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ABSTRACT

The toxic effect of three natural plant oil extracts (Clove bud oil, linseed oil and
Fennel seed oil) and Selecron as a pesticide compound on the 3™ instar larvae of the
cowpea aphid, Aphis craccivora Koch, was studied at four concentrations after 24 hrs
period under laboratory oondltlons Results of Probit analysis showed that the Clove oil gave
the highest effect against the 37 instar larvae followed by Linseed oil then Fennel oil.

Also, the effect of the lowest concentration of each of the tested oils on some
biological aspects was studied. The treated individuals of the black Iegume aphid, by Fennel
0il (2000 ppm) survived for only 6 - 7 days and completely died in 2™ [arval instar. In case of
Linseed oil (1000 ppm) the aphids survived between 7 and 10 days and died in the 3" instar
larvae, while they survived for 9 - 12 days and died in the 4™ instar larvae when reared on
the treated faba bean with Clove oil (100 ppm).

In view of the potentiality reported here, at least under indoor conditions, it was
obvious that certain plant oils such as Fennel, Linseed and Clove oils could be used
successfully to inhibit the build-up of cowpea aphid population at economically low rate of
application.

Data showed that Clove oil caused the lowest mortality percentage on the adult stage
of Coccinella undeciumpunctata L. after 24hours of treatment (33.3%) followed by
Linseed oil (66.7%), then Fennel oil (100%). Whereas all aduits of the minute wasp
parasitoid, Diaeretiella rapae (M'Intosh) succeeded in emergence from the mummy aphids,
which were treated with all concentrations of the tested plant oils.
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INTRODUCTION

The black legume aphid or cowpea aphid, Aphis craccivora Koch.
(Homoptera: Aphididae) is considered among the economically important
pests of Leguminous crop plants. The direct damage when plant shoots are
heavily infested is the reduction of extension growth and the debilitating
effect of sap extraction by large numbers of aphids can reduce crop size
(Habib and El-Kady, 1961; Darwish et al., 1989; Darwish and EI-
Sheikh, 1991; El-Hawary and Abdel-Salam, 2005). Also, this species
infests some fruit trees in Egypt (Darwish et al., 1994 and Tawfeek, 2001).
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It damages the infested plants by feeding on the sap and it also known as a
vector of about 30 plant virus diseases (Blackman and Eastop, 1984;
Sanz et al., 2001). At heavy infestation, the secretion of honey dew causes
growth of black sooty mould causing interference with the vital processes of
plants (Darwish, 1998 and Summers ef al., 2004).

In spite of widespread public concem for long-term health and
environmental effect of synthetic pesticides, botanical insecticides have
long been considered as acceptable alternatives to synthetic chemical
insecticides for pest management as they have low persistence in the
environment, little mammalian toxicity and resulting in good selectivity and
wide public acceptance (Isman, 2000, 2005; Sampson et al., 2005 and
Digilio et al., 2008). One alternative method to control aphids is the use of
essential oils and extracts. These products are described as complex
mixtures of natural substances made by plants (Moschetti, 2006).

The present study aims to evaluate the activity and efficiency of three
commercial plant oils (Fennel, Linseed and Clove oils) and comparing their
effect with an conventional insecticide on the black legume aphid, A.
craccivora, besides on one of each of its predators and parasitoids under
laboratory conditions.

MATERIALS AND METHODS
A- culture of the tested aphids:

The collected A. craccivora individuals were obtained from Abbeas
Farm, Faculty of Agriculture, Alexandria Univ., Egypt. Samples of infested
faba bean plants were transported from the field and used to infest clean
faba bean plants, which were cultivated in pots under semi-field conditions
at the Department of Applied Entomology, Faculty of Agriculture in
Alexandria. The aphids were reared for several generations.

In order to obtain aphids of known age and high uniformity adequate
number of apterous viviparous females were transferred from the stock
colony to clean untreated faba bean leaves for 24h and then removed. The
offspring were maintained under 25°C + 2 and 75% + 5 R.H. until reaching
the 3™ instar larvae, the appropriate stage for testing.

B- The tested substances:

The commercial plant oils were a fixed oil (Linseed oil, Linum
usitatissimum) and two essential oils (Fennel oil, Foeniculum vulgare
and Clove oil, Eugenia caryophyllata). The extractions in all experiments
were preformed in water by adding Tween-20D as emulsifier. For each
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plant oil four concentrations were used i.e Linseed oil (1000, 3000, 6000
and 8000 ppm), Fennel oil (2000, 5000, 8000 and 10000 ppm), and Clove
oil (100, 500, 900 and 2000 ppm). The comparison insecticide Selecron
(72%) [common name: (Profenofos) [IUPAC name: 0-(4-bromo-2-
chlorophenyl)-5-ethyl-S-propyl phosphorothioate] as used at concentration
rate of 0.1, 0.5, 1, 10& 100 ppm.

The prepared aqueous solutions of the tested concentrations were
sprayed on free-infested faba bean leaves to the point of runoff, using a
hand pressure sprayer fitted by a low volume nozzle. Treated faba bean
leaves were left for dryness before transferred to petri-dishes. For each
concentration, a total number of 30 individuals of 3™ larval instar cowpea
aphids were bio-assayed in three replicates each of ten individuals. While
the water treated faba bean leaves were used in the control treatment. For
conserving faba bean leaves fresh, each petri-dish was furnished by water
moistened filter paper below the tested faba bean leaflets.

C-_Effect of plant oils on some biological aspects of A.
craccivora:

~ Furthermore, the biology of A. craccivora was studied at the lowest
concentration of each plant oils. For each of these lowest concentrations of
tested oils a total number of 30 individuals were bio-assayed in three
replicates of each ten individuals of the 1% larval instar. Three petri-dishes,
equipped with 30 individuals on water treated faba bean leaflets were used
as control. The reproductive, pre- and post-reproductive periods, fecundity
and total life span were determined according to the estimation of Darwish
(1983 a, b) and the application by Tawfeek (2001).
D- Effect of plant oils on some natural enemies of aphids:

Culture of the ladybird, Coccinella undeciumpunctata L.
(Coleoptera: Coccinelidae) was established and maintained in the
laboratory. Field-collected larvae were reared into adults in glass petri-
dishes (9.0 cm diameter) containing infested faba bean leaflets by aphids
on moistened filter paper. The highest prepared concentration of each plant
oil was applied upon the predator involved adults in petri dishes, in addition
to untreated check. Each petri dish contained five ladybirds on a faba bean
leaflet infested with first/second-instar larvae of aphids. Each treatment and
the control were tricely replicated. Prior to treatment, the ladybird adults
were starved for 12 hrs. To determine mortality; observations were made
24 hrs post treatment. Also, as to the abovemnentioned method, the
parasitoid species Diaeretiella rapae (M'Intosh) (Braconidae,
Hymenoptera) was exposed to the same tested plant oils as five mummies
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of aphids; replicated three times. The emerged adults of the parasitoid from
parasitized aphid's mummy are was investigated and counted.

RESULTS AND DISCUSSION
1. Assay:

The effect of three natural plant oil extracts (Clove bud oil, Linseed oil
and Fennel seed oil) and Selecron as an organophosphorus compound on
the 3" instar larvae of the black legume aphid, A. craccivora, was studied
at four concentrations after 24hs of treatment under laboratory conditions.

As shown in Table 1, results of Probit analysis show that among the
three plant oils used, the Clove oil gave the highest effect against the 3™
instar larvae of A. craccivora (Lcs, = 549.9 ppm) followed by Linseed oil
(Lcso= 2863.5 ppm) then Fennel oil (Lcso=4780.9 ppm).

Selecron was the most toxic compound in comparison to the tested
oils against the 3™ instar larvae of cowpea aphid as shown in Table 1, it
was used as a standard in calculating the toxicity index at Lcs level. No
mortality was seen in the untreated controls. However, the data obtained
demonstrate that the three compounds possess aphidicial activity at doses
higher than that used with the chemical synthetic insecticide (Selecron).
There were differences in the bioinsecticidal effects of the three plant oil
extracts especially Clove oil (Table 1). The strong activity of this oil may be
attributed to eugenol and methyl eugenol as major components which
accounted for 60 — 80% of Clove oil (Kim et al., 2003). Eugenol has been
shown to be effective against various species of Coleoptera (Hunag et al.,
2002), Hymenoptera (Enan, 2002) and Isoptera (Park and Shin, 2005).

Many plant extracts have been reported bioactive against A.
craccivora and other related species (Ofuya and Okuku, 1994; Abdallah
et al., 2004 and Tewary et al., 2005).

The second compound in toxicity for A. craccivora was Linseed oil
(Table 1), our finding is in agreement with the results obtained by El-Hadek
(2007) who found that Linseed oil was the most effective compound among
seven vegetable oils tested on adults of A. craccivora.

On the other hand, application of fennel (Foenicuium vulgare) seed
oil on cabbage aphid, Brevicoryne brassicae (L.) adversely affected the
daily fecundity and caused a higher offspring mortality rate (lgik and
Goriir, 2009). These findings were parallel with our results in this study
which showed that, the fennel seed oil was the third active compound on A.
craccivora (Table 1).
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It can be concluded from the findings that the three plant oil extracts
gave better results in controlling the aphid A. craccivora at higher
concentrations than synthetic pesticide which was used as comparative
treatment. However, the synthetic pesticide has been found significantly
more effective than the natural oils not withstanding of course the dangers
they possess to the environment and life. In general, the natural oils as an
pesticides are safer for the environment and human heeglth because of their
low toxicity and shorter degradation time.

2. Biological study:

The delayed effects of the three tested plant oils on the
developmental stages of cowpea aphids were investigated in comparison
with the check of untreated aphids. The biology of different treated stage of
A. craccivora was carried out under the laboratory conditions at 25°C + 2
and 75% * 5 R.H. by using the lowest concentrations of 100, 1000 and
2000 ppm for Clove oil, Linseed oil and Fennel oil, respectively.

‘Data in Table 2 show that the normal insects of untreted were
survived and completed their life cycle to reach aduit stage. The pre-
reproductive period ranged between 14 and 17 days with an average of
15.3 days. The reproductive period ranged from 8 - 12 days and averaged
9.7 days. The post reproductive period lasted between 2 and § days with
an average of 3.7 days. The total life span ranged between 24 - 31 days
with an average of 28.7 days. Fecundity on numbers of offspring ranged
between 9 and 11 with an average of 9.3 settied larvae (progenies) per one
apterous adult female aphid.

Data in Table 2, clearly indicated that the used plant oils varied in
their ability to disrupt the normal pattern of development to adult status in
cowpea aphids initially exposed as 1% instar larvae and continuously
maintained on treated faba bean leaves. Whereas, these treated aphid
individuals did not reach to adult stage and died before the last mouit as
immature stages. Herein, the treated individuals of the black Iegume aphld
by Fennel oil (2000 ppm) survived for only 8 - 7 days and died in the 2™
larval instar. In case of Linseed oil (1000 ppm) the aphids survived between
7 and 10 days and died |n the 3" instar larvae, while they survived for 9 -
12 days and died in the 4™ instar larvae in case of treatment with the lowest
concentrating Clove oil (100 ppm).

The obtained result elucidate that each of the tested plant oils at its
lowest concentration prevented the aphid individuals to reach the aduit
stage by inhibiting the completion of their life cycle. This phenomenon may
be attributed to either the resulted unpalatability or tolerance of host plant
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to the treated aphids; or may be caused by the delayed toxic efficiency of
the applied concentration of each oil. in view of the potentiality reported
here, at least under indoor conditions, it is obvious that certain plant oils
such as Fennel, Linseed and Clove oils could be used successfully to
inhibit the build-up of cowpea aphid's population at economically low rate of
application. '

3. Effect of the three tested plant olls on aphid's predators and
parasitoids:

Results illustrated in Table 3 show the revealed effects of evaluated
plant oils, 24 hrs after treatment against the inspected cowpea aphids'
predator and parasitoid. From the table, it could be seen that Clove oil gave
the lowest effect on mortality of the adult stage of C. undec/impunctata
(33.3%) followed by the more toxic efficient Linseed oil (66.7%), then
Fennel oil (100%). Vice versa, all the adults of the minute wasp parasitoid,
Diaeretiella rapae emerged from treated mummies aphids with all lowest
concentrations of the tested plant oils.

As is the case with many conventional insecticides, toxicity of
biologically active plant extracts on beneficial organisms can be also
considered an undesirable side effect in their use for pest control. 1t is
desirable for a candidate chemical to be selective for the pest and less
toxic to predators and parasitoids. In this concem, Ahmad et al. (2003)
found that first instar larvae of C. septempunctata showed a very high
mortality when fed on aphids sprayed with different neem preparations.
Ofuya and Okuku (1994) reported that acetone extracts of Zingiber
officinale, Aframomum melegueta, Momordica charantia and
Cymbopogon citrates exhibited high aphicidial activity against A.
craccivora. Also, Ofuya (1997) confirmed that these extracts have the
same effects on the coccinellids, Cheilomenes lunata and Cheilomenes
vicina which are predaceous on different aphids in different
agroecosystems. These include toxicity to eggs, reduction in efficiency of
predation in larvae and poor rate of pupation.

Adverse effects of some biologically active plant extracts on beneficial
organisms have been reported by Abramson et al. (2006), who stated that
Alfazema oil has the further advantage that it is attractive to ladybugs
Cyclonedo sanguinea L. (Coleoptera: Coccinelidae) a natural predator of
aphids. Also, coccinellids and many other beneficial agents similarly remain
unaffected by neem oil and extracts (Schmutterer, 1990). Presumably, at
lower concentration, the axtracts used in study may not have significant
effects on the predaceous coccinellids tested (Ofuya, 1997). But of course,
results gained in the laboratory and in the greenhouse are mostly different
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from results under field conditions (Herrmann et al., 1997; Vogt et al.,
1997, 1898). Ahmad et al. (2003) observed that foliar sprays of NKWE
(neem keme! water extract) on aphids had less severe effects upon the
parasitoid D. rapae.

Table 1: Toxic efficiency of the three evaluated plant oll extracts and
the standard insecticide Selecron against 3™ instar larvae of

A. craccivora, after 24hrs exposure period.
Material Siope ($SE) Lc,, ppm_95% Confidence Limits RT.

Clove oll 1.310.007 5499 356.3 ~ 848.2 0.003
Linseedoll 1.210.1 2863.5 1773.01 - 4618.2 0.0005
Fenneloll 18102 4780.9 3515.6 —6499.6 0.00003
Selecron 0.8+£0.001 16 0.84-3.1 1.0

* Relative toxicity= Lo value of insecticlde / Los value of tested material..

Nevertheless, biologically active plant extracts can be used
judiciously in integrated pest management programs in several other ways
as with insecticides (Pfadt, 1985). In a view of selectivity reported here, our
results could support the use of plant oils in an integrated control program
due to its safety to parasitoids and predators of aphids.

In order to develop high yielding varieties possessing resistance to
insect pests, comprehensive knowledge of plant-insect-biocontrol agent
and their interrelationship is necessary. Biological control of aphids has
received somewhat more attention in recent years perhaps, because of the
need for reducing the use of insecticides and because aphids are more
commonly and easily to study and rear under laboratory conditions than
other species of field economic pests. Much more research effort must go
into understanding, the role which of plant resistance and natural enemies
play in suppressing aphid populations (Darwish, 1998).
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Table 2: Efficacy the tested lowest concentrations of the three
evaluated plant oils on the survival potentiality and Fecundity of

the cowpea aphid, A. craccivora under Iabom conditions.

Some biological aspects Cont. Plant oll and its concentration
Clove oll Linsoed Fennel
oll oll
Water 100 ppm 1000 2000
ppm ppm
Period in days 2.3 3.0 2.3 3.0
1% instarlarva ~No. survival ind. 28 14 16 6
% Mortality 6.7% 8§3.3% 46.7%  80.0%
Period in days 33 3.7 3 3.3
2™ instarlarva No. survival ind. i 7 3 0
% Mortality 3.6% §0.0% 81.3% 100%
Period in days 3.7 3.0 3.0 -
3"instarlarva No. survival ind. 27 2.0 0 -
% Mortaiity 0.0 71.4% 100% -
Period in days 4.0 1.0 - -
4" instarlarva _No. survival ind. F1d - - -
% Mortality 0.0 100% - -
Period In days 15.3 - - -
Adult stage No. survival ind. 27 - - -
% Mortality 0.0 - - -
Mean of pre-reproductive period (days) 15.3 - - -
Mean of reproductive period (days) 9.7 - - -
Mean of post-reproductive period (days) 3.7 - - -
Total life span (days) 28.7 - - -
Accumulated No. of dead ind. 3 30 30 30
mortality % Total mortality 10% 100% 100% 100%
Fecundity = No. No. per 6 86 - - -
of settled larvae females
Mean / one 9.3 - - -
female

Abbreviation: ind. = individuals and - means that no survival individuals were found.
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Table 3: Effects of the three plant olls on C. undecimpunctataa
predator and D. rapae a parasitoid of cowpea aphids, A. craccivora.

Treatment Parasitoid after 6 days Predatory insect after 24 hrs
co and No. of % % adult No. of % %
neentration aphid Mortality Emergence predators Mortality Survivors
mummiss
Clove oll 16 0.0 100% 16 33 67.7
{2000 ppm)
Linseed oll 16 0.0 100% 16 67.7 333
{8000 ppm) :
Fennel oll 16 0.0 100% 16 100% 0.0
{10000 ppm) _
Control (water) 16 0.0 100% 16 0.0 100%
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