Acta fytotechn zootechn, 24, 2021(2): 124-128
http://www.acta.fapz.uniag.sk

Original Paper

Effect of cashew (Anacardium occidentale) nut shell stored and fresh
extracts on cowpea bruchid, Callosobruchus maculatus (Fabricius.)
(Coleoptera: Chrysomelidae)

Samuel Femi Babatunde', Abdulrasak Kannike Musa', Abiodun Fatima Suleiman', Lukman I[dowu Gambari?
'University of llorin, Faculty of Agriculture, Department of Crop Protection, llorin, Nigeria
2Federal University of Agriculture, College of Agronomy, Department of Crop Production, Makurdi, Benue State, Nigera

Article Details: Received: 2020-10-10 | Accepted:2020-12-28 | Available online: 2021-06-30

https://doi.org/10.15414/afz.2021.24.02.124-128
Licensed under a Creative Commons Attribution 4.0 International License

SCREENED BY

{ iThenticate:

Professional Plagiarism Prevention

A laboratory study was carried out to evaluate the efficacy of cashew nut shell extract in the control of cowpea bruchid,
Callosobruchus maculatus (Fab.) under prevailing laboratory conditions. Fresh ethanolic and stored extract of cashew nut shell
served as treatments which were compared with untreated control. Data collected on adult mortality, total number of emerged
progeny (adults), number and weight of damaged seeds (seeds with holes) and undamaged seeds (seeds without holes) and
percentage seed weight loss, and average number of seeds per 50 g in a container and the data were subjected to a two-way
analysis of variance and significant different means were separated using Duncan’s Multiple Range test (DMRT) at 5% level of
significance. The results revealed that treated plants generally performed better than the untreated. The different rates of treatment
recorded significant differences (P <0.05) in causing adult mortality compared to the untreated control. The different rates of
treatment also recorded significant differences (P <0.05) in emergence of F1 adults of each treatment compared to the control. It
was also noted that the extract reduced or suppressed the weight loss and grain damage as a result of treatment with the extract
compared to the untreated control. However, freshly extract of cashew nut shell recorded the highest adult mortality rate and
lowest emergence while control had the lowest mortality rate and highest emergence of the insect. The rates of application were
indicative of bioactive characteristics of the extract.
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1 Introduction drought and its association with nitrogen-fixing bacteria,
cowpea is a versatile crop (Boukar et al., 2019). It has been
reported thatthe cropisalso a source of livestock feed and
revenue in the tropics (Onekutu et al., 2015). Production
of this crop faces enormous problems; notable among
them is insect pest infestation. Post-harvest losses to
storage insect pests limit cowpea production in Sub-

Saharan Africa, which otherwise accounts for about 70%

Cowpea (Vigna unguiculata (L.) Walp) is originated from
West and Central Africa, from where its cultivation
and production spread to Latin America and South
East Asia (Edeh & Igberi, 2012). About 95% of global
production reported in FAOSTAT is in West Africa, with
Nigeria being the largest producer and consumer of
cowpea, producing 3.4 million tonnes in 2017 (FAOSTAT,

2019; Samireddypalle et al., 2017). Cowpea grains can
be referred to “protein source for all” because it is also
affordable for poor citizens and also a source of livelihood
especially in rural areas (Akunne et al., 2013). Dry grains
of Cowpea are used in many different food preparations
and its nutrients concentrations range from 21 to 33%
protein, 1.8% fat, 60.3% carbohydrate and is a rich source
of iron and calcium (Ddamulira et al., 2015; Abudulai et
al, 2016). Due to its high adaptability to both heat and

of total world production (IITA, 2010).

C. maculatus infestations have been reported to cause
substantial reduction in quality and quantity of cowpea
seeds within three to five months of storage (lleke et
al, 2012). This often leads to loss in weight, quality,
and viability of seeds. The activities, such as respiration,
of cowpea bruchid can trigger an increase in seed
temperature and moisture content (Nwosu, 2014). When
the population builds up, this leads to the formation of
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‘hot spot; a condition of high temperature and moisture
content which further predisposes the stored seeds to
secondary infestation by thermophilic fungi leading
to production of mycotoxin (Nwosu, 2014). It has been
recognized that postharvest loss to storage coleopterans
pests such as cowpea bruchid, C. maculatus is major
constraint to food security in developing nations such as
Nigeria (Udo, 2011).

Several authors reported that farmers used excessively
chemical synthetic insecticides in other to control many
destructive insects in order to produce high quality food.
(Akinneye & Ogungbite, 2013; lleke, 2014; Adekunle et al.,
2017). Insecticides have a high purchasing cost, present
potential risks to human health, the environment and
lead to a new resistance of pests (Thiaw & Sembeéne,
2010).Currently, synthetic insecticides application is the
major means of controlling beetles infestations in stored
cowpea seeds (Onekutu et al., 2015). This could be in
form of fumigation of stored product with phosphine
or carbon disulphide and or dusting with carbaryl,
pirimiphos methyl or permethrin (lleke et al, 2012).
However, consequent upon reported ozone depletion
by methyl bromide and carcinogenic concerns with
phosphine, conventional fumigation technology is
under scrutiny in the developed countries (Adedire et
al.,, 2011; lleke et al., 2012) further highlighted problems
associated with the use of conventional synthetic
insecticides to include high mammalian toxicity, high
level of persistence in the environment, poor application
knowledge, exorbitant cost prices, pest resurgence,
genetic resistance by the insect pest and deleterious
effects on non-target organisms. One possible way to
overcome the short comings of synthetic insecticidesis to
substitute synthetic insecticides with naturally-occurring
plant insecticidal materials (lleke et al., 2012; Khater,
2012). More so, researches have shown that botanicals
have been extensively used on agricultural pests and to
very limited extent on insect pests of stored products
(lieh & Ejike, 2011; Ufele et al., 2013).

Cashew nut shell (CNSL) has been reported to be active
against storage insects, termites and phytopathogenic
fungi due to the presence of active substance such as
anacardic acid, cardoland cardanol (Echendu, 1991; Davi
et al, 2009; Bande et al., 2018). Cowpea seeds in storage
are damaged by several species of insect pests in the
former family Bruchidae (Gbaye & Hollway, 2011), the
commonest being C. maculatus a field-to-store insect pest
in the trophic (Udo, 2011). Therefore, The main objective
of this study was to evaluate the effect of stored and fresh
ethanolic extracts of cashew (Anacardium occidentale)
nut shell on cowpea weevil C. maculatus (F.) (Coleoptera:
Chrysomelidae).

2 Material and methods

2.1.Study area

This study was conducted at the Department of Crop
Protection Laboratory of the University of llorin, llorin,
Nigeria.

2.2 Source and preparation of seeds

The cowpea seed variety RSH 256 used was obtained
from the International Institute of Tropical Agriculture
(IITA), Ibadan, Oyo State, Nigeria. The seeds are white in
colour with a maturity period of 60 days. The seeds were
wrapped in a polyethylene bag and kept in the freezer
compartment of a refrigerator in the Crop Protection
Laboratory, University of llorin, to kill immature stages of
insects. The seeds were removed 10 days after freezing
and then spread on a laboratory desk to thaw.

2.3 Insect Culture

A culture of cowpea bruchid, C. maculatus was prepared
under prevailing ambient temperature (30 +3 °C) and
relative humidity (68 +3%). The initial stock culture was
obtained from the Nigerian Stored Products Research
Institute (NSPRI) headquarters, llorin. Freshly emerged
adults of C. maculatus were used for the experiment. Fifty
(50) unsexed adults of C. maculatus were picked with the
aid of hair brush to infest cowpea seeds in a transparent
plastic container which was covered with muslin cloth
held tightly by perforated lid to ensure aeration and
prevent escape of the insects. Freshly emerged adults
were used for the study.

2.4 Source and preparation
of cashew nutshell extract

Cashew nut shell used for the experiment were obtained
from a local market (Oja-Tuntun), llorin. Physical
operations were carried out on cashew nuts before
extraction to get high quality product. Operations
involved washing, drying, shelling and size reduction.
The nuts were washed, air dried for 15 days, shelled using
knife and then crushed using mortar and pestle. Cashew
nut shell liquid was extracted using soxhlet extraction
equipment according to the modified method adopted
of (Edoga et al., 2006). Five hundred millilitres (500 ml)
of ethanol was poured into the round bottom flask of
the equipment. This was followed by putting 600 g of
ground cashew nut shell into the thimble and fitted into
the soxhlet extractor. The solvent was heated to 79 °C
and concentrated in a steam bath. The fresh extract
(CNSL) was used directly without being previously stored
as a liquid. A component of the extract was stored for
7 months in an airtight container before use
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2.5 Experimental procedure

Fifty grams (50 g) of cowpea seeds were weighed and
put into transparent plastic containers. The extract of
cashew nut shell liquid of fresh and stored extracts were
applied at different concentrations 0.5 ml, 1.5 ml and
3 ml respectively. The containers were shaken to ensure
even coating of the seeds with the treatments. Four (4)
unsexed freshly emerged adults of C. maculatus were
introduced into each container covered with muslin
cloth held in place with the aid of a rubber band to allow
aeration and prevent insects from escaping. The method
was adopted from (Tiroesele, Bamphitlhi et al., 2014) with
little modification. The experimental units were arranged
in a completely randomized design including the control
replicated three times.

2.6 Data collection

Data were collected on various parameters including
adult mortality, total number of emerged progeny
(adults), number and weight of damaged seeds (seeds
with holes) and undamaged seeds (seeds without holes)
and percentage seed weight loss, and average number
of seeds per 50 g in a container, Counts of the emerged
weevils commenced 23 days after infestation (DAI) and
continued at intervals of 48 h to allow the emergence of
the first filial (F1) generation.

The percentage seed weight loss was computed
following the method of Haines (1991) as follows:

initial weight — final weight N
initial weight

100

2.7 Data analysis

Data were subjected to analysis of variance and means
were separated using Duncan’s Multiple Range test
(DMRT) at 5% level of significance.

3 Results and discussion

Table 1 shows the effect of fresh and stored cashew
nut shell liquid on mortality of C. maculatus over 7-day
period. Fresh cashew nut shell liquid applied at 3mI 50 g™
seeds conferred complete mortality against adults of
C. maculatus at 1 day after treatment (DAT). However,
the complete mortality was not significantly (p >0.05)
different from the mean mortality recorded in other
rates of treatment except the lowest rate of 0.5 ml 50 g™
seeds in both fresh and stored cashew nut shell liquid
during the same period. It was observed that there was
no significant (p >0.5) difference in the number of dead
adults of C. maculatus in seeds treated with different
rates of the extracts from 2 to 7 days after treatment. It
is evident that fresh extracts of cashew nut shell liquid
controlled the bean weevil effectively by having increase
in mortality (Table 1), this corroborate with (Bande et
al, 2018) who stated that there is greater decreasing of

Table 2 Effects of stored and fresh extracts of cashew
nut shell on F1 progeny of Callosobruchus
maculatus on stored cowpea

Treatment (ml) | 26 27 28 29

SCNSL 0.5 1.33b 1.23bc 0.33a 0.33a
SCNSL 1.5 1.30a | 1.33abc 0.33a 1.00a
SCNSL 3.0 0.33ab 0.67ab 0.33ab 0.00a
FCNSL 0.5 1.3ab 1.67bc 0.00a 1.33a
FCNSL 1.5 1.3ab 1.0abc 1.00a 1.67a
FCNSL 3.0 0.00a 0.00a 0.00a 0.33a
CONTROL 2.33b 2.33c 0.00a 0.67a
SEM 0.44 0.28 0.31 0.42

values with the same letter(s) in the same column are not significantly
different at 5% level of significance using Duncan's multiple range test
DAT - days after treatment, SEM - standard error of mean SCNSL -
stored extract cashew nut shell, FCNSL - fresh extract cashew nut shell

Table 1 Mean adult mortality of Callosobruchus maculatus exposed to stored and fresh extracts of cashew nut shell on
stored cowpea

Treatment (ml) 1 2 3 4 5 6 7

SCNSL 0.5 1.00cd 0.67a 0.33a 0.67a 0.67a 0.00a 0.00a
SCNSL 1.5 3.33ab 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
SCNSL 3.0 3.67ab 0.33a 0.00a 0.00a 0.00a 0.00a 0.00a
FCNSL 0.5 1.67bcd 0.33a 0.33a 0.67a 0.00a 0.67a 0.33a
FCNSL 1.5 3.00abc 0.33a 0.33a 0.00a 0.00a 0.00a 0.33a
FCNSL 3.0 4.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
Control 0.00d 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a
SEM 0.44 0.36 0.22 0.28 0.18 0.22 0.25

values with the same letter(s) in the same column are not significantly different at 5% level of significance using Duncan’s multiple range test
DAT - days after treatment, SEM - standard error of mean SCNSL - stored extract cashew nut shell, FCNSL - fresh extract cashew nut shell
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Table 3 Effect of cashew nut shell extracts on damage indices of stored cowpea seeds by Callosobruchus maculatus

Treatment % Seed Weight Weight of undamaged | Number of damaged Number

(ml) Wt. loss of damaged seeds | seeds seeds of undamaged seeds
SCNSL 0.5 18.3b 16.8a 21.1ab 102.3ab 108.3a
SCNSL 1.5 15.9b 15.8a 24.2a 86.3b 130.0a
SCNSL 3.0 12.3b 15.8a 22.7ab 77.3b 136.0a
FCNSL 0.5 15.3b 19.8a 20.1ab 98.3ab 108.3a
FCNSL 1.5 15.9b 15.8a 28.4a 86.3b 130.0a
FCNSL 3.0 11.3b 17.8a 25.7ab 78.3b 134.0a
CONTROL 31.4a 20.0a 16.0b 131.3a 74.7b
S.EM 2.52 3.01 2.54 10.01 10.28

values with the same letter(s) in the same column are not significantly different at 5% level of significance using Duncan’s multiple range test
DAT - days after treatment, SEM - standard error of mean SCNSL - stored extract cashew nut shell, FCNSL - fresh extract cashew nut shell

Trichoderma sp higher the concentration. it was also reveal
that cashew nut extract reduced progeny emergence
compared to untreated (Table 2). The Cashew nut shell
extract was also observed to have effects in reducing the
damage on cowpea seeds by C. maculatus (Table 3). This
was in agreement with (Kpoviessi et al., 2017).

The results of the study revealed that treatments differed
in the adult mortality, total number of cowpea weevils
found on seeds, number of exit holes on seeds and weight
loss of cowpeas. It has been shown in this experiment
that fresh extract of cashew nut shell liquid and stored
extract had similar detrimental effect on cowpea weevils
for the parameters measured. This insecticidal effect
was in agreement with (Adedire et al., 2011; Babatunde
et al., 2020; Babatunde & Musa, 2020). The extract used
in this study could have caused insect mortality due to
their physical action on respiration through blockage
of the spiracles of the C. maculatus which may lead to
suffocation as suggested by (Adedireet al., 2011). The
differences in the adult mortality could be attributed to
the active ingredients of cashew nut shell extract which
could be linked to the presence of anacardic acid and
cardinal (Rehm & Espig, 1991; Bande et al., 2018). Cashew
nut shell extracts reduced progeny emergence of C.
maculatus in treated cowpea seeds (Table 2). This could
be attributed to the adult mortality already observed
(Table 1) and the inhibition of oviposition as well as the
remarkably high reduction in survival to adulthood of
mature stages of C. maculatus compared to the control.
This result corroborates that of Raja (2008) who found
that the CNSL had both toxic and oviposition deterrence
effect in blackgram seed as it caused low adult
emergence, egg laying and percentage seed infestation.
He opined that the reduced egg laying might be due to
the oily nature, toxic substances or repellent compounds
which caused altered insect behaviour. Generally CNSL
is bitter, caustic and fumigatory with smokes that irritate

and gives off choking fumes (Raja et al., 2013). The CNSL
extract was also observed to have effects in reducing
the damage on cowpea seeds by C. maculatus (Table
3). Damage on cowpea seeds may have been reduced
as a result of the extracts acting as a deterrent to C.
maculatus, keeping them from infesting and damaging
the seeds. The extract inhibits locomotion which affect
mating activities an effect that had been reported by
many authors (Adedire et al., 2011; lleke & Oni, 2011). The
study reveals that CNSL extract could be very effective for
use as biopesticides for protecting cowpea seeds from
C. maculatus infestation and damage. It has been reported
by the pest management specialists that botanicals
are not known to leave any residue in any crop they are
used to protect and the protective ability of essential oils
could be attributed to interspecific insect responses to oil
constituents (Enan, 2001; Babatunde & Musa, 2020).

4 Conclusions

The result obtained from this study confirmed that
Cashew nut shell extract can be used as biopesticides
because it as insecticidal potential for protecting
cowpea against C. maculatus. These significantly reduced
emergence rate of adults of C. maculatus, weight loss
and seeds damaged. Thus farmers can use the extract of
cashew nut in place of synthetic chemicals used against
cowpea weevils.

References

Abudulai, M. et al. (2016). Farmer participatory pest
management evaluations and variety selection in diagnostic
farmer field Fora in cowpea in Ghana. African Journal Agriculture
Ressources,11,1765-1771.
https://doi.org/10.5897/AJAR2016.10887

Adedire, C.O. et al. (2011). Response of Callosobruchus
maculatus (Coleoptera: Chrysomelidae: Bruchinae) to extracts
of cashew kernels. Journal of Plant Diseases and Protection, 118,
75-79.

© Slovak University of Agriculture in Nitra

Faculty of Agrobiology and Food Resources

127



Acta fytotechn zootechn, 24, 2021(2): 124-128
http://www.acta.fapz.uniag.sk

Adekunle, C. P, Akinbode, S. O. & Akerele, D. (2017). Effects
of agricultural pesticide utilization on farmers health in Egbeda
local Government Area, Oyo State, Nigeria. Nigerian Journal of
Agricultural Economics (NJAE), 7(1), 73-88.

Akinneye, J.O0. & Ogungbite, O.C. (2013). Insecticidal
activities of some medicinal plants against Sitophilus zeamais
(Motschulsky) (Coleoptera: Curculionidae) on stored maize.
ArchivPhytopath Plant Protect, 46, 1206-1213.

Akunne, C.E., Ononye, B.U. & Mogbo, T.C. (2013). Evaluation
of the Efficacy of Mixed Leaf Powders of Vernonia amygdalina
(L) and Azadirachta indica (A. Juss) Against Callosobruchus
maculatus (F.) (Coleoptera: Bruchidae). Advances in Bioscience
and Bioengineering, (1), 86-95.

Babatunde, S.F. & Musa, A.K. (2020). Effect of Tasmanian
blue gum (Eucalyptus globulus Labill.) leaf extract on cowpea
weevil (Callosobruchus maculatus [Fabricius, 1775], Coleoptera:
Chrysomelidae). Acta agriculturae Slovenica, 116(2).
https://doi.org/10.14720/aas.2020.116.2.1689

Babatunde, S. F, Ogunleye, S.T. & Solihu, A. A. (2020). Effects
of leave and bark ash of Azadirachta indica extracts against
insect pest of Amaranthus hybridus L. International Journal of
Agriculture and Environmental Research, 6(3), 498-509.

Bande, L. O. S. et al. (2018). Botanical pesticides effect from
shells of bean’s cashew nut on biological agents of Trichoderma
sp. and Gliocladium sp. IOP Conference Series: Earth and
Environmental Science.

Boukar, O. et al. (2019). Cowpea (Vigna unguiculata):
Genetics, genomics and breeding. Plant Breeding, 138(4), 415-
424. https://doi.org/10.1111/pbr.12589

Ddamulira, G. et al. (2015). Grain yield and protein content
of Brazilian cowpea genotypes under diverse Ugandan
environments. American Journal of Plant Science, (6), 2074-2084.
https://doi.org/10.4236/ajps.2015.613208

Edeh, H. O. & Igberi, C. O. (2012). Assessment of Vegetable
Cowpea Production among Smallholder Farmers in Ebonyi
State, Nigeria. ARPN Journal of Agricultural and Biological
Science, 7(3), 215-222.

Edoga, M.O,, Fadipe, L. & Edoga, R.N. (2006). Extraction of
Polyphenols from Cashew Nut Shell. Leonardo Electronic Journal
of Practices and Technologies, 55(9), 107-112.
http://lejpt.academicdirect.org/A09/107 112.pdf

Enan, E. (2001). Insecticidal activity of essential oils:
octopaminergic sites of action. Comp Biochem Physiol, 130(3),
325-337. https://doi.org/10.1016/51532-0456(01)00255-1

FAOSTAT. (2013). Production. FAO Statistics
Retrieved February 5, 2015 from http://faostat.fao.org/

FAOSTAT. (2019). Crops. Retrieved April 5, 2019 from
http://www.fao.org/faostat/en/#data/QC

Gbaye, O. J. & Holloway, G. J. (2011). Varietal effects of
cowpea, Vigna unguiculata, on tolerance to Malathion in
Callosobruchus maculatus. Journal of Stored Product Research,
47,365-371.

IITA. (2010). Fifth World Cowpea Conference 2010 held
between 27* September to 1% October, 2010. International
Institute of Tropical Agriculture, Ibadan..

lieh, I. | & Ejike, C. E. (2011). Current Perspectives on the
Medicinal Potentials of Vernonia amygdalina Del. Journal of
Medicinal Plants Research, 5(7), 1051-1061.

Division.

lleke, K. (2014). Cheese wood, Alstonia boonei De Wild
a botanical entomocides for the management of maize weevil,
Sitophilus zeamais (Motschulsky) [Coleoptera: Curculionidael
Octa. Journal of Biosciences, (2), 64—68.

lleke, K. & Oni, M. (2011). Toxicity of some plant powders
to maize weevil, Sitophilus zeamais (Motschulsky) [Coleoptera:
Curculiondae] on stored wheat grains (Triticum aestivum L.). Afr.
J. Agric. Res., 6(13), 3043-3048.

lleke, K., Odeyemi, O. & Ashamo, M. (2012). Insecticidal
activity of alstoniaboonei de wild powder against cowpea
bruchid, Callosobruchus maculatus (Fab.) [Coleoptera:
Chrysomelidae] in stored cowpea seeds. International Journal
of Biology, 4(2), 125-131. https://doi.org/10.5539/ijb.v4n2p125

Khater, H. (2012) Prospects of botanical biopesticides in
insect pest management. Journal of Applied Pharmaceutical
Science, 2(5), 244-259.

Kpoviessi, D.A. et al. (2017) Bioefficacy of powdery
formulations based on kaolin powder and cashew (Anacardium
occidentale L.) balms to control Callosobruchus maculatus F.
(Coleoptera, Chrysomelideae: Bruchidae) in stored cowpea
(Vigna unguiculata L.). International. Journal of Biological and
Chemical Science, 11(4), 1424-1436.

Nwosu, L. C. (2014). Evaluation of powder of weevil resistant
maize as eco-friendly option in the management of Sitophilus
zeamais Motschulsky (Coleoptera: Curculionidae) infestation in
stored maize. Journal of Entomological Research, 38, 245-250.

Onekutu, A., Nwosu, L. & Nnolim, N. (2015). Effect of seed
powder of three pepper species on the bionomics of cowpea
bruchid, Callosobruchus maculatus Fabricius. International
Journal of Scientific and Research Publications, 5(5), 1-5.

Raja, K. 2008. Toxicity and oviposition deterrence of cashew
nut shell liquid (CNSL) on pulse beetle in blackgram seeds. Seed
Science and Technology, 36, 210-213.

Raja, K. Sivasubramaniam, K. & Geetha, R. (2013).
Comparative performance of cashewnut shell liquid (CNSL)
for pulse beetle control in pulse seed (Coleoptera: Bruchidae).
Entomologia Generalis, 34(3), 197-206.

Rehn, S. & Espig, G. (1991). The Cultivatedplants of the tropics
and subtropics. Cultivation, economic value, utilization. Verlag
Josef Margraf Scientific Books.

Samireddypalle, A. et al. (2017). Cowpea and groundnut
haulms fodder trading and its lessons for multidimensional
cowpea improvement for mixed crop livestock systems in West
Africa. Frontiers in Plant Science, 8.
https://doi.org/10.3389/fpls.2017.00030

Thiaw, C. & Sembene, M. (2010). Bioactivity of crude
extracts and fractions extract of Calotropisprocera AIT. on
Caryedon serratus (OL.) insect pest of peanut stocks in Senegal.
International Journal of Biological and Chemical Sciences, (4),
2220-2236.

Tiroesele, B., Thomas, K. & Sketeme, S. (2014). Control of
cowpea weevil, Callosobruchus maculatus (F) (Coleoptera:
Bruchidae), using Natural plant Products. Insects, 6(1), 77-84.

Udo, I. O. (2011). Potentials of Zanthoxylum xanthoxyloides
(LAM.) for the control of stored product insect pests. Journal of
Stored Products and Postharvest Research, (2), 40-44.

Ufele, A. N. et al. (2013). The Effect of Azadirachta indica
(Neem) Leaf Extract on Longevity of Snails (Achatina achatina).

International Research Journal of Biological Sciences, 2(1), 61-63.

© Slovak University of Agriculture in Nitra

Faculty of Agrobiology and Food Resources

128



