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ABSTRACT

Pulses are important in global agriculture not only for their nutritive value as a major
source of protein but also play an important role in making agricultural sustainable.
Globally, the area under pulses has increased from 64.14 Mha (Triennium Ending [TE]
1970) to 93.54 Mha (TE-2019) and correspondingly, the production also increased from
664kg/ha to 994 kg/ha. In 2018, the last year for which we have official production
statistics the world produced an estimated 92.40 million MT of pulses. India is the largest
producer and consumer of pulses in the world, accounting for about 25% of global
production, 27% of consumption and 34% of food use. Pulses account for around 20% of
the area under food grains production in the country. The pulse beetle Callosobruchus
chinensis (Coleoptera: Bruchidae), is a major pest of economically important
leguminous grains, such as cowpeas, lentils, green gram, and black gram.

Keywords: Pulses, synthetic pesticides, biopesticidal effects, Ipomoea carnea,
Callosobruchus chinensis

INTRODUCTION

Pulses are one of the important segments of Indian agriculture after cereals and oil seeds.
These pulses constitute chickpea, pigeon pea, lentil, mungbean, urdbean and field pea.
The split grains of these pulses called 'dal' are excellent source of high quality protein
essential amino acid, fatty acid, fibers, minerals and vitamins. These crops improve soil
health by enriching nitrogen status, long term fertility and sustainability of the cropping
system.

It meets up to 80% of its nitrogen fixation from air and leaves behind substantial amount
of residual nitrogen and organic matter for subsequent crops.

Serious problems of genetic resistance by insect species, pest resurgence, residual
toxicity, phototoxicity, vertebrate toxicity, widespread environmental hazards and
increasing costs of application of the presently used synthetic pesticides have directed
the need for effective, biodegradable pesticides (Zettler & Cuperus, 1990; Glenn et
al., 1994; Ewete et al., 1996; Guedes et al., 1997; Talukder & Howse, 2000; Elhag,
2000). This awareness has created worldwide interest in the development of alternative
strategies, including the screening of plant derivatives against agriculturally important
as well as stored grain insect pests.

Plant-derived materials are more readily biodegradable. Some are less toxic to
mammals, may be more selective in action, and may retard the development of
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resistance. Their main advantage is that they may be easily and cheaply produced by
farmers and small scale industries as crude, or partially purified extracts. In the last two
decades, considerable efforts have been directed at screening plants in order to develop
new botanical insecticides as alternatives to the existing insecticides.

Objectives of the study-

1) To extract the biologically active compounds from the following plants
Ipomoea carnea (J.) of family Convolvulaceae.

2) To observe their Larvicidal activity on Callosobruchus chinensis.

3) To observe their insect growth inhibitor effect.

4) To observe their sterility effects.

REVIEW OF LITERATURE

Small farm holders are less inclined to store cowpea due to the inevitable losses and
inability to adequately protect them from insect attack. Thus cowpea utilization is
reduced due to seed destruction by cowpea weevils (Callosobruchus chinensis) which
inevitably increase food insecurity in those households that depend on the crop for their
livelihoods.

Other traditional methods include mechanical removal of insects, infested grains or cobs.
Winnowing, shaking and restacking the grains led to the disturbance of insects and a
reduction of their activity. Research reveals that extracts prepared from plants have a
variety of properties including insecticidal activity, repellency to pests, anti-feedant
effects, insect growth regulation, toxicity to nematodes, mites and other agricultural
pests, also antifungal, antiviral and antibacterial properties against pathogens (Prakash &
Rao, 1997).

Stored grain pest infection is controlled by various methods among them, fumigation is
one of the most effective method in which insect pests are exposed to a poisonous
gaseous environment, produced by applying a grain fumigant. Fumes generated by
fumigants enter the body of insect through the spiracles and spread to trachea an
tracheoles and bined to the hemolymph components. In the past, various synthetic
fumigants were used to eliminate stored grain insect pests (Brattsten et.al., 1986).

The most used compounds in fumigation are methyl bromide and phosphine (aluminum
phosphate and magnesium phosphate) which target the respiratory system of the insect.
However, these substances are strongly toxic to non-target organisms, including human
(Gallo et al, 2002). Methyl bromide is actually very toxic, mainly affecting the central
nervous system and intoxication may lead to death (Yang et al, 2011). Symptoms of
methyl bromide poisoning are vomiting, headache, vertigo, imbalence while walking
slurred speech, and tremulousness of the upper limbs (Balgopal et. al, 2011).
Epidemiological evidence indicates that occupational exposure to methyl bromide is
linked to incidence of human prostate cancer (Budnik ef al, 2012).

The lactone extracted from number of species of plant family Asteraceae is known for its
action as insect feeding deterrent, particularly for beetles (Picman ez al, 1978).
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(Miah et al, 1993) reported that when several local (Bangladesh) plant materials were
tested against Callosobruchus chinensis (Linn) on chickpea seeds, Nishinda (Vitex
negundo) leaf powder was most effective in reducing the number of eggs laid, adult
emerged and seed weight loss.

MATERIALS AND METHODS

+» Insect (Callosobruchus chinensis)-

Callosobruchus chinensis is major pest of pulses in India. It is a holometabolic insect
with the egg and adult stage found on grains and the larval and pupal stages living inside
the grain. Male antennae pectinate, segments 4-10 conspicuously expanded antero-
laterally, female antennae serrate, antennae of both sexes usually with segments 4-1 dark
brown (rarely yellow brown). Pygidium of female and male covered with white or silver
setae. Inner tooth of hind femur with side’s more or less parallel, covering near apex.
Male genitalia: medium lobe more elongate, apex with exophallic valve spearhead-
shaped, and base with two sclerotized plates, parameres normal and ratter broadly
spatulate. Major pest, especially of cowpeas and grams especially common in the oriental
region, but found throughout the tropics and subtropics.

¢ General introduction of Pulses-
v Uradbean, Black Gram or Vigna mungo
Black gram originated in India, where it has been cultivated from ancient times and is
one of the most highly prized pulses of India. The coastal Andhra region in Andhra
Pradesh is famous for black gram after paddy. The Guntur District ranks first in Andhra
Pradesh for the production of black gram. Black gram has also been introduced to other
tropical areas mainly by Indian immigrants.

Taxonomic position and introduction of plants

The plants which have been selected for extraction of chemical compound for present
study belong to family Convolvulaceae. Its taxonomic position and introduction is as
under-

Ipomoea carnea (Fig. No. 1)

Fig No. 1 Fresh leaves of Ipomoea carnea
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Bio-statistical evaluations of experimental data

As the biological observations were measured or counted, it becomes clear that
some statistical methods were necessary to help in presenting and verifying the research data.
For this, purpose different methods and test applied in the present thesis are mentioned below:

Percentage of mortality

Percentage of mortality was based on the number of larvae, pupae died after the
treatment of plant extracts in each set of experiments. Abbots (1925) formula was applied
to correct the percentage mortality as given below:

Observed mortality%—Control mortality%

x100

Correct percentage mortality = 100—Control mortality%

Sterility index (S.1.)

Percentage sterility in the ovicidal experiments and treated adult groups were calculated by the
formula given below.

Test No. of eggs x % hatching

.1.=100 —
5 00 Control No. of eggs x % hatchingX

Growth index (G.1.)

In the present investigation, the effect of plant extracts on different developmental stages
of the vector was assessed in terms of growth index, it is the product of the percentage adult

emergence 'a', at a given set of experiment divided by the average developmental period of the
a

larvae (in days) (b) : G. . = 5
Where,
a= percentage adult emergence
b= average developmental period (days)
Level of significance

Level of significance between two variables was calculated at different degrees of
freedom by student it' test mentioned as under:

O—E
t= T vn—1
Where,
0 = observed value
E = expected value
n-1 = number of degree of freedom
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n = standard deviation
t = student‘t’
Regression line

Regression analysis was carried out to calculate the lethal concentration from the
mortality in the experiments against plant extracts tested. Corrected percentage mortality was
plotted on log probit scale against concentration.

In the present study, the independent variable ‘log’ concentration was plotted on the
horizontal axis (x-axis) while the dependent variable percentage mortality on vertical axis (y-
axis). The line of the best fit (regression line) was drawn and the values of 'a’' and 'b' obtained
by using regression equation, y = a = bx.

To calculate the LCso values of the plant extracts, the corrected percent mortality was
plotted on log -probit scale against its concentration as described above. The LCso values
were calculated from the graph by projecting a line to meet the regression line on it and the
values were calculated.

The X2 test or goodness of fit for the regression equations-

The formula for calculating X? for individual difference in expected mortality and
observed mortality corrected for a particular dose or concentration was as follows:
Y7 — Observed — expected mortality

expected mortality % x 100 — expected mortality

The individual X? values were summed up and multiplied by the average number of
insect tested for each concentration. The values of X? were compared with X ?values at ‘a’
level of significance of 0.5, 0.01 and 0.001 from the table as given by Fisher and Yates
(1983) at the n-1 degrees of freedom. If the X? computed regression line is less than the
values obtained from the table of X2, it may be concluded that the line is a good fit and data
1s not significantly heterogeneous.

Confidence limit of LC so
(a) The expected LCi6 and expected LCss were read from regression line.

(b) Number of insect listed at concentration whose expected effects were between 16%
and 84% is ascertained. The number is denoted by N.

(c) The slope function (S) is then computed by the formula

S = LCg/LCso + LCs50/LCy6
2

(d) The factor (FLCso) is obtained from the formula (FLCso) =S x 77/N.

(e) Fiducial limits were obtained from the under mentioned equation.
(1) Confidence limit (upper) = LCso x FLCso
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) Confidence limit (lower) = LCso x FLCso
Probit analysis

Experimental data were analysed for X 2, Regression equation, LCso, standard deviation
and fiducial limit as suggested by Finney(1971) probit analysis method. Probit analysis was
performed with the help of statistical software SPSS 16.0.

Chemical analysis and identification of the compounds

First the crude extracts of plant was defatted in n-hexane and extracted with methanol and
chloroform. The concentrated solution was allowed to stand when a green yellow deposit
was obtained. The deposit was repeatedly crystallized from a mixture of chloroform and
methanol, till a single spot was obtained by paper and thin layer chromatography.

v

v

Methylation: Purified fractions were separately dissolved in MeOH. In this
process compound was washed by MeOH until it got converted into crystal or
powder form.

Chemical test for sugar or glycoside like other compound: The material tested
chemically for glucose. For these Bendict’s and Fehling’s test were carried out.
These test were affirmative. The precipitate was greenish yellow (Bendict’s test)
and yellowish red (Fehling’s).

Alkaline reagent test: To the test compound solution, add few drops of NaOH
solution. Intense yellow color is formed which turn to colorless an addition of few
drops of dilute HCL, this indicate presence of flavonoids.

Zinc Hydrolized test: To the test compound solution add a mixture of zinc dust

and concentrated HCL give red color after few minutes.

Identification and structural elucidation of extracted bioactive compounds of the
plant

For further identification and structural elucidation of plant extract, the purified samples
of selected plant fraction was send to Lab Testing for spectral analysis: where IR
spectrum, UV spectrum, NMR and Mass spectrum was done.

Study of Ipomoea carneaextract on Callosobruchus chinensis with pulses-

The collection of insects was done from the infested grains.

50 beakers were taken. They were washed with distilled water and then dried.

In each beaker 100 seeds of pulse (chickpea) were taken.

In each beaker two drops of chemical: methanol and chloroform fractions of

different concentration e. g. 500 ppm, 1000 ppm, 1500 ppm, 2000 ppm, 2500 ppm

and one control were poured.

5. In each beaker 3 pairs of insects (3 male and 3 female) were introduced.

6. The mouth of each beaker was covered with muslin cloth and it was tied with the
rubber band.

7. After 7 days the beakers were opened by removing the muslin cloth and the

insects were taken out.

=
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8. The eggs laid on the grains were counted and the beakers were covered with
muslin cloths as before.

9. After 7 days the beakers were opened for calculating the number of larva emerged
from the eggs and then beakers were once again closed as before.

10. After 7 days once again the beakers were opened to calculate the number of pupae
formed. Then beakers were once again closed with the muslin cloth.

11. After 7 days the beakers were opened to see the adult insects emerged from the
pupae. They are counted.

12. The seeds of each beaker were taken in a petri dish and were wetted with water to
observe their germination.

13. The seeds which germinated were counted.

RESULT AND DISCUSSION
Repellency-

In the present investigation the repellent activity of Ipomoea carnea leaf extract in five
concentrations against Callosobruchus chinensis at one hour interval showed maximum
repellent activity (90%) in 250ppm conc. of methanol and chloroform & minimum in
control.

Seed damage-

In the present piece of research work the percent grain damage and percent weight loss of
Uradbean were recorded. Maximum in 50 ppm and minimum in 250 ppm conc. for
methanol and chloroform extracts of Ipomoea carnea.

Oviposition-

In the present study Ipomoea carnea leaf extract effectively prevented the oviposition of
Callosobruchus chinensis. The egg laying capacity gradually decreased with the increase
in the treatment dose level of the leaf extract. The maximum reduction in the egg laying
was noticed in 250 ppm conc. of methanol and chloroform extract and minimum
reduction was noticed in the control.

Egg Viability-

In the present study of research work the egg viability of Callosobruchus chinensis
significantly reduced in the grains . The egg laying capacity gradually decreased with the
increase in the treatment dose level of the leaf extract. The maximum reduction in the egg
laying was noticed in 250 ppm conc. of methanol and chloroform extract and minimum
reduction was noticed in the control.

Hatchability-

In the present research work the hatchability of C. chinensis significantly reduced in the
grains (Uradbean) ranging from 80 to 95% by various concentrations of [pomoea carnea

leaf extract.
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Larval mortality-

In the present study larval mortality was observed maximum in 250 ppm conc. of
chloroform and methanol extract of I[pomoea carnea leaf while it was minimum in the
control.

Adult emergence-

In the present study the leaf extract of experimental plant completely inhibited adult
emergence. Minimum adults emerged in methanol and chloroform 250 ppm conc. &
maximum in the control.

Adult mortality

In the present investigation the leaf extract of Ipomoea carnea provided significant
mortality of pulse beetle C. chinensis. Maximum adult mortality was observed at 250
ppm conc. of chloroform and methanol & minimum in the control.

Seed germination-

In the present work the effect of Ipomoea carnea leaf extract on seed germination of
Uradbean seeds had no significant harmful effect after five and ten days of treatment.
This indicated that there was no adverse effect of any dose of the leaf extract on the
germination of experimental pulses. Maximum seed germination was found in 250 ppm
conc. and minimum in 50 ppm conc. of methanol and chloroform extract of Ipomoea
carnea.

CONCLUSION

The plant extract was tested against insect larvae of Callosobruchus chinensis. 60 larvae
of each insect were taken in four replicates, each along with one control. The experiments
were performed in beaker, taking 100 seeds of pulse grains (Uradbean) and different test
concentrations. The mortality was counted after 6 days till complete mortality or pupation
was seen. The mortality was analyzed statistically using probit analysis method of Finney
and following parameters for each purified extract were worked out. The parameters were
regression equation, chi-square, LCso value, and variance as well as lower and upper
fiducial limits.

Experimental statistical data of Callosobruchus chinensis infesting fresh Uradbean seeds
treated with methanol purified fraction IMfs of Ipomoea carnea leaves as depicted in
(Table No. 1), was found to be most effective, in five concentrations 50ppm, 100ppm,
150ppm, 200ppm and 250ppm. The mortality ranged between 143 to 184. LCso value was
calculated to be 124.565ppm. Experimental statistical data of Callosobruchus chinensis
infesting fresh Uradbean seeds treated with chloroform purified fraction ICfs of Ipomoea
carnea leaves as depicted in (Table No. 2), was found to be most effective, in five
concentrations 50ppm, 100ppm, 150ppm, 200ppm and 250ppm. The mortality ranged
between 165 to 186. LCso value was calculated to be 111.821ppm.
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TABLE No. 1

Statistical data of purified fraction of Ipomoea carnea (IMfs) methanol extract
against Pulse beetle (Callosobruchus chinensis) on Fresh Uradbean seeds

Concentrati | 24 hrs. | Regression | Chi- | LC50 | Varianc | S.E. | Fiducial
on (PPm) larval equation squar | (PPm) | e (V) limits
mortalit | (y=a+ bx) |e x? (PPm)
y (n-i)
50 59
100 96 Y= - 16.031 | 124.56 | 0.02528 | 0.15 | L=99.454
150 124 4.112 £ 1.96 5 9 U=153.19
200 157 3x 7
250 184
Control 7

60 larvae of Callosobruchus chinensis were taken in each of the four replicates.
Value are significantly different than the control (p<0.05).

TABLE No. 2

Statistical data of purified fraction of Ipomoea carnea (ICfs) chloroform extract
against Pulse beetle (Callosobruchus chinensis) on Fresh Uradbean seeds

Concentrati | 24 hrs. | Regression | Chi- | LC50 | Varianc | S.E. | Fiducial
on (PPm) larval equation squar | (PPm) | e (V) limits
mortalit | (y=a+ bx) |e x? (PPm)
y (n-i)
50 77
100 100 Y= -110.28 | 111.82 | 0.02402 | 0.15 | L=72.114
150 129 3442+ 1.68 | 1 1 5 5 U=153.25
200 159 0x 5
250 186
Control 7

60 larvae of Callosobruchus chinensis were taken in each of the four replicates.

Value are significantly different than the control (p<0.05).
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