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Evaluation of Combined Effect of Ocimum gratissimum and Ageratum conyzoides Leaf Powder as a Sustainable Bioinsecticide Against Cowpea Weevil

ABSTRACT
This study was conceived to improve the preservation of cowpea grains by eliminating the destruction of cowpea grains by cowpea weevil (Callosohruchus maculates) and to eliminate the detrimental effect of synthetic pesticide on the environment. This study evaluated the proximate and phytochemical composition of Ocimum gratissimum and Ageratum conyzoides and the bioinsecticidal potential of dried leaf powder of each plant leaf and their combinations on cowpea weevil. Different concentrations of 0.25, 0.5, 1.00, 2.00 and 3.00mg of single and combined leaf powders were used to treat uninfested cowpea grains and afterwards healthy adult cowpea weevils were introduced in the test chamber. The control contained only uninfested cowpea grains and the cowpea weevil without any treatment. These were monitored for behavioral/mortality rate for 72hours. The study recorded increased rate of mortality as the extract concentration increased (0.25 < 0.50 < 1.00< 2.00 < 3.00mg). The findings revealed that the combined extract recorded the highest death rate in each concentration, followed by Ageratum conyzoides, and Ocimum gratissimum. This indicates that the application of the leaf powder of the plants and their combination indicated significant effect (P>0.05) on the mean percentage mortality on Callosohruchus maculatus over a 72hour period of exposure. About 100% mortality was achieved on the third day of exposure.  The combined leaf powder proved most effective, followed by Ageratum conyzoides and are recommended for management and control of cowpea weevil. 
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INTRODUCTION; 
In most developing countries of the world, pests have posed remarkable problem in crops production (Ito and Igbere, 2017). Notable quantity of crops and their harvest are lost annually due to pests’ attack resulting in approximately 35% in the field and 15% in storage. (Seranur et al., 2016).  Cowpea, (black-eyed pea) (Vigna unguiculata), an annual herbaceous plant of the fabaceae family serves  as source of food, cash income, animal feed, etc., to people in the rural area. Cowpea seed are edible, with pods that are rich in protein, and are consumed after cooking (Ikechi and Omeke, 2020).
In nearly all African countries, cowpea weevil, Callosohruchus maculatus F. (Colcopiera bruchidea) has been recognized to create serious damages on stored grains. Three to four months post-harvest attacks of cowpea caused by C. maculatus is above 50 % in Northern Nigeria and much more in some other countries like Northern Ghana. Studies have indicated the enormous distress created on food security by C. maculatus  attacks on  cowpea grains, causing food and economic distortions in the agricultural sector in developing countries (Ito and Igbere, 2017).
The damaging actions of pests on plants and their yield, both in the field and storage have been managed over the years, with synthetic pesticides (Esang et al., 2022). However, the use of synthetic pesticides to manage pest has been established to create great anxiety. Synthetic pesticides can persist in the environment, causing yield limitations (Ikechi and Omeke, 2020). Some synthetic pesticide residues that have persisted in the environment can adversely affect valuable insects such as predators, pollinators and parasitoids, which may result in secondary outburst of additional pests, making alternative control measures essential (Ito and Igbere, 2017). Synthetic pesticides may be costly, and a good number of farmers may not have the required equipment and adequate awareness on the proper methods of application, and this increases the negative environmental consequences that indiscriminate and poor knowledge of pesticide application could cause. This has necessitated the growing desire for the formulation of biological based pesticides or biopesticides that are naturally and easily biodegradable by natural process. 
[bookmark: _Hlk155379805]Ocimum gratissimum is an herbaceous plant, that originate mostly in the tropical area like in West Africa and in Nigeria. It belongs to the Labiatae family and is recognized by different names depending on tribe and language. In Nigeria for illustration, Yorubas call it Efirin-Nla, the Igbos call it Ahuji or Nchanwu while the Hausas call it Daidoya (Idigo et al., 2022). Ocimum gratissimum essential oil, when used on Tuna absoluta proved repellence and poisonous fumigation outcome (Ostadinma et al., 2021). Additional information showed that the blending of modified montmorillonite clay and O. gratissimum essential oil achieved 100-95% mortality on Tribolium castaneum (Ostadinma et al., 2021). Ageratum conyzoides is a wild plant that grows about 1m upright with shallow fibrous root and branching appearance, usually dispersed, particularly in the tropical and subtropical regions of the world (Ujowundu et al., 2023). It has cylindrical stern enclosed with white hair and can initiate rooting wherever the bases contact the soil. The leaves are serrated, opposite, and mostly ovate with sparse hairs (Dipti Baral et al., 2022). It gained extensive study because of its medicinal and agricultural uses (Okunade, 2002).  Diverse researches across the world have revealed that A. conyzoides possess bioactive compounds with antifungal, insecticidal, herbicidal, antimicrobial and nematocidal properties (Dipti Baralet al., 2022). 
The aim of this study was to determine the proximate and phytochemical composition of O. gratissimum and A. conyzoides and the bioinsecticidal potentials of their singe and combined leaf powder on cowpea weevil.

2. MATERIALS AND METHOD  
[bookmark: _Hlk209679706]2.1 Procurement of plants and preparation of plants powder
[bookmark: _Hlk209679769][bookmark: _Hlk209685263]Ageratum conyzoides was collected from the evening block area of the Federal Polytechnic, Nekede, Owerri in Imo State, while Ocimum gratissimum leaves were bought at Nkwo-Orji market in Orji, Owerri, Imo State. They were identified at the Crop Science Department of the Federal University of Technology Owerri, Imo State. The leaves of Ageratum conyzoides and Ocimum gratissimum were separately cleaned and air dried, under shade at the Biochemistry Laboratory of the Department of Biochemistry, Federal University of Technology, Owerri. After 3 weeks of drying, the dried plants were pulverized with electric blender. They were separately ground into powder, sieved and stored separately in airtight containers. 
To prepare the combined powder of the two plants, 250g of each plant powder was measured, combined and thoroughly mixed with a mixer to obtain 500g(1:1 ratio) of combined plants powder and stored in an airtight container. 
2.2 Determination of proximate composition of A. conyzoides and O. gratissimum. 
Ash content was determined using standard AOAC method as described by Olumide et al. (2019). Crude lipid content was determined by AOAC method as described by Adewole, (2014). Crude fiber content was determined by the method of Agbafor et al. (2015). Crude protein content and moisture content was determined by using micro - kjeldahl's method (Oluwale et al., 2019). Alkaloid content was determined, calculated and expressed as a percentage of the weight of the sample analyzed (Harborne, 1998; Obadoni and Ochuka, 2001). Flavonoids was determined by the method of Boham and Kocipai. (1994).  Saponin content was determined by method of Obadoni and Ochuko. (2001). Tannin was determined by the by the Follins dennis titration method as described by Pearson (1974)
2.3 Culture of cowpea weevil (Callosohruchus maculatus)
Infested cowpea grains were procured at Nkwo-Orji Market, Owerri, Imo State and was kept in a medium sized plastic container. The plastic container was covered with net held tight with rubber-bound, creating opening for ventilation. This was kept at the temperature of 300C, 80% humidity and in the dark, at the Biochemistry Laboratory of the Biochemistry Department of Federal University of Technology, Owerri. A new generation of adult cowpea weevil emerged after two weeks and they were collected and used for the study (Ito and Utebor, 2018; Idigo et al., 2022). 
[bookmark: _Hlk193027763][bookmark: _Hlk193027442]
2.4 Determination of toxicity of powdered leaves of Ocimum gratissimum and Ageratum conyzoides on cowpea weevil 
[bookmark: _Hlk209948769]Five single portions of each powdered leaves of O. gratissimum and A. conyzoides of 0.25 mg, 0.50 mg, 1.00 mg, 2.00 mg, and 3.00 mg were used to treat uninfected cowpea grains. Three plastic containers were used for each dose to achieve a triplicate statistical status for each. Afterwards, twenty healthy cowpea grains, uninfested by cowpea weevils, were mixed thoroughly with the powdered leaves of O. gratissimum and A. conyzoides ensuring uniform grain coating. The treated grains were stored in plastic containers and twenty active adult weevils, earlier cultured, were introduced into each container. Each plastic container was properly covered with net secured with rubber band. The setup was such that adequate space and ventilation were provided. Similar experimental setup was prepared for the combined powdered leaves obtained from the combined powdered leaves. A control experiment without  powdered leaves was also set up. The setup was kept in a dark room (of 28-320C, and relative humidity of 70-80%) in the Biochemistry Laboratory. The experimental was monitored for five days (120 h) for insect mortality, weakness and behavioural changes.

2.5 Statistical analysis 
Data generated from the study are presented as mean ± SD of triplicate determinations. Statistical analysis was done by one way analysis of variance. The mean difference at P<0.05 was considered significant.

3. RESULTS 
3.1 Proximate Composition 
The proximate composition of  A. conyzoides and O. gratissimum are presented in Table 1. For  A. conyzoides, moisture content of 5.30±0.03% was recorded. Carbohydrate, protein and fiber at 35.88±0.01%, 24.98±0.12% and 19.03±0.03% respectively are high, while the percentage ash and crude lipid detected are 10.92±0.03% and 3.90±0.05% respectively. For O. gratissimum the result showed high content of carbohydrate, protein, and ash at 49.13±0.34, 14.90±0.32 and 10.33±0.04% respectively, while moisture, lipid and fiber recorded 11.50±0.08, 4.92±0.02 and 9.20±0.07% respectively.
3.2 Phytochemical Composition
The phytochemical composition of  A. conyzoides and O. gratissimum are presented in Table 2. A. conyzoides presented the following concentration of bioactive compounds in percentage: alkaloids (6.56± 0.82%) flavonoids (5.65±0.65%), saponins (3.57±0.21%) and tannins (8.79±.61%). Among the phytochemical tannin was the most abundant. For O. gratissimum the concentration of key bioactive compounds were alkaloids (8.05±0.92%) flavonoids (6.75±0.81%), saponins (2.54±0.24%) and tannins (9.38±0.86%). Tannin was also the most abundant, while saponin was the least abundant compound in O. gratissimum.
3.3 Insecticidal Studies
The impact of exposure of cowpea weevil to single and combined leaf powder of A. conyzoides and O. gratissimum are presented in Tables 3 to 7. On day one (Table 3) of the study no cowpea weevil mortality was recorded in powdered leaves of A. conyzoides and O. gratissimum or their combinations in all the treatment concentrations (0.00 - 3.00 mg). Cowpea weevils exposed to A. conyzoides powder showed dose-dependent increase in number settling on the beans (1-2 weevils), also high number (18-19) climbed the container. Whereas O. gratissimum treatment recorded negligible response with no weevils on beans except at the highest powder quantity (1 weevil) and showing consistent high climbing counts between 19- 20, indicating little behavioural impact. The combined powder showed the highest number of weevils on the cowpea grain (1-3), with slightly reduced climbing activity of 17 to 19 weevils
On day two (Table 4) A. conyzoides powder group recorded up to 3 deaths at 3.00 mg, O. gratissimum powder recorded up to 2 deaths while the combined powder produced the highest and significant (p≤0.05) mortality with 4 deaths at 3.00 mg. Behavioural responses showed progressive decline in climbing activity with increasing dose. The combined powder recorded the highest and significant (p≤0.05) reduction from 16 at 0.25 mg to 10 at 3.00 mg, indicating impairment of neurological vigour. Similarly, the number of weevils settling on the cowpea grains increased with concentration, most notably in O. gratissimum powder group (up to 7 at 3.00 mg) and combined powder (up to 6 at 3.00 mg) compared to A. conyzoides which was less than 3 weevils.
The third day (Table 5) showed increased mortality across treatment. A. conyzoides powder induced up to 7 deaths at 3.00 mg, O. gratissimum powder caused 5 deaths at 3.00 mg and combined A. conyzoides and O. gratissimum powder treatment recorded the highest and significant (p≤0.05) mortality with 9 deaths compared to A. conyzoides and O. gratissimum powder treatments. Increased suppression of climbing activity was recorded in day 3, indicating significant and sever neurological weakness and loss of energy. Also, the number of weevils on cowpea grains increased with dose.
By the fourth day (Table 6) all the treatment recorded pronounced mortality. A. conyzoides powder group presented up to 12 deaths at 3.00 mg, O. gratissimum powder recorded up to 10, whereas the combined powder showed the highest mortality with 14 deaths at 3.00 mg. Climbing ability was almost completely suppressed across treatments. Despite the severe loss of climbing activity, a good number of weevils were able to stay on the cowpea grains across treatments, with numbers peaking at 9 -15 individuals depending on dose. Furthermore, on day 4, the combined A. conyzoides and O. gratissimum powder treatment recorded the highest lethal and behavioural effects compared to the single powders.
By day 5 (Table 7), all treatments produced very high mortality. A. conyzoides and O. gratissimum powder each caused complete mortality (20 deaths) at 2.00 – 3.00 mg, while the combined A. conyzoides and O. gratissimum powder achieved the same outcome, reaching 20 deaths at 2.00 mg. Climbing activity was completely suppressed in all treatment at day 5 and the number of weevils on the cowpea was sharply decreased. Finally, at day 5 all treatments achieved total lethality at higher concentrations.
Table 1;Proximate composition of Ageratum conyzoides and Ocimum gratissimum
	Proximate
	Composition (%)

	
	Ageratum conyzoides
	Ocimum gratissimum

	Moisture
	5.30 ± 0.03a
	11.50 ± 0.08b

	Ash
	10.92 ± 0.03a
	10.33 ± 0.04a

	Crude Protein
	24.98 ± 0.12b
	14.90 ± 0.32a

	Crude Lipid
	3.90 ± 0.05a
	4.92 ± 0.02b

	Crude Fibre
	19.03 ± 0.03b
	9.20 ± 0.07a

	Carbohydrate
	35.88 ± 0.01a
	49.13 ± 0.34b


Results are mean ± SD of triplicate determinations. Rows with different superscript are statistically significant at p≤0.05

Table 2; Phytochemicals composition of Ageratum conyzoides and Ocimum gratissimum
	Phytochemicals
	Composition (%)

	
	Ageratum conyzoides
	Ocimum gratissimum

	Alkaloid
	6.56± 0.82a
	8.05±0.92b

	Flavonoid
	5.65±0.65a
	6.75±0.81b

	Saponin
	3.57±0.21b
	2.54±0.24a

	Tannin
	8.79±.61a
	9.38±0.86b


Results are mean ± SD of triplicate determinations. Rows with different superscript are statistically significant at p≤0.05




Table 3: Day 1 Toxicity and Behavioral Effects of A. conyzoides and O. gratissimum leaf Powder Cowpea Weevil. 
	Treatment
	Dose (mg)
	No. of Deaths
	No. on Cowpea Grains
	No. that Climbed Container

	Control
	0
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	A
	0.3
	0.00 ± 0.00ᵃ
	1.00 ± 0.00ᵇ
	19.00 ± 1.26ᵃ

	B
	
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	AB
	
	0.00 ± 0.00ᵃ
	1.00 ± 0.00ᵇ
	19.00 ± 3.70ᵃ

	A
	0.5
	0.00 ± 0.00ᵃ
	1.00 ± 0.00ᵇ
	19.00 ± 2.20ᵃ

	B
	
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	AB
	
	0.00 ± 0.00ᵃ
	2.00 ± 0.50ᶜ
	18.00 ± 3.60ᵃ

	A
	1.0
	0.00 ± 0.00ᵃ
	2.00 ± 0.03ᵇ
	18.00 ± 1.70ᵃ

	B
	
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	AB
	
	0.00 ± 0.00ᵃ
	2.00 ± 0.21ᵇ
	18.00 ± 3.20ᵃ

	A
	2.0
	0.00 ± 0.00ᵃ
	2.00 ± 0.05ᵇ
	18.00 ± 2.00ᵃ

	B
	
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	AB
	
	0.00 ± 0.00ᵃ
	3.00 ± 1.26ᶜ
	17.00 ± 3.92ᵃ

	A
	3.0
	0.00 ± 0.00ᵃ
	2.00 ± 0.00ᵇ
	18.00 ± 0.80ᵃ

	B
	
	0.00 ± 0.00ᵃ
	1.00 ± 0.00ᵇ
	19.00 ± 2.90ᵃ

	AB
	 
	0.00 ± 0.00ᵃ
	3.00 ± 1.50ᶜ
	17.00 ± 2.20ᵃ


[bookmark: _Hlk209943272]Results are mean ± standard deviation of triplicate determinations. Means in the same column with different superscript letters differ significantly at p < 0.05. Concentration of samples ranged from 0.25mg to 3.00mg ± SD. A = Ageratum conyzoides powder, B = Ocimum gratissimum powder, AB = Combined powder. 











Table 4: Day 2 Toxicity and Behavioral Effects of A. conyzoides and O. gratissimum leaf Powder Cowpea Weevil. 

	Treatment
	Dose (mg)
	No. of Deaths
	No. on Cowpea Grains
	No. that Climbed Crucible

	Control
	0.00
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	A
	0.25
	0.00 ± 0.00ᵃ
	1.00 ± 0.00ᵇ
	19.00 ± 4.60ᵃ

	B
	
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 3.60ᵃ

	AB
	
	1.00 ± 0.00ᵇ
	3.00 ± 1.20ᶜ
	16.00 ± 2.60ᵇ

	A
	0.50
	1.00 ± 0.00ᵇ
	2.00 ± 1.60ᵇ
	17.00 ± 3.20ᵇ

	B
	
	0.00 ± 0.00ᵃ
	2.00 ± 0.50ᵇ
	18.00 ± 3.20ᵃ

	AB
	
	2.00 ± 0.70ᶜ
	5.00 ± 0.90ᶜ
	13.00 ± 2.30ᶜ

	A
	1.00
	1.00 ± 0.00ᵇ
	2.00 ± 1.60ᵇ
	17.00 ± 3.70ᵇ

	B
	
	1.00 ± 0.00ᵇ
	3.00 ± 1.60ᵇ
	16.00 ± 4.20ᵇ

	AB
	
	3.00 ± 0.60ᶜ
	5.00 ± 1.20ᶜ
	12.00 ± 0.90ᶜ

	A
	2.00
	2.00 ± 1.30ᵇ
	3.00 ± 1.20ᵇ
	15.00 ± 2.60ᵇ

	B
	
	2.00 ± 1.60ᵇ
	5.00 ± 1.80ᵇ
	13.00 ± 3.60ᵇ

	AB
	
	3.00 ± 0.40ᶜ
	6.00 ± 0.60ᶜ
	11.00 ± 1.60ᶜ

	A
	3.00
	3.00 ± 1.70ᵇ
	3.00 ± 2.60ᵇ
	14.00 ± 2.60ᵇ

	B
	
	2.00 ± 1.20ᵇ
	7.00 ± 1.50ᶜ
	11.00 ± 2.70ᶜ

	AB
	 
	4.00 ± 1.30ᶜ
	6.00 ± 1.60ᶜ
	10.00 ± 1.80ᶜ


Results are mean ± standard deviation of triplicate determinations. Means in the same column with different superscript letters differ significantly at p < 0.05. Concentration of samples ranged from 0.25mg to 3.00mg ± SD. A = Ageratum conyzoides powder, B = Ocimum gratissimum powder, AB = Combined powder. 


Table 5: Day 3 Toxicity and Behavioral Effects of A. conyzoides and O. gratissimum leaf Powder Cowpea Weevil. 

	Treatment
	Dose (mg)
	No. of Deaths
	No. on Cowpea Grains
	No. that Climbed Crucible

	Control
	0.00
	0.00 ± 0.00ᵃ
	0.00 ± 0.00ᵃ
	20.00 ± 0.00ᵃ

	A
	0.25
	1.00 ± 0.00ᵃ
	4.00 ± 0.60ᵇ
	15.00 ± 3.60ᵇ

	B
	
	1.00 ± 0.00ᵃ
	2.00 ± 0.00ᵃ
	17.00 ± 3.20ᵃ

	AB
	
	1.00 ± 0.00ᵃ
	4.00 ± 0.60ᵇ
	15.00 ± 3.20ᵇ

	A
	0.50
	2.00 ± 1.80ᵇ
	4.00 ± 1.20ᵇ
	14.00 ± 3.20ᵇ

	B
	
	1.00 ± 0.00ᵃ
	2.00 ± 0.60ᵃ
	17.00 ± 3.40ᵃ

	AB
	
	2.00 ± 1.60ᵇ
	7.00 ± 2.30ᶜ
	11.00 ± 3.40ᶜ

	A
	1.00
	4.00 ± 1.10ᵇ
	7.00 ± 1.50ᵇ
	9.00 ± 3.80ᶜ

	B
	
	3.00 ± 1.20ᵇ
	8.00 ± 2.10ᵇ
	10.00 ± 3.50ᶜ

	AB
	
	5.00 ± 2.10ᶜ
	8.00 ± 1.20ᵇ
	7.00 ± 0.80ᶜ

	A
	2.00
	5.00 ± 1.30ᵇ
	9.00 ± 2.80ᵇ
	6.00 ± 1.20ᶜ

	B
	
	4.00 ± 1.30ᵇ
	7.00 ± 2.30ᵇ
	9.00 ± 0.80ᵇ

	AB
	
	7.00 ± 2.40ᶜ
	9.00 ± 1.90ᵇ
	4.00 ± 0.70ᶜ

	A
	3.00
	7.00 ± 2.10ᵇ
	9.00 ± 3.10ᵇ
	4.00 ± 1.60ᶜ

	B
	
	5.00 ± 1.60ᵇ
	7.00 ± 1.80ᵇ
	8.00 ± 1.60ᵇ

	AB
	 
	9.00 ± 2.80ᶜ
	9.00 ± 2.30ᵇ
	2.00 ± 1.60ᶜ


Results are mean ± standard deviation of triplicate determinations. Means in the same column with different superscript letters differ significantly at p < 0.05. Concentration of samples ranged from 0.25mg to 3.00mg ± SD. A = Ageratum conyzoides powder, B = Ocimum gratissimum powder, AB = Combined powder. 



Table 6: Day 4 Toxicity and Behavioral Effects of A. conyzoides and O. gratissimum leaf Powder Cowpea Weevil. 

	Treatment
	Dose (mg)
	No. of Deaths
	No. on Cowpea Grains
	No. that Climbed Crucible

	Control
	0.00
	0.00 ± 0.00ᵃ
	6.00 ± 0.00ᵃ
	14.00 ± 0.00ᵃ

	A
	0.25
	2.00 ± 1.60ᵇ
	9.00 ± 2.20ᵇ
	9.00 ± 2.00ᵇ

	B
	
	1.00 ± 0.00ᵇ
	12.00 ± 3.60ᵇ
	7.00 ± 0.60ᵇ

	AB
	
	2.00 ± 1.60ᵇ
	13.00 ± 2.60ᵇ
	5.00 ± 0.80ᶜ

	A
	0.50
	4.00 ± 1.80ᵇ
	13.00 ± 2.40ᵇ
	3.00 ± 1.80ᶜ

	B
	
	2.00 ± 1.60ᵇ
	11.00 ± 2.20ᵇ
	7.00 ± 1.20ᵇ

	AB
	
	5.00 ± 1.30ᶜ
	15.00 ± 0.80ᶜ
	0.00 ± 0.00ᵈ

	A
	1.00
	7.00 ± 2.10ᵇ
	13.00 ± 3.10ᵇ
	0.00 ± 0.00ᵈ

	B
	
	5.00 ± 0.90ᵇ
	12.00 ± 2.50ᵇ
	3.00 ± 0.90ᶜ

	AB
	
	8.00 ± 0.90ᶜ
	12.00 ± 2.10ᵇ
	0.00 ± 0.00ᵈ

	A
	2.00
	9.00 ± 2.80ᵇ
	12.00 ± 3.60ᵇ
	0.00 ± 0.00ᵈ

	B
	
	9.00 ± 2.60ᵇ
	10.00 ± 3.30ᵇ
	1.00 ± 0.00ᶜ

	AB
	
	9.00 ± 2.40ᵇ
	11.00 ± 1.90ᵇ
	0.00 ± 0.00ᵈ

	A
	3.00
	12.00 ± 0.70ᶜ
	8.00 ± 0.90ᶜ
	0.00 ± 0.00ᵈ

	B
	
	10.00 ± 2.30ᵇ
	10.00 ± 1.70ᵇ
	0.00 ± 0.00ᵈ

	AB
	 
	14.00 ± 3.30ᶜ
	6.00 ± 1.70ᶜ
	0.00 ± 0.00ᵈ


Results are mean ± standard deviation of triplicate determinations. Means in the same column with different superscript letters differ significantly at p < 0.05. Concentration of samples ranged from 0.25mg to 3.00mg ± SD. A = Ageratum conyzoides powder, B = Ocimum gratissimum powder, AB = Combined powder. 














Table 7: Day 5 Toxicity and Behavioral Effects of A. conyzoides and O. gratissimum leaf Powder Cowpea Weevil. 

	Treatment
	Dose (mg)
	No. of Deaths
	No. on Cowpea Grains
	No. that Climbed Crucible

	Control
	0.00
	0.00 ± 0.00ᵃ
	8.00 ± 0.00ᵃ
	12.00 ± 0.00ᵃ

	A
	0.25
	4.00 ± 1.70ᵇ
	14.00 ± 2.60ᵇ
	2.00 ± 1.70ᶜ

	B
	
	2.00 ± 2.50ᵇ
	16.00 ± 3.30ᵇ
	2.00 ± 1.60ᶜ

	AB
	
	5.00 ± 2.10ᶜ
	15.00 ± 3.30ᵇ
	0.00 ± 0.00ᵈ

	A
	0.50
	7.00 ± 2.30ᵇ
	13.00 ± 3.10ᵇ
	0.00 ± 0.00ᵈ

	B
	
	5.00 ± 1.80ᵇ
	15.00 ± 2.40ᵇ
	0.00 ± 0.00ᵈ

	AB
	
	8.00 ± 1.70ᶜ
	12.00 ± 2.10ᵇ
	0.00 ± 0.00ᵈ

	A
	1.00
	12.00 ± 3.70ᵇ
	8.00 ± 1.60ᶜ
	0.00 ± 0.00ᵈ

	B
	
	8.00 ± 3.60ᵇ
	12.00 ± 1.60ᵇ
	0.00 ± 0.00ᵈ

	AB
	
	15.00 ± 2.70ᶜ
	5.00 ± 1.20ᶜ
	0.00 ± 0.00ᵈ

	A
	2.00
	20.00 ± 0.00ᶜ
	0.00 ± 0.00ᵈ
	0.00 ± 0.00ᵈ

	B
	
	16.00 ± 3.20ᵇ
	4.00 ± 0.90ᶜ
	0.00 ± 0.00ᵈ

	AB
	
	20.00 ± 0.00ᶜ
	0.00 ± 0.00ᵈ
	0.00 ± 0.00ᵈ

	A
	3.00
	20.00 ± 0.00ᶜ
	0.00 ± 0.00ᵈ
	0.00 ± 0.00ᵈ

	B
	
	20.00 ± 1.80ᶜ
	0.00 ± 0.00ᵈ
	0.00 ± 0.00ᵈ

	AB
	 
	20.00 ± 0.00ᶜ
	0.00 ± 0.00ᵈ
	0.00 ± 0.00ᵈ


Results are mean ± standard deviation of triplicate determinations. Means in the same column with different superscript letters differ significantly at p < 0.05. Concentration of samples ranged from 0.25mg to 3.00mg ± SD. A = Ageratum conyzoides powder, B = Ocimum gratissimum powder, AB = Combined powder. 



4. DISCUSSION
The results showed mmoisture content of 5.30±0.03% and 11.50 ± 0.08% respectively, indicating good potential for storage stability and reduced microbial proliferation, making the plant leaves a good antibacterial agent (Tafu et al., 2022; Andersa et al., 2024). The ash content of A. conyzoides and O. gratissimum presented very close percentage ash content of 10.92 and 10.33 respectively. Ash composition reflects inorganic minerals content which can contribute to insecticidal impact through ion disruptions or trace element toxicity (Yiblet et al., 2023; Ogbuozobe et al., 2024). Carbohydrate and protein in both plants are high. The nitrogenous compounds including enzymes, lectins or  protease inhibitors may enhance bioinsecticidal actions (Andersa et al., 2024). Carbohydrates which constituent bulk of the two plants include soluble sugars and non-starch polysaccharides that could influence solubility, binding between structural matrix and potentially active fractions. The crude fibre indicates how much inert structural matrix is present, which may dilute actives or inhibit their release in aqueous formulations. With a modest percentage, crude lipids were recorded in both plants. Many secondary metabolites such as terpenoid and sterols are lipid-soluble and may concentrate in the fat portion (Ganogpichayagrai et al., 2020; Mobeen et al., 2021)

The appreciable amount of alkaloids in the samples indicates potent bioactivity as alkaloids as studies have shown that alkaloids express insecticidal properties (Copping and Menn, 2000). Tannins and flavonoids may contribute to toxicity by inhibiting digestive enzymes in the cowpea weevils (Barbehenn and Constabel, 2011) Saponins are known compounds that can disrupt insect cell membranes, enhancing toxicity (Sparg et al., 2004), The combined phtochemical profile indicates a strong potential for the plant to affect the cowpea weevil physiology, supporting its use in toxicity. 

Results of impact of exposure of cowpea weevil to single and combined leaf powder of A. conyzoides and O. gratissimum demonstrated that the powdered treatments exerted significant behavioural modulation and ultimately mortality on cowpea weevil in a dose-and time- dependent manner. The results of the first day showed that neither the single nor combined power treatment s induced mortality, but the behavioural responses such as climbing and presence on the cowpea grains were altered even at low amount. However, by the second and third day and increased amount of the powder induced measurable death: Single powder treatment presented intermediate lethal effects whereas the combined consistently produced higher mortality at lower powder amount and increase decline in climbing ability of the weevils. By the fifth day all treatment at higher doses (≥ 2.00 – 3.00) achieved complete or near complete mortality, with climbing capacity impaired fully and cowpea feeding ability ceasing

This study revealed as well that the progression of toxicity correlates strongly with dosage on both the single and combined leave powder. This also clearly demonstrated was the synergistic effect of the combined leaf powder, presenting death and loss of neurological strength (as measured by climbing capability) at lower amount of leaf powder or earlier days, compared to single leaf powder. Behaviourally, climbing dropped sharply before the onset mortality peaks, indicating that neurological impairment or energy depletion precedes death. The cowpea weevils’ inability to climb (neurological weakness) and absence of climbing even prior to full mortality suggest that sublethal effect are important indicator of stress, which culminate to reduced activity, feeding and mobility or coordination (Ashamo et al., 2022; Mano et al., 2024)


The recorded single and combined leaf powder of A. conyzoides and O. gratissimum bioactivity is attributable to the secondary metabolite content. Studies have shown that botanicals containing alkaloids, flavonoids, tannins, saponins, phenols, terpenoids and other compounds often demonstrate insecticidal, repellent, or deterrent effects (Ashamo et al., 2022; Mano et al 2024). In a study with agro-waste powders such as rice husk, cowpea pod etc., the highest mortality was recorded with powders containing the highest amount of alkaloids, saponins and oxalates. Cowpea pod waste presented the lowest lethal doses and greatest suppression of behaviour, Mano et al. (2024) in a study on toxicity and synergistic effects of native plant extracts, combined plant extract demonstrated synergistic mortality and reduced oviposition rates. 

The results of the present study suggest that the bioactive compounds may have interfered with neurological and metabolic processes (Ujowundu et al 2022; Iheme et al., 2022). Many plants secondary metabolites such as alkaloids, terpenoids and phenolics are known to interfere with insect nervous system, disrupt feeding, respiration or energy metabolism, and cause desiccation or cuticular damage. Alkaloids and terpenoids are associated with the disruption of insect nervous system, while phenolic compounds may inhibit enzymes involved in metabolism and feeding (Ashamo et al., 2022; Islam et al., 2021). The combination of A. conyzoides and O. gratissimum may have brought together complementary compounds or higher overall concentration of bioactive compounds (Olaitan et al., 2024), resulting in stronger immediate biochemical effects (behavioural inhibition) and faster mortality.

Thes results of this study with respect to the dose/mortality profile in this study showed that the combined treatment outperformed single treatments, a phenomenon seen in other synergistic plant extracts studies (Muhammed et al., 2022; Donkor et al., 2023). In this study behaviourally, using climbing as a proxy for neurological integrity is less commonly measured but relates to observed reductions in mobility, feeding and reproduction (Fekadu et al., 2022). Studies have shown that reductions in oviposition and adult emergence often accompany physiological impairment before death (Mano et al., 2024)


5. CONCLUSION
In the toxicity study the single leaf powder of A. conyzoides and O. gratissimum demonstrated dose-and time-dependent toxicity and behavioural suppression in cowpea weevils, with O. gratissimum leaf powder lagging slightly behind A. conyzoides leaf powder in speed and intensity of impact. The combined A. conyzoides and O. gratissimum leaf powder treatment amplified the sublethal behavioural changes quicker. Mortality was achieved more quickly and at lower doses. 
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