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ABSTRACT

Studies were done to determine the effect of
Jatropha curcas L. seed oil and various solvent ex-
tracts,on survival and feeding rates of the variegated
grasshopper, Zonocerus variegatus L. in the labora-
tory. Although . curcas seed emulsion was less
effective when compared with 0.05% Cymbush (a
synthetic pyrethroid), it nevertheless reduced the
damage caused by Z. variegatug to cassava foliage
(Manihot esculenta Crantz). The level of feeding
suppressionachieved with J. gurcasextract(42.91%)
was, however, similar to neem extract (40.89%) at
5% significance level.

The hexane extract, which gave the. highest
activity among the four solvent systems used in the
extraction of J. curcas seeds, was separated into four
fractions by column chromatography. Physico-
chemical characteristics of the most active fraction
including iodine number, saponification number,
infra-red spectrum, boiling point, refractive index
were determined. A complex of functional groups
were indicated. Further purification and spectro-
scopic analyses are required to establish the
structure(s) of the bioactive components in the seed.

Keywords: Jairopha curcas, Zonocerus
variegatus, feeding suppression,
bioactive compounds, chromatography,

functional groups.

INTRODUCTION
The role that plant-derived chemicalscan play in
pest management is well recognised [2,8]. Over
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1,600 plant species are reported o possess pest
control properties [6]. The effects of plant deriva-
lives on organisms include feeding deterrency and
inhibition [3,8], growth regulations and disruption
(13] repellency [10], toxicity [9] ovipositional inhi-
bitions [4] and sterilization [11]. The pyrethrins,
rotenoids, ryanodines and recently, the derivatives of
neem (Azadirachtins) are few of the phytochemicals
with pests control potentials that have been deyel-
oped commercially [89]. Efforts are, however,
being made to identify more plants with pesi control
potential due to the problems associated with the
usage of synthetic pesticides.

The physic nut, Jatropha curcas Linn is com-
monly grown for hedges and fences in Ghana be-
cause it is avoided by sheep, goats and termites [7].
The seed oil has been found to be an effective
protectant of stored maize and cowpea against
Sitophilus zeamais (Motsch) and Callosobruchus
maculatus (F) [4]. This paper is a report of the effec|
of the seed oil emulsion and solvent extracts of the

seed on Z. varicgatus L.
MATERIALS AND METHODS

Insects:

Second and fourth instars Z. variegatus nymphs
were collected from our experimental plot at Mese-
wam, five kilometers from the campus of University
of Science and Technology on the Kumasi-Accra
road. The insects were kept in the laboratory at room
temperature {25 - 33°C) and relative humidity (65 -
85%) on cassava foliage until used.

Chemicals:

Neem and Jatropha oils were prepared from
dried seed according to methods described earlier
[3]. Emulsion solutions were prepared to the desired
concentrations using Triton-X as emulsifier.
Cymbush (100g/litre Cypermethrin, Imperial Chemi-
cal Industries, Plant Protection Division, Surrey,
England) was prepared from Emulsifiable concen-
trate formulation. Solvent extracts were prepared
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from dried pulverised Jatropha seeds. The pulver-
ised seeds were extracted serially in a soxhlet appa-
ratus with diethyl ether, hexane, hexane-methanol
(1:]) and water. ;

Topical Application Bioassay
Two microlitres each of 5% Jatropha emulsion,
5% neem emulsion, 0.05% Cymbush, diethyl cther

cxtract, hexane extract, hexane-methanol (1:1) ex-
tract, water extract and the various fractions of the

hexane extract were applied 1o the second abdominal
segment of sccond instar Z. variegatus nymphs with
Gallenkamp microlitre transferpette. Water or water
and Triton-X mixture was used ascontrol treatments.
All the nymphs used had been starved for 18h to
evacuate their intestines. Twenty-five treated nymphs
were introduced into each cage holding cassava twig
placed in 500ml conical flask with water to keep
them fresh. Each treatment was replicated three

Cassava twigs, in 500ml conical fla8ks contain-
ing water, were sprayed to run-off (ca.250ml twig)
with Jatropha emulsion at fourrates (2.5, 5.0, 7.5 and
10.0%) using a hand-held mist sprayer. Control
treatments were sprayed with a mixture of water and
Triton-X. Twenty five fourth instar Z. variegatus
nymphs starved for 18h were introduced into each
cage containing treated twig. Each treatment was
replicated three times. Mortality and food consump-
tion were determined after 24h in the topical applica-
tion bioassay but was extended to 48h, 72h and 96h
in the foliar treatment bioassay. The effect of the
various treatments on food consumption was evalu-
ated by determining feeding suppression of the vari-
ous solutions. Feeding suppression was = (% eaten
in control unit - % eaten in treated unit) / (% eaten in
control unit) x 100. All studies described above were
conducted in the laboratory with temperature and
relative humidity ranging from 25 - 33°C and 65 -
85% respectively.

Chemical Analyses

Column chromatography of the hexane extract:

A column was filled with neutral alumina using
- petroleum ether (40 - 60°C) as solvent. After the
column was run with the same solvent for about
45mins. the hexane extract of the seeds of Jatropha
was added to the top of the column and elution was
continued with ethanol. Four components, A, (yel-
lowish-green), A, (pale yellow), A, (yellowish green)
and A, (palestraw colour), labelling from the bottom
of the column were obtained. The effects of each of
these four fractions on the test insects were deter-
mined. Thin Layer Chromatography (TLC) analysis
was carried out on fraction A, which gave the highest
activity. >

Standard organic functional groups identifica-
tion and physico-chemical screening tests were eon-

ducted on fraction A, . The infra red spectrum, iodine
number, saponification number, boiling point and
the refractive index were also determiped.

Statistical Analyses

Data were analysed using analysis of variance
(ANOVA). For the percentage data, the data was
transformed (Angular transformation) before analy-
ses. Significant treatment means were separated
using Fisher's Least significant difference [14].
Unless otherwise stated significance was determined
at P=0.05. Feeding suppression was determined on
dry faecal weights [12] and mortality was corrected
using Abbots formula [1].

RESULTS AND DISCUSSION

Table 1 shows the effect of the two plant derived
insecticides and the synthetic pyrethroid on second
instar Z. variegatus nymphs. The corrected mortali-
ties for the plant-derived extracts were 16% and 24%
for 5% neem and 5% Jatropha emulsion respectively.
These were significantly lower than the 75% re-
corded for Cymbush (P=0.01). Nevertheless, the
reduced activity of the surviving nymphs on the
plant-derived extracts indicates that damage to crop
will be reduced. The level of feeding suppression
achieved by the three test substances were 40.89 for
5% neem, 42.91 for 5% Jatropha and 86.03% for
0.05% Cymbush.

Table L ¥

Mortality snd food consumption of fourth Instar stage Z. variegarus topically
treated with emulsion of neem oil, jatropha oll and Cymbush

Treasmes ® Mcan Paccal
. Correcied Weighis
Moruality @
Water + 0,7% Sparkle 00 11081
% Moo smulsion 160 £ 3.2 06815
3% Iwrophs omuition 241 243 0.6006
0.08% Cymbagh 753t 1% 01534

Values bearing the same lesiers in o row are aor significamiy different (Pe.05)

Fig. 1 shows the distribution of second instar
nymphs in the cages. The distributional pattern
observed was a reflection of the efficacy of the test
solutions. The greater the efficacy of a solution, the
lesser the number of nymphs found on plant and the
greater the number of nymphs on cage floor or dead.
Usually nymphs on cage floor are in a weak state and
can hardly cause any damage. On the basis of this
data the test solutions can be arranged in this order of
decreasing efficacy 0.05% Cymbush > 5% Jatropha
> 5% neem > Water + Triton - X. The oils of neem
and jatropha have been shown to be effective protec-
tants of stored maize and cowpea against damage by
3. zeamais (Motsch) and C.maculatus 1. respectively
[5]. In these studies, it was found that, the plant
extracts unlike cymbush largely incapacitated the
grasshoppers because reversible paralysis was ob-
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Table 2

Results of the physico-chemical analyses of the
chromatographic fraction A, showed that it was
optically inactive with a boiling point of 2¥8-200°C.
The infra-red spectrum showed very strong absorp-
tions at 2700-2820cm™ (methyl alkanes), 1730cm™
(carbonyl), 1150cm? (alkyl ether), 1080-1110cm’
(C-0, in carbosylic acids and esters), 710cm™ (aro-
matic ring). Screening tests have also confirmed the
presence of Ketonic carbonyl and very highdegree of

Percent mortality and Percent feeding suppression of fourth instar
. variegalus on various concentrations of Jalropha extracts

Mortality and fecding suppression afier indicated time
Treatment 24k 48h Tih S6h

& Coer % Feedling % Com | % Footing * Corr % Feeding & Cour ® Fecuing

Morabity Supgresson Mtoomdiny Supprestaon Morality Suppeetaon Mortality Suppreasion
Waier 0.2% Sparkle oor a5y oo 13,08 LN - s 161
2.5% Jul emulbion oo LG o0 Mo 3 16,34 352 Jast
% laL crvuision .00 5125 o a3 3 6.1 1.5 e
75% ia emmision o.00 &4.96" oor © oy 3 53.000 35 4000

-
10% Jai emulsas AT TS 00 ner 6161 65T 6350 T8 4342
Vel bearing the same letiers in @ row are ot significanty differend (P=0,05)
served, whereas the effects of 0.05% cymbush were A

largely isreversible.

Table 2 shows mortality rates and percent feed-
ing suppression of fourth instar Z. variegatus nymphs
confined on treated cassava foliage for varying peri-
ods of time. The observed mortalities were very low,
ranging between 0.0and 7.14%. Nevertheless, all the
dosage levels tested suppressed feeding. Generally,
the level of suppression decreased with increasing
exposure time on treatment food. The reduction of
activity of extracts was also concentration related;
food consumption decreased with increasing con-
centration from 51.2% in 2.5% Jatropha emulsion to
75% in 10% emulsion within 24h.

Table 3 shows the effect of the various solvent
extracts of pulverised Jatropha seeds on second instar
nymphs. - The hexane extract was the most active
causing 79.1% feeding suppression in 24h. The dif-
ference between extracts of Hexane-methanol mix-
ture (1:1) and water was not significantly different
(P=0.05). On the other hand, diethyl etherextract had
no effect on feeding.

Fraction A, (yellowish-green in colour) was the

#most active of the four fractions derived from the
crude hexane extract (Table4). 1t was more effective
on the nymphs than the crude hexane extact. Fraction
A, (pale yellow in colour) had similar level of activity
as the crude hexane extract whilst fraction A, (yel-
lowish-green in colour) was the least active fraction.
Although a complex of substances may be involved
in the antifeedant activity of the crude extracts of L.
curcas, these results suggest that the major compo-
nents for the antifeedant activity may be present in
fraction A,.
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Food consumption of second inster Z, yaciegalys nymphs topically
treated with seed extracts of various solvents in 24 hours

Treaument W Foeding Mean faocal wia.
e suppression (gm)
Driethyl éiher extruet oo 13108
Heaane -meshancl eatrsct 416" 05145
Heiane eiimci T ooy
Waler eaumct 458 0 4385

Values bearing the same ietiers in @ raw are Aot sigaificanty different (P=003)

Table 4
Feeding consumption of second instar Z. yariepatus topically treated with
fractions derived from hexane seed extract.

Treaunent % Foeding Mean [aecsl
suppeession wicighty (gm)
Fracuon A, LIRS 00925
Fracuon A, w7 0.3449%
Fraction A, 1250 07455
Frcdon A, 38 0.53207
Croge Hexane eairact 04 oavaT

Values beariag A Jame lgicrd in o row are nol significanity differens (Fallif),

unsaturation. Spot test TLC on silica gel C activated
at 110°C for one hour in solvent systems showed that
A, was quite pure chromatographically.

These studies have nonetheless, demonstrated
the potential of derivatives of Jatropha curcas for use
in pestcontrol. The importance of I gurcas extracts
for pest control can be seen from its effect on food
consumption rather than its toxicity. The deterrent
action of the oil emulsion and solvent extracts resuit
in low feeding rates and less active insects that would
be more susceptible to predation. Also the reduction
in activity of the extracts with increasing exposure
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ume would mmmmise the nsks 1o non-farget organ-
isms that might contact the residues.

ACKNOWLEDGEMENT

This work was supported by research grants

from the International Foundation of Science (F/982-
2) and African Bio-sciences Network.

References

1.

10,
11,

12

Journal of the University of Science and Technalogy, Kumasi, Vol.12, Number 3 Octoper, 1992

Abbou, W.S. (1925): A method of computing the
effectiveness of insecticides. J. Econ. Entomol. 18:
265-267.

Bowers, W.S. (1983): The search for fourth genera-
tion pesticides,pp47-58. InD.L. Whitehead and W .S .
Bowers (eds), Natural Products for Innovative Pest
Management. Pergamon, Oxford.

Cobbinah, J.R. and K. Osei-Wusu (1988): Effects of.
Neem seed extracts on insect pests of eggplant, Okra
and Cowpea. Insect Sci. Applic. 9: 601-607.

Cobbinah, J. R. and J. Appiah-Kwarteng (1989):
Effects of some neem products on stored maize weevil,
Sitophilus zeamais Motsch. Insect Sci. Applic. 10:89-
92.

Fukami, H. and M. Nakajima (1971 ): Rotenone and
Rotenocids pp 71-97, InM. Jacobson and D.G. Gobby
(eds) Naturally occurring insecticides. Dekker, New
York.

Grainge, F., Ahmed, S., Mitchell, W.C. and Hylin E.
(1984): Plant species reportedly possessing - Pest
control properties. A data-base, EWCIUH Document
No.RH 84-1, Resource systems Institute, East West
Centre 240 pp.

Irvine, F.R.(1961): Woody plants of Ghana. Oxford
University Press, London

Jacobson, M. (1977 ): Isolation and ldentification of
Toxic Agents from Plants. ACS Symposium series
No.62 Host Plant Resistance to Pests (Ed) HedinP A.

Larson, R.O. (1986): Development of Margosan O.;
A pesticide from neem seed. Proceed of the third
International neem conference (Nairobi, 1986 Jpp.
243-350

Mardufu, A.R., Lubega, R. and F. Dorn (1978): Iso-
lation of (5E) - Ocimenone, A Mosquito Larvicide
Jrom Tagates minuta. Liyodia4l: 181-183.

Marthur, A.C.and B.P. Saxena (1985): Introduction
of sterility in male houseflies by Vapours of Acorcis
calamus L. Oil. Naturwi ssenschaften 6:576-577.

Raffa, K.F.(1987) Influence of Host plant on
deterence by Azadirachtin of feeding by fall

13.

14.

Army worm-larvae (Lepidoptera: Nocticidae)

J. Econ. Entomol. 80:384-387
Rembold, H.,Sharma, G K.,Czoppels, Ch. and Schmut-
terer, H. (1980): Evidence of growth disruption of
insects without inhibition by neem seed fractions. 7.
pflkrankh. Pflschutz 87: 291-297.

Snedecor GW.and W.G. Cochran(l 967): Statistical
methods, [owa State Univ., Ames.

139



