was used for the experiment. 

Ten grams of healthy, clean and disinfected stored pulse seeds were kept in glass-tubes (10cm 

long and 2.4 em diameter) with clean cloth plug and two pairs of mated Ca!!osobmchus spp. (0-

lday old) were released in each glass-tube for egg laying. After completions of oviposition dead 

insects were removed and number of eggs laid, number of adults emerged and mean 

development period were evaluated. The experiment was conducted in two seasons , summer 

and winter. There were 4 replications each time. 

3.4.3. Measurement of the thickness of seed coat 

After soaking the seeds for 8 totO hours in blotting paper, the sections of fourteen 

different species of pulses were made with the help of sharp blade and the thickness of seed coat 

were recorded by using compound microscope through the use·of ocular and stage micrometer 

and was expressed in millimeter (mm). 

3.4.4. Estimation of moisture contents of the stored pulses 

For estimating the initial moisture content, 10 gram pulse seeds were taken at random 

from a well-dried seed stalk and replicated 4 times. Sample grains were placed in aluminum foil 

and dried in an electric oven at 40°C until constant weight was attained. Then the sample was 

cooled in a desssicator and weighed with the help of electronic balance. 

The per cent moisture content was estimated by using the following formula adopted by 

Islam (1999). 
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100 (M1 - M,) 
Moisture content(%)= 

M1 = Weight in (g) of pulses including aluminum foil before drying 
M2 = Wt. in (g) of pulses including aluminum foil after drying 
M = Wt. in (g) of the aluminum foil 

3.4.5. Analysis of Phenol Contents of stored pulses 

The phenol content of each pulse species was estimated using folin-ciocaltu reagent and 

the procedure followed by Malick and Singh (1980). 

Materials: 

- 80% ethanol 

- Folin-ciocalteau reagent 

- Na,CO,, 20% 

-Standard (100-mg catechol in 100-ml water) diluted1d times for working standard. 

Procedure: 

1) Weighed exactly 1 g of the pulse sample and ground it with a pestle and mortar in 10 (10 

ml ethanol) volume of 80% ethanol. 

2) Centrifuged the homogenate at 10,000 r.p.m. for 20 minutes. Saved the supernatant. Re

extract the residue with five times the volume of 80% ethanol, centrifuged and cooled 

the supernatants. 

3) Evaporated the supernatant to dryness. 

4) Dissolved the residue in a known volume of distilled water (5 ml). 

5) Pipetted out different aliquots (1 ml) into test tubes. 

6) Made up the volume in each table to 3 ml (1 ml + 2 ml) with water. 

7) Added 0.5 ml of folin-ciocalteau reagent. 

B) After 3 minutes, added 2 ml of 20% Na2CO, solution to each tube. 

9) Mixed thoroughly. Placed the tubes in a boiling water for exactly one minute, cool and 

measured the absorbance at 650 mm against a reagent blank. 

10) Prepared a standard curve using different concentrations of catechol. 

Calculation : 

From the standard curve the concentration of phenol content in the test sample was 

estimated and expressed as mg phenols/g pulses. Completely Randomized Block Design was 

(CRBD) carried out in for statistical analysis. 
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3.5. Morphological studies of two naturally occurring parasitoids 

The pteromalid, Dinarmus vagabundus (Timberlake) and Uscana muketjii (Mani) were 

collected from the stored pulses, V~na mungo var. mungo and V. radiata var. radiata respectively. 

The hymenopteran parasitoids were reared on the larvae and eggs of the bruchid, C. chinensi.r. The 

specimens of both parasitoid and host insects were preserved individually in 70% ethanol and 

dry individuals were preserved in insect box fo r identification and subsequent study. Very minute 

body parts of the parasitoids were measured with the help of a compound microscope. A prism 

type Camera Lucida was used to draw the diagrams of mounted specimens and their body parts. 

The measurements were taken with the help of ocular and stage micrometers . The photographs 

were taken with the help of Leitz stereo-binocular microscope. Morpho-metrical data were based 

on 6 to 10 individuals. T he data thus obtained were subjected to s tatistical analysis (standard 

deviation). 

3.6. Biology and degree of parasitization of the egg parasitoid, U. mukerjii 

3.6.1. Ovipositional preference for the host' age 

Two mated females of C. chinensis were put in to glass tubes each containing 100 fresh 

soybean seeds. These were allowed to oviposit. About 0-12, 24, 48 hours after oviposition mated 

females of the egg-parasitoids were released into the tubes. The mated females were obtained 

from simultaneous cultures in separate vials. The number of eggs laid by each parasitoid species 

on the eggs of C. chinensis was calculated. 

3.6.2. Host and egg-parasitoid culture 

A large number o f mated females of C. chinensis were introduced to different petri-dishes 

(11 .5 on diameter) containing fresh healthy green gram seeds ( V~na radiata) covered with 

transparent glass cover for raising sufficient number of C. chinensis. 

Naturally occurring egg-parasitoids were introduced in the petridish containing sufficien t 

number of pulse beetle in fested eggs on soybean seeds in the laboratory. The host eggs 

parasitized by the egg -parasitoid turned brownish to black at larval-pupal stages up to adult 

emergence. 

3.6.3. Biology and and percentage of parasitization 

In this case C. chinensis was allowed to lay eggs on green grams. U. muketjii was released 

in Petri dishes containing 100 seed infested with 24-48 hr old eggs of C. chinensis. The parasitized 
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eggs turned light to deep brown color and finally blackish before the emergence of adult 

parasitoid. Twenty percent honey + water solution was provided on wax paper strips inside the 

Petri dish. Observing the color of eggs, the fecundity /female of the parasitoid was evaluated. 

In another experiment where the host insect (0-1 day old) and one pair mated egg

parasitoid just" after first mating (polygamous) were given to the test tube with the help of 

aspirator were set for oviposition of egg-parasitoid. After 4- 10 days, according to the seasons, 

the adult egg-parasitoids emerged out and the numbers of adult were counted. Simultaneously, 

the developmental period (day), adults longevity (day), sex ratio (male: female) and per cent 

parasitization of egg-parasitoid were recorded. Percentage of parasitization was calculated with 

following formula: 

Percentage of parasitization = 

Total number of host's eggs parasitized by 
single mated female parasitoid 

---------------------------------xlOO 
Total number of parasitized + healthy 
eggs Qaid by one pair mated pulse beetle) 

Each experiment was replicated four times and the data obtained were statistically 

analyzed. The methodology made out with the help of literature cited by Pajni et aL(1996) with 

some modifications. 

3.7. Biology and per cent of parasitization of the larval-pupal parasitoid 

Both males and females of C. chinensis were kept at a ratio of 1: 1 in glass tubes for 

mating. A large number of mated females were introduced in different petri-dishes 

(11.5cm.diarneter) containing fresh seeds of green gram (Vigna radiata) and covered by 

transparent lids. During summer 8, 10, 12, 14, 16, 18, 20 and 22 day after oviposition when the 

development progressed up to larval-pupal stage and similarly during winter during summer and 

24, 26, 28, 30 , 32, 34, 36, 38, 40 and 42 day after oviposition, the dead insects were removed 

from the petri-dishes. The seeds containing larvae and pupae of host insects were used to study 

the per cent parasitization by the parasitoid, D. vagabundus. 

The virgin females Qess than 24 hours old) of D. vagabundus were kept with the virgin 

males in another separate set of vials for mating. The males became excited in the presence of 

females within a minute. Courtship behavior lasted for 20-60 seconds. After mating, the females 

and males (our pair/replication) were transferred to the Petri dish containing the larvae/papae 
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bearing pulses. Fifty percent honey + water (1:1) solution was provided on wax paper strips 

inside the Petri dish as their food. 

Few mated females of the parasitoid before oviposition (within 12-24 hours of mating) 

were killed in ethanol 50%+ glycerin 50% and their abdomens were mounted permanently and 

the eggs present inside the abdomen were viewed with the help of compound microscope to 

count the average fecundity. Same procedure was followed for both continued in summer and 

winter seasons. 

One hundred 8 to 22-day-old (during summer) and 16 to 32-day-old (during winter) 

larval pupal stage of C. chinensis infested green gram seeds were taken in the Petri dish inside and 

2 pairs of mated parasitoids were transferred inside the petri-dish to oviposit on the host larvae 

or pupae before their death. After emergence of adult parasitoid the developmental period (days) 

(egg to adult) was recorded. The male and female parasitoids after emergence were taken in 

separate test tube from the petri dish with the help of aspirator and adult longevity of both sexes 

and sex ratio were recorded. 

Green gram seeds infested by C. chinensis per pair adults were taken inside the petri dish. 

After 8-22 days (in summer) and 16-32 days (in winter), one pair of freshly emerged (24 hours 

old) mated parasitoids (male: female = 1:1) were introduced inside the petri dish for their 

oviposition till their death. After exposure the parasitized larvae/pupae of host insect were 

dissected out to observe the number of parasitized larvae and pupae under a simple stereo 

binocular microscope. The per cent parasitization per female was calculated during both summer 

and winter seasons under laboratory storage conditio·ns using the formula given below: 

Per cent perasitization = 
Total number of parasitized larvae pupae of the host 

Total number of healthy and + parasitized larvae and 
pupae of the host 

X 100 

Each experiment was replicated four times and the data obtained were statistically 

analyzed. The above mentioned methods were adopted as described by Islam (1995) and Jalali et 

al (1987) with some modifications because the parasitoid, D. vagabundus is gregarious larval

pupal ecto-parasitoid ofbruchid pests. 



3.8. Safe management with plant oils 

3.8.1. Screening and selection of plant oils 
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T he control measures with few vegetable oils have been carried out for safe control 

management in the laboratory storage conditions. The oils were collected from farmers, markets 

and agricultural farms of this region. 

Table 5. Common name, scientific name and family of the plant oils: 

1. Mustard oil Brassica j uncea Linn . Crucifcrac 

2. Soybean oil G!Jcine max (L.) Merr. Leguminosae 

3. Coconut oil Cocos mucifera Linn. Palmaceae 

4. Neem oil Azadirachta indica (A Juss.) Meteaceae 

5. Niger oil Guizotia of?yssinica Cass Compositae 

6. Safflower oil Carthamus tinctiorius Linn. Compositac 

7. Palm oil E!aeis guineensis Jac. Palmaceae 

8. Rice bran oil Oryza sativa Linn. Graminae 

9. Citronella oil ymbopogon 1vinterianu.r J owi tt. Graminae 

10. Sunflower oil He!ianthus annuus Linn. Compositae 

11 . Castor oil Ricinus communis Linn. E uphorbiaceae 

12. Chaulmoogra oil Hydnocarpus kurzji Flacourtiaceae 

13. Clove oil Eugenia sp. Spregal. Myrtaceae 

14.Sesame S esamum indicum Cruciferae 
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3.8.2. Effectiveness of plant oils on adult C. chinensis 

Six non-edible plant oils vii; clove, neem, castor, chalmoogra, palm and citronella were 

used to test the toxicity against pulse beetle, C. chinensis Linn. The oils were measured with the 

help of micropipettes and diluted in 5 ml acetone. Edible plant oils of mustard, niger, rice bran, 

soybean, coconut, sesame, sunflower and safflower and the non-edible plant oils such as clove, 

neem, castor, palm, citronella and chaulmoogra were applied at different concentrations (v/v)(%) 

likely 0.05,0.025,0.01 ml (for edible oils) and O.ol, 0.005, 0.002, 0.001 mi. (for non-edible oils) to 

test the effectiveness on adult C. chinensis.(Table 5) Oil film was prepared by delivering oil 

solutions of the required concentration into the two parts of the petri dishes (dia. 9 em). The 

petri dishes were rotated in such a way so as to form a uniform layer of oil solution. The petri 

dishes were left as such for about 45 min. to evaporate the acetone as recommend by Pathak and 

Jha (1999) with some partial modification of this experiment. Twenty freshly emerged 1 to 2 days 

old pulse beetles were released in each petri dish (9 em. dia.) covered with transparent lid. petri 

dishes treated with acetone served as control. The observations on mortality were recorded after 

24 hours of releasing the insects. The moribund insects were counted as dead. Each treatment 

was replicated four times in a completely randomized block design (CRBD). The methodology 

followed was as recommended by Pathak eta!. (1999). 

3.8.3. Efficacy and persistency of nine different plant oils 

An adequate culture of C. chinensis was maintained on green gram seeds (Untreated) as 

per the procedure described by Islam (1999). Plant oils of rice bran, niger, mustard, soybean, 

neem, safflower, citronella, chaulmoogra and clove oil were applied @ 0.05 ml/100g, 0.1 

ml/100g and 0.3ml/100g. (Table 6) A stock of requisite quantity of 200g oil treated seeds was 

stored in perforated polythene bags. Samples of each 1 Og for each replica were drawn 

periodically at the intervals of 30 days (October), 60 days (November), 90 days (December) and 

120 days (January). During the period of experiment average room temperature ranged from 18.5 

to 27.11 o C and mean temperature was 22.58 o C whereas average relative humidity ranged from 

65 to 75% and mean r.h.(%) was 67.5%. The samples were kept in small glass tubes (3" x 1"). 

Three replications were used in each treatment. Two pairs of C. chinensis (0-1 day old) were 

introduced from stock culture (without oil treatment) in each glass tubes covered with muslin 

cloths secured firmly with rubber band. The dead beetles were removed after their death. The 

number of eggs laid and the number of adults emerged / female and mean development period 
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(d) were recorded. The methodology was followed with some modification as described by Islam 

(1999) and kachare et aL (1994) 

Table 6. Required doses applied in increasing storage duration of green 
gram up to 120 days 

1. Rice bran oil a) 0.05/100g 

b) 0.10/100g 

c) 0.3/100g 

2. Niger Oil I bid 

3. Mustard oil I bid 

4. Soybean oil Ibid 

5. N eem seed oil I bid 

6. Citronella grass oil I bid 

7. Chaulmoogra oil I bid 

8. Clove oil I bid 

9. Untreated ( Control) 


