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ABSTRACT:
The black cowpea aphid, Aphis craccivora, is a key pest of Vigna unguiculata in tropical
and sub-tropical countries. Olfactometry experiments were conducted in the laboratory
to study the effects of host plant odours on apterae and alatae forms ofA. craccivora. The
host plants were fresh leaves of cowpea, V. unguiculata and groundnut, Arachis
hypogaea, while the non-host plants were seeds of neem, Azadirachta indica and Pepper
fruit, Dennettia tripetala. Both alatae and apterae spent significantly (P<O.OO 1) more
time and made more visits to the olfactometer arm emitting host plant odour than control
in single choice bioassay. In response to non-host odourperception, the aphids exhibited
significantly avoidance behaviour in terms of time spent and number of visits compared
to the control. When V.unguiculata and A. hypogea volatiles were compared in a dual
choice test, the time spent by alatae and apterae in the two olfactometer arms were
significantly greater than the time spent in the control arms. However, the aphids did not
show any preference for either ofthe two treatmcn {S,. th IlS demonstrating that both sets of
volatiles have similar attractivity. The aphids ',\ere also significantly (P< 0.001)
repelled by odours from A. indica and D. tripetala compared to control arms in choice
tests. This study showed that A. craccivora responded with positive anemotaxis to
kairomonal cues emanating from its host plants, V.unguiculata and A. hypogaea, but
was repelled by non-host volatiles. The result indicate thatA. indica andD. tripetala oils
have potential as repellents or a part of the integrated pest management strategies in the
control ofA. craccivora by resource-poor farmers in the tropics.
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INTRODUCTION:
Cowpea, Vigna unguiculata (L.) Walpers,
is an important indigenous leguminous

food crop that provides a relatively
inexpensive source of high
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quality protein for humans and animals in
many African countries. In Nigeria for
instance, cowpea is cultivated by
resource-poor farmers on small farm
holdings. The grains contain 25% protein,
and several vitamins and minerals.

Aphids are a perennial limitation to
sustainable cowpea production especially
in Africa. The pest status of these small
insects is related to several features of their
biology that enable them to locate and
exploit their host plants for feeding and
oviposition (Powell et al., 2005). The
black cowpea aphid, Aphis craccivora
Koch, (Homoptera: Aphididae) is a key
pest of V. uniguiculata, groundnut or
peanut, and other related leguminous
crops in the field. Groundnut (Arachis
hypogaea (L.)) is the fourth most
important oilseed crop in the world, grown
mainly in tropical, subtropical and warm
temperate climates. It is an important
leguminous cash and crop for the tropical
farmers and its seeds contain high amounts
of edible oil (4355 %) and protein (2528
%) (Reddy et al., 2003).
A. craccivora nymphs and adults infest V.
unguiculata seedlings feeding on the
leaves, shoots, inflorescence and green
pods and causing malformation of the
affected parts, stunted growth, curling up
of leaves, flower and pod abortion, and
poor yield (Ofuya, 1995; Pettersson et al.,
1998). A. craccivora has been reported to
transmit the cowpea mosaic virus (CMV),
groundnut rosette virus (GRV) , Africa's
most devastating groundnut disease,
peanut mottle virus (PMV), peanut stripe

virus (PSV) and peanut green mottle virus
(PGMV) (Schilling and Gibbons, 2002).
The continuous feeding of aphids on a host
plant could result to the build-up of
overcrowded colonies and decline in
nutritional quality, and the insect respond
to such unfavourable environment by the
production of alatae. However, aphids
maximize investment in reproduction by
producing apterous progeny in low aphid
density and good quality host plant. The
alatae adults taking flights from their natal
plants are capable of establishing new
colonies once contact has been made with
potential host plants (Mueller et al., 2001;
Powell et al., 2005). In Nigeria, V.
unguiculata is protected against insect
pests such as A. craccivora by the
application of synthetic insecticides such
as lambda cy h a l o t h r in and
monocrotophos. But environmental
concerns regarding the continuous
application of these insecticides in crop
protection, such as the development of
resistance by pest organisms, persistence
in the environment, detrimental effects on
beneficial organisms, mammalian
toxicity, issues with residues on food
(Daglish, 2004; Sousa et al., 2009), higher
cost of crop production and scarcity at
times of need (Umoetok et al., 2009), have
prompted the need for evaluation of
botanical products to manage pests of
crops in Africa. Different pesticidal plant
products in the form of essential oils (EO),
powders, pellets, extracts or distillates
could be harnessed as potential toxicants,
deterrents, antifeedants and repellents to
prevent insect feeding and oviposition
(Isman, 2006; Rajendran and Sriranjini,
2008). Neem

70



NIGERIAN JOURNAL OF ENTOMOLOGY 29 & 30: 1-5 (2012 & 2013)

(Azadirachta indica A. Juss) (Meliaceae)
is perhaps the most useful traditional
medicinal plant in Africa and Asia. Every
part of the neem tree has some medicinal
property and therefore potentially
exploitable. Nimbidin, a major crude
bitter principle extracted from the oil of
seed kernels of A. indica demonstrated
several biological activities. From this
crude principle some tetranortriterpenes,
including nimbin, nimbinin, nimbidinin,
nimbolide and nimbidic acid have been
isolated. Another extract, azadirachtin, a
highly oxygenated C-secomeliacins
isolated from neem seed is reported to
exhibit strong antifeedant activity against
several arthropods (Biswas et al., 2002).
Neem extracts generally possesses anti-
fungal, anti-inflammatory, anti-bacterial .
and insecticidal properties (Mordue et al.,
1998; Isman, 2006; Umoetoketal., 2009).
Pepper fruit, Dennettia tripetala (G.)

Baker (Annonaceae) is a woody forest and
spicy plant, cultivated in Southern states
of Nigeria, where the leaves and fruits are
used in combination with other herbs for
the treatment of cough, worm infestation
and stomach ache (Ejechi and
Akpomedaye, 2005). D. tripetala extracts
have also been reported to exhibit
insecticidal (Ukeh et al., 2011) and
antifungal properties (Nwachukwu and
Osuji, 2008).

This laboratory study was designed to
investigate the behavioural responses of
A. craccivora to two leguminous crops, (V
unguiculata and A. hypogaea) and non-
host plants (A. indica and D. tripe tala)
volatiles in an air flow olfactometer.

MATERIALS AND METHODS:
Insect culture
Aphids used for this study were collected
from infested V. unguiculata plants in
Calabar, Southern Nigeria. The aphids
were reared on potted seedlings of the
susceptible V.unguiculata var. Ife Brown
maintained in the greenhouse at the
University of Calabar Teaching and
Research Farm. Each potted seedling was
screened with a net covering to protect the
aphids from predators.

Plant materials
Two sets of potted host plants (V.
unguiculata and A. hypogaea) were
maintained in screened cages without A.
craccivora for the bioassays. Three grams
each ofthe fresh leaves ofthese plants was
detached allowed to heal for 5 minutes
before being used for the bioassays. For
the non-host plants mature fruits of A.
indica and D. tripetala were washed and
sun-dried for 5 days. Dried fruits were
pounded lightly with a mortar to release
the seeds. Dried seeds were milled into
powder with a mechanical blender and
sealed in transparent plastic containers
until needed. Powders of A. indica and D.
tripetala (200 g) were separately extracted
with 300 ml distilled hexane for 24 hrs at
room temperature. The
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extract was filtered through filter paper
and the residue re-extracted for another 24
hrs before filtration. Hexane was
evaporated under vacuum using a rotary
evaporator at room temperature to obtain
the essential oils (EO), which were sealed
in glass vial and stored in the refrigerator
until needed.

Bioassay
Bioassays were carried out using a

Perspex four-arm olfactometer modified
after Pettersson (1970) to determine the
responses ofalatae and apterae forms ofA.
craccivora to volatiles from V
unguiculata andA. hypogaea fresh leaves,
and A. indica and D. tripetala essential oil
solutions. Detailed construction of the
olfactometer and procedures of bioassays
have been described (Webster et al., 2008;
Ukeh et al., 2010). In the single choice
tests, one arm of the olfactometer
contained the treatment (odour source)
while the remaining 3 arms served as
controls. The stimuli tested included 3
grams whole fresh leaves of V.unguiculata
and A. hypogaea, 10 Jll essential oil
solutions of A. indica and D. tripetala
loaded on filter paper disc in the test arm
against 10 JlI solvent (hexane)
impregnated on filter discs as controls.
Actively moving A. craccivora alatae and
apterous individuals were selected for the
behaviour studies. Aphids were kept
singly in Petri dishes and starved for 24 hrs
prior to the bioassays, and a single aphid
was introduced through a hole in the top of
the olfactometer with a fine hairbrush. Air

was drawn through the central hole at a
rate of 400 ml min .\ and subsequently
expelled from the room. Each aphid was
observed for 16 min, and the olfactometer
was rotated 90° every 2 min in a clockwise
direction to correct for any directional bias
in the behaviour chamber. The test aphids,
olfactometers and odour samples or
stimuli were changed after every
replication. All experiments were
replicated 10 times, while data on time
spent and number of entries made by A.
craccivora to test and control arms were
recorded with Olfa computer software (F.
Nazzi, Udine, Italy). Data on the mean
time spent in and number of entries into
treated and control arms were compared to
a test mean of zero using a paired t-test
after checking that data were normally
distributed. Data from the choice test in
which there were two treated arms and two
control arms were compared using one
sample t-test (Genstat 13).

RESULTS AND DISCUSSION:
The present study has demonstrated

behavioural responses of A. craccivora.
towards host and non-host plant materials
in olfactometer bioassays. The results
showed that both the alatae and apterous
forms of A. craccivora significantly'

(P<OO1) spent more time and made more
visits to the olfactometer arm treated with
V. unguiculata fresh leaves than the
control (Figs. 1A, B). Similarly the aphids
significantly (P<O.OO 1)
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preferred the arm containing A. hypogaea
leaf than the controls (Fig. IC, D) in time
spent and number of entries (visits). When
V. unguiculata and H. hypogaea fresh
leaves samples were tested in a dual choice
test, the time spent by the alatae (Fig. 2A)
and apterous (Fig. 2B) A. craccivora was
greater than the time spent in the two
control arms (P<O.OOI). Similarly, the
aphids significantly frequented the treated
arms than the control arms (Fig. 3A, B). It
isworth mentioning that the aphids did not
show any preference for either of the two
treatment arms (Fig. 2, 3) suggesting that
both host plants were attractive and could
possess similar activity.. Host plant
selection by aphids has been described as a
sequence ofbehaviours involving pre- and
post-alighting stages using chemical,
gustatory and visual cues (Pickett et al.,
1992; Powell et al.; 2006). Data from this
study showed that adult A. craccivora has
the ability to recognize its host plants
through olfaction. Behavioural and
electrophysiological studies have shown
that aphids, like other phytophagous
insects, detects olfactory cues which they
exploit for host location, escape responses
and mate recognition (Pickett et al., 1992;
Park et al., 2000). The strong and elaborate
ability of aphids to recognize a wide
variety of plant volatile organic
compounds (VOCs) is made possible by
the utilization of the olfactory receptor
neurons located on the antennae (Visser et
al., 1996). Even the nymphs possess a
functional olfactory receptor system
before the antennae are fully developed
morphologically and physiologically
(Park andHardie, 2003).
Using non-host plants, the aphids
significantly (P<O.001) spent less time and
made fewer number of entries or visits to

the treated arm contammg A. indica
essential oil solution (Fig. 4 A, B). A
similar behavioural response was
recorded when D. tripetala essential oil
solution was assayed against A.
craccivora (Fig. 4C, D). The result
indicated that both plants were repellent to
A. craccivora in olfactometer bioassays.
This is in agreement with Wakil et al.
(2012) who reported that formulations of
A. indica were used for the control of
'Helicoverpa armigera Hiibner, a major
polyphagous insect pest of many crops.
Neem derivatives have also been used for
the management of five key pests of okra
in India (Dhingra et al., 2008).
Azadirachtin (AZA), a tetranortriterpene
from neem significantly caused a
reduction in weight and fecundity, and
inhibited the activity of
acetylcholinesterase (AChE) in female
Nilaparvata lugens (Stal) under
laboratory conditions (Nathan et al.,
2008). Dennettia tripatala has also been
reported to be repellent and insecticidal
against stored products insects (Ukeh et
al., 2012). This implies that aphid's
antennae possess olfactory receptors
which respond to and differentiate
between plant volatiles as attractants and
repellents (non-hosts). Pickett et al.
(1992) described two main types of
olfactory organs on the antennae of
aphids; the primary rhinaria which are
present in larval and adult forms, and the
secondary rhinaria which appear at the
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final moult and occur in alatae but are less
numerous or absent in apterae. Armed
with these sensory organs, A. craccivora
could recognize host and non-host plant
volatiles and exploit these cues
appropriately in the ecosystem. Findings
from this study also showed that both
alatae and apterae morphs exhibited
similar behavioural responses to host and
non-host plants' volatiles. This is in
agreement with Hardie et al. (1995) which
reported that electroantennograms
(EAGs) recording of the olfactory
perception by apterous virginoparae was

almost identical to the alate forms of the
black bean aphidAphis fabae.
Adequate knowledge of A. craccivora
olfaction could be useful in the
deployment of environmentally friendly
approaches as an aspect of integrated pest
management of the insect in tropical
fields. On-going studies are underway to
identify the bioactive kairomones from
host plants such as V.unguiculata and H.
hypogaea. The identified attractive
kairomones could be incorporated as baits
in traps for monitoring aphids, and known
repellents used to reduce pest populations
in small scale cultivated crops.
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Fig. 1. Behavioural responses of alatae and apterous Aphis craccivora measured as (A) mean
time spent (min ± SE) and number of visits (B) to V.unguiculata fresh leaf volatiles, and (C) time
spent (min ± SE) and number of visits (D) to H. hypogaea leaf volatiles in a 4-way
olfactometer·lI= treated; D = control.
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