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Abstract: The natural action of Zanthoxylum plant species against Sitophilus zeamais (Coleoptera: Curculionidae) and Callosobruchus chinensis (Coleoptera: Bruchidae) was examined in the lab by admixing bark powder, leaf and root from Z. xanthoxyloides. Contact toxicity including mortality, repellency and off spring growth inhibition was accessed by preparing Methanol concentrates of tested plant at 5.0 ml in 50 g of grains for evaluation. Maximum mortality by root and bark powders caused 100% results in both S. zeamais and C. chinensis with efficient growth inhibition. Topical use of the concentrates caused (P<0.01) significant mortality by the prepared extracts while offering complete insurance of grains. The repellency by concentrations for both species observed at moderate level. For managing both S. zeamais and C. chinensis, prickly ash bark, root and their relevant extracts can be good option of biopesticide which can leads to good control agent in Integrated Stored grain Management.
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INTRODUCTION

Stored grain insect pests always cause losses in weight and seed quality. Since few years, post-harvest losses by stored grain insect pests for example, the maize weevil, Sitophilus zeamais (Mots.) (Coleoptera: Curculionidae) and the cowpea weevil Callosobruchus chinensis (Coleoptera: Bruchidae) is considered to be a major issue (Markham et al., 1994). Reports evaluates that 30% losses of stored grain occurs each year (IITA, 1995). About 20 different insects including Tribolium castaneum and Sitophilus zeamais caused 20-25% losses alone (Ayertey, 1982). Other than adults, larvae, pupae and cocoons also results in various carcinogenic compounds occurrence like ethyl, quininies, methyl etc. which are resistant to heat and can't be annihilated by boiling (Zehrer, 1980).

Recently, use of fumigants and residues as contact insecticides are being adopted for managing stored grain insect pests (Shaaya et al., 1991; White, 1995). Serious issues have started to develop on stored grains and other health hazards by the use of synthetic chemicals (Obeng-Ofori et al., 1998). So the new era of using biopesticides as an alternate to synthetic is stated which are not only biodegradable but also safe for environment (Olaifa et al., 1997).

Zanthoxylum xanthoxyloides, is a shrub which is also known as candlewood is from family Rutaceae and considered as medicinal plant as well. It is grown to a small tree having 1.25 m height and 0.13 m girth. 



This plant due to its medicinal values is considered as good and safe bio pesticide agent for the stored grain protection and management of stored grain insects (Shaaya et al., 1991; Olaifa et al., 1997) and hence used in this study.

MATERIALS AND METHODS

Culturing of insects

S. zeamais and C. chinensis were collected by local market from infectious maize and cowpea grains and insects reared in lab on whole of maize and cowpea at about 28±2°C, 65% RH and 12L:12D photolight (Olaifa et al., 1997). Insects were then sieved with a 2mm sieve in a bowl covered with nylon mesh. These bowls were placed in sun light for about 3 hours to remove mites from them while the survived insects were washed using Sodium Hypo-chloride solution of 1% and sterilize them in oven at 400C for six hours. These insects were then shifted in a glass jar filled with 500 gram of grains on filter paper after drying. After 3 weeks, parental insects after oviposition, were sieved and freezed to kill while emerged population were used in all bioassay.

Bioassay

Roots, Bark and leaves of plant xanthoxyloides were collected from northern areas of Pakistan. All these parts of plants were shade dried in the laboratory of stored grain insect pests at College of Agriculture, BZU Bahadur sub campus, Layyah for about 6 days.
After drying, material were grinded into powder form using blender. This powder was used in making concentration. This powder of plant parts were soaked in methanol with 65% of methanol in a bekar and 250 gram powder to make it 100% and left for 3 days. This solution was then placed in evaporator rotary ranging speed 5-10 RPM (Rounds Per Minute) for 6 hours. In this way, pure extracts were obtained and methanol was evaporated. 

Plant Powder Toxicity

Ten pairs of insects were placed in treated and untreated grains. For the treatment of grains, 100 gram maize and 100 g of cowpea beans with mixed with 5% of concentration of powder. The data for mortality was checked from 24 h to 96 h respectively.


Extracts Toxicity

Toxic effects of methanol extracts obtained earlier, were checked on maize and cowpea against the weevil. For this purpose, 2 ml extract were applied on 50 gram of sterilized grains and after 3 hours of treatment, both tested insects were released in it. Control was gained with water while total replication in each single treatment was 4. Mortality was accessed from 24 hours to 96 hours of treatment.

Topical Contact toxicity 

Forty insects of every specie in clusters of 10 were chilled for three minutes to decrease their action (portability) and moved into Petri dishes. One ml of each concentrate was applied with a micropipette to the dorsal surface of the thorax of every insect. Distilled water was used to control insects and every treatment was replicated by four times while mortality was recorded after one hour and up to 48 h.

Damage assessment

5% plant powders, 2 ml of each extract mixed with the grains and 10 pairs of each insect pest placed in treated and untreated grains. Each treatment is replicated 4 times and experiment was left for 4 weeks. Samples of about 100 grains taken from each jar and number of damaged and undamaged grains were counted then weighted (grains with characteristic holes). Percent damage was calculated by using the method of FAO (1985).

Progeny production

Treated grains with both extract and powder were used and 20 insects (adults) of each tested insect were placed in treated and untreated grains. Jars were left for 5 weeks covered with white muslin cloth. The number of insects emerged were counted after 1 week interval.

Repellency test

Wheat flour cakes were prepared by baking treated with 5ml of extracts and left for drying for about an hour. 10 adults of each test species viz., S. zeamais and C. chinensis were introduced in Petri-dishes with the wheat cakes. Number of insects in control and treated was observed after 1 hour and upto 48 hours. The Percent Repellency was obtained by using Obeng-Ofeori et al., (1997) method while negative percent repellency were treated as zero.

Data analysis

One way analyses analysis of variance (ANOVA) was performed and means were compared (separated) using DMRT (Duncan`s multiple range test). 


RESULTS

Plant Powder Results

There was a significant mortality rate observed at 5% level (p< 0.01) from Leaf, bark and root powders tested against S. zeamais and C. chinensis (Table 1). Resulting 100% mortality.

Toxicity of extracts

For both species (S. zeamais and C. chinensis) significant mortality (p < 0.01) was observed by extracts (Table 2). About 90% mortality was resulted by fresh bark in S. zeamais while over 85% in C. chinensis was observed. About 50% of mortality in C. chinensis resulted by dry bark extract after 96 hours treatment. Combinely Fresh root, dry root and dry leaf extracts caused over 35% mortality of C. chinensis and when compared with the control recorded a significant (p < 0.01) effect.


Table 1. Mortality effects of Z. xanthoxyloides (leaf, bark and root  powders) against C. chinensis  and S. zeamais at 5% concentration


	
	Plant powder
	% mortality
	

	 
	
	C. chinensis
	S. zeamais
	

	
	
	
	
	

	
	Leaf
	63b ± 0.36
	44b ± 0.69
	

	
	Bark
	99 a ± 0.00
	98a ± 2.00
	

	
	Root
	100 a ± 0.00
	100 a ± 0.00
	

	
	Control
	0c ± 0.00
	0c ± 0.00
	



Means (± SE) for each species are separated at significance level (p < 0.01) with four replications 


Table 2. Mortality effects of Z. xanthoxyloides (methanol extracts) against C. chinensis and S. zeamais in grains


	
	Treatment
	% mortality
	

	
	
	C. chinensis
	S. zeamais
	

	
	
	
	
	

	
	Dry leaf extracts
	33c ± 1.00
	18b ± 1.43
	

	
	Dry Bark extracts
	48b ± 1.25
	7c ± 1.33
	

	
	Dry root extracts
	40c ± 1.00
	2d ± 0.45
	

	
	Fresh Bark extracts
	88a ± 0.55
	91a ± 0.78
	

	
	Dry Bark extracts
	39c ± 0.80
	21b ± 1.20
	

	
	Control
	0d ± 0.00
	0d ± 0.00
	



Means (± SE) for each species are separated at significance level (p < 0.01) with four replications 





Table 3. Mortality effects by topical application against C. chinensis and S.zeamais


	
	Treatment
	
	% mortality

	
	
	C. chinensis
	S. zeamais

	
	Dry leaf extracts
	21b ± 0.55
	9d ± 0.25

	
	Dry Bark extracts
	100a ± 0.00
	99.75a ± 0.25

	
	Dry root extracts
	79a ± 0.99
	30c ± 2.21

	
	Fresh Bark extracts
	99a ± 1.00
	96a ± 0.10

	
	Dry Bark extracts
	82a ± 0.22
	50b ±0.73

	
	Control
	0c ± 0.00
	0d ± 0.00



Means (± SE) for each species are separated at significance level (p < 0.01) with four replications 

The comparison between fresh bark and dry bark (extracts) results in the higher mortality rates of both tested insects while the significance difference was (p < 0.01) after the treatment of 48 hours against both tested species.

Table 4. Mortality effects of Z. xanthoxyloides against S. zeamais and C. chinensis in percent grain damage of plant powder and extracts


	Treatment
	% grain damage
	

	
	C. chinensis
	S. zeamais
	

	
	
	
	

	Plant powders
	11a ± 1.72
	10a ± 1.90
	

	Leaf
	
	
	

	Bark
	0.5b ± 0.05
	1b ± 0.10
	

	Root
	1 b ± 0.22
	2b ± 0.12
	

	Control
	16a ± 1.14
	14a ± 1.21
	

	Extract
	15ab ± 1.80
	23a ± 2.11
	

	Dry Leaf Extract
	
	
	

	Dry Bark Extract
	14b ± 1.44
	5b ± 2.62
	

	Dry Root Extract
	13ab ± 2.39
	4b ± 1.60
	

	Fresh Bark Extract
	1c ± 0.00
	0b ± 0.00
	

	Fresh Root Extract
	13b ± 0.66
	4b ± 1.00
	

	Control
	15a ± 1.44
	26a ± 1.33
	



Means (± SE) for each species are separated at significance level (p < 0.01) with four replications 


Table 5. Growth Inhibitory effects of Z. xanthoxyloides on F1 progeny of C. chinensis and S. zeamais


	
	Treatment
	F1 Progeny Means
	

	
	
	C. chinensis
	S. zeamais
	

	
	
	
	
	

	
	Plant powders
	
	60b ± 5.14
	

	
	Leaf
	80.a ± 12.33
	
	

	
	Bark
	3b ± 0.00
	4c ± 0.23
	

	
	Root
	4b ± 0.00
	3c ± 1.00
	

	
	Control
	40a ± 10.0
	55a ± 4.30
	

	
	Extract
	96a ± 4.00
	59ab ± 1.89
	

	
	Dry leaf extracts
	
	
	

	
	Dry Bark extracts
	97a ± 3.00
	38b ± 1.78
	

	
	Dry root extracts
	98a ± 2.00
	33c ± 1.55
	

	
	Fresh Bark extracts
	2b ± 0.00
	2c ± 1.52
	

	
	Dry Bark extracts
	80a ± 3.45
	22b ± 2.31
	

	
	Control
	85a ± 23.78
	88a ± 12.00
	



Means (± SE) for each species are separated at significance level (p < 0.01) with four replications 

Table 6. Mean Percent Repellency (PR) for Z. xanthoxyloides extracts against C. chinensis and S. zeamais


	
	Extract
	% repellency (PR)
	

	
	
	C. chinensis
	S. zeamais
	

	
	
	
	
	

	
	Dry leaf extracts
	7b ± 0.20
	35b ± 0.10
	

	
	Dry Bark extracts
	3b ± 0.05
	69a ± 0.70
	

	
	Dry root extracts
	16a ± 0.56
	10c ± 1.35
	

	
	Fresh Bark extracts
	15a ± 0.90
	60a ± 1.23
	

	
	Dry Bark extracts
	14b ± 0.70
	42b ± 1.00
	

	
	Overall PR
	12
	40
	



Means (± SE) for each species are separated at significance level (p < 0.01) with four replications 


.




Effects on Grain Damage by Insect Pests

Less damage is observed in the treated grains with plant powders followed by significant difference (p < 0.01) by both species (Table 4). The complete level of protection is achieved by dry bark and dry root while results were also highly significant in treatments of fresh bark extracts.

Growth Inhibition Effects

The growth inhibitory effects were observed significantly (p < 0.01) for both S. zeamais and C. chinensis by using fresh bark extract (Table 5) while good results also observed where powder form of plant parts is applied efficient progeny reduction by dry bark and dry root.

Repellent Effects 

Different level of repellency was observed with extracts (Table 6) About 14% of repellency was observed in S. zeamais by using dry root and fresh bark extracts. While C. chinensis was more repelled and reached upto 45%.


DISCUSSION

Z. xanthoxyloides  not only have medicinal value but also proved in this experiment having strong insecticidal potential against stored grain insect pests specially against S. zeamais and C. chinensis. Each plant part either leaf, bark or root used, both forms (extracts and powders) were found toxic for these insect pests. This is due to its higher pungent smell occur due to secondary metabolites in it (Adesina, 1986). The main component which act as main constituent in insecticidal activity is among secondary metabolites is Zanthoxylol which is a phenolic compound (Elujoba and Nagels, 1985; Wongo, 1998). This compound reduces the oviposition, reduces feeding activity and cause mortality as well by reducing physiological development of insects.
The powder of Z. xanthoxyloides (root and bark) tested at 5% concentration against both tested species results in about 100% of protection from feeding and oviposition due to higher contact toxicity (Ogunwolu and Odunlami, 1996). 

The overall mortality rate observed by fresh bark extract was upto 90% for both insect species as these extracts serve as contact poison for their movement. (Obeng-Ofori et al., 1997). The repellent activity by Z. xanthoxyloides confirms the finding of previous work (Nawrot et al., 1986; Udo, 2005) on secondary metabolites of Z. xanthoxyloides. As bio-pesticides are good source not only for protection against insect pests but also cost effective. So there is need to focus on Z. xanthoxyloides plant species found in northern areas of Pakistan for its further evaluation in IPM and specially for stored grain insect pests, it is broad spectrum and less expensive.
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