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Neem(Azadirachta indica)Seed Kernel Extracts and
Azadirachtin as Oviposition Deterrents against the Melon
Fly (Bactrocera cucurbitag and the Oriental Fruit Fly
(Bactrocera dorsali¥
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Neem (Azadirachta indicaA. Juss.) seed kernel (NSK) extractgiz, NSK aqueous
suspension (NSKS), ethanolic extract of NSK (EtOH. NSK), hexane extract of NSK (neem
oil), ethanolic extract of the hexane extract (EtOH. oil) and acetone extract of deoiled NSK
powder (Acet. DNSKP) at 1.25-20% concentrations, and pure azadirachtin at 1.25-10 ppm,
were evaluated as oviposition deterrentBtactrocera cucurbitadCoq.) andB. dorsalis
Hendel. NSKS at>5% under choice test conditions, and at all concentratioriks 25%)

in no-choice tests significantly deterred oviposition in both species. Similarly, EtOH. NSK
was significantly active at all the concentrations tested for both species in choice and no-
choice tests. However, with neem oil and EtOH. oil sensitivities of the two species differed
considerably. Both extracts deterred ovipositionBiycucurbitaeat all the concentrations
tested under both choice and no-choice test conditions. On the other han®, ddtsalis

neem oil was significantly deterrent only at 20% in both test regimes and at 5% and 20%
for EtOH. oil under choice and no-choice test conditions, respectively. Acet. DNSKP
significantly deterred oviposition by both species at all concentrations tested. Azadirachtin
failed to deter oviposition in either species.

KEY WORDS: Neem seed kernel extracts; azadirachtin; oviposition deterrent effect;
Bactrocera cucurbitae; Bactrocera dorsalis.

INTRODUCTION

The melon fly Bactrocera cucurbitagand the oriental fruit fly Bactrocera dorsalis
are of serious concern to fruit and vegetable growers in the Indian sub-continent. Damage
caused by these species is enormous, with nearly 50% of cucurbits being partially or
completely damaged b9. cucurbitaeevery year in India (1), whereas the damage caused
by B. dorsalisis yet to be estimated.

In the past attempts have been made to control fruit flies by luring them to baits
or by contact poisons (5,11,15,17). Contact poisons suffer from limitations and pose
serious health hazards, especially when fruits and some vegetables are consumed raw, often
unwashed. Baiting has proved to be only slightly effective, and, in addition, has harmful
effects on beneficial insects, including parasitoidBattroceraspp. While the sterile
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insect technique has been suggested (24,29), it has its own limitations and is impracticable
in continental areas. In addition, these measures do not achieve satisfactory control

because of high pest population densities throughout the year, due to the polyphagous and
polyandrous nature and long distance migratory abilities of the flies (6).

We definitely need a lower risk alternative for agricultural workers and fruit protection,
particularly when the commercial value of the fruit is reduced drastically even by slight
damage.

The search for alternative, ecofriendly insecticides has resulted in the rediscovery of
botanicals for plant protection. Of the numerous plants investigated, (®&eadirachta
indica A. Juss.) has shown the most promising results. More than 400 insect species,
including many key pests of agriculture, are susceptible to the various behavioral and
physiological effects of neem (22): oviposition and feeding deterrence, insect-growth-
regulating, ovicidal, sterilant, repellent activity, etc.

Neem seed kernel extracts varying from crude to enriched extracts have been reported
as being oviposition deterrents against many Diptera (2,7,19,31). However, in the majority
of these reports and those on other insects (9,13,14,21,23,30), comparison with pure
compounds was not included nor was any specific compound and/or volatile constitutent
clearly indicated as responsible for oviposition deterrence.

In the present investigations neem seed kernel extracts prepared with four different
solventsyviz., water, hexane, ethanol and acetone, were compared with pure azadirachtin
as to their effect on oviposition @&. cucrbitaeandB. dorsalis

MATERIALS AND METHODS
Extraction

Five different neem seed kernel (NSK) extract,, aqueous, hexane and ethanolic
extracts, an ethanolic extract of the hexane extract, and an acetone extract of deoiled NSK
powder and azadirachtin, were assayed for their effect on oviposition.

An agueous suspension of NSK (NSKS) was prepared by stirring 20 g of powdered
NSK in a beaker containing 100 ml of distilled water for 3—4 h, followed by filtering
through a fine muslin cloth. The marc remaining on the cloth was squeezed into the beaker.
The freshly prepared suspension thus obtained was taken as 20% stock solution, which was
diluted to lower concentrations with distilled water.

Ethanolic (EtOH. NSK) and hexane (neem oil) extracts of NSK were prepared by
stirring 100 g ground NSK in ethanol or hexane for 3 h, filtering and restirring the marc
five times with a 100-ml portion of each solvent. The combined filtrate was freed of the
respective solvent under reduced pressure &E50 a flash evaporator. The extracts were
dried to constant weight leaving no trace of solvent. The marc remaining from the hexane
extract was dried at room temperature and collected as deoiled neem seed kernel powder
(DNSKP). This powder was similarly extracted with acetone to obtain an acetone extract
of DNSKP (Acet. DNSKP).

The hexane extract (oil) was partitioned with ethanol to get ethanolic extract of oil
(Et.OH. oil) as described by Singgt al. (25).

All the extracts were formulated as emulsions using 0.5% Triton X-100 as the
emulsifier, after dissolving the extracts at 10% in their respective solvents (except NSKS
and neem oil, which were emulsified directly in water) and completing the volume (100
ml) with distilled water. 1.0 mg azadirachtin was dissolved in ethanol and then emulsified
in water.
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Insect cultures

Adults of B. cucurbitaeand B. dorsalisobtained from the Division of Entomology,
IARI, were reared in 30 cnx 30 cmx 30 cm wire mesh cages at21°C and 65+5%
r.h. and provided with yeast hydrolysate, sugar cubes and water.

Bioassay

Fruit pieces (2.5"x 1.5” x 1.25", of pumpkin forB. cucurbitaeand of guava for
B. dorsali§ which had been cleaned previously and incubated for 48 h at the above
temperature (to enable hatch of any eggs which may have been already oviposited by
the flies, so that the eggs did not interfere with those laid in the experiment), were then
dipped in the extracts for 30 sec and allowed to dry at room temperature. Ten pairs of 20-
day-old flies were transferred to 2015 cm (heightx diameter) fine-muslin-cloth-covered
glass jars and offered treated fruits for oviposition. Solvent-emulsified water- and untreated
water-treated fruits served as controls. All the extracts were tested at 1.25, 2.5, 5.0, 10.0 and
20.0%, whereas azadirachtin was tested at 1.25, 2.5, 5.0 and 10.0 ppm aqueous emulsions.
Three replications were done for treatments and controls. Experiments were conducted
for 24 h under choice and no-choice conditions, after which the fruits were removed and
dissected under a binocular microscope to count the number of eggs laid by ten female
flies. The data thus obtained were subjected to ANOVA with Duncan’s Multiple Range Test
(DMRT) and Least Significant Difference (LSD) applied for comparing treatment means.

RESULTS AND DISCUSSION

The effect of NSK extracts on the oviposition By cucurbitaeand B. dorsalisis
presented in Tables 1 to 4. Under choice test conditions all the extracts (except NSKS)
were significantly oviposition-deterrent f&. cucurbitaeat 1.25% and above (Table 1);
NSKS was active only at 5% and above. Similar effects were observé ftmrsaliswith
extracts EtOH. NSK and Acet. DNSKP (activity as from 1.25%); NSKS and EtOH. oil
were active only from 5% and neem oil only at 20% (Table 3).

TABLE 1. Effect of neem seed kernel extracts on the ovipositiorBagtrocera cucurbitaainder
choice test conditions

Concn. % Increase (+) or decrease (-) in ovipositieawater with emulsifier (control)

(%) NSKS EtOH. NSK Neem oil EtOH. oil Acet.
DNSKP

20.0 -100* -100* -100* -100* -100*

10.0 -31.3* -99.6* -66.3* -100* -100*

5.0 -33.5* -63.4* -51.4* -93.6* -84.3*

25 +1.8ns -53.2* -48.9* -47.0* -83.0*

1.25 +10.6ns -42.0* -26.4* -43.9* -53.4*

Untreated

control +5.6ns +7.0ns +7.8ns -14.0ns +17.1ns

* Means of three replications.
, Significant; ns, not significant; comparison by LSD.
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In the experiments conducted under no-choice test conditions all extracts were
significantly active againdB. cucurbitaeas from 1.25%, except NSKS (active as from
2.5%) (Table 2). AgainsB. dorsalisactivity was as follows: Acet. DNSKP, as from
1.25%; NSKS and EtOH. NSK, as from 2.5%; neem oil and EtOH. oil active only at 20%
(Table 4).

TABLE 2. Effect of neem seed kernel extracts on the ovipositiorBagtrocera cucurbitaainder
no-choice test conditions

Concn. Number of eggs l&idl0 females

(%) NSKS EtOH. NSK Neem oll EtOH. oil Acet.
DNSKP

20.0 10.3 2.00° 10.0° 2.0 1.33

10.0 38.0 8.3 28.0 5.3 7.7

5.0 45.0 42.3 29.0¢ 27.7 26.0

2.5 47.7 49.0 34.0° 31.3¢ 32.0

1.25 51.7¢ 53.F 46.7 48.3 36.3

Water with

emulsifier 91.0¢ 98.7 96.7 75.3 84.0¢

Untreated

control 92.3 99.7 101.3 85.7 87.7%

“Means of three replications.
Within columns, means followed by a common letter do not differ significaRtly 0.05) by DMRT.

We found that azadirachtin had no oviposition deterrence effect under choice and no-
choice test conditions for either species.

TABLE 3. Effect of neem seed kernel extracts on the ovipositioBagtrocera dorsalisinder choice
test conditions

Concn. % Increase (+) or decrease (-) in ovipositieawater with emulsifier (control)

(%) NSKS EtOH. NSK Neem oll EtOH. oil Acet.
DNSKP

20.0 -100* -100* -100* -100* -100*

10.0 -47.2* -100* -19.4ns -55.1* -100*

5.0 -34.5* -55.2* -8.6ns -49.8* -85.1*

2.5 -5.1ns -50.8* +15.8ns -11.4ns -69.6*

1.25 +6.0ns -34.7* +5.2ns +1.8ns -50.5*

Untreated

control +7.4ns +7.2ns +10.4ns +1.8ns +5.3ns

* Means of three replications.
, Significant; ns, not significant; comparison by LSD.

There are reports on the oviposition deterrence effects of simple neem extracts on
tephritids (3,6,16,27,28). Deterrence effects of methyti-butyl ether/water extract dB.
frontalis were reported by Dreyer (8) and of 100 ppm azadirachtiBotmyoni (18). The
former extract contained compounds in addition to azadirachtin, whereas the latter finding
was not confirmed under field conditions, probably due to the use of artificial oviposition
substrates in the laboratory trials which were not preferred as oviposition sites by the flies,
rather than to the effect of azadirachtin.
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TABLE 4. Effect of neem seed kernel extracts on the ovipositio®agtrocera dorsalisinder no-
choice test conditions

Concn. Number of eggs lgidl0 females

(%) NSKS EtOH. NSK Neem oll EtOH. oil Acet.
DNSKP

20.0 17.0 2.3 15.0° 5.7 2.3

10.0 35.7 13.¢ 66.7 52.7 11.¢

5.0 47.3¢ 46.3 79.7 62.0 31.3

2.5 50.3¢ 52.0¢ 86.0 75.0 36.7

1.25 74.3¢ 66.0% 86.3 83.3 38.3

Water with

emulsifier 89.0 75.0 85.3 84.7 80.3

Untreated

control 91.0 75.7 86.0 85.¢ 81.7

*Means of three replications.
Within columns, means followed by a common letter do not differ significaRtly 0.05) by DMRT.

In our studies of the oviposition deterrence Bf cucurbitaeand B. dorsalis on
the preferred fruits, cucumbelC(curbita moschajaand guava Rsidium guajavy
respectively, we have tried to assess the deterrence effect of four neem extracts and
azadirachtin and to find out the differences in the susceptibility of these two species to
neem extracts.

Differences in the susceptibility of insects to neem extracts depend on the diversity of
seed preparations and on the insects studied (16,26). Results have shown that the degree
of deterrence varied between the extracts and the sp&iesyrsalisbeing less sensitive
thanB. cucurbitae As the extracts were prepared from the respective stock solutions,
the chances of variation due to the extracts is ruled out, and difference in deterrence
must be due to the differences in the susceptibility of the two species. This confirms the
findings of Singh and Srivastava (27), who reported Bratorsalisrequired a much higher
concentration of ethanolic extract of hexane extract for arrest of oviposition as compared
with B. cucurbitae

Azadirachtin had no oviposition deterrence effect, confirming the reports of Saxena
and Rembold (21). Naumann and Isman (16) and Saxena and Basit (20) advocated the
role of volatile organosulphur compounds including dipropyl disulphide which are known
to be present in the neem seeds (4) as probable compounds responsible for oviposition
deterrence. The volatile organosulphur compounds may be responsible for deterrence in
the case of EtOH. oil. However, their absence in NSKS (water cannot dissolve an apolar
volatile organosulphur compound present in the apolar part — oil — of the seed kernel),
which also deterred the flies, is suggestive of the fact that there may be other compound(s)
responsible for oviposition deterrence, possibly a common compound, present in both oil
and the deoiled part of the seed. The chances of this being a non-volatile compound are
further strengthened, as the flies settled on the treated fruits and appeared quite comfortable,
probed, but did not lay eggs. This is in conformity with the report of Céieal. (6), who
suggested the role of non-volatile neem components detected by the ovipositor as a signal
to reduce egg laying.
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There are several compounds present in the oil and deoiled part of the seed kernel and
since both fractions have deterred oviposition, we presume that the compound(s) is/are
common to the two parts. Salannin, a common compound present in oil (12,25) and
the deoiled part (10) of neem seeds, may be the compound responsible for this effect.
Nevertheless, the role of other compounds and the continuous input of olfactory stimuli
after landing on neem-treated fruits, cannot be ruled out.

As already mentioned, the current methods used to control fruit flies have their own
limitations. The incorporation of oviposition deterence in pest management programs may
be an effective alternative for controlling the flies.
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