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Cowpea has become an easy source of protein worldwide and especially in
Africa, yet most of the yields are lost as a result of infestation by pest
especially Callosobruchus maculatus. The pesticidal efficacy of Gmelina
arborea was tested on C. maculatus. The experiment was conducted using a
Complete Randomized Block Design. G. arborea leaf powder showed a mean
mortality of 4.25+1.35, 2.75+1.29 and 1.92+1.38 when 10g 5g and 2.50g of the
powder was applied and a percentage mortality of 85%, 55% and 38.33%
respectively. Stem bark powder showed a mean mortality of 1.33+1.16,
2.08+1.31 and 2.92+1.38 when 2.50g, 5.00g and 10.00g was applied and a
percentage mortality of 26.67%, 41.67% and 58.33% respectively. The leaf
ethanol extract showed a mean mortality of 4.67+2.27, 3.67+1.72 and
2.83+2.17 at 500mg, 250mg and 125mg concentrations and a mortality
percentage of 93.33%, 73.33% and 56.67% respectively while the G. arborea
stem bark ethanol extract revealed a mean mortality of 2.75+£1.29, 3.58+1.83
and 4.17+1.95 at 125mg, 258mg and 500mg concentrations with percentage
mortality of 55%, 71.67% and 83% respectively. The pesticidal efficacy
between the leaf and stem bark ethanol extracts showed that p > 0.05 for all
concentrations used and between the powders, p > 0.05 at 5.00g and p < 0.05
at 2.50g and 10.00g. In view of these findings both G. arborea leaf and stem
bark extracts and powders can be used to effectively control infestation of
cowpea by C. maculatus.

1. INTRODUCTION

However, insect pest infestation has been reported as

Crop loss due to pest and disease is about 35% on the
field and 14% in storage [1]. Post-harvest losses of
grains are higher in developing countries compared to
developed countries. Pest infestation (insects, birds
and rodents), microbial infection, change in moisture
content, excessive temperature, poor handling and
grain respiration have been implicated as responsible
for grain losses in most developing countries [2].
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the major cause of food grain losses in most
developing countries [3]. As in field crops, a wide
range of insect pests attacks stored products, the
commonest being beetles and moths [2]. In Nigeria,
control of stored product insect population is
primarily dependent on continued application of
synthetic insecticides. Although effective, their
repeated use for several decades has led to outbreaks
of insect pests, wide spread of development of
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resistance, undesirable effects on non-target
organisms, environmental and human health concerns
[2, 4]. The highlighted shortcomings of synthetic
insecticides needed to explore and develop new
sources of chemical compounds from plant origin
that constitute a rich source of bioactive chemicals
and eco-friendly [5] which are non-toxic, safe,
biodegradable and of broad activity spectrum.
Fortunately, Nigeria has a wide range of herbal plants
spread across the various ecological zones which are
largely unexplored. Some of these plants species
have been reported to have insecticidal properties [6],
against some stored and field pest of crops. Such

plants include (Neem) Azadirachta indica [7],
(Lemon grass) Cymbopogon citratus, (Martle)
Myrtus communis, (Mint) Mentha longifolia,

Pulicaria gnapholodes (sunflower family plant) and
Achiilea wihelmsii [8, 9], Eucalyptus globulus and
Eucalyptus camaldulensis, [3], (Water hyacinth)
Eichhornia crassipesand (pawpaw plant)Carica
papaya [10].The search for a natural, and eco-
friendly substitute to synthetic pesticides motivated
this study which was aimed at investigating the
pesticidal efficacy of G. arborea ethanol extracts and
powders on C. maculatus.

2. MATERIALS AND METHODS

2.1 Collection of C. maculatus insect pest

C. maculatus were collected from infested cowpea
grains purchased at the Terminus market, Jos, Plateau
State, Nigeria. The weevils were identified as
described by [11].

2.2 ldentification of C. maculatus sexes

Male and female bean weevils were identified by
general appearance. The most distinguishing
characteristic is the coloration on the plate (elytron)
covering the end of the abdomen. In the female, the
plate is enlarged and is darkly coloured on both sides.
In the male, the plate is smaller and lacks stripes.
Generally, females are larger in size than males, but
there is much variation. In some strains, females are
black in coloration and males are brown, but in others
both sexes are brown.
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2.3 Insect culture

Parent stocks of C. maculatus were collected from
infested cowpea grains. The insects were cultured in
the Entomology and parasitology Laboratory
Department of Zoology, University of Jos, under
ambient temperature of 28+2°C. Three kilograms
(3kg) of cowpea was weighed and packed into three
(3) plastic containers. Thirty adult (fifteen males and
fifteen females) obtained from the already infested
cowpea grains were introduced into each culturing
medium and covered with muslin cloth held tightly in
place by rubber bands. The plastic containers were
then kept in wooden cages. The setup was left for six
to eight (6 — 8) weeks for adult emergence.

2.4 Drying of plant materials

The leaves were obtained by direct plucking from
trees and stem bark using machete. Both plant parts
were dusted to remove dirt, quickly rinse in clean tap
water and air-dried in the laboratory under shade to
avoid photo-degradation of active ingredient by ultra-
violet ray of light in line with recommendation of
[12]. The dried materials were kept in separate
polythene bags, labeled and stored until needed.

2.5 Preparation of plant powder

Plant powders were prepared by pulverizing the dried
plant materials separately in the laboratory using a
pestle and a mortar. A 0.25mm sized muslin cloth
was used to sieve the plant material to obtain fine
powders. Fine powders of leaf and stem bark
obtained were stored in covered air-tight containers
under laboratory conditions until required. Each
plastic container containing the powder was labeled.

2.6 Preparation of plant extracts

Two hundred grams (200g) each of the plant powders
were weighed into 500ml conical flasks and were
soaked in 70% ethanol. These were left to stand for
twenty (24) hours and shaken for three (3) hours on a
mechanical shaker. The content was filtered using a
non-absorbent cotton wool on a Buchner funnel-flask
using a vacuum pump. The residues were subjected
to several rinsing and filtration with fresh solvents
to attain some level of exhaustive maceration.
The collected filtrates were evaporated to dryness
using a water bath in a drying cabinet. The
percentage yield of the extract was determined and
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the extract transferred into a stirrer sample container
and preserved in a refrigerator. Its phytochemical
screening and identification of some basic
compounds were also carried out.

2.7 Preservation of Cowpea Grains Used for the
Experiment

The Cowpea grains were cleared of broken seeds and
debris. Three kilograms (3kg) of cowpea grains were
packed into three (3) four litres (41trs) containers and
covered. To guaranty un-infestation, the method as
described by [13] was used to disrupt the life cycle of
the pest.

2.8 Experimental design

Each treatment was replicated three times. Three
replicates of the treatment and control were laid out
in Complete Randomized Design (CRD).

2.9 Treatment of Bean Seeds Using Leaf and Stem
Bark Powders

Three dosages of 2.5g, 5.0g, 10.0g and 0.0g
(control)per powder was applied into three separate
(3) plastic jars (measured 15cm by 8.5cm)containing
50g of non-infected cowpea grains. These were
mechanically shaken until the powder spread on all
the cowpea grains. Twenty (20) freshly emerged
adult (10 males and 10 females) of C. maculatus of
about 24 hours old were introduced into each plastic
jars containing treated grains and the control. Plastic
jars were covered with 0.25mm muslin cloth and held
tightly in place with rubber bands to prevent
suffocation and escape of insects.

2.10 Treatment of Bean Seeds Using Leaf and
Stem Bark Ethanol Extracts

Three different concentrations of extracts; 125mg,
250mg, and 500mg were used to coat 50g of cowpea
grains except the control. The coated grains were
then spread on different clean plastics trays and air-
dried for an hour and half. The dried coated cowpea
grains were poured into plastic jars measuring 15cm
in length and 8.5 cm in diameter then twenty (20)
freshly emerged adult C. maculatus (10 males and 10
females) of about 24 hours old were introduced into
each treatment and control. The plastics containers
were then labeled according to treatment and
concentrations. Plastic jars were covered with
0.25mm muslin cloth and held tightly in place with
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rubber bands to prevent suffocation and escape of
insects.

2.11 Experimental Duration

Bio-assay of the set-up was carried out for a time
period of ninety-six hours (4-days) and the
observation made at regular interval of twenty-four
(24) hours.

2.12 Observation of treatments

Twenty four (24) hours after the treatment, each
replicate and control were poured out carefully on a
white plain board and weevils were sorted out of the
grains and the dead counted and recorded. The
insects were considered dead when they did not
respond to stimulus after probing their abdomen with
a blunt pin [14].

2.13 Statistical Analysis

The data collected were analyzed using SPSS version
21. Percentage and mean mortality of adult C.
maculatus were obtained and the plant parts and
concentration were compared using Paired Sample T-
test.

3. RESULTS

3.1 Comparison of the effects between leaf and
stem bark extracts of G. arborea on the mortality
rate of C. maculatus.

Paired sample T-test was used to compare the effect
of G. arborea on C. maculates, and p < 0.05 were
considered to be significant. From table 6, the leaf
and stem extracts showed no significant difference in
their effect on C. maculatus across the concentrations
respectively.

3.2 Comparison of the effects between leaf and
stem bark powders of G. arborea on the mortality
rate of C. maculatus.

Paired sample T-test was used to compare the effect
of G. arborea on C. maculatus, and p-values less
than or equal to 0.05 were considered to be
significant. From table 7, the leaf and stem extracts
showed that there is a significant difference at 2.50g
of G. arborea (leaf powder has a higher effect of 1.92
+ 1.38 than the stem powder 1.33 £ 1.16). There is
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also a significant difference at 10.00g of G. arborea
(leaf powder has a higher effect of 4.25 + 1.35 than
the stem powder 2.92 + 1.37). At 5.00g of G.
arborea, there is no significant difference in the
effect of both leaf powder and stem powder on C.
maculatus.

4. DISCUSSION

Although the leaves and stem bark are of the same
plant, the results demonstrate that they showed
different potencies against adult C. maculatus as
shown in the Tables 2, 3, 4 and 5. G. arborea plant
showed sufficient protection of cowpea grains from
damage by C. maculatus when applied at 500mg of
leaf extract per 50g of grain. This was revealed by the
highest mean mortality of 4.67 + 2.27 and
percentage mortality 93.33%. The least effect was
seen in the stem bark powder with a mean mortality
1.33 £ 1.16 and a percentage mortality of 26.67% at
its lowest concentration of 2.5g. The efficacy of the
leaf extract could be attributed to the presence of
terpenes and tannins which are highly present in the
plants leaf.

The mortality of C. maculatus by the plant parts was
observed to increase with increase in concentration
and increase in time of exposure. This is possible due
to the fact that active ingredients of G. arborea
require higher concentration and longer period of
time to bio-magnify in C. maculatus. This is in
agreement with [15] who worked on the bioefficacy
of three plant products as post-harvest grain
protectants against Sitophilus oryzea L (Coleoptera:
Lurculionidae) on stored wheat (Triticum aestivum)
and reported that mortality of S. oryzea is dependent
on the exposure time and concentration of the plants
used.

Data on the phytochemical composition of G.
arborea provides an insight into the mechanism of
action of G. arborea. Phytochemicals such as
tannins have been reported to possess strong
activities against several plant pathogens and pest
[16]. [17] reported that tannin exerts its action by a
combination of mechanisms that include iron
chelation and enzyme inhibition. Terpenes are known
to have a pungent odour and act as a deterrent to the
insect [18]. Though the exact mechanism behind the
observed actions of G. arborea is not yet known, the
preponderance of tannin in its leaf may suggest a role
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in pesticidal potencies. Saponins and Cardiac
glycosides are also present in G. arborea plant parts.
[19] extensively reviewed the insecticidal effects of
Saponins, linking the insecticidal interaction with
Cholesterol which results in impaired ecdysteriod
synthesis. [20] on the other hand reported evidence
for the insecticidal effects of purified cardiac
glycosides from Digitalis purpurea against camel
tick (Hyalomma dromedarii)

Due to the fact that adult C. maculatus do not feed,
G. arborea could be seen to demonstrate the ability
of acting as suffocating material with the possibility
of preventing respiration. This is in line with the
findings by [2] who stated that plant oils can act as a
suffocating agent to C. maculatus.

It was also observed that the ethanol extracts (leaf
and stem bark) were more active as compared to the
powders. Leaf ethanol extract showed more pesticidal
potential compared to the leaf powder and also, the
stem bark ethanol extract showed more pesticidal
potential compared to the stem bark powder. This
may be attributed to the fact that, the extraction was
able to release more of the active ingredients of G.
arborea.

5. CONCLUSION

Based on the results of this work, G. arborea is
effective against C. maculatus. However, efficacy
depends on the dose/concentration and the exposure
interval. This finding is of great value to further
research on the use of this plant for the control of C.
maculatus. Extract and powder of G. arborea leaf
and stem bark are lethal to adult survival of C.
maculatus,  though there are variations in adult
mortalities. The extract and powder of the leaf and
stem bark do not have equal potency on C. maculatus
due to the active phytochemical constituents
variations according to plant parts.

6. RECOMMENDATIONS

This study revealed that the pesticidal efficacy of leaf
and stem bark of G. arborea are concentration
dependent, therefore, a standardized method of
concentration formulation should be established.
Further studies should also be conducted with higher
concentration of the extracts.
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Other parts of G. arborea could be tested in various
forms for example the fruit, root and stem wood.
Different parts of G. arborea could be mixed to carry
out such test to find out if better result could be
obtained. Local farmers can use the leaf powder in
preserving their stored grain since it does not require
the knowledge of an expert. More research should be
done to establish more of the active ingredients that
are insecticidal and can be used in formulation of
plant based insecticides. From the study, G. arborea
leaf and stem bark are readily available and poor
resource farmers could use these parts to protect
cowpea grains meant for short duration storage and
mostly for consumption. This will reduce the use of
synthetic insecticides thus curtailing the risks
associated with contact by attendant upon usage.
However, considering the fact that peeling the bark of
any tree is tantamount to killing the tree, it becomes
reasonable to restrict the use of Gmelina arborea
plant part to the leaves as agreed by [21] who used G.
arborea plant in controlling bean pod borer (Maruca
vitrata).In line with the findings of this study, ethanol
extracts of leaves and stem bark of G. arborea have
higher pesticidal potentials against C. maculatus as
compared to the powders, we therefore, strongly
recommend that the extracts of these plant parts be
used as against the powders in the control of C.
maculatus.

7. CONFLICT OF INTEREST

The authors wish to state that there is no conflict of
interest.

8. ACKNOWLEDGMENT

Authors would like to thank Mr. Thomas Yakubu of
the Faculty of Pharmaceutical Science, Department
of Pharmacognosy, University of jos, Nigeria and
Augustine Ujah of Zoology Department, University
of Jos, Nigeria.

REFRENCES

1. Okwute Simon Koma (2012). Plants as Potential
Sources of Pesticidal Agents: A Review,
Pesticides-Advances in Chemical and Botanical
Pesticides. DR R.P Soundararayan (Ed), Intech,
Rijeka, Croatia. Doi 10.5772/46225.

2. Udo I. O. (2011). Potentials of Zanthoxylum
xanthoxyloides(Lam.) for the control of stored

16

10.

11.

12.

13.

product insect pests. Journal of Stored Product.
Postharvest Research. 2(3): 40-44.

Rahman A. and Talukder F.A., (2006).
Bioefficacy of some plant derivatives that project
grains from Pulse beetle, Callosbruchus
maculatus. Journal of Insect science 6(3):1-10.
Abulude, F. O., Ogunkoya, M.O., Ogunleye,
R.F., Akinola, A.O. and Adeyemi, A.O. (2007).
Effect of palm oil in protecting stored grains
from Sitophilus zeamais and
Callosobruchusmaculatus. Journal of
Entomology. 4: 393-396.

Govil, J. N. and Sanjib, B. (2012). Neem oil:
Biological activities and usage. Recent progress
in Medical Plants (RPMP) Fixed oils and Fats.
Vol. 33: pp520. ISBN 10: 1- 933699-23X.
Studium Press LLC.

Gangadharen, V. (2012). Assessment of the
toxic potentials of some plants powders on
survival and development of Callosobuchus
maculatus. African. Journal of. Biotechnology,
3: 60-62.

Jackai and Oyediran (1991). Developing
nutritional and economic value added food
products from cowpea.

http://www.isp.msu.edu/crsp/Final.

Khani A. and Asghari J. (2012). Insecticide
activity of essential oils of Mentha longifolia,
Pulicaria gnaphalodes and Achillea wihelmsics
against two stored product pests, the flour beetle
Tribolium castaneum and the cowpea weevil
Callosbruchus maculatus. Journal oflnsects
scince 12(1): 73.

Saljogi, A.U.R., Afridi. M.K., Khan, S.A. and
Rahman, S., (2006). Effect of six plant extracts
on rice weevil Sitophilus oryzae L. in the stored
wheat grain. Journal of Agricultural and
Biological Science, 1(4):1-5

Kovendan, K., Kadarkarai Murugan Arjunan
Naresh Kumar Savariar Vincent and Jiang-Shiou
Fatima, M S., Amjad, U., Kamran, S.,
Muhammed A., Bismillah S., Muhammed, A.,
Nazeer, A., Khwaja,J., Syaed, R.A.S. and Inayat,
R. (2016). Rearing and Identification of
Callosobruchus maculatus (Brichiddae:
Coleoptera) in Chickpea. Journal of Entomology
and Zoology Studies, 4(2): 264-266.

Salako, E. A. (2008). A Review of Neem
Biopesticide Utilization and Challenges in
Central Nigeria. African journal Biotechnology
7: 4758-4764.

Koehler, P. G. (2003). Biopesticides Sheet.
Entomology and Nematology Department,
University of Florida, Gainesuilla, 2: 326.9: 219-
225.



http://www.isp.msu.edu/crsp/Final

Adeleke et al., 2018

14. Adedire, A. and Lajide, M. (1999). Insecticidal

15.

16.

17.

18.

19.

20.

activities of red pepper. African Journal of Bio-
technology. 3:41-49.

Kemabonta , K. A. and Falodu, B. B. (2013).
Bioefficacy of three plants product as post-
harvest grain protectant against Sitophilus oryzae
Linnaeus ( Coleoptera: Curculiondae) on stored
wheat (Triticun aestivum) . International Journal
of Science and Nature 4(2): 259-264.

Mila, I, Scalbert, A. Expert D (1996). Iron
withholding by plant polyphenols and resistance
to pathogens and rots. Phytochemistry 42:1551—
1555.

Karamanoli, K., Bouligaraki P., Constantinidou
H.I.LA, and Lindow S.E., (2011). Polyphenolic
compounds on leaves limit iron availability and
affect growth of epiphytic bacteria. Annuals of

Applied Biology. 159:99-108.

Martini, Diane M., Gershenzon, Jonathan, and
Bohlmann, Jorg (2003). Induction of volatile

Terpenes biosynthesis and Diurnal emission by
methyl jasmonata in foliage of Norway Spruce.
Plant physiology 132(3):1556-1559
Chaieb 1. (2010). Saponins as insecticides: A
review. Journal of Plant Protection. 5: 39-50.
Alphonsus Mbonu Oparaeke (2005). Studies on
insecticidal potencials of extracts of Gmelina
arborea products for control of field pest of
cowpea,Vigna unguiculata (L.) WALP: the pod

Table 1:

borer; Maruca vitrata and Coreid bug;
Clavigralla tomentosicollis. Journal of plant
protection research vol 45(1): 1-7.

Phytochemical analysis of leaf and stem bark ethanol extracts of G. arborea.

Constituents Leaf Extract Stem Bark Extract
Alkaloids ++ ++
Saponins _ ++
Tannins +++ ++
Flavonoids +++ +++
Carbohydrate ++ +++
Steroids _ +
Anthraquinones _ _
Cardiac glycosides ++ ++
Terpenes +++ _
- Absent + Present ++More Present +++ Highly Present
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Table 2. Effect of G. arborea Leaf Powder on Mortality of C. maculatus.

Conc. Number  24Hrs. 48Hrs. 72Hrs. 96Hrs. Total Mean %

(g)  of Insects Mortality Mortality Mortality
0.00 60 00 00 00 00 00 0.00+0.00 00
2.50 60 01 04 07 11 23 1.92+1.38  38.33
5.00 60 05 06 09 13 33 2.75+1.29  55.00
10.00 60 09 12 15 15 51 4.25+1.60  85.00

Mortality rate value is mean of twelve replicates.

Table 3. Effect of G. arborea Stem Bark Powder on Mortality of C. maculatus.

Conc. Number 24Hrs. 48Hrs. 72Hrs. 96Hrs. Total Mean %

()  of Insects Mortality Mortality Mortality
0.00 60 00 00 00 00 00 0.00+0.00 00
2.50 60 00 03 06 07 16 1.33+1.16  26.67
5.00 60 02 05 07 11 25 2.08+1.31  41.67

10.00 60 04 07 10 14 35 2.92+1.38 58.33

Mortality rate value is mean of twelve replicates.

Table 4. Effect of G. arborea Leaf Ethanol Extract on Mortality of C. maculatus.

Conc. Number 24Hrs. 48Hrs. 72Hrs. 96Hrs. Total Mean %
(mg) of Insects Mortality Mortality Mortality
0 60 - - - - - 0.00+0.00 -
125 60 04 05 08 17 34 2.83+2.17 56.67
250 60 07 09 11 17 44 3.67+£1.72 73.33
500 60 09 10 13 24 56 4.67+2.27  93.33

Mortality rate value is mean of twelve replicates.
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Table 5. Effect of Gmelina arborea Stem Bark Ethanol Extract on Mortality of
Callosobruchus Maculatus.

Conc. Number 24Hrs. 48Hrs. 72Hrs. 96Hrs. Total Mean %
(mg)  of Insects Mortality Mortality Mortality
0.00 60 00 00 00 00 00 0.00£0.00 00
125 60 03 07 11 12 33 2.75+1.29  55.00
250 60 04 10 15 14 43 3.58+1.83  71.67
500 60 05 15 17 13 50 4.17£1.95 83.33

Mortality rate value is mean of twelve replicates.

Table 6: Level of Significant for Leaf and Stem Bark Ethanol Extracts

Conc. (mg) Leaf Extract Stem Extract P- values Remarks
125 2.93+2.17 2.75+1.28 0.866 p=0.05
250 3.67+1.72 3.58+1.83 0.866 p=>0.05
500 4.67 +2.27 4.17+1.95 0.509 p=0.05

Table 7: Level of Significant for Stem Bark and Leaf Powder

Conc. (9) Leaf powder Stem Bark powder P- values Remarks
2.50 1.92+1.38 1.33+1.16 0.046 p=<0.05
5.00 2.75+1.29 208+ 142 0.111 p=>0.05
10.00 4.25+1.60 2.92+1.37 0.012 p=<0.05
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