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Abstract
The evaluation of insecticidal efficacy of three slow release pelletized edible essential oils extracted from clove, West African Black pepper and Ginger on the bean bruchid, Callosobruchus maculatus infesting some legumes (Cowpea, Soya bean, Pigeon pea, Lima bean and Bambara nut). The research was carried out under laboratory conditions in the Faculty of Agriculture Nasarawa State University, Keffi, Nigeria. Evaluation of the SRPEEOs on germinability tests was carried out as Treatment before and Treatment after Infestations [TBI and TAI], respectively. Treatment consist of using SRPEEOs at the rate of 0.25, 0.5, 0.75, 1.0 g/5 g legumes with the control (0) and replicated three times and in a complete randomized block design. Data analyses was carried out using Statistix 10 analytical package in a two-way factorial analysis. All data were transformed before analyses. The result of the germinability effect of three SRPEEOs on the legumes showed no adverse effect on germination (12.22 – 83.33%) and differs significantly (P≤0.05) when compared to the control (0.00% - 10.00%) on TAI, while that for TBI was (27.28 – 93.33%) which also differed significantly when compared to the control (0.00% - 21.11%). The SRPEEOs used as Treatment before and treatment after Infestations (TBI & TAI) were observed not to have adverse effect on legume seeds in term of germinability from C. maculatus infestation.
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INTRODUCTION
Legumes or pulses belong to the family of Fabaceae and consist of three subfamilies namely Faboideae, Mimosoideae and Caesa1phinioidae. It is a dehiscent plant that is ranked as the third largest family of angiosperms composed of more than 20000 species and 750 genera (Cakir et al., 2019).Legumes have accompanied farmers since the Neolithic revolution, from the very onset of farming practices by mankind (Huebbe and Rimbach, 2020). Hancock (2012) reported that legumes were domesticated alongside grasses as early as 10,000 years ago. Among the earliest domesticated legume crops were chickpea (Cicer arietinum) garden pea (Pisum sativum) and lentil (Lens culinaris) (Sprent, 2009; Hancock 2012; Smýkal et al., 2015). The domestication of other important legumes followed later on in different regions of the world, for example, soybean (Glycine max) in East Asia (Sedivy et al,. 2017), Azuki bean (Vigna angularis) in West Asia (Lee, 2012) or common bean (Phaseolus vulgaris) in Mesoamerica (Lopez et al., 2013).
In agriculture, the pulses fami1y (Fabaceae) is second in importance only to cerea1s (Poaceae) (Maphosa and Jideani, 2017) based on an area of harvested land and total world production, with more than 650 million tons of grain legumes produced on 240 million ha as at 2011 (FAOSTAT, 2016). Grain legumes provide one-third of plant protein and a similar proportion of the vegetable oil used for human consumption (Graham and Vance, 2003). The amino acid composition of legumes complement that of cereals and root crops (Wang et al., 2003), Legumes are also important forage crops in temperate and tropical regions (Singh et al., 2019). Legumes provide essential minerals for the consumer (Grusak, 2002).The growth of agriculture based economies of the world depends on the sustained supply of quality seed (World Bank, 2023).  
Botanical insecticides, including powders, extracts and essential oils have been used to protect crops for many years (Isman, 2006). The use of botanicals or plant derived insecticides played a significant role in the traditional storage methods in many parts of Africa (Bekele and Hassanali, 2001). Plants possess compounds such as terpenoids, alkaloids and phenols that have been demonstrated to have various effects against insect pests including toxicity, antifeedant, repellency, growth inhibitory, feeding deterrence and so on (Divekar et al., 2022). The objective of the study is to determine the germinability of the legume seeds exposed to slow release pelletized edible essential oils (SRPEEOs) against Callosobruchus maculatus as pre-oviposition treatment (TBI [treatment before infestation]) and post-oviposition (TAI [treatment after infestation]).
[bookmark: _Toc172495896]MATERIALS AND METHODS
[bookmark: _Toc172495897] Experimental Site
The study was carried out in the laboratory Department of Agronomy, Faculty of Agriculture (Shabu-Lafia Campus), Nasarawa State University, Keffi. Lafia is located on 08.330N and 08.320E North Central, Nigeria (Lyam, 2000).
[bookmark: _Toc172495898]Insect culture
An infested cowpea seeds (var. Kananade) was used to raise the initial culture of the cowpea seed bruchid, Callosobruchus maculatus in the laboratory. Infested cowpea seeds were raised inside a 500 ml transparent Kilner jar and covered with muslin cloth held in p1ace with a rubber band till the emergence of adults. Cowpea seed bruchid was allowed to oviposit for a period of 10 days before all living and dead insects were removed and left till emergence of adults from the culture. Gravid adult female C. maculatus as described by Singh and Pandey (2001) that emerged from the initial stock were collected with the aid of a pooter and re-infest on a pristine cowpea seeds for new emergence. This was carried out for five consecutive generations until the insects have acclimatize and there were enough insect populations to commence the experiment
[bookmark: _Toc172495899]Source of Legumes Varieties and Treatment
The legumes which comprise of cowpea (Vigna unguiculata), Lima bean (Phaseolus lunatus), soya bean (Glycine max), Bambara nut (Vigna subterranea) and pigeon pea (Cajanus cajan) were purchased from Lafia main market, Lafia, Nasarawa State. The legume seeds were carefully sorted and only pristine seeds were collected from the lots. The legume seeds were transferred into a double-layered polythene bag and the opening was held with a tight rubber band to prevent any water seepage in the freezer and infestation by cowpea seed bruchid. The polythene bag containing the legume seeds were kept at -180C inside a freezer for five days. This process is carried out in order to disinfest the legume seeds from any harboured eggs or larvae in the seeds. After five days of cold treatment, the seeds were placed and spread on polythene sheet on a laboratory bench and covered with screen gauze held in place at the edges with heavy stones, so that the seeds can equilibrate to atmospheric laboratory conditions for three days. Thereafter, the legume seeds were packed into disinfested Kilner jars and kept on the laboratory bench following the method of Lale and Ajayi (1999), Ajayi and Lale (2000/2001) until ready for use.
Source of Slow Release Pelletized Edible Essential Oils (SRPEEOs) used for the study
The slow release pelletized edible essential oils from clove (Syzgium aromaticum), ginger (Zingiber officinale), and West African black pepper (Piper guineense) were obtained from an already prepared pellets from the National Institute for Pharmaceutical Research and Development, Pharmaceutical Technology and Raw Materials Department,  Abuja, FCT.
[bookmark: _Toc172495900]Experimental Procedure and Design for both TBI and TAI.
[bookmark: _Toc172495906]Evaluation of the slow release pelletized edible essential oil on germinabilty of treated cowpea seeds
Ten uninfested pristine cowpea seeds each were randomly selected from the lots of legume. There were treated separately each with the slow release pelletized edible essential oils at the dosage rate that was determined during the test for Lethal Concentration {LC50} (Probit analyses). The seeds were put in a 50 ml Kilner jar held in place with a lid and exposed to the slow release pelletized edible essential oil for a 10 day period before being removed. The cowpea seeds were put on a cotton wool wetted with distilled water in a 9 cm diameter Petri dish and cover with a lid. The cotton wool was sufficiently wetted each day for 5 days. On day 6, the number of seeds that germinate were counted and expressed as a percentage of the total number of seeds in each dish. The germination viability test was carried out in a completely randomized design and replicated three times under laboratory conditions. And germination percentage was calculated using the formula described by Olisa et al. (2010) as follows:

Germination = Total number of emerged seedlings   ×100
                                    Total number of seeds

 Statistical Analysis.
All percentage data obtained were arc sine transformed before analysis and then subjected to two-way ANOVA. As the case may be and the differences between treatment means were separated using the Least Significant Difference (LSD) Test at P≤0.05% probability level using STATISTIX 10 vision (2018) analytical package.
RESULTS.
[bookmark: _Toc172495932]Germinability effect on treatments and concentrations of pre-oviposition of slow release pelletized essential oils against Callosobruchus maculatus infesting some legume varieties (TBI)
The resu1ts in Table 1. shows the germinability interactive effect on treatments and concentrations of the slow release pelletized essential oils SRPEEOs on Callosobruchus maculatus. Which implies that there was significant difference (P≤0.05), among the treatments and concentrations on percentage dormancy, the highest percentage dormancy was obtained when treated with SRPEEOs of WABP at (0.0 g) with value of 95.33 %, while the lowest percentage dormancy was obtained when treated with Clove at (1.0 g) with value of (10.67%).The table 1. also showed that there was significant different (P≤0.05), among the treatments and concentrations on percentage germinability, the highest percentage germinability was obtained when treated with SRPEEOs of Clove at (1.0 g) with value of 89.33%, while the lowest percentage germinability was obtained when treated with WABP at (0.0 g) with value of (4.67.%). The result in table 2, and 3. Indicate that there was significant difference (P≤0.05) among percentage dormancy, germination at all varieties and treatment levels.
Germinability effect on post-oviposition of treatments and concentrations of with slow release pelletized essential oils against Callosobruchus maculatus infesting some legume varieties (TAI)
The results in Table 4, indicate the germinability interactive effect on treatments and concentrations of the slow release pelletized essential oils SRPEEOs on Callosobruchus maculatus. The results shows that there was significant difference (P≤0.05), among the treatments and concentrations on percentage dormancy. The highest percentage dormancy was obtained when treated with SRPEEOs of Clove at (0.0 g) with value of 98.67%. The lowest percentage dormancy was obtained with West African black pepper at (1.0 g) with value of (25.33%).Table 4, also indicated that there was significant difference (P≤0.05) among the treatments and concentrations on number of percentage germinability. The highest percentage germinability was obtained when treated with SRPEEOs West African black pepper at (1.0 g) with value of 74.67%. The lowest percentage germinability was obtained with Clove at (0.0g) with value of (1.33%). In table 5, and 6. Indicate that there was significant difference (P≤0.05) among percentage dormancy, germination at all varieties and treatment levels.

















	Table 1: Germinability effect on treatments and concentrations of pre-oviposition of slow release pelletized essential oils aganist Callosobruchus maculatus

	Treatment
	Concentrations
	Percentage Dormancy
	Percentage Germinability

	Wabp
	0
	95.33a
	4.67f

	Clove
	0
	94.00a
	6.0f

	Ginger
	0
	94.67a
	5.33f

	Ginger
	0.25
	68.00b
	32.00e

	Clove
	0.25
	68.67b
	31.33e

	Wabp
	0.25
	69.33b
	30.67e

	Clove
	0.5
	50.00c
	50.00d

	Ginger
	0.5
	48.67c
	51.33d

	Wabp
	0.5
	42.67d
	57.33c

	Clove
	0.75
	25.33e
	74.67b

	Ginger
	0.75
	28.00e
	72.00b

	Wabp
	0.75
	22.67e
	77.33b

	Ginger
	1
	12.00f
	88.00a

	Wabp
	1
	12.00f
	88.00a

	Clove
	1
	10.67f
	89.33a

	SE
	
	2.79
	2.79

	LSD
	
	5.51
	5.51


Means with the same letter in co1umn are not significantly different at 5%   level of probability using LSD Test (P≤0.05)



	Table 2: Germinability effect on varieties and concentrations of pre-oviposition 
of slow release pelletized essential oils against Callosobruchus maculatus

	Varieties
	Concentrations
	Percentage Dormancy
	Percentage Germinability

	Bambara nut
	0
	100.00a
	0.00j

	Pigeon pea
	0
	98.89a
	1.11j

	Zebra bean
	0
	100.00a
	0.00j

	Soyabean
	0
	95.56a
	4.44j

	Limabean
	0
	78.89b
	21.1i

	Bambara nut
	0.25
	70.00c
	30.00h

	Zebra bean
	0.25
	74.44bc
	25.56hi

	Pigeon pea
	0.25
	72.22bc
	27.78hi

	Soyabean
	0.25
	70.00c
	30.00h

	Limabean
	0.25
	56.67d
	43.33g

	Bambara nut
	0.5
	45.56e
	54.44f

	Pigeon pea
	0.5
	52.22de
	47.78fg

	Limabean
	0.5
	31.11fg
	68.89de

	Soyabean
	0.5
	52.22de
	47.78fg

	Zebra bean
	0.5
	54.44d
	45.56g

	Bambara nut
	0.75
	15.56h
	84.44c

	Zebra bean
	0.75
	35.56f
	64.44e

	Pigeon pea
	0.75
	25.56g
	74.44d

	Soyabean
	0.75
	35.56f
	64.44e

	Limabean
	0.75
	14.44hi
	85.56bc

	Zebra bean
	1
	14.44hi
	85.56bc

	Bambara nut
	1
	7.78ij
	92.22ab

	Pigeon pea
	1
	15.56h
	84.44c

	Soyabean
	1
	13.33hij
	92.22abc

	Limabean
	1
	6.67j
	93.33a

	SE
	
	3.61
	3.61

	LSD 
	
	7.12
	7.12


Means with the same letter in the column are not significantly different at 5%   level of probability using LSD Test (P≤0.05).







	Table 3: Germinability effect on pre-oviposition of treatments and varieties with slow release pelletized essential oils against Callosobruchus maculatus

	Treatments
	Varieties
	Percentage Dormancy
	Percentage Germinability

	Ginger
	Zebra bean
	68.00a
	32.00h

	Clove
	Pigeon pea
	56.00bc
	44.00fg

	Clove
	Bambara nut
	48.00de
	52.00de

	Clove
	Soyabean
	61.33b
	38.67g

	WABP
	Bambara nut
	44.67ef
	55.33cd

	WABP
	Zebra bean
	54.67c
	45.33f

	Ginger
	Pigeon pea
	47.33de
	52.67de

	WABP
	Pigeon pea
	55.33c
	44.67f

	Ginger
	Bambara nut
	50.67cd
	49.33ef

	Ginger
	Soyabean
	51.33cd
	48.67ef

	Clove
	Zebra bean
	44.67ef
	55.33cd

	Clove
	Limabean
	38.67gh
	69.33ab

	Ginger
	Limabean
	34.00h
	76.00a

	WABP
	Soyabean
	47.33de
	52.67de

	WABP
	Limabean
	40.00fg
	65.00bc

	SE
	
	2.79
	2.79

	LSD 
	
	5.51
	5.51


Means with the same letter in the column are not significantly different at 5%   level of probability using LSD Test (P≤0.05)




	Table 4: Germinability effect on post-oviposition of treatments and concentrations with slow release pelletized essential oils against Callosobruchus maculatus

	Treatments
	Concentrations
	Percentage Dormancy
	Percentage Germinability

	Clove
	0
	98.67a
	1.33h

	Ginger
	0
	98.00a
	2.00h

	WABP
	0
	96.67a
	3.33h

	Ginger
	0.25
	82.67b
	17.33g

	Clove
	0.25
	80.00b
	20.00g

	WABP
	0.25
	77.33b
	22.67g

	Clove
	0.5
	64.00c
	36.00f

	Ginger
	0.5
	62.67cd
	37.33ef

	WABP
	0.5
	58.00d
	42.00e

	Clove
	0.75
	49.33e
	50.67d

	Ginger
	0.75
	44.67e
	55.33d

	WABP
	0.75
	38.67f
	61.33c

	Clove
	1
	31.33g
	68.67b

	Ginger
	1
	30.00gh
	70.00ab

	WABP
	1
	25.33h
	74.67a

	SE
	
	2.79
	2.79

	LSD
	
	5.51
	5.51


Means with the same letter in the column are not significantly different at 5%   level of       
Probability using LSD Test (P≤0.05)

	


Table 5: Germinability effect on post-oviposition of varieties and concentrations with slow release pelletized essential oils against Callosobruchus maculatus

	Varieties
	Concentrations
	Percentage Dormancy
	Percentage Germinability

	Bambara nut
	0
	100.00a
	0.00h

	Pigeon pea
	0
	100.00a
	0.00h

	Zebra bean
	0
	100.00a
	0.00h

	Soyabean
	0
	98.89a
	1.11h

	Limabean
	0
	90.00b
	10.00g

	Bambara nut
	0.25
	87.78b
	12.22g

	Zebra bean
	0.25
	85.56bc
	14.44fg

	Pigeon pea
	0.25
	83.33bc
	16.67fg

	Soyabean
	0.25
	78.89c
	21.11f

	Limabean
	0.25
	64.44d
	35.56e

	Bambara nut
	0.50
	68.89d
	31.11e

	Pigeon pea
	0.50
	68.89d
	31.11e

	Zebra bean
	0.50
	68.89d
	31.11e

	Soyabean
	0.50
	54.44e
	45.56d

	Limabean
	0.50
	46.67f
	53.33c

	Bambara nut
	0.75
	50.00ef
	50.00cd

	Zebra bean
	0.75
	47.78ef
	52.22cd

	Pigeon pea
	0.75
	52.22ef
	47.78cd

	Soyabean
	0.75
	38.89g
	61.11b

	Limabean
	0.75
	32.22g
	67.78b

	Zebra bean
	1
	36.67g
	63.33b

	Bambara nut
	1
	32.22g
	67.78b

	Pigeon pea
	1
	37.78g
	62.22b

	Soyabean
	1
	21.11h
	78.89a

	Limabean
	1
	16.67h
	83.33a

	SE
	
	3.60
	3.60

	LSD 
	
	7.11
	7.11


Means with the same letter in the column are not significantly different at 5%   level of       
Probability using LSD Test (P≤0.05).







	Table 6: Germinability effect on post-oviposition of treatments and varieties with slow release pelletized essential oils against Callosobruchus maculatus

	Treatments
	Varieties
	Percentage Dormancy
	Percentage Germinability

	Ginger
	Zebra bean
	78.67a
	21.33e

	Clove
	Pigeon pea
	73.33ab
	26.67ef

	Clove
	Bambara nut
	71.33abc
	28.67def

	Clove
	Soyabean
	68.00abcd
	32.00cdef

	WABP
	Bambara nut
	68.00abcd
	32.00cdef

	WABP
	Zebra bean
	68.00abcd
	32.00cdef

	Ginger
	Pigeon pea
	67.333abcde
	32.67bcdef

	WABP
	Pigeon pea
	64.67abcdef
	35.33abcdef

	Ginger
	Bambara nut
	64.00abcdef
	36.00abcdef

	Ginger
	Soyabean
	58.67bcdef
	41.33abcde

	Clove
	Zebra bean
	56.67bcdef
	43.33abcde

	Clove
	Limabean
	54.00cdef
	46.00abcd

	Ginger
	Limabean
	49.33def
	50.67abc

	WABP
	Soyabean
	48.67ef
	51.33ab

	WABP
	Limabean
	46.67f
	53.33a

	SE
	
	9.75
	9.75

	LSD
	
	19.22
	19.22


Means with the same letter in the column are not significantly different at 5%   level of       
Probability using LSD Test (P≤0.05).
DISCUSSION
Germination of legume varieties treated with three edible essential oils treatment before infestation (TBI) and treatment after infestation (TAI).
In table 1. elucidates effect of edible essential pellet of the results in this study showed the interactive effect on treatment and concentrations before infestation against Callosobruchus maculatus with WABP, Clove and 0.0 g, 1.0 g achieving the highest percentage germinability, highest percentage dormancy , while the lowest germinability was recorded with Clove Ginger and 1.0 g, 0.0g achieving lowest percentage germinability, lowest percentage dormancy, These results are in consonance with the results obtained by Masangwa et al., (2017), which show that most of the plant extracts exhibited no adverse effects on seed germination and emergence. In table 2 and 3. also elucidate effect of edible essential pellet of the results in this study showed the effect on varieties and concentrations before infestation against C.maculatus with Bambaranut, Lima bean and 0.0 g, 1.0 g achieving the highest percentage germinability, highest percentage dormancy, while the lowest germinability was recorded with Lima bean, Bambaranut and 1.0 g, 0.0 g achieving lowest percentage germinability, lowest percentage dormancy respectively. The findings of this study is in agreement with the works of Asawalam et al., (2007b) and Ukeh et al., (2012) who reported that there was significantly higher seed germination in treated maize when protected with Piper guineense; Alligator pepper, Aframomum melegueta and ginger, Zingiber officinale against the maize weevil, S. zeamais, respectively.
In Tables 4, 5, and 6. elucidate effect of edible essential pellet of the results in this study showed the interactive effect on treatment and concentrations after infestation against Callosobruchus maculatus with WABP, Clove and 0.0 g, 1.0 g achieving the highest percentage dormancy, lowest percentage dormancy , while the highest germinability was recorded with Clove Ginger and 1.0g, 0.0g achieving lowest percentage germinability, highest percentage dormancy. These results are in consonance with the results obtained by Salma et al. (2014) which stated that the Bean seeds treated with plant extracts have often showed higher emergence percentages and which could be attributed to their antifungal activities that are effective against some seed-borne pathogens such as Alternaria spp., Fusarium spp., Pythium spp., Rhizoctonia spp. and Colletotrichum spp.The result is also in conformity with finding of (Masangwa et al., 2013, Ngadze, 2014; Zeng et al., 2015).Which indicated that most of the plant extracts exhibited no adverse effects on seed germination and emergence.

CONCLUSION AND RECOMENDATIONS
The findings from this study indicated that the use of botanical extracts for protection of stored produce is highly significant in reducing insect pest damage which was commonly experienced among small scale farmers. The application of the SRPEEOs before infestation (TBI) was more effective in germination when compared to TAI. And it is recommended the use of SRPEEOs as Treatment before Infestation (TBI) and (TAI) was observed to have no effect on legume seeds in terms of germinability from C. maculatus infestation.
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