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ABSTRACT

The common bean Phaseolus vulgaris an important source of plant protein in many parts of
the world, Uganda inclusive. Among the major food crops, it has one of the highest levels of
variations in seed characteristics (shape, size, and colour), growth habit, maturity and
adaptation. In rural areas of Uganda, the losses caused by storage insect pests in stored bean
grain is one of the major problems faced by smallholder farmers. The major pest of stored
bean is the bean weevil (Acanthoscelides obtectus) which can lead to a total loss if left
uncontrolled. To overcome these losses encountered, this laboratory study investigates the
efficacy of the selected plant powders on bean weevil (Acanthoscelides obtectus) in common
beans. The plant powders used included; Neem (Azadirachta indica), garlic (Allium sativum)
and actellic dust was used as a positive control plus that without any powder treatment
(negative control) onto NABE 16 bean variety under storage for 15 weeks . The experiment
was arranged in completely randomized design in three replications and data collected
include; Insect mortality, adult emergency, damage, weight loss and percentage germination
the of stored bean grains. Data collected were subjected to analysis of variance (ANOVA)
procedure using GenStat 15" edition and mean comparisons were conducted using
Bonferroni test at 5% level of significance. The results from this study revealed that there
were significant differences between plant powder treatments and the synthetic treatment
over the control throughout the storage period of the experiment. Among the plant powders
used, neem powder was found to be more effective than garlic powder in the parameters
measured (mortality, adult emergency, grain damage, weight loss and germination). The
increase of weevil mortality and adult emergency was directly proportional with the increase
in duration of storage. However, the plant powders had no negative effect on percentage
germination when compared to the synthetic insecticide. It was also observed that the actellic
dust which is a synthetic insecticide revealed superiority over neem powder treatment though
their results were more comparable with duration of storage. It can therefore be concluded
that, the insecticidal plant powders such as neem powder can be used to protect stored bean
grains against weevil damage hence contributing to food security and hunger alleviation.

Keywords; Neem, Garlic, Storage insect pests, Plant powders, Synthetic insecticide,

Acanthoscelides obtectus
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

The common bean (Phaseolus vulgaris L.) is a major food legume grown worldwide (Luna-
vital et al., 2014). The crop is produced for direct human consumption with a commercial
value exceeding that of all other legume crops combined (Trott et al., 2016). Globally,
common beans are grown on 23 million hectares and the global common bean production has
now risen to 12 million tons per year (Mishra et al., 2017). According to FAO, the common
bean is referred to as an essential food due to its high protein content and large amounts of
fibre, carbohydrates and other dietary necessities (Celmeli & Sari, 2018). Dietary intake of
beans has been associated with decreasing the risk for developing coronary heart disease,
metabolic syndrome, stroke, hypertension, diabetes, obesity, gastrointestinal diseases etc.
(Garden-Robinson & McNeal, 2016).

Latin America represents about 50% of world volume of common beans produced making it
the region with the greatest production followed by Africa with 25% (Losa et al., 2022). In
Sub-Saharan Africa, common beans are produced on more than 3.5 million ha with
production taking place mainly in East Africa and the highlands of Southern Africa, with a
combined production of almost 1 million tons (Jevremovi¢ et al., 2019). However, pre-and
post-harvest damage caused by insect pests is a major limiting factor of bean production.
Stored beans suffer heavy losses in terms of both quantity and quality mostly by bean weevils
(Tegegne B, 2017). Acanthoscelides obtectus is the one of major bean weevil species
attacking stored beans causing yield losses reaching up to 38% (Baldin et al., 2017). To
reduce storage losses due to insect pests, synthetic insecticides have been recommended. The
use of synthetic insecticides has been adopted to manage and reduce the losses caused by the
insect pest. However, their use is limited under small scale farming due to high costs and
infrequent  supply. The development of cost-effective, highly biodegradable,
environmentally-safe and sustainable plant made insecticides have gained significant
importance in weevil management particularly for small scale farmers and these include
neem (Azadirachta indica), garlic (Allium sativum) among others (Ogu & lkehi, 2015).

Different plant insecticides may act synergistically or singly to effectively inhibit insect pest



are promoted as part of a sustainable insect pest management techniques for farm

level storage.

REFERENCES

Alemayehu, M., & Getu, E. (2017). Management of Bean bruchids ( Accanthoscelides obtectus Say .) (
Coleoptera : Bruchidae ) using botanical oils in Western Amhara, Ethiopia. 8(March), 31-39.
https://doi.org/10.5897/JSPPR2016.0229

Alemneh, M. (2016). Evaluation of morphological aspects of common bean (Phaseolus vulgaris L.)
genotypes for post-flowering drought resistance in Rift Valley of Ethiopia. African Journal of
Agricultural Research, 11(32), 3020-3026. https://doi.org/10.5897/ajar2015.10467

Baldin, E. L. L., Lara, F. M., Camargo, R. S., & Pannuti, L. E. R. (2017). Characterization of resistance to
the bean weevil Acanthoscelides obtectus Say, 1831 (Coleoptera: Bruchidae) in common bean
genotypes. Arthropod-Plant Interactions, 11(6), 861-870. https://doi.org/10.1007/s11829-017-
9540-6

Beneke, C. J. (2010). THE EXPRESSION AND INHERITANCE OF RESISTANCE TO ACANTHOSCELIDES
OBTECTUS ( BRUCHIDAE ) IN SOUTH AFRICAN DRY BEAN CULTIVARS by May 2010 Supervisor :
Prof. M . T. Labuschagne. May.

Bett, P. K., Kiplagat, A. J., & Deng, A. L. (2021). Insecticidal potency of mixtures of plant powders and
Actellic SuperTM (Pirimiphos-methyl + Permethrin) on Callosobruchus chinensis F. and
Sitophilus zeamais Motch. East African Journal of Science, Technology and Innovation, 3(1), 1-
15. https://doi.org/10.37425/eajsti.v3i1.363

Bilal, T., Mushtaq, T., Ahmad, P. I., Gangoo, S. A,, Behar, B., Ayoob, B., Farooq, S., & Mushtagq, I.
(2022). Botanicals their use as antimicrobial , antifungal and anti insecticides. 11(5), 1521—
1528.

Celmeli, T., & Sari, H. (2018). The Nutritional Content of Common Bean ( Phaseolus vulgaris L .)
Landraces in Comparison to Modern Varieties. https://doi.org/10.3390/agronomy8090166

CIAT. (1989). Common beans in Africa and their constraints. Bean Production Problems in the
Tropics, September, 726.

Dubey, N. K., Srivastava, B., & Kumar, A. (2008). Current Status of Plant Products as Botanical
Pesticides in storage pest management. Biopesticides, 1(2), 182—186.

Ebinu, J. A,, Nsabiyera, V., Otim, M., Nkalubo, S. T., Ugen, M., Agona, A. J., & Talwana, H. L. (2016).
Susceptibility to bruchids among common beans in Uganda. African Crop Science Journal, 24(3),
289. https://doi.org/10.4314/acsj.v24i3.6

Erenso, T. F., & Berhe, D. H. (2016). Effect of Neem Leaf and Seed Powders Against Adult Maize
Weevil (Sitophilus zeamais Motschulsky) Mortality. International Journal of Agricultural
Research, 11(2), 90-94. https://doi.org/10.3923/ijar.2016.90.94

Foidl, N., Makkar, H., & Becker, K. (2001). the Potential of Moringa Oleifera. Dar Es Salaam, 20.
https://miracletrees.org/moringa-
doc/the_potential_of moringa_oleifera_for_agricultural_and_industrial_uses.pdf%0Ahttp://m
iracletrees.org/potential-of-morionga-oleifera.html

28



Gafar, M. K., Itodo, A. U., Warra, A. A., & Abdullahi, L. (2012). Extraction and physicochemical
determination of garlic (Allium sativum L) oil. International Journal of Food and Nutrition
Science, 1(2), 4-7,4. http://researchpub.org/journal/ijfns/number/vol1-no2/voll-no2-1.pdf

Garden-Robinson, J., & McNeal, K. (2016). All About Beans Nutrition, Health Benefits, Preparation
and Use in Menus (FN1643, Revised Feb. 2019). 1643(February 2019).

Gariba, S. Y., Dzidzienyo, D. K., & Eziah, V. Y. (2021). Assessment of four plant extracts as maize seed
protectants against Sitophilus zeamais and Prostephanus truncatus in Ghana. Cogent Food and
Agriculture, 7(1). https://doi.org/10.1080/23311932.2021.1918426

Gepts, P., Kmiecik, K., Pereira, P., & Bliss, F. A. (1988). Dissemination pathways of common bean
(Phaseolus vulgaris, Fabaceae) deduced from phaseolin electrophoretic variability. I. The
Americas. Economic Botany, 42(1), 73—85. https://doi.org/10.1007/BF02859036

Gharsan, F., Jubara, N., Alghamdi, L., Almakady, Z., & Basndwh, E. (2018). Toxicity of Five Plant Qils
to Adult Tribolium castaneum (Coleoptera: Tenebrionidae) and Oryzaephilus surinamensis
(Coleoptera: Silvanidae). Florida Entomologist, 101(4), 592-596.
https://doi.org/10.1653/024.101.0420

Gomez, A. A, & Wiley, J. (n.d.). Gomez and Gomez. 6.

Hikal, W. M., Baeshen, R. S., & Ahl, H. A. H. S. (2017). Botanical insecticide as simple extractives for
pest control. Cogent Biology, 35(1). https://doi.org/10.1080/23312025.2017.1404274

Hirpa, K., & Selvaraj, T. (2016). Evaluation of Common bean Cultivars and Fungicide Spray Frequency
for the Management of Anthracnose ( Colletotrichum lindemuthianum ) in Ambo , West Shewa
Zone , Ethiopia. Journal of Biology, Agriculture and Healthcare, 6(19), 68—80.

Hossain, M. A., Al-toubi, W. A. S., Weli, A. M., Al-riyami, Q. A., & Al-sabahi, J. N. (2013). Identification
and characterization of chemical compounds in different crude extracts from leaves of Omani
neem. Integrative Medicine Research, 7(4), 181-188.
https://doi.org/10.1016/j.jtusci.2013.05.003

Hugo, B. (1990). Breeding phaseolus vulgaris ( common bean ) for resistance to the major pest
bruchids Zabrotes subfasciatus and Acanthoscelides obtectus . Biochemical bases for seed
resistance in wild lines.

Islam, T., Igbal, J., Abdullah, K., & Khan, E. A. (2017). Evaluation of some plant extracts against maize
weevil, Sitophilus zeamais (Coleoptera: Curculionidae) under laboratory conditions. Pakistan
Journal of Agricultural Sciences, 54(4), 737-741. https://doi.org/10.21162/PAKJAS/17.5988

ISTA. (2007). ISTA Method Validation for Seed Testing Acknowledgments The ISTA Method Validation
Working Group is grateful to. 1-70.

Jevremovi¢, S., Lazarevié, J., Kosti¢, M., Krnjaji¢, S., Ugrenovic, V., & Radoniji¢, A. (2019). Contact
application of Lamiaceae botanicals reduces bean weevil infestation in stored beans. 71(4),
665-676.

Katungi, E., Farrow, A., Chianu, J., Sperling, L., & Beebe, S. (2009). Common bean in Eastern and
Southern Africa : a situation and outlook analysis Common bean in Eastern and Southern
Africa : a situation and outlook analysis E . Katungi * , A . Farrow, J . Chianu, L. Sperlingand S .
Beebe International Centre for Tropi. International Centre for Tropical Agriculture,
61(December 2013), 1-44.

29



Kidane, H., Alemu, Z. G., & Kundhlande, G. (2005). Causes of household food insecurity in
koredegaga peasant association, oromiya zone, Ethiopia. Agrekon, 44(4), 543-560.
https://doi.org/10.1080/03031853.2005.9523727

Kisa, A., Akylz, M., Cogun, H. Y., Kordali, S., Bozhliyik, A. U., Tezel, B., Siltelioglu, U., Anil, B., & Cakir,
A. (2018). Effects of Olea europaea L. Leaf metabolites on the tilapia (Oreochromis niloticus)
and three stored pests, sitophilus granarius, Tribolium confusum and Acanthoscelides obtectus.
Records of Natural Products, 12(3), 201-215. https://doi.org/10.25135/rnp.23.17.07.126

Laizer, H. C., & Mbwambo, F. E. (2022). Effectiveness of Sphaeranthus suaveolens (Forssk.) DC.
powder in the control of bean bruchid (Acanthoscelides obtectus) (Coleoptera: Chrysomelidae)
in stored common bean (Phaseolus vulgaris L.) seeds. Journal of Natural Pesticide Research,
2(January 2023), 100016. https://doi.org/10.1016/j.napere.2022.100016

Lawson, L. D., & Gardner, C. D. (2005). Composition, stability, and bioavailability of garlic products
used in a clinical trial. Journal of Agricultural and Food Chemistry, 53(16), 6254—6261.
https://doi.org/10.1021/jf050536+

Letting, F. K., Venkataramana, P. B., & Ndakidemi, P. A. (2021). Breeding potential of lablab [Lablab
purpureus (L.) Sweet]: a review on characterization and bruchid studies towards improved
production and utilization in Africa. Genetic Resources and Crop Evolution, 68(8), 3081-3101.
https://doi.org/10.1007/s10722-021-01271-9

Loko, Y. L. E., Gnaho, A. C,, Toffa, J., Orobiyi, A., Dansi, A., & Tamo, M. (2018). Management of
Dinoderus porcellus L. (Coleoptera: Bostrichidae) infesting yam chips using varietal resistance
and botanical powders of three medicinal plants. African Journal of Agricultural Research,
13(40), 2118-2133. https://doi.org/10.5897/ajar2018.13418

Losa, A., Vorster, J., Cominelli, E., Sparvoli, F., Paolo, D., Sala, T., Ferrari, M., Carbonaro, M., Marconi,
S., Camilli, E., Reboul, E., Waswa, B., Ekesa, B., Aragdo, F., & Kunert, K. (2022). Drought and
heat affect common bean minerals and human diet — - What we know and where to go. May
2021, 1-28. https://doi.org/10.1002/fes3.351

Luna-vital, D. A., Mojica, L., & Gonz, E. (2014). Biological potential of protein hydrolysates and
peptides from common bean (Phaseolus vulgaris L.): A review. FRIN.
https://doi.org/10.1016/j.foodres.2014.11.024

Medical, P. (2017). A Review of chemical constituents and traditional usage of Neem plant
(Azadirachta Indica). 2(2), 75-81.

Meeting, J., The, O. F., Committee, C., Working, T. H. E., & On, P. (2015). JOINT MEETING OF THE
CHEMICALS COMMITTEE AND THE WORKING PARTY ON CHEMICALS, PESTICIDES AND
BIOTECHNOLOGY CONSENSUS DOCUMENT ON THE BIOLOGY OF COMMON BEAN (Phaseolus
vulgaris L.) Series on Harmonisation of Regulatory Oversight in Biotechnology. 59.

Messina, V. (2014). Nutritional and health benefits of dried beans. American Journal of Clinical
Nutrition, 100(SUPPL. 1). https://doi.org/10.3945/ajcn.113.071472

Miki¢, A. (2018). Phaseolus L. Lexicon of Pulse Crops, 187-211. https://doi.org/10.1201/b22282-13

Mishra, S. K., Macedo, M. L. R., Panda, S. K., & Panigrahi, J. (2017). Bruchid pest management in
pulses : past practices, present status and use of modern breeding tools for development of. 1-
16. https://doi.org/10.1111/aab.12401

Mpumi, N., Mtei, K., Machunda, R., & Ndakidemi, P. A. (2016). The Toxicity, Persistence and Mode of

30



Actions of Selected Botanical Pesticides in Africa against Insect Pests in Common Beans,
&lt;i&gt;P. vulgaris&It;/i&gt;: A Review. American Journal of Plant Sciences, 07(01), 138-151.
https://doi.org/10.4236/ajps.2016.71015

Mulungu, L. (2021). Effectiveness of Local Botanicals as Protectants of Stored Beans ( Phaseolus
vulgaris L .) against Bean Bruchid ( Zabrotes subfasciatus ) ( Genera : Zabrotes . Family :
Bruchidae ) (Issue May). https://doi.org/10.3923/je.2007.210.217

Mushobozy, D. M. K., Nganilevanu, G., Ruheza, S., & Swella, G. B. (2009). Plant oils as common bean
(Phaseolus vulgaris L.) seed protectants against infestations by the mexican bean weevil
Zabrotes subfasciatus (Boh.). Journal of Plant Protection Research, 49(1), 35—-40.
https://doi.org/10.2478/v10045-009-0005-5

Nahdy, M. S. (1994). Bean sieving, a possible control measure for the dried bean beetles,
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae). Journal of Stored Products Research,
30(1), 65-69. https://doi.org/10.1016/0022-474X(94)90273-9

Njoroge, A. W., Affognon, H., Mutungi, C., Richter, U., Hensel, O., Rohde, B., & Mankin, R. W. (2017).
Bioacoustics of Acanthoscelides obtectus (Coleoptera: Chrysomelidae: Bruchinae) on Phaseolus
vulgaris (Fabaceae). Florida Entomologist, 100(1), 109-115.
https://doi.org/10.1653/024.100.0116

Of, A., Powders, P., Protectants, A. S., Stored, O. F., Grains, M., & Weevil, A. M. (2019). Assessment
of Plant Powders As Protectants of Stored Maize Grains. 50(1), 37-45.

Ogu, E., & lkehi, M. E. (2015). Use of Neem and Garlic Dried Plant Powders for Controlling some
Stored Grains Pests. 25(2), 507-512.

Osama-kenyan, P. (n.d.). Larger Grain Borer on Maize. 76.

Padin, S. B., Fusé, C., Urrutia, M. I., & Dal Bello, G. M. (2013). Toxicity and repellency of nine
medicinal plants against Tribolium castaneum in stored wheat. Bulletin of Insectology, 66(1),
45-49.

Plata-Rueda, A., Martinez, L. C., Santos, M. H. Dos, Fernandes, F. L., Wilcken, C. F., Soares, M. A.,
Serrdo, J. E., & Zanuncio, J. C. (2017). Insecticidal activity of garlic essential oil and their
constituents against the mealworm beetle, Tenebrio molitor Linnaeus (Coleoptera:
Tenebrionidae). Scientific Reports, 7(April). https://doi.org/10.1038/srep46406

Rajashekar, Y., Bakthavatsalam, N., & Shivanandappa, T. (2012). Botanicals as grain protectants.
Psyche (London), 2012. https://doi.org/10.1155/2012/646740

Rodriguez De Luque, J. J., & Creamer, B. (2014). Principales restricciones y tendencias en la
produccién y comercializacidn de frijol comun; estableciendo prioridades de investigacién.
Agronomia Colombiana, 32(3), 423-431. https://doi.org/10.15446/agron.colomb.v32n3.46052

Rodriguez Gonzélez, A., Gonzalez-Lépez, O., Mayo-Prieto, S., Carro-Huerga, G., Del Ser, S., Alvarez-
Garcia, S., Lorenzana, A., & Casquero, P. (2021). Effects of Cymbopogon Winterianus and
Ocimum Basilicum against the Stored Phaseolus Vulgaris Bean Pest, Acanthoscelides Obtectus.
8766. https://doi.org/10.3390/iecps2020-08766

Schmale, I., Wackers, F. L., Cardona, C., & Dorn, S. (2002). Field infestation of Phaseolus vulgaris by
Acanthoscelides obtectus (Coleoptera: Bruchidae), parasitoid abundance, and consequences
for storage pest control. Environmental Entomology, 31(5), 859—-863.
https://doi.org/10.1603/0046-225X-31.5.859

31



Schmale, Ine. (2001). Biological control of the bean weevil, Acanthoscelides obtectus, by a
hymenopteran parasitoid, as part of an IPM system. 93.

Silva, L. B., Silva, J. C., Pavan, B. E., Pereira, F. F., Maggioni, K., Andrade, L. H., Candido, A. C. S., &
Peres, M. T. L. P. (2013). Insecticide irritability of plant extracts against Sitophilus zeamais.
African Journal of Agricultural Research, 8(11), 978-983. https://doi.org/10.5897/AJAR12.1849

Silva, M. S., Maria, S., Broglio, F., Cristina, R., Trindade, P., Ferrreira, E. S., Gomes, . B., & Micheletti,
L. B. (2015). Toxicity and application of neem in fall armyworm. 6(May 2014), 359-364.
https://doi.org/10.14295/CS.v6i3.808

Soares, M. A., Quintela, E. D., Mascarin, G. M., & Arthurs, S. P. (2015). Effect of temperature on the
development and feeding behavior of Acanthoscelides obtectus (Chrysomelidae: Bruchinae) on
dry bean (Phaseolus vulgaris L.). Journal of Stored Products Research, 61, 90-96.
https://doi.org/10.1016/j.jspr.2014.12.005

Taha, M., & Khalifa, A. (2021). www.ejppri.eg.net. 4, 240-252.

Tegegne B. (2017). Combination Effect of Different Insecticide Plants Against Acanthoscelides
obtectus (Coleoptera: Bruchidea): Storage Pests of Common Bean (Phaseolus vulgaris). 8(4).
https://doi.org/10.4172/2471-2728.1000192

Trott, A. R., Welch, T. C., Hundy, G. F., Trott, A. R., Welch, T. C., & Qadri, B. (2016). Chapter 4 An{a] %
BHF B E. Refrigeration and Air Conditioning, 6(December 2015), 59-87.

York, N., & Garden, B. (2009). Races of Common Bean ( Phaseolus vulgaris , Fabaceae ) Author (s ):
Shree P . Singh , Paul Gepts , Daniel G . Debouck Published by : Springer on behalf of New York
Botanical Garden Press Stable URL : http.//www.jstor.org/stable/4255369. 45(3), 379-396.

Alemayehu, M., & Getu, E. (2017). Management of Bean bruchids ( Accanthoscelides obtectus Say .) (
Coleoptera : Bruchidae ) using botanical oils in Western Amhara , Ethiopia. 8(March), 31-39.
https://doi.org/10.5897/J1SPPR2016.0229

Alemneh, M. (2016). Evaluation of morphological aspects of common bean (Phaseolus vulgaris L.)
genotypes for post-flowering drought resistance in Rift Valley of Ethiopia. African Journal of
Agricultural Research, 11(32), 3020-3026. https://doi.org/10.5897/ajar2015.10467

Baldin, E. L. L., Lara, F. M., Camargo, R. S., & Pannuti, L. E. R. (2017). Characterization of resistance to
the bean weevil Acanthoscelides obtectus Say, 1831 (Coleoptera: Bruchidae) in common bean
genotypes. Arthropod-Plant Interactions, 11(6), 861-870. https://doi.org/10.1007/s11829-017-
9540-6

Beneke, C. J. (2010). THE EXPRESSION AND INHERITANCE OF RESISTANCE TO ACANTHOSCELIDES
OBTECTUS ( BRUCHIDAE ) IN SOUTH AFRICAN DRY BEAN CULTIVARS by May 2010 Supervisor :
Prof. M . T. Labuschagne. May.

Bett, P. K., Kiplagat, A. J., & Deng, A. L. (2021). Insecticidal potency of mixtures of plant powders and
Actellic SuperTM (Pirimiphos-methyl + Permethrin) on Callosobruchus chinensis F. and
Sitophilus zeamais Motch. East African Journal of Science, Technology and Innovation, 3(1), 1-
15. https://doi.org/10.37425/eajsti.v3i1.363

Bilal, T., Mushtaq, T., Ahmad, P. ., Gangoo, S. A., Behar, B., Ayoob, B., Farooq, S., & Mushtagq, I.
(2022). Botanicals their use as antimicrobial , antifungal and anti insecticides. 11(5), 1521—

32



1528.

Celmeli, T., & Sari, H. (2018). The Nutritional Content of Common Bean ( Phaseolus vulgaris L .)
Landraces in Comparison to Modern Varieties. https://doi.org/10.3390/agronomy8090166

CIAT. (1989). Common beans in Africa and their constraints. Bean Production Problems in the
Tropics, September, 726.

Dubey, N. K., Srivastava, B., & Kumar, A. (2008). Current Status of Plant Products as Botanical
Pesticides in storage pest management. Biopesticides, 1(2), 182-186.

Ebinu, J. A,, Nsabiyera, V., Otim, M., Nkalubo, S. T., Ugen, M., Agona, A. J., & Talwana, H. L. (2016).
Susceptibility to bruchids among common beans in Uganda. African Crop Science Journal, 24(3),
289. https://doi.org/10.4314/acsj.v24i3.6

Erenso, T. F., & Berhe, D. H. (2016). Effect of Neem Leaf and Seed Powders Against Adult Maize
Weevil (Sitophilus zeamais Motschulsky) Mortality. International Journal of Agricultural
Research, 11(2), 90-94. https://doi.org/10.3923/ijar.2016.90.94

Foidl, N., Makkar, H., & Becker, K. (2001). the Potential of Moringa Oleifera. Dar Es Salaam, 20.
https://miracletrees.org/moringa-
doc/the_potential_of moringa_oleifera_for_agricultural_and_industrial_uses.pdf%0Ahttp://m
iracletrees.org/potential-of-morionga-oleifera.html

Gafar, M. K., Itodo, A. U., Warra, A. A., & Abdullahi, L. (2012). Extraction and physicochemical
determination of garlic (Allium sativum L) oil. International Journal of Food and Nutrition
Science, 1(2), 4-7,4. http://researchpub.org/journal/ijfns/number/voll-no2/voll-no2-1.pdf

Garden-Robinson, J., & McNeal, K. (2016). All About Beans Nutrition, Health Benefits, Preparation
and Use in Menus (FN1643, Revised Feb. 2019). 1643(February 2019).

Gariba, S. Y., Dzidzienyo, D. K., & Eziah, V. Y. (2021). Assessment of four plant extracts as maize seed
protectants against Sitophilus zeamais and Prostephanus truncatus in Ghana. Cogent Food and
Agriculture, 7(1). https://doi.org/10.1080/23311932.2021.1918426

Gepts, P., Kmiecik, K., Pereira, P., & Bliss, F. A. (1988). Dissemination pathways of common bean
(Phaseolus vulgaris, Fabaceae) deduced from phaseolin electrophoretic variability. I. The
Americas. Economic Botany, 42(1), 73—-85. https://doi.org/10.1007/BF02859036

Gharsan, F., Jubara, N., Alghamdi, L., Almakady, Z., & Basndwh, E. (2018). Toxicity of Five Plant Qils
to Adult Tribolium castaneum (Coleoptera: Tenebrionidae) and Oryzaephilus surinamensis
(Coleoptera: Silvanidae). Florida Entomologist, 101(4), 592-596.
https://doi.org/10.1653/024.101.0420

Gomez, A. A., & Wiley, J. (n.d.). Gomez and Gomez. 6.

Hikal, W. M., Baeshen, R. S., & Ahl, H. A. H. S. (2017). Botanical insecticide as simple extractives for
pest control. Cogent Biology, 35(1). https://doi.org/10.1080/23312025.2017.1404274

Hirpa, K., & Selvaraj, T. (2016). Evaluation of Common bean Cultivars and Fungicide Spray Frequency
for the Management of Anthracnose ( Colletotrichum lindemuthianum ) in Ambo , West Shewa
Zone , Ethiopia. Journal of Biology, Agriculture and Healthcare, 6(19), 68—80.

Hossain, M. A., Al-toubi, W. A. S., Weli, A. M., Al-riyami, Q. A., & Al-sabahi, J. N. (2013). Identification
and characterization of chemical compounds in different crude extracts from leaves of Omani
neem. Integrative Medicine Research, 7(4), 181-188.

33



https://doi.org/10.1016/j.jtusci.2013.05.003

Hugo, B. (1990). Breeding phaseolus vulgaris ( common bean ) for resistance to the major pest
bruchids Zabrotes subfasciatus and Acanthoscelides obtectus . Biochemical bases for seed
resistance in wild lines.

Islam, T., Igbal, J., Abdullah, K., & Khan, E. A. (2017). Evaluation of some plant extracts against maize
weevil, Sitophilus zeamais (Coleoptera: Curculionidae) under laboratory conditions. Pakistan
Journal of Agricultural Sciences, 54(4), 737-741. https://doi.org/10.21162/PAKJAS/17.5988

ISTA. (2007). ISTA Method Validation for Seed Testing Acknowledgments The ISTA Method Validation
Working Group is grateful to. 1-70.

Jevremovi¢, S., Lazarevié, J., Kosti¢, M., Krnjaji¢, S., Ugrenovic, V., & Radoniji¢, A. (2019). Contact
application of Lamiaceae botanicals reduces bean weevil infestation in stored beans. 71(4),
665—676.

Katungi, E., Farrow, A., Chianu, J., Sperling, L., & Beebe, S. (2009). Common bean in Eastern and
Southern Africa : a situation and outlook analysis Common bean in Eastern and Southern
Africa : a situation and outlook analysis E . Katungi *, A. Farrow , J . Chianu, L. Sperlingand S .
Beebe International Centre for Tropi. International Centre for Tropical Agriculture,
61(December 2013), 1-44.

Kidane, H., Alemu, Z. G., & Kundhlande, G. (2005). Causes of household food insecurity in
koredegaga peasant association, oromiya zone, Ethiopia. Agrekon, 44(4), 543-560.
https://doi.org/10.1080/03031853.2005.9523727

Kisa, A., Akylz, M., Cogun, H. Y., Kordali, S., Bozhlyik, A. U., Tezel, B., Siltelioglu, U., Anil, B., & Cakir,
A. (2018). Effects of Olea europaea L. Leaf metabolites on the tilapia (Oreochromis niloticus)
and three stored pests, sitophilus granarius, Tribolium confusum and Acanthoscelides obtectus.
Records of Natural Products, 12(3), 201-215. https://doi.org/10.25135/rnp.23.17.07.126

Laizer, H. C., & Mbwambo, F. E. (2022). Effectiveness of Sphaeranthus suaveolens (Forssk.) DC.
powder in the control of bean bruchid (Acanthoscelides obtectus) (Coleoptera: Chrysomelidae)
in stored common bean (Phaseolus vulgaris L.) seeds. Journal of Natural Pesticide Research,
2(January 2023), 100016. https://doi.org/10.1016/j.napere.2022.100016

Lawson, L. D., & Gardner, C. D. (2005). Composition, stability, and bioavailability of garlic products
used in a clinical trial. Journal of Agricultural and Food Chemistry, 53(16), 6254—6261.
https://doi.org/10.1021/jf050536+

Letting, F. K., Venkataramana, P. B., & Ndakidemi, P. A. (2021). Breeding potential of lablab [Lablab
purpureus (L.) Sweet]: a review on characterization and bruchid studies towards improved
production and utilization in Africa. Genetic Resources and Crop Evolution, 68(8), 3081-3101.
https://doi.org/10.1007/s10722-021-01271-9

Loko, Y. L. E., Gnaho, A. C,, Toffa, J., Orobiyi, A., Dansi, A., & Tamo, M. (2018). Management of
Dinoderus porcellus L. (Coleoptera: Bostrichidae) infesting yam chips using varietal resistance
and botanical powders of three medicinal plants. African Journal of Agricultural Research,
13(40), 2118-2133. https://doi.org/10.5897/ajar2018.13418

Losa, A., Vorster, J., Cominelli, E., Sparvoli, F., Paolo, D., Sala, T., Ferrari, M., Carbonaro, M., Marconi,
S., Camilli, E., Reboul, E., Waswa, B., Ekesa, B., Aragdo, F., & Kunert, K. (2022). Drought and
heat affect common bean minerals and human diet — - What we know and where to go. May
2021, 1-28. https://doi.org/10.1002/fes3.351

34



Luna-vital, D. A., Mojica, L., & Gonz, E. (2014). Biological potential of protein hydrolysates and
peptides from common bean (Phaseolus vulgaris L.): A review. FRIN.
https://doi.org/10.1016/j.foodres.2014.11.024

Medical, P. (2017). A Review of chemical constituents and traditional usage of Neem plant
(Azadirachta Indica). 2(2), 75-81.

Meeting, J., The, O. F., Committee, C., Working, T. H. E., & On, P. (2015). JOINT MEETING OF THE
CHEMICALS COMMITTEE AND THE WORKING PARTY ON CHEMICALS, PESTICIDES AND
BIOTECHNOLOGY CONSENSUS DOCUMENT ON THE BIOLOGY OF COMMON BEAN (Phaseolus
vulgaris L.) Series on Harmonisation of Regulatory Oversight in Biotechnology. 59.

Messina, V. (2014). Nutritional and health benefits of dried beans. American Journal of Clinical
Nutrition, 100(SUPPL. 1). https://doi.org/10.3945/ajcn.113.071472

Mikié, A. (2018). Phaseolus L. Lexicon of Pulse Crops, 187-211. https://doi.org/10.1201/b22282-13

Mishra, S. K., Macedo, M. L. R., Panda, S. K., & Panigrahi, J. (2017). Bruchid pest management in
pulses : past practices , present status and use of modern breeding tools for development of. 1-
16. https://doi.org/10.1111/aab.12401

Mpumi, N., Mtei, K., Machunda, R., & Ndakidemi, P. A. (2016). The Toxicity, Persistence and Mode of
Actions of Selected Botanical Pesticides in Africa against Insect Pests in Common Beans,
&lt;i&gt;P. vulgaris&It;/i&gt;: A Review. American Journal of Plant Sciences, 07(01), 138-151.
https://doi.org/10.4236/ajps.2016.71015

Mulungu, L. (2021). Effectiveness of Local Botanicals as Protectants of Stored Beans ( Phaseolus
vulgaris L .) against Bean Bruchid ( Zabrotes subfasciatus ) ( Genera : Zabrotes . Family :
Bruchidae ) (Issue May). https://doi.org/10.3923/je.2007.210.217

Mushobozy, D. M. K., Nganilevanu, G., Ruheza, S., & Swella, G. B. (2009). Plant oils as common bean
(Phaseolus vulgaris L.) seed protectants against infestations by the mexican bean weevil
Zabrotes subfasciatus (Boh.). Journal of Plant Protection Research, 49(1), 35-40.
https://doi.org/10.2478/v10045-009-0005-5

Nahdy, M. S. (1994). Bean sieving, a possible control measure for the dried bean beetles,
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae). Journal of Stored Products Research,
30(1), 65—69. https://doi.org/10.1016/0022-474X(94)90273-9

Njoroge, A. W., Affognon, H., Mutungi, C., Richter, U., Hensel, O., Rohde, B., & Mankin, R. W. (2017).
Bioacoustics of Acanthoscelides obtectus (Coleoptera: Chrysomelidae: Bruchinae) on Phaseolus
vulgaris (Fabaceae). Florida Entomologist, 100(1), 109-115.
https://doi.org/10.1653/024.100.0116

Of, A., Powders, P., Protectants, A. S., Stored, O. F., Grains, M., & Weevil, A. M. (2019). Assessment
of Plant Powders As Protectants of Stored Maize Grains. 50(1), 37—-45.

Ogu, E., & lkehi, M. E. (2015). Use of Neem and Garlic Dried Plant Powders for Controlling some
Stored Grains Pests. 25(2), 507-512.

Osama-kenyan, P. (n.d.). Larger Grain Borer on Maize. 76.

Padin, S. B., Fusé, C., Urrutia, M. I., & Dal Bello, G. M. (2013). Toxicity and repellency of nine
medicinal plants against Tribolium castaneum in stored wheat. Bulletin of Insectology, 66(1),
45-49.

35



Plata-Rueda, A., Martinez, L. C., Santos, M. H. Dos, Fernandes, F. L., Wilcken, C. F., Soares, M. A,,
Serrdo, J. E., & Zanuncio, J. C. (2017). Insecticidal activity of garlic essential oil and their
constituents against the mealworm beetle, Tenebrio molitor Linnaeus (Coleoptera:
Tenebrionidae). Scientific Reports, 7(April). https://doi.org/10.1038/srep46406

Rajashekar, Y., Bakthavatsalam, N., & Shivanandappa, T. (2012). Botanicals as grain protectants.
Psyche (London), 2012. https://doi.org/10.1155/2012/646740

Rodriguez De Luque, J. J., & Creamer, B. (2014). Principales restricciones y tendencias en la
produccién y comercializacion de frijol comun; estableciendo prioridades de investigacidn.
Agronomia Colombiana, 32(3), 423—431. https://doi.org/10.15446/agron.colomb.v32n3.46052

Rodriguez Gonzélez, A., Gonzalez-Lépez, O., Mayo-Prieto, S., Carro-Huerga, G., Del Ser, S., Alvarez-
Garcia, S., Lorenzana, A., & Casquero, P. (2021). Effects of Cymbopogon Winterianus and
Ocimum Basilicum against the Stored Phaseolus Vulgaris Bean Pest, Acanthoscelides Obtectus.
8766. https://doi.org/10.3390/iecps2020-08766

Schmale, I., Wackers, F. L., Cardona, C., & Dorn, S. (2002). Field infestation of Phaseolus vulgaris by
Acanthoscelides obtectus (Coleoptera: Bruchidae), parasitoid abundance, and consequences
for storage pest control. Environmental Entomology, 31(5), 859—-863.
https://doi.org/10.1603/0046-225X-31.5.859

Schmale, Ine. (2001). Biological control of the bean weevil, Acanthoscelides obtectus, by a
hymenopteran parasitoid, as part of an IPM system. 93.

Silva, L. B., Silva, J. C., Pavan, B. E., Pereira, F. F., Maggioni, K., Andrade, L. H., Candido, A. C. S., &
Peres, M. T. L. P. (2013). Insecticide irritability of plant extracts against Sitophilus zeamais.
African Journal of Agricultural Research, 8(11), 978-983. https://doi.org/10.5897/AJAR12.1849

Silva, M. S., Maria, S., Broglio, F., Cristina, R., Trindade, P., Ferrreira, E. S., Gomes, |. B., & Micheletti,
L. B. (2015). Toxicity and application of neem in fall armyworm. 6(May 2014), 359-364.
https://doi.org/10.14295/CS.v6i3.808

Soares, M. A., Quintela, E. D., Mascarin, G. M., & Arthurs, S. P. (2015). Effect of temperature on the
development and feeding behavior of Acanthoscelides obtectus (Chrysomelidae: Bruchinae) on
dry bean (Phaseolus vulgaris L.). Journal of Stored Products Research, 61, 90-96.
https://doi.org/10.1016/j.jspr.2014.12.005

Taha, M., & Khalifa, A. (2021). www.ejppri.eg.net. 4, 240-252.

Tegegne B. (2017). Combination Effect of Different Insecticide Plants Against Acanthoscelides
obtectus (Coleoptera: Bruchidea): Storage Pests of Common Bean (Phaseolus vulgaris). 8(4).
https://doi.org/10.4172/2471-2728.1000192

Trott, A. R., Welch, T. C., Hundy, G. F., Trott, A. R., Welch, T. C., & Qadri, B. (2016). Chapter 4 #04a] {5
BEFAIRE. Refrigeration and Air Conditioning, 6(December 2015), 59-87.

York, N., & Garden, B. (2009). Races of Common Bean ( Phaseolus vulgaris , Fabaceae ) Author (s ):

Shree P . Singh , Paul Gepts , Daniel G . Debouck Published by : Springer on behalf of New York
Botanical Garden Press Stable URL : http://www.jstor.org/stable/4255369. 45(3), 379-396.

36



	1.pdf
	2.pdf

