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Abstract.- Repellent and oviposition deterrent effects of sweetflag” Acorus calamus L. (Acorales:Acoraceae),
‘tumba’ Citrullus colocynthis L. (Cucurbitales: Cucurbitaceae), ‘turmeric’ Curcuma longa L. (Zingiberales:
Zingiberaceae), ‘kuth’ Saussurea lappa (Decaisne) C. B. Clarke (Asperales: Asteraceae), ‘balchar’ Valeriana
jatamansi Jones (Dipsacales: Valerianaceae), and ‘harmal’ Peganum harmala L. (Sapindales: Nitrariaceae) extracts
each in petroleum ether, acetone and ethanol were evaluated at 2% concentration against peach fruit fly Bactrocera
zonata in a free choice bioassay. Petroleum ether extract of C. longa, ethanol and acetone extracts of P. harmala were
the most promising repellents against Peach fruit fly. Acetone extract of P. harmala, ethanol extract of V. jatamansi
and petroleum ether extract of S. lappa also showed effective oviposition deterrence. C. colocynthis suppressed the

overall egg laying.
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INTRODUCTION

The peach fruit fly, Bactrocera zonata

(Saunders), is one of the most harmful species of
Tephritidae. It causes heavy damage in Asia
(Butani, 1976; Butani and Verma, 1977; Agarwal et
al., 1999) and is a serious pest of peach, Prunus
persica (L.) Batsch (Rosales: Rosaceae) and custard
apple, Annona squamosa L. (Magnoliales:
Annonaceae) in India (Butani, 1976; Grewal and
Malhi, 1987), as well as guava Psidium guajava L.
(Myrtales: Myrtaceae) and mango Mangifera indica
L. (Sapindales: Anacardiaceae) in Pakistan (Syed et
al., 1970). Peach fruit fly is native from India where
it was first recorded in Bengal (Kapoor, 1993). It is
present in numerous countries of tropical Asia:
India, Indonesia (Sumatra, Moluccas), Laos, Sri
Lanka, Vietnam, Thailand (White and Elson-Harris,
1992), Mayamar, Nepal, Bangladesh, and probably
all of South-east Asia (Kapoor, 1993).

Direct fruit damage, fruit drop, and loss of
export markets through quarantine restrictions are
all means by which fruit fly infestation causes
economic loss. With adult traits that include high
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mobility and dispersive powers, high fecundity, and
in some species extreme polyphagy, dacines fruit
flies such as B. zonata are well-documented
invaders and rank high on quarantine target lists.

In Pakistan, the fruit fly complex may cause
losses that range from 20 to 90 % in different areas
of the country (Stonehouse, 1997). Fruits and
vegetables suffer extensive damage due to impacts
on yields and fruit quality. Citrus, mango, guava and
peach industries on average suffer loss by 7.5, 15,
35 and 30%, respectively. In melons, levels of
infestation of 50, 37 and 23% were found in Dera
Ismail Khan, Rahim Yar Khan and Kulachi areas of
Pakistan, respectively (Stonehouse et al., 1998).

For the management of fruit flies, increasing
applications of pesticides are facing resistance from
environmentalists and the general public (Clark et
al., 1996). The situation is further complicated
because biological and cultural control methods do
not yield immediate results necessary for successful
eradication programs (Baranowski et al., 1993;
Aliniazee and Croft, 1999). To prevent fruit flies
from harboring in these areas and re-infesting
surrounding areas, alternate strategies for managing
these critically sensitive areas must be developed.

The search for lower risk eco-friendly
alternative has resulted in renewed interest the use
of plant extracts for reducing the impact of fruit flies
on fruit yield and quality. The botanical insecticides
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are generally pest-specific and are relatively
harmless to non-target organisms including humans.
They are also biodegradable and harmless to the
environment. Furthermore, unlike conventional
insecticides that are based on a single active
ingredient, plant-derived insecticides comprise an
array of chemical compounds, which act
concertedly on both behavioural and physiological
processes. Thus the chances of pests developing
resistance to such substances are less likely. One
plant species may possess substances with a wide
range of activities; for example, extracts from the
neem tree Azadirachta indica are antifeedant, anti-
oviposition, repellent and growth regulating.
Monoterpenoids of essential oils provide effective
lead molecules in the management of stored product
insects and insect pests of public-health importance
(Ignacimuthu, 2004). Of the numerous plants
investigated in Pakistan, neem (Azadirachta indica
A. Juss (Sapindales: Meliaceae) has shown the most
promising results. More than 400 insect species,
including many key pests of agriculture and
households, are susceptible to various behavioural
and physiological effects of A. indica extracts and
concoctions (Isman, 2006). Akhtar et al. (2004)
demonstrated repellent and growth inhibiting effects
of A. indica, Curcuma longa L. (Zingiberales:
Zingiberaceae), and Acorus calamus L. (Acorales:
Acoraceae) against Bactrocera zonata. Yasmin,
(2004) reported that of three plants, Saussurea lappa
(Decaisne) C. B. Clarke (Asperales: Asteraceae),
Valeriana jatamansi Jones (Dipsacales:
Valerianaceae) and Peganum harmala L.
(Sapindales: Nitrariaceae), extracted in petroleum
ether (a mixture of C5-7 alkanes), P. harmala was
the most effective oviposition deterrent for B.
zonata. Among the petroleum ether, acetone and
ethanol extracts of turmeric, acetone extract was the
best repellent and growth inhibitor against B. zonata
(Siddiqui et al., 2006).

The plants used in the present studies are
indigenous and abundantly available. These are
locally used in ayurvedic medicines. Therefore, the
extracts are not expected to leave any toxic residues
in plants and fruits if commercially used. A. calamus
and Citrullus colocynthis are used as folk medicinal
plants. A. calamus acts as emetic, nauseant,
antiseptic, aromatic, carminative, antiperiodic and

nerve sedative. C. Colocynthis acts as hydrogogue,
cathartic and arbortifacient, emetic, expectorant and
diuretic. C. longa acts as aromatic, stimulant,
carminative and anthelmintic (Ammon et al., 1992).
S. lappa is tonic, stomachic, stimulant, carminative,
used for asthama, diuretic, antiseptic, cough,
cholera, aphrodisiac, and anthelmintic. The
rhizomes are highly aromatic used in perfumeries.
Rhizomes are also used for skin diseases. V.
jatamansi is useful in hysteria, insomnia, habitual
constipation, neurosis, cholera and in scorpion sting
and also used for perfumery. Locally the dry roots
are used to remove foul odour of mouth caused by
tooth trouble (Morazzoni and Bombardelli, 1995).
P. harmala is used to treat depression, dermatosis
(lwu et al., 1994) and it is anti-cancerous.

In the current study chemical profile of the
test plants obtained through extraction with organic
solvents of different polarities were tested for
repellent and oviposition deterrent effects on peach
fruit fly, Bactrocera zonata by offering treated and
untreated guava fruits in free choice tests.

MATERIALS AND METHODS

Plants and plant extracts

The plant materials namely ‘sweetflag’
Acorus calamus L. (Acorales:Acoraceae) rhizome
were collected from Kashmir area, ‘tumba’ Citrullus
colocynthis L. (Cucurbitales: Cucurbitaceae) fruits
from Jhang and rhizome of ‘turmeric’ Curcuma

longa L. (Zingiberales: Zingiberaceae), ‘kuth’
Saussurea lappa (Decaisne) C. B. Clarke
(Asperales:  Asteraceae), ‘balchar’ Valeriana

jatamansi Jones (Dipsacales: Valerianaceae), and
seeds of ‘harmal’ Peganum harmala L. (Sapindales:
Nitrariaceae) were purchased from ayurvedic shop.
The collected plant materials were dried in shade.
The dried plant materials were ground to fine
powders of 60 mesh for extraction with different
organic solvents. .

The test plant materials were extracted on
Soxhlet’s extraction apparatus for at least 8hrs each
with petroleum ether (B.P. 60-80°C), acetone, and
ethanol provided by LAB-SCAN. The extracts were
concentrated on rotary evaporator (Rotavapor R-11A
(Buchi) Switzerland) and finally made solvent free
in a vacuum desiccators.
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Rearing of fruit fly Bactrocera zonata (Saunders)

The culture of B. zonata was maintained
under controlled laboratory conditions at 26+£1°C
and 60+5% R.H in cages measuring (45 x 40 x 40
cm). The adult flies were reared on artificial diet
consisting of two banana, six eggs yolk, four spoons
of honey, eight spoons of sugar, half spoon of
brewers yeast, and one spoon of multivitamins syrup
(Akhtar et al., 2004; Siddiqui et al., 2006).

The flies were offered fresh guava fruits for
oviposition in cages. The infested fruits were kept in
plastic jars having 3 cm thick layer of sand at the
base for pupation. The jars were covered with
muslin cloth. The pupae were isolated from the sand
and placed in separate cages. The adults on
emergence were reared on artificial diet as
mentioned above along with a supplement of protein
hydrolysate.

Administration of plant extracts

For the preparation of 2% solution, 2.0 gm of
each extract was weighed separately in a glass
beaker to which 4ml of distilled water with 10 mg
detergent(commercial product- ‘surf’) was added,
and stirred continuously for 10 minutes with a glass
rod to make homogenous thick paste. Another 96 ml
of water was then added to get the desired
concentration (Akhtar et al., 2004; Siddiqui et al.,
2006). Guava fruits were coated with each solution
by dipping for 10 seconds and dried at room
temperature for two hours.

Treated and untreated guava fruits were
offered to 8 pairs of 20-23 days old gravid flies in
plastic cages measuring (45 x 40 x 40 cm) for 48
hours in a free choice bioassay for settling and
oviposition response (Singh and Singh, 1998).
Number of fruit flies settled on treated and untreated
guava fruits were counted after every one hour
interval for 10 hours (5 hours daily from 10:00 am
to 3.00 pm). Fruits were then removed from the
cages and number of eggs in treated and untreated
fruits counted. For egg counting skin of the fruit was
pealed off carefully, eggs in pealed skin and pulp
were removed and placed in a petri dish having
water. Experiments were replicated three times and
results subjected to "t’ test using M.StatC program.

Percent repellency and oviposition deterrence
were calculated by using the following formulae:

% Repellency:

Half of the number of flies settled on both treated
and untreated guavas - number of flies settled
on treated guava

x100
Half of the number of flies settled on both
treated and untreated guavas

% Oviposition deterrence:

Half of the number of eggs laid on both treated
and untreated guavas - number of eggs laid
on treated guava

x100
Half of the number of eggs laid on both treated
and untreated guavas

RESULTS AND DISCUSSION

Repellency

Table | shows mean number of flies settled
on untreated guava and on those treated with various
solvent extracts of different plants. As can be seen
comparatively lower numbers of flies were observed
on guava treated with extracts. Among the test
materials, the acetone extract of V. jatamansi was
the most effective against settling response as only
3.2 out of 16 flies released were observed on both
treated and untreated guava during 10 observations
taken at hourly intervals. Its ethanol extract was
next in order allowing 6.5 flies while 20.49 flies
settled in control treatment. Number of settled flies
was in between these limits in other treatments.

Regarding the repellent effects, ethanol
extract of P. harmala was the most promising.
Although a higher number of 8.4 flies settled, yet it
was the most promising as it had only 1.7 flies on
the treated as against 6.7 in untreated guava fruit
showing 59.38% repellency of the extract. This was
followed by petroleum ether extract of C. longa
showing 57.14% repellency as 1.00 fly settled on
treated fruit as against 3.67 on untreated fruits.
Acetone extract of P. harmala was next in order
with 46.19% repellency. Mean numbers of flies
settled on treated fruit were 2.3 as against 6.3 on
untreated fruit. Similarly, ethanol extracts of V.
jatamansi, C. colocynthis and C. longa had 38.46,
34.55 and 34.29% repellency, respectively. Extracts
of S. lappa and A. calamus had no repellent effect as
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Table I.- Mean number(+SE) of B. zonata adults settled on untreated guava fruits and those treated with different plant
extracts in three solvents at 2% concentration in a free choice test.
Plant Solvent Mean number of flies settled % repellency t value
Untreated guava Treated guava
Acorus calamus petroleum ether 8.67+1.04 6.50+3.50 14.29 1.02"™
acetone 6.00+3.91 3.83+1.53 22.03 0.89"™
ethanol 4.67+3.01 3.50+1.80 14.29 0.57"™
Curcuma longa petroleum ether 3.67+1.26 1.00+0.50 57.14 2.52"™
acetone 7.50+1.80 4.83+2.57 21.62 147"
ethanol 7.83+0.29 3.83£2.02 34.29 3.39™
Citrullus colocynthis petroleum ether 4.67+2.36 2.67+1.15 27.27 1.31"™
acetone 5.50+1.80 3.33+1.26 24.53 1.70"™
ethanol 6.17+1.89 3.00+0.86 34.55 2.63™
Saussurea lappa petroleum ether 5.0+4.09 3.240.58 22.40 0.76 ™
acetone 4.7+1.26 4.5+4.27 1.85 0.06™
ethanol 6.5+4.92 6.3+4.37 1.33 0.04"
Peganum harmala petroleum ether 6.2+1.26 4.0+0.50 21.34 2.77™
acetone 6.3+1.04 2.3+1.89 46.19 3.21°
ethanol 6.7+£0.29 1.7+£1.39 59.38 6.07°
Valeriana jatamansi petroleum ether 5.5+1.80 4.7+2.02 8.16 0.53™
acetone 2.0£2.19 1.2+0.58 25.48 0.61™
ethanol 4.5+0.87 2.0+1.80 38.46 2.16™
Control (untreated fruit) 10.12+4.76 10.37+4.80 -1.22 0.07™

Each value is mean of 3 replications with 16 insects per replicate.
"Non-significant, *Significant

there was almost no difference in the number of
flies settled on treated or untreated fruits. Similarly,
flies showed almost equal response to the fruits
where no treatment was applied as the flies settled
were 10.37 and 10.12 on both untreated fruits,
respectively.

Petroleum ether extract of C. longa not only
repelled the flies but also affected overall settling of
flies on both fruits. Acetone and ethanol extracts of
V. jatamansi also affected overall settling of fruit
fly. Extracts of P. harmala in the same solvents
worked as repellent because comparatively lower
number of flies settled on guava fruits treated with
these extracts, although total number of flies settled
were higher as compared with those settled where
acetone and ethanol extract of V. jatamansi and
petroleum ether extract of C. longa were applied. In
control fruits, flies did not show any non-preference
to either fruits and visited them in equal numbers.

Oviposition deterrence

Table Il shows that exposure to vapours of
plant extracts inhibited overall oviposition
irrespective of treated or untreated guava and the
numbers of eggs laid were comparatively lower on
treated guava than those on untreated irrespective of
the total number of eggs laid both on treated or
untreated fruits.

Out of six plants C. colocynthis suppressed
overall egg laying of exposed flies. In majority,
ethanol extracts of plants suppressed overall egg
laying except C. colocynthis and S. lappa where
suppression was more pronounced in petroleum
ether extracts as compared to their ethanol extracts.
Petroleum ether extracts of P. harmala and V.
jatamansi were not promising. Acetone extracts of
all the plants except C. colocynthis allowed
comparatively more oviposition. A. calamus did not
seem to have any effect on egg laying. However,



REPELLENT AND OVIPOSITION DETERRENT EFFECTS OF PLANT EXTRACTS 105

Table I1.-  Mean number (£SE) of eggs laid by B. zonata adults settled on untreated guava fruits and those treated with
different plant extracts in three solvents at 2% concentration in a free choice test.
Plant Solvent Mean number of flies settled % Egg inhibition t value
Untreated guava Treated guava

Acorus calamus petroleum ether 40.33+19.78 39.83+18.71 0.62 0.02"™
acetone 22.50£5.57 35.50+31.22 -22.41 0.58"™
ethanol 22.67+£13.32 17.83+12.19 11.93 0.46™

Curcuma longa petroleum ether 31.00+£14.60 12.17+8.25 43.63 1.27™
acetone 72.00+34.10 36.00+25.24 33.33 1.46™
ethanol 35.83+23.29 15.67+8.39 39.16 1.41™

Citrullus colocynthis petroleum ether 7.67+5.03 4.83+3.33 22.67 0.58"™
acetone 16.17+10.97 10.83+4.01 19.75 0.79™
ethanol 25.83+£15.82 7.67+4.90 54.23 1.89™

Saussurea lappa petroleum ether 20.93+2.80 4.00£1.32 67.91 0.85"™
acetone 50.33+9.50 19.33+11.02 44.50 2.69™
ethanol 17.33£4.73 20.00+2.65 -7.14 0.16"™

Peganum harmala petroleum ether 52.17+21.27 55.83+45.18 -3.40 0.13™
acetone 90.67+60.01 14.83+9.83 71.88 2.16™
ethanol 12.00+8.05 5.67+1.76 35.85 0.61™

Valeriana jatamansi petroleum ether 50.67+30.83 24.17+14.06 35.41 1.08™
acetone 47.00£26.85 9.83+6.45 65.40 2.15™
ethanol 11.67+£8.25 2.17£1.04 68.67 1.30™

Control (untreated fruit) 53.50+16.64 64.50+14.75 -9.32 0.47"™

Each value is mean of 3 replications with 16 insects per replicate.
* Non-significant

highest oviposition deterrence of 71.88% was
observed in guava treated with acetone extract of P.
harmala followed by 68.67 and 67.91% deterrence
in ethanol extract of V. jatamansi and petroleum
ether extract of S. lappa. Acetone extract of V.
jatamansi, ethanol extract of C. colocynthis, acetone
extract of S. lappa and petroleum ether extract of C.
longa were also promising showing 65.40, 54.23,
4450 and 43.63% oviposition deterrence,
respectively.

Petroleum ether extract of C. colocynthis,
ethanol extracts of V. jatamansi and P. harmala
allowed minimum oviposition as the total number of
eggs laid was 12.50 (1.5 eggs/female), 13.84 (1.7
eggs/female) and 17.67 (2.2 eggs/female),
respectively, as compared with 118.00 (14.75 eggs/
female) in the control fruits. This behaviour of
oviposition inhibition was more or less pronounced
in all the extracts except 108.00 (13.50 eggs/female)

in acetone extract of C. longa and petroleum ether
extract of P. harmala.

Petroleum ether extract of P. harmala,
acetone extract of A. calamus and ethanol extract of
S. lappa did not affect oviposition of the flies rather
they allowed higher oviposition in treated fruits as
compared with their respective untreated fruits.

The above observations indicated that
minimum overall settling on both treated and
untreated guava occurred in acetone extract of V.
jatamansi but it was not good repellent while extract
of C. longa in petroleum ether affected settling and
was also a promising repellent. The repellent
compounds in petroleum ether extract of C. longa
are turmerone and ar-turmerone (Su et al., 1982).
Turmeric oil repelled Rhizopertha dominica and its
petroleum ether extract was repellent to Tribolium
castaneum (Jilani and Su, 1983; Jilani et al., 1984;
Noorullah et al.,, 1990). However, ethanol and
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acetone extracts of P. harmala having
comparatively higher overall settling were the most
promising repellents. Regarding egg laying,
petroleum ether extract of C. colocynthis had overall
lowest oviposition on both treated and untreated
guava but it had not deterred oviposition, P.
harmala in its ethanol extract behaved similarly.
While ethanol extract of V. jatamansi allowed
minimum oviposition and at the same time had very
high oviposition deterrence of 68.67%. Mean
number of eggs laid was 2.17 and 11.67 in treated
and untreated fruits, respectively. Acetone extract of
P. harmala having the highest overall oviposition
also indicated the highest oviposition deterrence of
71.88%.

Oviposition by settling females was also
affected by the type of plant extract. There was
clearly lowest oviposition in ethanol extracts
followed by petroleum ether and acetone extracts.
Further to this in ethanol extracts maximum
oviposition inhibition per visit of fly was exhibited
by P. harmala followed by V. jatamansi, S. lappa,
C. colocynthis, C. longa and A. calamus showing
2.10, 2.13, 2.92, 3.65, 4.49 and 4.95 eggs/visit. In
case of acetone extracts maximum oviposition
inhibition was recorded in C. colocynthis followed
by A. calamus, S. lappa, C. longa, P. harmala and
V. jatamansi showing 3.06, 5.90,7.57, 8.75, 12.62
and 17.76 eggs/visit of the fly. The order was still
different in petroleum ether extracts where
maximum oviposition inhibition was exhibited by
C. colocynthis followed by A. calamus, S. lappa ,V.
jatamansi, C. longa and P. harmala with 1.70, 1.77,
3.04, 7.34,9.22 and 10.59 eggs/visit.

It was therefore, concluded that polarity of
the solvent used for preparation of extracts had
visible effect on the efficiency of the fly to oviposit.
In ethanol extracts having highest polarity, V.
jatamansi and P. harmala had the highest
oviposition inhibition whereas in acetone and
petroleum ether extracts, they had comparatively
lower effect. However, in lower polarity solvent
extracts i.e. petroleum ether extracts of C.
colocynthis and S. lappa extracts were more
effective, while in medium polarity solvent extracts
i.e. acetone extract of C. colocynthis was more
effective than other plant extracts.

The above observations can be related with

the polarity sequence of the group of chemicals
extracted with different solvents and subsequent
response of the fly to settle and oviposit on the fruits
treated with these extracts. The extracts having
comparatively more amount of the chemicals with
higher molecular weight have shown more
oviposition inhibition.

In the above studies three solvents viz.
petroleum ether, acetone, and ethanol having low,
medium, and high polarities, respectively, were used
to prepare extracts containing compounds of
corresponding polarities. Results indicated that in
case of A. calamus, P. harmala and V. jatamansi
polarities of the extracts were directly related to
their repellent effect and indirectly related to overall
oviposition and oviposition on extract treated guava
fruits. This indicated that low polarity compounds
extracted from these plants with petroleum ether
were non-repellent where as those extracted with
acetone and ethanol had higher repellent effect.
Similarly, lower polarity extracts allowed overall
higher oviposition and on the treated guava. The
oviposition decreased with increase in polarity;
ethanol extracts showing the lowest oviposition.
However, in case of S. lappa, highest oviposition
deterrence of 67.91% was exhibited by petroleum
ether extract, which decreased to 44.56 in acetone
extract.

Oviposition deterrency however, appeared to
be directly related with polarity of the test plant
extracts in case of V. jatamansi, C. colocynthis, C.
longa and otherwise in S. lappa. Therefore, higher
oviposition deterrency of 68.67 and 67.91% was
achieved in ethanol extract of V. jatamansi and
petroleum ether extract of S. lappa, respectively. In
case of P. harmala middle polarity of the acetone
extract had the highest oviposition deterrent effect.
Similar behaviour in insects has also been indicated
by (Meera and Mann, 2002) that ether extracts of P.
harmala at 10 % concentration were the most
effective in reducing egg laying in Callosobruchus
chinensis. The chemical compounds in P. harmala
are aromatic with molecular weights ranging from
172 to 392 (Khan, 1990). The repellent action of P.
harmala might be due to the low molecular weight
volatile compounds ranging from 172 to 198, which
were extracted in acetone. In its ethanol extract
these compounds repelled the flies while the high
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Mol. Wt. compounds i.e. >200 persisted, deterred
and suppressed the egg laying. Hence, it can be
assumed that the low molecular weight compounds
in P. harmala affected settling and were good
repellents, while the high molecular weight
compounds affected egg laying of B. zonata.
Vapours of plant extracts had affected or inhibited
the overall egg laying of flies irrespective of treated
or untreated guava fruits. Total number of eggs laid
was very low where extracts were applied as
compared to control fruits. This suppression or
inhibition was more pronounced in ethanol extracts
than in acetone and petroleum ether extracts.
Detailed studies are required to investigate relation
between biologically active compounds and their
effect on egg inhibition. Chen et al. (1996) reported
the role of non-volatile neem components detected
by the ovipositor as a signal to reduce egg laying.
So, in case of ethanol extract of P. harmala and V.
jatamansi, it is possible that biologically active
heavy molecular weight compounds might have
played their role in reducing egg laying and
therefore need to be identified.

Similar type of response in insects caused by
plant extracts has also been reported from other
laboratories. Sharaby (1988) reported pronounced
reduction in egg production and egg viability when
Phthorimaea operculella were exposed to the
vapours arising from paper treated with 220 pl of
Citrus sinensis. The reduction in fecundity and egg
hatchability was more pronounced when both sexes
were treated than when only one sex was treated and
allowed to mate with an untreated one of the
opposite sex. Dongre and Rahalkar (1982) reported
that exposure of adults of Earias vitella to oil
vapours of Blumea eriantha reduced their mating
ability, predominantly that of males. The mating
percentage and fecundity of mated females
decreased with increase in pre-oviposition period up
to a concentration of 10 pl oil exposure.

The leafhopper, Nephatettix virescens, and
the planthopper, Nilaparvata lugens, caged on rice
plants treated with 12 percent neem oil showed
decreased egg production. N. lugens and N.
virescens collected from rice plants sprayed with
neem seed kernel extract revealed significantly
lower frequencies of meiotic cells in progenies of N.
lugens (Saxena, 1989).

Further investigations are necessary to
separate active compounds present in the promising
extracts through partitioning these extracts by
chromatographic techniques and to study their
chemosterilant, neurotoxic and geno-toxic effects.
Such compounds may also have effects on hormonal
imbalance and reproductive physiology of insects.
This information can be helpful in developing some
effective formulations for commercial use against
insects.

ACKNOWLEDGEMENT

Authors are grateful to the Agricultural
Linkages Programme of Pakistan Agricultural
Research Council for providing necessary funding
to undertake present studies at the National
Agricultural Research Centre, Islamabad.

REFERENCES

AGARWAL, M.L., KUMAR, P. AND KUMAR, V., 1999.
Population suppression of Bactrocera dorsalis (Hendel)
by Bactrocera zonata (Saunders) (Diptera: Tephritidae)
in North Bihar. Shashpa, 6: 189-191.

AKHTAR, N., JILANI, G., MAHMOOD, R., ASHFAQUE, M.
AND IQBAL, J., 2004. Effects of plant derivatives on
settling response and fecundity of peach fruit fly
Bactrocera zonata (Saunders). Sarhad J. Agric., 20:
269-274.

ALINIAZEE, M.T. AND CROFT, B.A. 1999. Biological
control in deciduous fruit crops. In: Handbook of
biological control (eds. T.S. Bellows and T.W. Fisher),
pp. 743-759. Academic Press, New York, USA.

AMMON, H.P.T., ANAZODO, M.l, SAFAYHI, H,
DHAWAN, B.N. AND SRIMAL, R.C, 1992.
Curcumin: a potent inhibitor of Leukotriene B4
formation in rat peritoneal polymorphonuclear
neutrophils (PMNL). Planta Med., 58: 26.

BARANOWSKI, R., GLENN, H. AND SIVINSKI, J., 1993.
Biological control of the Caribbean fruit fly
(Diptera: Tephritidae). Flor. Entomol., 76: 245-250.

BUTANI, D.K., 1976. Insect pests of fruit crops and their
control: custard apple. Pesticides, 10: 27-28.

BUTANI, D.K. AND VERMA, S., 1977. Pests of vegetables
and their control: cucurbits. Pesticides, 11: 37-41.

CHEN, C.C., DONG, Y.J.,, CHENG, L.L. AND HOU, R.F,,
1996. Deterrence of neem seed kernel extracts on
oviposition of the oriental fruit fly (Diptera:
Tephritidae) on guava. J. econ. Ent., 89:462-466.

CLARK, R.A., STEEK, G.L. AND WEEMS, H.V., 1996.
Detection, quarantine, and eradication of exotic fruit



108 J. REHMAN ET AL.

flies in Florida, In: Pest management in subtropics: a
Florida perspective (eds. D. Rosen, F.D. Bennett and
J.L. Capinera), Intercept, Andover, UK, pp. 29-54.

DONGRE, T.K. AND RAHALKAR, G.W., 1982. Effect of
Blumea eriantha oil on reproduction in Earias insulana.
Experientia, 38:98-99.

GREWAL, J.S. AND MALHI, C.S., 1987. Prunus persica
Batsch damage by birds and fruit fly pests in Ludhiana
(Punjab). J. entomol. Res., 11: 119-120.

IGNACIMUTHU, S., 2004. Green pesticides for insect pest
management. Curr. Sci., 86: 1059-1060.

ISMAN, M.B., 2006. Botanical insecticides, deterrents, and
repellents in modern agriculture and an increasingly
regulated world. Ann. Rev. Ent., 51: 45-66.

IWU, M.M., JACKSON, J.E., AND SCHUSTER, B.G., 1994.
Medicinal plants in the fight against leishmaniasis.
Parasitol. Today, 10: 6568.

JILANI, G, NOORULLAH AND GHIASUDDIN, 1984.
Studies on repellent properties of some indigenous plant
materials against Tribolium castaneum (Herbst)
(Coleoptera: Tenebrionidae). Pak. Entomol., 6:121-130.

JILANI, G. AND SU, H.C.F., 1983. Laboratory studies on
several plant materials as insect repellents for protection
of cereal grains. J. eco. Ent., 76: 54-57.

KAPOOR, V.C., 1993. Indian fruit flies (Insecta: Diptera:
Tephritidae). International Science Publisher, New
York, USA.

KHAN, 0.Y., 1990. Studies in the chemical constituents of
Peganum harmala. Ph.D. thesis, H.E.J. Research
Institute of Chemistry, University of Karachi, Pakistan.

MEERA, S. AND MANN, A.K. 2002. Effect of smoke
treatment of Peganum harmala on the mortality of
Callosobruchus chinensis Linnaeus. Insect Environ., 8:
108-109.

MORAZZONI, P AND BOMBARDELLI, E., 1995. Valeriana
officinalis: traditional use and recent evaluation of
activity. Fitoterapia, 66: 99-112.

NOORULLAH, JILANI, G. KHAN, M.I. AND
GHIASUDDIN, 1990. Repellency of turmeric and its
derivatives applied to rice against the Red Flour Beetle
(HBST.) (Coleoptera:Tenebrionidae). Pak. Entomol.,
12: 38-41.

SAXENA, R.C., 1989. Insecticides from neem. In: Insecticides
of plant origin (eds. J.T. Arnason, B.J.R. Philogene and
P. Morand), pp. 110-135, ACS Symp. Ser. No. 387,
Washington, DC.

SHARABY, A., 1988. Effect of orange, Citrus sinensis (L. peel
oil on reproduction on Phthorimaea operculella (Zell).
Insect Sci. Appl., 9:201-203.

SINGH, S., AND SINGH, R.P., 1998. Neem ( Azadirachta
indica) seed kernel extracts and Azadirachtin as
oviposition deterrents against the melon fly (Bactrocera
cucurbitae) and the oriental fruit fly (Bactrocera
dorsalis). Phytoparasitica., 26:1-7.

SIDDIQI A. R., JILANI, G., REHMAN, J. U. AND KANVIL,
S., 2006. Effect of turmeric extracts on settling response
and fecundity of peach fruit fly (Diptera: Tephritidae).
Pakistan J. Zool., 38: 131-135.

STONEHOUSE, J., MUMFORD, J.D. AND MUSTAFA, G.,
1998. Economic losses to tephritid fruit flies (Diptera:
Tephritidae) in Pakistan. Crop Protect., 17: 159-164.

STONEHOUSE, J., 1997. Fruit flies in Pakistan needs
assessment for a control research project. Imperial
College Centre for Environmental Technologies. Final
Report. 4 pp.

SU, H.C.F., ROBERT, J.H. AND JILANI, G., 1982. Isolation,
purification and Characterization of insect repellents
from Curcuma longa (L.). J. Agric. Fd. Chem., 30:290-
292.

SYED, R.A., GHANI, M.A. AND MURTAZA, M., 1970.
Studies on the trypetids and their natural enemies in
West Pakistan. 1ll. Dacus (Strumeta) zonatus
(Saunders).  Technical Bulletin, pp  1-16,
Commonwealth Institute of Biological Control.

WHITE, .M. AND ELSON-HARRIS, M.M., 1992. Fruit flies
of economic significance: their identification and
bionomics. 601 pp. Wallingford, CAB International.

YASMIN, S., 2004. Repellent and growth inhibiting effects of
Saussurea lappa, Peganum harmala and Valeriana
officianalis derivatives on peach fruit fly (Diptera:
Tephritidae). M.Sc. thesis. Fatima Jinnah Women
University, Rawalpindi, Pakistan.

(Received 20 August 2007, revised 16 November 2008)



	MATERIALS AND METHODS
	Control (untreated fruit)
	Citrullus colocynthis
	Control (untreated fruit)
	5
	6
	-
	0




