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Abstract: Insect infestation on leguminous plants particularly cowpea causes high destruction that lead to nutritional and economic
losses. Hence powders from two medicinal plants namely Bersama abyssinica and Aristolochia elegans were tested for their efficacy as
survival, oviposition and progeny development inhibitors of Callosobruchus maculatus to ensure food security. The experiments were
conducted under laboratory temperature and relative humidity conditions and the powders were applied at rates 0.5g per 30g of cowpea
seeds as contact toxicity to insects placed in Petri dishes. Results of contact toxicity assay showed that powders of Bersama abyssinica
root bark and Aristolochia elegans seeds were effective against the adult C. maculatus by inducing 100% mortality within 5 days of
application at the rate of 0.5g/30g of cowpea seeds. Few number of eggs approximately 1.50 + 0.65 - 4.25 £ 0.65 per 50 seeds of cowpea
seeds were oviposited and there was no progeny development of the cowpea weevil in seeds treated with plant powders. In untreated
experiment the adult Callosobruchus maculatus survived and were able to lay eggs. The eggs were hatched and developed to F,
generation where 3.75 £ 0.25 approximately 45.8% adult C. maculatus emerged after 4 weeks .In the positive control, 100% mortality of
C. maculatus occurred within 24 h and there was negligible seed loss in treated seed where as in untreated cowpea seed loss incurred by
37.00 £ 0.00 %. This study showed that all the tested plant powders were toxic to cowpea weevil thus could be applied by farmers by
mixing with cowpea seeds to avert hatching of the eggs and development of larva, a destructive stage for management of insects and

maintain nutritional and seed value in cowpeas.
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1.Introduction

Callosobruchus maculatus is an insect belonging to a species
of beetle commonly known as the cowpea weevil, cowpea
seed beetle or bean beetle as it commonly feed and infest
different parts of the regumes [1]. Callosobruchus maculatus
is a member of the leaf beetle family, Chrysomelidae, and
not a true weevil [2]. It is a field to store pest since its
infestation on cowpea begins in the field as the mature pods
dry and when such seeds are harvested and stored [3]. This
insect is major constraint of cow pea production as it begins
from field by feeding on its inner protein thus causing
nutrients loss [4]. The pest population increases rapidly
under favorable conditions and results in total destruction
within a short duration of time [5]. The larvae of this species
feed and develop exclusively on the endosperm seed of
legumes (Fabaceae),whereas adults do not require food and
spend their lifetime approximately 1-2 weeks for mating and
laying eggs on leguminous seeds hence extra efforts are
required to control larva, a destructive stage so as to protect
seeds from damage [6] [7]. Callosobruchus maculatus has
been reported also to be a world threat of leguminous seed
[8] and it costly affect agricultural sector of Africa and Asia
that produce large amount of this kind of regume [9] [10]. So
far various efforts has been employed to protect seed damage
so as to ensure food security although currently pest control
in stored food products relies greatly on the application of
gaseous fumigants and residual contact insecticides that are
hazardous [11]. For example it has been claimed that
synthetic pesticides kills untargeted organisms, are

carcinogenic to human and environmentally unfriendly [12]
[13]. Having seen impacts caused by synthetic pesticides,
there is an urgent need to searching for effective and
affordable pesticide from plant sources. However there is no
study conducted to determine insecticidal property of
Bersama abyssinica and Aristolochia elegans against
cowpea seeds destructive insects. Hence in this study
Bersama abyssinica and Aristolochia elegans powders were
evaluated for insecticidal and protectant effect against
bruchid beetle, Callosobruchus maculatus.

2.Materials and Methods

This study was conducted in the Life science and bio-
engineering laboratory at Nelson Mandela African
Institution of Science and Technology, Arusha-Tanzania

2.1 Preparation of plant materials tested

Leaves, stem bark and root bark of Bersama abyssinica were
collected from Ilolo village of Rungwe district in Mbeya
whereas Aristolochia elegans leaves and seeds were
collected from Nambala village in Arusha, Tanzania. The
plant materials were authenticated by Mr. Daniel Sitoni of
Tropical Pesticides Research Institute (TPRI) and then air
dried under shade for two weeks before pulverization.
Powders of Bersama abyssinica leaves, stem bark and root
bark and Aristolochia elegans leaves and seeds were
prepared by separately grinding approximately 200g each
plant part in an electric grinding machine. Then the resulting
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powders were sieved through a 25-mesh sieve to obtain fine
powders.

2.2 Collection and Preparation of Cowpea Seeds

Cowpea seeds used for this study were obtained from a
newly stocked seeds free of insecticides at Arusha market
.The cowpea seeds were first cleaned and disinfested by
washing in sterilized clean water then dried in air and kept in
fridge for at -5 C for 7 days to kill all hidden insects. The
disinfected cowpeas were warmed in an oven at 40 °C for 4
h and then air dried in the laboratory to prevent moldiness
before they were stored in plastic containers with perforated
tight lids [14].

2.3 Insect culture

Callosobruchus maculatus used in this study were obtained
from Sokoine University of Agriculture, Morogoro-
Tanzania. The culture was maintained in plastic containers
with perforated lids under ambient temperature of 25 + 5°C
and 70 — 75 % relative humidity as described by [15].The
insects were raised on uninfested local cultivar of cowpea
and subsequent insects were drawn from this culture.

2.4 Survival, Oviposition and Progeny Development
Inhibition assay

The toxicity assay was done according to method employed
by [16] with some minor modifications whereas the
oviposition and progeny inhibitory assay was adopted from
[17] with some improvement. Thirty gram (30 g) of seeds
were placed in Petri dishes arranged in seven treatments each
replicated four times .The treatments were powders of
Bersama abyssinica leaves, stem bark, root bark Aristolochia
elegans leaves and seeds including positive control, the
Actellic dust and untreated cowpea seeds which saved as
negative control.. The plant part powders and Actellic dust
were administered on cowpea seeds at the rate of 0.5 g per
30 g of seeds. Then 3 pairs of copulating adult C. maculatus
less than ten hours old were introduced and confined in each
Petri dish for five days. The experiments were arranged in
Completely Randomized Design in the laboratory for seven
days before data collection commenced. The cowpea weevils
were left to oviposit on the seeds for seven days and were
carefully shifted out after they had died. Each group of the
experiment was suspended in a bowl of water so as to
prevent predation of eggs laid by red ants.

Data were collected on the total number of egg oviposited,
number of eggs hatched (eclosion) and number of adults that
emerged from each treatment and analyzed using analysis of
variance from Statistical Package for Social Seience version
21.0 (SPSS).

2.5 Seed loss assay

The assay was performed according to the method of [18]
with some modification but at maintained room temperature
in the laboratory. Then 3 copulating pairs of adult cowpea
beetle were introduced into each of the boxes and left for a
week to allow egg deposition. After egg deposition, adult

insects were removed from the boxes and the development
of the eggs was monitored for another 4 weeks. In the
positive control trial Actellic dust was used to treat cowpea
seed at the doses of 0.5 of plant powder per 30g of seeds
before 5 copulating pairs of the cowpea beetles were
introduced into the boxes. In negative control only 30g of
cowpea was left with 3 pairs of cowpea beetle. The controls
were also left for a week to allow egg deposition before adult
weevils were relocated. The developments of the eggs were
monitored for another 4 weeks and each of the experiments
was performed in four replicates. At the end of the fourth
week, the components of each box were poured in a dish and
cowpea seeds were sorted out of the plant powders. The
seeds were further sorted into those with developing eggs or
insects or holes and those without. Those having developing
insects/holes ‘were counted as lost seeds. The percentage
seed loss was calculated by:

% zeed loss = Weight of zeeds + insectholez x 100
Imitial weight of zeeds/™o of seeds

3.Results

The effect of plants powders on survival, oviposition and
development of Callosobruchus maculatus as contact
insecticides are depicted in Table 1, 2 and 3.The result
presented in this report shows that the plant powders were
able cause mortality within five (5) days in which Bersama
abyssinica root bark and Aristolochia elegans seeds powders
caused 100% .The Bersama abyssinica stem bark was able to
cause an average of 93.33% mortality whereas Bersama
abyssinica and Aristolochia elegans leaves caused 80.00 and
79.16% respectively. Comparing with controls, in untreated
cowpea seeds no any insect mortality was observed while in
positive control, the Actellic dust induced 100% within 48 hr
thus is claimed for causing side effects. The mortality effects
caused by powders had consistence effects on oviposition,
eclosion and adult development as observed in this study.

With regard to oviposition effect, the result showed that in
cowpeas treated with Bersama abyssinica leaves, stem bark
and root bark only 3.25 + 0.48, 4.50 + 0.65 and 1.50 + 0.96
respectively eggs were oviposited whereas the cowpea seeds
treated with Aristolochia elegans leaves and seed only 4.25
+ 0.65 and 1.50 +£0.65 eggs were oviposted as compared to
untreated experiment where 18.50 + 0.65 eggs were recorded
within 5 days only. This shows that plant powders tested
have ability to protect cowpea seeds from infestation.

On the other hand the result on eclosion showed that even
the oviposited eggs were not able to hatch due to contact
toxicity caused by plant powders. In experiment treated with
Bersama abyssinica leaves, stem bark and root bark an
average of 1.25 + 0.48, 0.50 = 0.50 and 0.25 + 0.25 new
C.maculatus emerged respectively and an average of 1.50 +
0.50 and 0.25+ 0.25 emerged in cowpea treated with
A.elegans leaves and seeds respectively. In untreated
experiment an average of 4.00 £ 0.28 new insect emerged
showing that the plant powders significantly possessed
insecticidal activity. This activity impacted heavily on the
development of C.maculatus into adult as an average of 0.25
+ 0.25 -0.75 + 0.25 adults survived after 4 weeks whereas in
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untreated cowpea seeds an average of 3.75 = 0.25 adults
developed and survived within after weeks.

In the seed loss assay result showed that cowpeas treated
with Bersama abyssinica leaves, stem bark, root bark
prevented seed loss by 93.75, 96.00 and 98.5% respectively
whereas Aristolochia elegans leaves and seeds prevented

cowpea seed loss by 98.10 and 100% showing that plant
powders are effective seed protectant. However in untreated
cowpeas 37.00% of cowpea seeds lost within 7 weeks
whereas in Actellic dust treated cowpea no seed loss was
observed.

Table 1:. Mortality of C. maculatus on cowpea seeds treated with powders of different plant parts of Bersama abyssinica and
Aristolochia elegans at the rate of 0.5g/30g of cowpea seeds

% Mortality within 5 days
Flant powder Day 1 | Day 2| Day 3 | Day 4] Day's

B.abyssinica leaves 17.50  |20.00 [22.50 |55.00 |80.00
B.abyssinica stem bark |\22.50 |47.50 [47.50 [62.50 |93.33
B. abyssinica root bark [33.33  |50.00 [75.00 |72.50 {100
A.elegans leaf 20.00 |37.50 [50.00 |70.83 [79.16
A.elegans seeds 50.00 62.50 |83.33 |87.50 |100
Actellic dust 95.80 [100 |- - -
Untreated 0.00 ]0.00 10.00 ]0.00 0.00

Table2. Insecticidal effect of Bersama abyssinica and Aristolochia elegans powders from different plant parts on
Oviposition, hatching and development of Callosobruchus maculatus on cowpea seeds

Plant/Control Powder |Mean No. of eggs laid = SE in 5 days  [Mean eggs hatched = SE in 4wks |Mean of adult + SE after 4 wks
A. elegans leaves 4.25 + 0.65 1.50 £ 0.50 0:75 £ 0:25
B.abyssinica leaves 3.25+0.48 1.25+0.48 0.75+0.25
B. abyssinica stem bark 4.50 £0.65 0.50 + 0.50 0.50+0.50
B.abyssinica root bark 1.50 + 0.96 0.25+0.25 0.25+0.25
A.elegans seed 1.50 £0.65 0.25+0.25 0.25+0.25
Actellic dust(+control) 0.00 +0.00 0.00 £+ 0.00 0.00 + 0.00
Untreated(-control) 18.50 + 0.65 4.00 +£0.28 3.75+£0.25

Table 3: Seed loss percentage in cowpea seeds treated with
plant powders after 7 weeks

Plant powder tested % cowpea seed
loss
Bersama abyssinica leaves 6.25 +0.25
Bersamaabyssinica stem bark 4.00 = 0.00
Bersama abyssinica root bark 1.5+0.50
Aristolochia elegans leaf 1.90 +0.25
Aristolochia elegans seeds 0.00 +0.00
Actellic dust 0.00 + 0.00
Untreated 37.00+ 0.00
4.Discussion

Plant powders applied by local communities are capable of
causing up to 100% mortality of Callosobruchus maculatus
[19]. Likewise in the present study the Bersama abyssinica
root bark and Aristolochia elegans seeds powders were able
to cause total mortality within 5 days. Even though no plant
powder caused 100% mortality within 24h as in of a positive
control, Actellic dust treatment. However, the synthetic
pesticides have been reported to pose side effects to human
and environment thus this results are considerably effective
in managing pests in stored foods [20] [21].

Plant powders also have been reported to reduce Oviposition
rate, progeny development and survival of Callosobruchus
maculatus [22]. In the present study most of insect died or
unable to move when probed with sharp object showing that
the plant powders affected their mobility and mating thus

little number of eggs was oviposited on seeds and this could
be due to intoxication caused by powders [23]. The
reduction in oviposion in late days was caused by increase in
days dosage of powders as compared to first days [24]. For
instance seeds treated with Bersama abyssinica stem bark
powder an average number of 4.5 egg per 50 seeds were laid
but an average of only 0.5 egg was hatched, this could be
due to failure of male beetle to fertilize eggs because were
weakened by powder [25].

Results reported in this study showed that Bersama
abyssinica and - Aristolochia elegans: powders have
insecticidal effects on cowpea weevil, C. maculatus at all
levels of treatment although varied with the treatment and
plant powder applied. Generally the two plant species
powders applied as contact insecticides were very effective
against C. maculatus by causing 100% mortality of adult C.
maculatus at rate 0.5g/30g of cowpea seeds within 5 days of
application. They also reduced oviposition and completely
inhibited progeny development by 50-100%. This shows that
Bersama abyssinica and Aristolochia elegans species have
oviposition deterrent, ovicidal and lavicidal properties. This
activity could be attributed by the presence of secondary
metabolites which have been reported in these plants [26]-
[28]. Again, the lethal effect of tested plant powders on
cowpea bruchid could be as a result of contact toxicity
because insects breathe by means of trachea which usually
opens at the surface of the body through spiracles [14].
These spiracles might have been blocked by the powders
hence leading to suffocation.
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The result reported in this study showed that the seed loss in
cowpea treated with plant powders was highly prevented by
100-98% as compared to control where 37% seed loss was
observed within 7 weeks. This result is comparable to the
report of [29] that highlighted that insects are capable to
cause loss up to 100% seed damage and 60% weight loss in
untreated cowpeas within only four months of storage. The
powders of Bersama abyssinica stem bark and Aristolochia
elegans seeds afforded to prevent seed loss 100% of loss
which was comparable with the study done by [30] that
reported the efficacy of plant powders for protection of
seeds. These results are also in consistence with the study
done by Getu (2009) which reported that cowpeas treated
with plant powders did not lose their weight and seeds as
compared to untreated cowpeas. Another study reported that
high weight loss in African cereals and legumes is caused by
uncontrolled Callosobruchus maculatus [31].

5.Conclusion

The findings of present study showed that Bersama
abyssinica and Aristolochia elegans powders could be
potential bioorganic pesticides for control against cereal and
grains pests. This is because all plant parts powders tested
were able to inhibit or reduce Oviposition, emergence and
development of adult Callosobruchus maculatus. Therefore
this study acknowledges the application of botanicals for
protection of cowpea seeds in storage as it is an inexpensive,
effective technique and easily adapted technology by rural
poor farmers. However further studies to improve the
efficiency of plant natural products as insecticides are
required to advance agricultural sectors in developing
countries including Tanzania as these compounds are cost
effective and environmentally friendly as compared to
synthetic insecticides.

6. Acknowledgement

This work was financially supported by COSTECH through
the Nelson Mandela African Institution of Science and
Technology. Sokoine University of Agriculture is highly
acknowledged . for provision of cowpea beetle,
Callosobruchus maculatus. Mr Daniel Sitoni of Tropical
Pesticides Research Institute is appreciated for identification
of plant species.

References

[1] Fox, C. W., Bush, M. L., Messina, E. J., (2010).
“Biotypes of the seed beetle Callosobruchus maculatus
have differing effects on the germination and growth of

their legume hosts”.  Agricultural and Forest
Entomology. 12, 353-362.

[2] Shah, 1, STUDIES ON PLANT-APHID
INTERACTIONS: A NOVEL ROLE FOR.

UNIVERSITY OF NORTH TEXAS, 2012.

[3] Boeke, S. J., Barnaud, C., van Loon, J. J., Kossou, D.
K., van Huis, A., Dicke, M., (2004). “Efficacy of plant
extracts against the cowpea beetle, Callosobruchus

maculatus”. International Journal of Pest Management.
50, 251-258.

[4] Pierrard, G., (1986). “Control of the cowpea weevil
Callosobruchus maculatus, at the farmer level in
Senegal”. International Journal of Pest Management.
32, 197-200.

[5] Shazali, M. H., Imamura, T., Miyanoshita, A., (2004).
“Mortality of eggs of the cowpea bruchid,
Callosobruchus maculatus (F.) (Coleoptera: Bruchidae)
in carbon dioxide under high pressure”. Applied
entomology and zoology. 39, 49-53.

[6] Messina, F. J., (1991). “Life-history variation in a seed
beetle: adult egg-laying vs. larval competitive ability”.
Oecologia. 85,447-455.

[7] TORIOLA, A. E., (2010). _“CROP PRODUCTION* 5
‘UNIVERSITY OF AGRICULTURE ABEOKUTA”.

[8] Fricke, C., Arnqvist, G., (2007). “Rapid adaptation to a
novel host in a seed beetle (Callosobruchus maculatus):
the role of sexual selection”. Evolution. 61, 440-454.

[9] Bergvinson, D., Koul, O., Dhaliwal, G., Cuperus, G.,
(2004). “Opportunities and challenges  for IPM in
developing countries”. Integrated pest management
potential, constraints - and challenges. Oklahoma, OK,
USA. 281-312.

[10]Buddenhagen, I., Gibbs, A., Persley, G., Reddy, D.,
Wongkaew, S., Improvement and Change of Food
Legume Agriculture in Asia in Relation to Disease.
Food Legume Improvement for Asian Farming Systems:
Proceedings of an International Workshop Held in Khon
Kaen, Thailand, 1-5 September 1986. State Mutual
Book & Periodical Service, 1987, pp. 138.

[11]El-Aziz, S. E. A., (2011). “Control strategies of stored
product pests”. Journal of Entomology. 8, 101-122.
[12]Bahlai, C. A., Xue, Y., McCreary, C. M., Schaafsma, A.
W., Hallett, R. H.,(2010). “Choosing organic pesticides
over synthetic pesticides may not effectively mitigate
environmental risk in soybeans”. PLoS ONE. 5, 11250

[13]Pimentel, D., Hepperly, P., Hanson, J., Douds, D.,
Seidel, R., (2005). “Environmental, energetic, and
economic comparisons of organic :and conventional
farming systems”. BioScience. 55, 573-582.

[14] Adedire, C. O., Obembe, O. M., Akinkurolere, R. O.,
Oduleye, S. O., (2011).” Response of Callosobruchus
maculatus (Coleoptera: Chrysomelidae: Bruchinae) to
extracts of cashew kernels”. Journal of Plant Diseases
and Protection. 118, 75.

[15] Adenekan, M., Okpeze, V., Ogundipe, W., Oguntade,
M., (2013). “Evaluation of Moringa oleifera powders
for the control of bruchid beetles during storage”.

[16] Talukder, F., Howse, P., (1995). “Evaluation of
Aphanamixis polystachya as a source of repellents,
antifeedants, toxicants and protectants in storage against
Tribolium  castaneum  (Herbst)”. Journal of Stored
Products Research. 31, 55-61

[17]1leke, K. D., Bulus, D. S., Aladegoroye, A. Y., (2013b).
“Effects of three medicinal plant products on survival,
oviposition and progeny development of cowpea
bruchid, Callosobruchus maculatus (Fab.) [Coleoptera:
Chrysomelidae] infesting cowpea seeds in storage.
Jordan Journal of Biological Science”. 6, 61-66.

[18]Omotoso, O. T., (2008). “Efficacy of extracts of some
aromatic medicinal plants on cowpea bruchid,
Callosobruchus maculatus in storage”. Bulletin of
Insectology. 61, 21.

Vaolinime 2 Icecnie R Anonet 2014



International Journal of Science and Research (IJSR)
ISSN (Online): 2319-7064
Impact Factor (2012): 3.358

[19]1leke, K., Odeyemi, O., Ashamo, M., (2012).
“Insecticidal activity of Alstonia boonei De Wild
powder against cowpea bruchid, Callosobruchus
maculatus (Fab.)[Coleoptera: Chrysomelidae] in stored
cowpea seeds”. International Journal of Biology. 4,
pl25.

[20]Ngowi, A., Mbise, T., Ijani, A., London, L., Ajayi, O.,
(2007). “Smallholder vegetable farmers in Northern
Tanzania: Pesticides use practices, perceptions, cost and
health effects”. Crop Protection. 26, 1617-1624.

[21]0gendo, J., Deng, A., Belmain, S., Walker, D.,
Musandu, A., (2004). “Effect of insecticidal plant
materials, Lantana camara L. and Tephrosia vogelii
Hook, on the quality parameters of stored maize grains”.
Journal of food technology in Africa. 9, 29-35.

[22]Getu, E., (2009). “Evaluation of botanical plants
powders against Zabrotes subfasciatus (Boheman)
(Coleoptera: Bruchidae) in stored haricot beans under
laboratory condition”. African Journal of Agricultural
Research. 4, 1073-1079.

[23]Lephale., S., Addo-Bediako, A., Ayodele, V., (2012).
“Susceptibility of seven cowpea cultivars (Vigna
unguiculatus) to cowpea beetle (Callosobruchus
maculates)”.

[24]Jayakumar, M., (2010). “Oviposition deterrent and adult
emergence activities of some plant aqueous extracts
against Callosobruchus maculatus F. Coleoptera:
Bruchidae)”. J. Biopesticides. 3, 325-329.

[25]WILSON, K., HILL, L., (1989). “Factors affecting egg
maturation in the bean weevil Callosobruchus
maculatus”. Physiological Entomology. 14, 115-126.

[26]1zquierdo, A. M., Zapata, E. V., Jiménez-Ferrer, J. E.,
Muiioz, C. B., Aparicio, A. J., Torres, K. B., Torres, L.
O., (2010). “Scorpion antivenom effect of
micropropagated Aristolochia elegans”. Pharmaceutical
biology. 48, 891-896

[27]1Wink, M., Schimmer, O., (2010). “Molecular modes of
action of defensive secondary metabolites”. Functions
and biotechnology of plant secondary metabolites. 39,
21-161.

[28]Kuete, V., Mbaveng, A. T., Tsaffack, M., Beng, V. P.,
Etoa, F.-X., Nkengfack, A. E., Meyer, J., Lall, N,
(2008). “Antitumor, antioxidant and - antimicrobial
activities of Bersama engleriana (Melianthaceae)”.
Journal of ethnopharmacology. 115, 494-501.

[29] Tanzubil, P., (1991). “Control of some insect pests of
cowpea (Vigna unguiculuta) with neem (Azadirachta
indica A Juss.) in Northern Ghana”. International
Journal of Pest Management. 37,216-217.

[30]1leke, K., Odeyemi, O., Ashamo, M., (2013a).
“Response of cowpea - bruchid, Callosobruchus
maculatus (Fab.)(Coleoptera: Chrysomelidae) to cheese
wood, Alstonia boonei De Wild stem bark oil extracted
with different solvents”. Archives of Phytopathology
And Plant Protection. 46, 1359-1370.

[31][31] Ahmed, B., Yusuf, A., (2007). “Host-plant
resistance: A viable non—chemical and environmentally
friendly strategy of controlling stored products pests-a
review”. Emirates Journal of Food and Agriculture. 19.

Author Profile

Never Zekeya is a Master student at School of Life Science and
Bio-engineering, Nelson Mandela African Institution of Science
and Technology, P.O. Box 447, Arusha, Tanzania

Dr. Musa Chacha received PhD in Chemistry from the University
of Botswana/Botswana under the supervision of Prof. Runner, R. T.
Majinda in 2008. I was working at the University of Dar es
Salaam/Tanzania from 2004 to 2013. I moved to Nelson Mandela
African Institution of Science and Technology (NM-AIST) which is
located in Arusha, Tanzania in April 2-13. I am currently a Senior
Lecturer School of Life Science and Bio-engineering. Contact
details: Nelson Mandela African Institution of Science and
Technology, P.O. Box 447, Arusha, Tanzania.

Dr. Francis Shahada is as a Senior Lecturer School of Life
Science and Bio-engineering, Nelson Mandela African Institution
of Science and Technology, P.O. Box 447, Arusha, Tanzania

Corresponding Author: Musa Chacha, School of Life Science and
Bio-engineering, Nelson Mandela African Institution of Science
and Technology, P.O. Box 447, Arusha, Tanzania.

Vaolinime 2 Icecnie R Anonet 2014



