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Abstract

The use of synthetic insecticides has become widespread and useful for decades. However, due to not being eco- friendly
and development of resistance in these organisms plants natural products essential oil components have shown
significant potentials for insect control. Hence, laboratory bioassays were conducted to investigate bio-efficacy of
Chenopodium ambrosioides L: (Chenopodiaceae) essential oil on adult Callosobruchus maculatus F. (Coleoptera:
Bruchidae). On the basis of 24 hr and 48 hr median lethal toxicity (Lso). Essential oil of C. ambrosioides was toxic on C.
maculatus adults at 0.50 Mg/m? and 0.20 Mg /m? in 24 hr Lcso. Also 48 hr Lcgs values obtained show that essential oil of
tested plant was 0.90 Mg/m? and 0.18 Mg/ m? toxic on adult C. maculatus. The study shows that essential oil of C.
ambrosioides have potentials as fumigants for protecting cowpea from damage of C. maculatus
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1. Introduction

It has been estimated that between one quarter and one third of the world stored food products are lost during storage.
This may result into quantitative and qualitative losses due to physical, chemical and most importantly biological factors
such as pests which may be insects, birds, rodents, and fungi [1, 2,3] The most important among storage pests are insects
because apart from their direct damage they create conditions that allow secondary infestation by rot organisms mainly
fungi [5].

Damage caused to commodity and stored products include losses in weight, seed viability and nutritive value. Records
show that over 600 and 70 species, respectively of beetles and moths attack stored products of agriculture [6,7], causing
significant damage to agricultural products intended for human consumptions and animal feeds. Apart from direct
losses caused by these insects, indirect losses are also incurred by the contaminants (body parts or exoskeleton, eggs
and off-odors) left on produce.

Several methods are used in controlling insect pests of stored foods including physical (smoking, sun-drying, heating),
cultural, biological (male insect sterilization, natural enemies, resistant grain varieties), and chemical (synthetic and
natural products) methods. The most common and widely used is the chemical method involving mainly the use of
synthetic insecticides [4].
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Fumigants and synthetic chemical protectants have played important and beneficial roles in the control of insect pests
of stored products and the reduction of insect- borne diseases. Fumigants such as phosphine and methyl bromide are
mostly used against stored grain insect pests because of their broad spectrum of activity and penetrating power [7].

Recently, other fumigants such as sulphuryl fluoride, carbonyl sulphide and ethyl formate have also been investigated
to control insect pests [8,9]. Although these materials are effective, repeated use for several decades have been reported
to have its consequences. These insecticides are often associated with residues that are dangerous to the consumer, the
environment even at low doses. Many insecticides are toxic to humans and other animals [10, 11].

The number of confirmed insect species with resistance against synthetic pesticides has continued to rise, apart from
risks associated with the use of these chemicals. It has also been estimated that about 2.5 million tons of pesticides are
used on stored products yearly which cause billions of naira annually in controlling insect pest leading to high cost of
foodstuffs in the markets [12].

Hence, many researchers, farmers, stored managers and homeowners are seeking for less hazardous alternatives to
conventional synthetic insecticides. Also, the demand for agriculture stored products worldwide is on the increase. Due
to the foregoing reasons, there is a need to search or review the appropriate mechanism that can be used to control the
activity of insect pests on stored products.

The ideal insecticide should control target pests adequately and should be target- specific, hence the use of plant
materials as traditional protectants of stored products is an age long practices but in a crude way. Recently, extraction
of active ingredients from the plant parts such as root, stem and the leaf as protectants is now gaining ground [7].
Botanical insecticides degrade rapidly in sunlight, air and moisture and are readily broken down by detoxification
enzymes. This is very important because rapid breakdown means less persistence in the environment and reduced risks
to non-target organisms [13, 14, 15].

One of such plant is Chenopodium ambrosioides, which naturally has medicinal effects, insecticidal activities and anti-
biotic effects [16]. It is widely distributed all over the world especially in the USA where it is listed in National formulary
and Pharmacopoenia. In British, it is used as an anthelmintic against roundworms of dogs and for the treatment of
cancer [17, 18]. The leaf is used in western Nigeria as mosquito repellant and to treat some diseases [4]. The plant is
pungent and resinous accounting for its anti -biotic characteristics.

Cowpea weevil, known as Callosobruchus maculatus L. (Coleoptera: Bruchidae) is the most widespread and destructive
major insect pest of stored legumes all over the world [19]. Control of this insect population throughout the world has
relied principally on the application of synthetic insecticides like organophosphates and fumigants such as methyl
bromide and phosphine, which are still the most effective means of protection of stored food and other agricultural
commodities from insect infestation [20]. Although effective, such synthetic pesticides cause consequential residual
pollution of the environment and toxicity to consumers. Their repeated use for decades has disrupted biological control
by natural enemies and has led to the resurgence of stored products insect pests. Many of these stored product insects
have developed resistance to commonly used chemicals [21].

These problems have highlighted the need to develop insect control alternatives. Many medicinal plants and spices have
been used as pest control agents [22, 23]. Farmers and researchers often claim the successful use of plant materials in
insect pest control including ash [24, 25], Vegetable oils [26, 27], Plant extracts [28, 29], and Plant powders [30, 31, 32,
33]. Plant materials should be explored to protect stored products against pest infestation.

This study investigated the bioefficacy of oil extract from Chenopodium ambrosioides leaf on adult Callosobruchus
maculatus.

2. Materials and methods

2.1. Preparation of formulations

The leaves of Chenopodium ambrosioides were collected from Apa and Owode towns, Badagry West Local Government
Area of Lagos State, Nigeria. The leaves were air dried in the Zoology Laboratory, Lagos State University, Ojo for 72
hours before oil extraction.
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2.2. Extraction of oil

Chenopodium ambrosioides leaves were in a 2 litres conical flask with distilled water in the conical flask which was part
of the clavenger apparatus held by a retort stand, the whole apparatus was then placed on a 2 litres heating mantle.
Attached to the clavenger were two hoses with one running cold water into the clavenger and warm water was passed
out through the other hose.

As water in the conical flask was heated by the heating mantle, the vapour which contains oil was condensed back to
the lower part of the clavenger which helped in the separation of oil from the water and also the oil from evaporating,
making it easier to collect in an amber bottle and kept in a freezer at 4 °C in other to keep the oil from denaturing or
evaporating until when needed for bioassays.

2.3. Preparation of Chenopodium ambrosioides oil for serial dilution

Six, 1.5 litres of bama bottles were arranged horizontally and labelled; control, 20 % ppm, 40 % ppm, 60 % ppm, 80 %
ppm and 100 % ppm respectively. Olive o0il (10 ml, 0.8 ml, 0.6 ml, 0.4 ml, 0.2 ml respectively) was measured into the
labelled containers and 0 %, 0.2 %, 0.4 %, 0.6 %, 0.8 %, 1.0 % of the oil extracts was added into the olive oil bottles
respectively.

Three replicates of a medium-sized cup solution were arranged in front of each dilution, the diluted oil solution was
measured into each bottle and twenty adults of Callosobruchus maculatus were added into each bottle. The same
procedure was used for the other replicates and the control respectively. The mortality rate was checked every 24 hours
and 48 hours.

2.4. Test insects

Cowpea weevil-: Callosobruchus maculatus was cultured in the Zoology Laboratory of Lagos State University Ojo. The
Cowpea (beans) used for the culture was bought at Alaba Market, Ojo, Lagos State. Two sets of Cowpeas were bought
from the same market: the clean beans without cowpea weevil and the unclean beans with Cowpea weevils. The insects
C. maculatus collected from the unclean beans was used to prepare fresh experimental cultures from the original stocks
as described by [34] and maintained at 30 + 1 °C temperature and 70 * 4 °Crelative humidity.

The fumigant effects of C. ambrosioides leaf oil was carried out against adult test insects. Bioactivity of C. ambrosioides
was carried out in air tight Kilner jars (1-1) using the method of [35].

A 7 cm diameter watchman No 1 filter paper was impregnated uniformly with the C. ambrosioides oils at 20 % ppm, 40
% ppm, 60 % ppm, 80 % ppm and 100 % ppm concentration and quickly hung down with a thread into the Kilner jars
already holding 20 adults of C. maculatus and sealed with a cap.

The control insects were left in air tight sealed chambers using olive oil on the filter paper. There were three replicates
per treatment.
2.5. Data analysis

Statistical analysis was done using Microsoft excel 2007 version to determine the Lcso and Legy for the acute toxicity in
the essential oil respectively. [36] formula was used to correct for mortality and equation of straight line in calculating
Lcso and Loy

3. Results

At twenty-four hours exposure, total mortality of test insects increased with concentration; 20 % ppm concentration
had 9 mortalities of test insects 40 % ppm had 29 mortalities 60 % ppm had 34 mortalities, while each of 80 % ppm and
100 % ppm concentrations had 60 mortalities (table 1).

The 1 table also revealed that as concentration increased, percentage corrected mortality also increased. The rates of
increase showed that 20 % ppm had the least percentage (15 %) while 80 % ppm and 100 % ppm had the highest (83.33
%).

However, no mortality was recorded in the control set-up during the first 24 hours of exposure.
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Table 1 Effects of Essential oil of Chenopodium ambrosioides on adult Callosobruchus maculatus after 24 hours

Conc. Mortality Mortality in | Mortality in | Total Mean % Corrected
in Replicate I1 Replicate III Mortality | Mortality | Mortality
Replicate I

Control 0 0 0 0 0 0

20 % ppm 3 2 4 9 0.15 15

40 % ppm 10 9 10 29 0.48 48.33

60 % ppm 12 12 10 34 0.56 56.67

80 % ppm 18 17 18 53 0.88 88.33

100 % ppm 20 20 20 60 1.00 100

At forty- eight hours exposure, total mortality of test insects increased with concentrations, 20 % ppm concentration
had 57 mortalities of test insects while 40 % ppm, 60 % ppm, 80 % ppm and 100 % ppm concentrations had 60
mortalities (table 2)

The result also revealed that as concentration increased percentage corrected mortality also increased. The rate of
increase showed that 20 % ppm had the least percentage (95%) while 40 % ppm, 60% ppm, 80 % ppm and 100 % ppm

had the highest (100%). However, no mortality was recorded in the control set-up during 48 hours of exposure

Table 2 Effects of Essential oil of Chenopodium ambrosioides against adult Callosobruchus maculatus after 48 hours

Conc. Mortality in | Mortality  in | Mortality in | Total Mean %  Corrected
Replicate I | Replicate II Replicate II1 Mortality Mortality Mortality

Control 0 0 0 0 0 0

20 % ppm 18 20 19 57 0.95 95

40 % ppm 20 20 20 60 1.0 100

60 % ppm 20 20 20 60 1.0 100

80 % ppm 20 20 20 60 1.0 100

100 % ppm | 20 20 20 60 1.00 100

The regression line equation and slope of exposure at 24 and 48 hours of adult C. maculatus against C. ambrosioides
showed that at 24 hours 0.50 Mg/ m? was needed for 50 % mortality of the test insects. 0.90 Mg/ m2 was needed for 99
% mortality of adult C. maculatus

Consequently, after 48 hours 0.20 Mg/ m? was needed to kill 50 % of the test insects while 0.18 Mg/ m? were needed
for 99 % mortality of adult C. maculatus after 48 hours

The implication of this was that 0. 18 Mg/m? gave the highest concentration for highest mortality rate of adult C.
maculatus that is almost all the insect were dead and cannot withstand volatility of the oil extract at that concentration
(table 3).

Table 3 Regression line equation and slope of exposure at 24 and 48 hours of adult C. maculatus against C. ambrosioides

Exposure period | Equation Lcso | Leoo | Slope
24 hours Y=20.80x-2144 | 0.50 | 0.90 | 106.67
48 hours Y=14.7x-31 0.20 | 0.18 | 33.3
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Figure I below showed the graph of % mortality against concentration (Mg / m?). This graph shows that mortality
increases with the increase in concentration of oil extract. Almost all the insects die at a very low concentration of 0.18
Mg / m? at 48 hours to show the bio-efficiency of the essential oil.
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Figure 1 The effect of oil extract from C. ambrosioides against adult C. maculatus for 24 h and 48 h

Figure 2 below is a graphical presentation of mortality in replicate I - III within 24 hours. The graph shows that as
concentration increases mortality of C. maculatus also increases.

Percentage mortality oftest insects
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Figure 2 A graphical presentation of mortality in replicate I-1II

Figure 3 present the percentage mortality for 24 hours. As concentration increases percentage mortality increases. Only
small quantity of the essential oil is needed to kill 50 % of C. maculatus.
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Figure 3 A graphical presentation of percentage mortality within 24 hours

Figure 4 showed the percentage mortality for 48 hours. As concentration increases percentage mortality increases. Only
small quantity of the essential oil is needed to kill 50 % of C. maculatus i.e. 0.20 Mg / m? and very small quantity 0. 18
Mg / m? was needed to bring about 99 % mortality within 48 hrs.
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Figure 4 A graphical presentation of percentage mortality within 48 hours

4. Discussion

The results demonstrated the bioactivity of Chenopodium ambrosioides leaf oil extract against adult Callosobruchus
maculatus. C. ambrosiodes showed some appreciable bioactivity properties required as fumigant against adult C
maculatus. These findings justify the use of the leaf by farmers in Malawi, Benin Republic to protect cowpea [37, 38] and
people of Badagry- Nigeria who use it as a protection against mosquito bites by hanging it on the door post of their
house[39]. -

The study revealed that oil extracts from C. ambrosioides have repellent effects on adult C. maculatus, resulting in
mortality based on concentration and contact time interval. It was observed that test insects introduced into glass jar
(air tight) containing the leaf extracts recorded 100 % mortality rate due to their exposure to high concentration of the
extracts over a long time
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This work complements earlier reports of [16, 39, 37] on toxicity of C. ambrosioides (Chenopodiaceae) against storage
insects. This result indicates that C. ambrosioides oil extracts have potential for grain protection which can be harnessed
as an alternative to synthetic insecticides.

5. Conclusion
The result indicates that C. ambrosioides can be used as fumigant against C. maculatus. It was clear from the study that

C. ambrosioides leaf oil extract could be an alternative biological method for insect pest control.

The result confirmed the medicinal use of the leave C. ambrosioides by traditional community in Asia and Africa in
controlling different diseases and to ward off mosquitoes by hanging the leaf at the entrance of their doors.

Therefore, the use of the plant products may help to develop new insecticides and serve as control in small
concentration against insect pests especially storage pest of agricultural products such as C. maculatus.
Recommendation

Based on the findings of this study, it is recommended that C. ambrosioides plants can be used as potential plants in

controlling and safe guarding economic crops such as cowpea plants

Conservation should be encouraged so as to prevent C. ambrosioides plant so that it would not be extinct but available
for use.

Government should also encourage research and give adequate support in terms of finance, awareness and publicity to
landmarks made by researchers so that they can be encouraged.

There is a need for further work to investigate its environmental effect and toxicity on non- target organism

Research on C. ambrosioides should also be expanded to investigate how the oil extracts of the plants can be added to
extract from other botanic plant with some fragrance to form essential oils which can be used as fumigant and protectant
insecticides on a commercial basis.

Compliance with ethical standards

Disclosure of conflict of interest

No conflict of interest to be disclosed.

References

[1] Stathers, T.E., Arnold, S.E.J., Rumney, C.]., Hopson, C. Measuring the nutritional cost of insect infestation of stored
maize and cowpea. Food Sec. 2020. 12, 285-308. Also available on https://doi.org/10.1007 /s12571-019-00997-
w

[2] Dahiru, B., Abdullahi, G., Bukar, N. Pesticides use among grain merchants in mubi grain markets of Adamawa
state, Nigeria, Agrosearch, 2014; 14(1), 1-13

[3] Oke, 0.A., Muniru, S. Fungi associated with stored rice grains and their implications. Journal of Research and
Review in Science. 2001; 2, 6-9.

[4] Denloye, A.A. Bioactivity of powder and extracts from garlic, Allium sativum L. (Alliaceae) and spring onion,
Allium fistulosum L. (Alliaceae) against Callosobruchus maculatus F. (Coleoptera: Bruchidae) on Cowpea, Vigna
unguiculate L. Walp (Leguminosae) seeds. Psyche: A Journal of Entomology. 2010; 1-5

[5] Ofuya, T.I, Okunlola, A.l, Mbata, G.N. A Review of Insect Pest Management in Vegetable Crop Production in
Nigeria. Insect. (2023); 14(2), 111; also available in https://doi.org/10.3390/insects14020111

[6] Rajendran, S. Postharvest pest losses. In: Pimentel, D. (Ed.), Encyclopedia of Pest Management. Marcel Dekker,
Inc.,, New York, pp. 2002; 654-656.

198


https://doi.org/10.1007/s12571-019-00997-w
https://doi.org/10.1007/s12571-019-00997-w
https://doi.org/10.3390/insects14020111

[18]

[19]

World Journal of Biology Pharmacy and Health Sciences, 2024, 17(02), 192-200

Huang, F., Subramanyam, B. Management of five stored-products insects in wheat with pirimiphos-methyl and
pirimiphos-methyl plus synergized pyrethrins. Pest Management Science. 2005; 61, 356-362

Lee, H.K, Jeong, G., Kim, H.K,, Kim, B.S,, Yang, ].0., Koo, H.N., Kim, G.H. Fumigation activity against phosphine-
resistant Tribolium castaneum (Coleoptera: Tenebrionidae) using carbonyl sulfide. Insects. (2020); 11(11),750.

Ren, Y.L., Mahon, D., Someren, van. ], Graver., Head, M. Fumigation trial on direct application of liquid carbonyl
sulphide to wheat in a 2500t concrete silo, ]. Stored Prod. Res. 2008; 44, 115-125

Ali, A, Rizvi, P.Q. Influence of aphid species on the development and predation of Menochilus sexmaculatus
Fabricius (Coleoptera: Coccinellidae). J. Eco- Friendly Agric., 2008; 3, 134-137

Tapondjou, A.L., Adler, C., Fontem, D.A., Bouda, H., Reichmuth, C.H. Bioactivities of cymol and essential oils of
Cupressus sempervirens and Eucalyptus saligna against Sitophilus zeamais Motschulsky and Tribolium
confusum du Val. Journal of Stored Products Research. 2005; 41(1),91-102.

Koul, P., Walla, S., Dhaliwal, G.S. Essential oils as green pesticides: potential and constraints, Biopestic. Int., 2008;
4,63-83

Betancur, R, Silva, A G., Rodriguez, M.]J.C,, Fischer, G.S., Zapata, S.M.N. Insecticidal activity of Peumus boldus
Molina essential oil against Sitophilus zeamais motchulsky. Chilean Journal of Agricultural Reseach. 2010; 70,
399-407

Rajendran, S., Sriranjini, V. Plant products as fumigants for stored-product insect control, . stored Prod. Res.,,
2008; 44, 127-135

Isman, M.B. Botanical insecticides, deterrents and repellents in modern agriculture and an increasingly regulated
world, Annu.Rev. Entomol., 2006; 51, 45-66

Langsi, D.J., Tofel, H.K.,, Fokunang, C.N., Suh, C., Eloh, K., Caboni, P., Nukenine, E.N. Insecticidal activity of essential
oils of Chenopodium ambrosioides and Cupressus sempervirens and their binary combinations on Sitophilus
zeamais. GSC Biological and Pharmaceutical Sciences. 2018; 3(2), 24-34.

Rodrigues, J.G.M., Albuquerque, P.S.V., Nascimento, ].R., Campos, J.A.V.,, Godinho, A.S.S., Aragjo, S.J., Brito, ].M,,
Jesus, C.M,, Miranda, G.S., Rezende, M.C., Negrao-Corréa, D.A,, Rocha, C.Q,, Silva, L.A., Guerra, R.N.M., Nascimento,
F.R.F. The immunomodulatory activity of Chenopodium ambrosioides reduces the parasite burden and hepatic
granulomatous inflammation in Schistosoma mansoni-infection. ] Ethnopharmacol. 2021; 10 (264),113287.

Hyun kyung kim., Seon woo lee,, Ju-ll kim., Jeong-oh yang., Hyun-na koo., Gil-Hah kim. Synergistic effects of oxygen
on phosphine and ethyl formate for the control of Phthorimaea operculella (Lepidoptera: Gelechiidae) J. Econ.
Entomol., 2015; 108, 2572-2580

Nisar, M.S.,, Alj, S., Hussain, T., Ramzan, H., Niaz, Y., Haq, L.U, et al., Toxic and repellent impacts of botanical oils
against Callosobruchus maculatus (Bruchidae: Coleoptera) in stored cowpea [Vigna unguiculata (L.) Walp.]. PLoS
ONE. 2022; 17(5). Also available in e0267987. https://doi.org/10.1371 /journal. pone.0267987

EPA Environmental Protection Agency [Internet]. Integrated Pest Management (IPM) Principles. Federal
Government of Nigeria; cited [2016]. Available from https://www.epa.gov/safepestcontrol/integrated-pest-
management-ipm-principles.

Subramanya, B., Hagstrum, D.W. Resistance, measurement and management. In Integrated Management of
Insects in Stored Products (Subramanya, B and Hagstrum, eds.) Marcel F Dekker, New York. 1995; Pp 331-397

Pant, M., Dubey, S. Patanjali, P. K. Recent advancements in bio-botanical pesticide formulation technology
development in Herbal Insecticides, Repellents and Biomedicines: Effectiveness and Commercialization, eds V.
Veer and R. Gopalakrishnan (New Delhi: Springer). 2016; 117-126.

Esmaeili, A., Asgari, A. In vitro release and biological activities of Carum copticum essential oil (CEO) loaded
chitosan nanoparticles. Int. J. Biol. Macromol. 2015; 81, 283-290.

Ajayi, 0.J.T., Arokoyo, ].T., Nesan, 0.0., Olaniyan, M., Ndire-Mbula, M., Kannike, O.A. Laboratory assessment of the
efficacy of some local materials for the control of storage insect pests. Samaru Journal of Agriculture Reseach,
1987; 5(8), 1-85

Ofuya, T.T. Use of wood ash, dry chilli, pepper fruits and onion scale leaves for reducing C. maculatus damage in
cowpea seeds during storage. Journal of Agricultural Science. 1986; 107, 467-468

199


https://doi.org/10.1371/journal.%20pone.0267987
https://www.epa.gov/safepestcontrol/integrated-pest-management-ipm-principles
https://www.epa.gov/safepestcontrol/integrated-pest-management-ipm-principles

World Journal of Biology Pharmacy and Health Sciences, 2024, 17(02), 192-200

Yankanchi, S.R,, Patil, S.R. Field efficacy of plant extracts on larval populations of Plutella xylostella L. and
Helicoverpa armigera Hub. and their impact on cabbage infestation. Journal of Biopesticides. 2009; 2(1), 32-36

Kazi, S.A.; Takao, I, Toshihide, I. Effects of plant oils on oviposition preference and larval survivorship Yankanchi
and Lendi 57 of Callosobruchus chinensis (Coleoptera: Bruchidae) on azuki bean. J. App. Entomol. and Zoology.
1999; 34(4), 547-550

Davanand, P. & Usha, R.P. Biological potency of certain plant extracts in management of two lepidopteran pests
of Ricinus communis L. Journal of Biopestcides. 2008; 1(2), 170-176

Chiasson, H.Vincent, C., Bostanian, N.J. Insecticidal properties of a Chenopodium-based botanical, J.
Econ.Entomol. 2004; 97(4), 1378-1383

Gupta, L., Srivastava, M. Effect of Withania sominifera extracts on the mortality of callosobruchus chinensis L.
Journal of Biopesticides. 2008; 1(2), 190-192

Shukla, R, Srivastawa, B., Kumar, R., Dubey, N.K. Potential of some botanical powders in reducing infestation of
chickpea by C. chinensis L. (Coleoptera: Bruchidae), Journal of Agricultural Technology. 2007; 3, 11-19

Patil, P.B., Holihosur, S.N., Kallapur, V.L. Efficacy of natural product, Clerodendron inerme against dengue
mosquito vector Aedes aegypti, Current Science. 2006; 90(8):1064-1066

Abdullahi, Y.M., Muhammed, S. Assessment of the toxic potentials of some plant’s powders on survival and
development of Callosobruchus maculatus, African Journal of Biotechnology. 2004; 3, 60-62

Denloye, A.A., Makanjuola W.A., Don-Pedro, K.N., Negbenebor, H.E. Insecticidal effects of Tephrosia vogelii Hook
(Leguminosae) leaf powder and extracts on Sitophilus zeamais Motsch, Callosobruchus maculatus F. and
Tribolum casteneum Herbst. Nigerian Journal of Entomology. 2007; 24, 91-97

Don- Pedro, K.N. Investigation of single and joint fumigant insecticidal action of oil component, Pesticide science.
1996; 46, 79-84

Abbott, W.S. A method of computing the effectiveness of an insecticide. Journal of the American Mosquito Control
Association (USA). 1925; 18, 266-267.

Tapondjou, L.A., Adler, C.L., Bouda, H., Fontem, D.A. Efficacy of powder and essential oil from Chenopodium
ambrosioides leaves as post-harvest grain protectants against six-stored product beetles. Journal of Stored
Products Research. 2002; 38(4), 395-402.

Denloye A.A., Ajelara 0.K., Olowu R.A., Eshilokun A.O., Makanjuola W.A. Insecticidal activity of petroleum ether
extract and essential oil of Chenopodium ambrosioides L. (Chenopodiaceae) against Anopheles gambiae (Diptera:
Culicidae). Acta Entomol. 2009; Sin. 52 (8), 923-928

Denloye, A., Makanjuola, W., Teslim, O., Alafia, O., Kasali, A., Eshilokun, A.Toxicity of Chenopodium ambrosioides L.
(Chenopodiaceae) products from Nigeria against three storage insects. Journal of Plant Protection Research.
2011; 50(3), 379-384

200


https://www.researchgate.net/journal/Current-Science-0011-3891

