



Effect of Khaya senegalensis and Trichilia emetica plant extracts against sweet potato weevil (Cylas puncticollis Boheman)

[bookmark: _GoBack]Abstract
Introduction: Sweet potato weevil (Cylas punticollis) is a pest of economic importance with negative impacts on sweet potato production. Due to the hazardous nature of insecticides, deploying plant extracts against this pest is an eco-friendly alternative. Methodology: In this study, we evaluated the leaves and barks of Khaya senegalensis and Trichilia emetica plants for antifeedant activity and toxicity against adult C. punticollis at 40, 20, 10, 5, and 2.5ppm through petri dish bioassay method. Ethanol and aqueous solvents served as negative checks, and Lara force as a positive check. Results: The results revealed that Lara force caused the strongest feeding deterrence against C. punticollis. Among the plant extracts, the highest (56.23%) and the lowest (11.73%) percentage feeding punctures were observed in the ethanolic and aqueous extracts of the leaves of T. emetica, respectively. However, the antifeedant potency of the plant extracts treated potato slips did not significantly differ from the control slips after 24 hours of weevil exposure to potato slips. The mortality of C. punticollis was dependent on the concentration of the extracts and the duration of exposure to the plant extracts. The highest percentage of mortality (90%) was recorded at 40 ppm among the plant extracts. The order of toxicity among the treatments includes 40 ppm > 20 ppm > positive check > 10 ppm > 5 ppm > 2.5 ppm > negative control. Conclusion: Overall, this study accentuates the potential of extracts from Khaya and Trichilia plants and their application in managing sweet potato weevil.
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Introduction
[bookmark: _Hlk199994861]Sweet potato (Ipomea batatas (L) Lam) is a drought resistant and relatively short-term crop valued for its nutritional qualities. It is an important source of nutrients for human diet and also contains bioactive compounds potentially beneficial to health with special interest for the functional food market (Cui & Zhu, 2020). Sweet potato is a popular hunger-relief food implicated for food security and job creation in the hungry continents (Natson et al., 2018).  Despite the crop's economic significance, its production is hampered by pests and diseases (Kyereko et al., 2019).  Sweet potato weevil (Cylas puncticollis) is the most important pest of sweet potato causing significant damage and economic loss globally (Bookes et al., 2019). The larvae feed and tunnel infested tuber riddling it with cavities, which cause reduction in marketable yield and quality. The tunneling induces a chemical reaction producing terpenes which cause bad odour and bitter taste rendering the tubers unmarketable and unpalatable. The infestation by these weevils can cause up to 100% yield loss (Rukarwa et al., 2013), depending on the season and the variety (Wang et al., 2014). The huge loss has a devastating consequence for poor farmers leading to low income and reduced food security (Adom et al., 2018). Synthetic pesticides are widely used to overcome weevil infestation on sweet potato; however, the concealed feeding habits of the weevil decreased the effectiveness of pesticides (Liyun et al., 2020). Concerns have also been raised about pesticide residues and toxicity of these chemicals to other bio-life. As an alternative, global efforts have been concentrated on botanical insect control products that have proven to be effective, less harmful to humans and eco-friendly (Liyun et al., 2020). The extracts of Khaya senegalensis have been implicated for its ovicidal and larvicidal properties against the first-instar larvae of Callosobruchus maculatus (Babarinde and Ewete, 2008). Similarly, leaves, stem and roots extracts of Trichilia emetica had been reported the larvicidal activity against Plutella xylostella (Munyemana and Albert, 2017). In this study, we evaluated the potential of extracts of Khaya and Trichilia plants for antifeedant activity and toxicity against adult C. punticollis.

Materials and Methods
Plant Materials
Fresh barks and leaves of khaya plant (Khaya senegalensis) and Trichilia plant (Trichilia emetica) were collected from a forest within Ado Ekiti, Ekiti State. The collected bark samples were washed and sun dried also the leaf samples were washed and air dried.

Rearing of weevils
Cylas punticolis adults were collected from infested sweet potato storage roots purchased from sweet potato market in Ado-Ekiti. Cultures of the weevils were maintained on storage roots of a known weevil’s susceptible sweet potato variety, in 7L plastic buckets. The buckets were covered with plastic mesh held in place with a rubber band and kept in the laboratory at a favorable atmospheric condition. There were five buckets in total, once bi-weekly, fresh storage roots were put in the buckets to replace the old ones which were removed and kept in separate closed containers for daily observation to collect all neonate adults that emerged for use in the antifeedant and toxicity bioassays.

Preparation of Khaya and Trichilia Plants Extracts
The dried leaves and barks of Khaya and Trichilia were pulverized with Excella Mixer Blender (Kanchan International Limited) to fine particles and passed through a 25-mesh sieves to obtain fine dust Two solvents were used in the extraction process (Water and Ethanol). Ten (10) grams each of pulverised material of khaya barks and leaves (Khaya senegalenis) and trichilia plant barks and leaves (Trichilia emetica), were separately mixed with 100ml of ethanol and as well 100ml of water. The ethanol and aqueous mixtures were placed on a rotary shaker for 24 hrs and left to stand for 30 minutes before filtering. The mixtures were then filtered through filter paper (Whatman no. 1). The filtrate from the ethanol solvent was placed under an electric fan to allow for evaporation of the solvent. Likewise, the filtrate from aqueous was placed in a hot water bath at 55°C for solvent evaporation until a constant weight of extract was attained. After the evaporation of solvents from filtrates, the condensed extracts were preserved in tightly corked labeled bottles and stored in a refrigerator until they are being used for insect bioassay.

Preparation of Plant Extracts 
For laboratory bioassays, a stock solution of 10% (w/v) of crude extract from the respective Khaya and Trichilia plant parts were reconstituted with the original solvents. For both ethanol and aqueous solvents, serial dilutions were done at 40ppm, 20ppm, 10ppm, 5ppm and 5ppm. Crude extracts were first dissolved in 10ml of the solvent and made up with 90ml of distilled water (H2O). For the negative control, ethanol and distilled water were used while for the positive control, Laraforce (a synthetic pesticide which contains Cyhalothrin as the active ingredient and is used locally by farmers to manage Cylas puncticollis infestation) was used.

Antifeedant Bioassay against Cylas puncticollis
No-choice bioassay was used to investigate the antifeedant efficacy of the barks and leaves of khaya (Khaya senegalensis) and trichilia (Trichilia emetica) extracts. Sliced sweet potato tubers (1 cm thick) was cut and placed under an electric fan for 45 minutes. 2ml of crude extracts from each plant part at concentrations of 2.5ppm, 5ppm, 10ppm, 20ppm and 40ppm was discharged and spread evenly on the respective insect diets, and 2% of ethanol was used as the negative control. The diets were exposed to an electric fan to evaporate the ethanol for a period of 45 minutes and were transferred into Petri dishes. Five (5) unsexed adult C. puncticollis were starved for 3 hours and then introduced into the respective Petri dishes and allowed to feed for 24 hours. The tests were performed in Three (3) replicates with three independent biological repetitions per concentration of each crude extract. After 24 hours of introducing the weevils into the petri dishes a microscope was used to check for holes and records were taken. 
Toxicity Bioassay
The no-choice test was also used to determine the toxicity of both khaya and trichilia plant extract. During the first round of tests, the active ingredient of the crude extracts was prepared into five (5) concentrations (2.5ppm, 5ppm, 10ppm, 20ppm and 40ppm). Sweet potato strips were treated with the same method as for the antifeedant assays. The treated sweet potato strips were transferred into treated plastic bottles (12 cm in height and 12 cm in diameter). The inner wall of these plastic bottles was treated with the same diluted khaya and trichilia plant extracts and then air dried. Each bottle contained one sweet potato strip (8cm in length), and the bottles were covered with a piece of netting cloth (16 cm × 16 cm). Positive control sweet potato strips were transferred into control plastic bottles (the inner walls of which were treated with 10ml of distilled water + cyhalothrin (0.2g) and air-dried). For negative control 2ml of ethanol + 98ml of distilled water. Both controls were air-dried for 45 minutes using an electric fan. 10 adult weevils, which were starved for 3-4 h, were introduced into each bottle. The number of dead weevils in each bottle was recorded after 24, 48 and 72 hours. Three replicates were applied for each concentration of each Khaya and Trichilia plant extracts. 

Statistical Analysis
The antifeedant rate was calculated using the equation:
Antifeedant rate (%) = C – T   x 100
			  C + T                                      		
Where T= number of feeding holes on treated strip
	C= number of feeding holes control strip
Independent sample t-test was used to analyze the differences between the feeding holes on the treated strip and the feeding holes on the control strip. Tukey’s multiple test was used to assess the differences in antifeedant rates of the two botanicals and different concentrations. Results with p < 0.05 were considered significant.
The adjusted mortality was calculated using Abbott’s formula (Fleming and Retnakaran, 1985) as follows:
Adjusted mortality (%) = C – T   x 100
			       C 
Where T= number of surviving adults in treatment bottles
	C= number of surviving adults in control bottles
Tukey’s multiple comparison test was used to evaluate differences in the adjusted mortality rate between the two botanical insecticides. The adjusted mortality rate was arcsine transformed prior to ANOVA. Concentration-mortality data was subjected to probit analysis to identify the lethal concentrations that caused 50 and 90 % mortality. The data were analyzed using SPSS version 22.0 (IBMM Corp) for Windows 10.

Results and Discussion
Antifeedant activity of extracts of the roots and leaves of K. senegalensis and T. ementica against C. puncticollis after 24 h of exposure.
In the antifeedant assay, there were no significant differences in the number of feeding holes counted on the sweet potato slips (as shown in Tables 1-4). Previous study reported active compounds (phragmalin khayanolides A–E) isolated from K. senegalensis exhibited varying antifeedant potentials against S. littoralis (El-Aswad et al., 2004). However, they reported that the antifeedant compounds were most potent at higher concentrations. This suggests that the low concentrations of the plant extracts (40 ppm, 20 ppm, 10 ppm, 5 ppm) used in our study may be responsible for the poor antifeedant activity observed.
Table 1: Antifeedant activity of ethanol extracts of the roots and leaves of K. senegalensis against C. puncticollis after 24 h of exposure.
	k. senegalensis
(ethanol extract)
	
	Concentrations

	
	40 ppm
	20 ppm
	10 ppm
	5 ppm
	2.5ppm
	Positive control
	

	Root 
	16.20 NS
 
	20.46 NS
 
	17.86 NS
 
	23.26 NS
 
	24.33 NS
 
	2.20*
	

	Leaves 
	20.06 NS
 
	23.86 NS
 
	21.33 NS
 
	19.40 NS
 
	22.40 NS
 
	2.33*
	


*Represents significance between the number of feeding holes of treated strips and number of feeding holes on control strips at 5 % level (according to t-test)

Table 2: Antifeedant activity of water extracts of the roots and leaves of K. senegalensis against C. puncticollis after 24 h of exposure.
	k. senegalensis
(water extract)
	
	Concentrations

	
	40 ppm
	20 ppm
	10 ppm
	5 ppm
	2.5ppm
	Positive control
	 

	Root 
	 15.26NS
 
	13.80NS
 
	14.80 NS
 
	14.00 NS
 
	15.86 NS
 
	4.33*
	 

	Leaves 
	14.80 NS
 
	11.98NS
 
	12.53 NS
 
	14.00 NS
 
	14.06 NS
 
	4.39*
	 


*Represents significance between the number of feeding holes of treated strips and number of feeding holes on control strips at 5 % level (according to t-test).

Table 3: Antifeedant activity of ethanol extracts of the roots and leaves of T. ementica against C. puncticollis after 24 h of exposure.
	T. emetica
(ethanol extract)
	Concentrations

	
	40 ppm
	20 ppm
	10 ppm
	5 ppm
	2.5ppm
	Positive control

	Root 
	 22.60NS
 
	22.86NS
 
	19.20 NS
 
	18.93 NS
 
	22.93NS
 
	 2.63*

	Leaves 
	18.80 NS
 
	17.80NS
 
	19.07NS
 
	56.26 NS
 
	18.86 NS
 
	 1.53*


*Represents significance between the number of feeding holes of treated strips and number of feeding holes on control strips at 5 % level (according to t-test)

Table 4: Antifeedant activity of water extracts of the roots and leaves of T. ementica against C. puncticollis after 24 h of exposure.
	T. emetica
(water extract)
	Concentrations

	
	40 ppm
	20 ppm
	10 ppm
	5 ppm
	2.5ppm
	Positive control

	Root 
	 14.00NS
 
	14.40NS
 
	12.46 NS
 
	14.06 NS
 
	13.86NS
 
	4.73* 

	Leaves 
	11.80 NS
 
	13.20NS
 
	12.19NS
 
	11.73 NS
 
	12.93 NS
 
	 3.54*


*Represents significance between the number of feeding holes of treated strips and number of feeding holes on control strips at 5 % level (according to t-test)

Toxicity of extracts of K. senegalensis and T. ementica against C. puncticollis after 24 h, 48 h, and 72 h of exposure.
In the toxicity assay, significantly higher mortalities were recorded in the water and ethanol extracts of kaya and trichilia roots and leaves. In the water extract of kaya roots and leaves at 72 h after treatment, the adjusted mortality at 40 ppm reached 80%, while Trichilia at 40 ppm had 63% and 64% adjusted mortalities. The results showed weak toxicities of water extracts at concentrations of 20 ppm, 10 ppm, 5 ppm, and 2.5 ppm, and the positive control (Tables 5&6). At 72 h after treatment, the adjusted mortalities of ethanol extracts of Kaya leaves and root at a concentration of 40 ppm gave 81% and 90% kill; ethanolic extracts of Trichilia leaves and root recorded 69% and 58% adjusted mortalities respectively. Contrariwise, the remaining extract concentrations and the positive control showed low toxicities (Tables 7&8). The efficacy of K. senegalensis in this study could be attributed to the insecticidal action of the secondary metabolites (limonoids) that is found in the stem bark and root. This is corroborated by the findings of Baba et al., (2019) that application of Kaya seed extract at (40% w/v) significantly reduced bollworms damage in cotton plants and was as good as the synthetic insecticidal check. The presence of Limonoids which are tetra-nor-triterpenes, in extracts of T. emetica is reported to be mainly responsible for the bioactivities including insecticidal activity (Shilaluke and Moteetee, 2022). 







Table 5: Toxicity effect of water extracts (Kaya roots and leaves) against C. puncticollis after 24, 48 and 72 hours of exposure.
	Concentration
	Kaya roots
	
	Kaya leaves

	
	24 hrs
	48 hrs 
	72 hrs
	
	24 hrs
	48 hrs 
	72 hrs

	40 ppm
	52a
	63a
	80a
	
	56a
	63a
	86a

	20 ppm
	18ab
	38b
	52ab
	
	11b
	29b
	47b

	10 ppm
	11ab
	21bc
	28bc
	
	11b
	25bc
	32bc

	5 ppm
	0b
	0d
	5c
	
	4b
	9cd
	14cd

	2.5 ppm
	0b
	0d
	5c
	
	0b
	4d
	4d

	Positive control
	15ab
	29b
	37bc
	
	22ab
	33b
	42b


[bookmark: _Hlk199993817]Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Turkey’s multiple comparison test.


Table 6: Toxicity effect of water extracts (Trichilia roots and leaves) against C. puncticollis after 24, 48 and 72 hours of exposure.
	Concentration
	Trichilia roots
	
	Trichilia leaves

	
	24 hrs
	48 hrs 
	72 hrs
	
	24 hrs
	48 hrs 
	72 hrs

	40 ppm
	46a
	57a
	63a
	
	46a
	47a
	64a

	20 ppm
	11b
	36bc
	44ab
	
	15b
	25bc
	34bc

	10 ppm
	7b
	13d
	14c
	
	12b
	13c
	19c

	5 ppm
	0b
	0d
	5c
	
	4b
	9c
	9c

	2.5 ppm
	0b
	0d
	0c
	
	4b
	5c
	5c

	Positive control
	12b
	17cd
	28bc
	
	15b
	26bc
	34bc


Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Turkey’s multiple comparison test.

Table 7: Toxicity effect of ethanol extracts (Kaya roots and leaves) against C. puncticollis after 24, 48 and 72 hours of exposure.
	Concentration
	Kaya roots
	
	Kaya leaves

	
	24 hrs
	48 hrs 
	72 hrs
	
	24 hrs
	48 hrs 
	72 hrs

	40 ppm
	35a
	55a
	81a
	
	26a
	53a
	90a

	20 ppm
	12a
	19b
	30b
	
	8a
	14ab
	37b

	10 ppm
	8a
	14b
	23b
	
	8a
	10b
	28b

	5 ppm
	8a
	10b
	13b
	
	4a
	7b
	20b

	2.5 ppm
	0a
	5b
	9b
	
	4a
	7b
	20b

	Positive control
	12a
	19b
	37ab
	
	23a
	29ab
	47ab


Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Turkey’s multiple comparison test.









Table 8: Toxicity effect of ethanol extracts (Trichilia roots and leaves) against C. puncticollis after 24, 48 and 72 hours of exposure.
	Concentration
	Trichilia roots
	
	Trichilia leaves

	
	24 hrs
	48 hrs 
	72 hrs
	
	24 hrs
	48 hrs 
	72 hrs

	40 ppm
	46a
	49a
	69a
	
	25a
	47a
	58a

	20 ppm
	19ab
	24abc
	28ab
	
	13a
	14b
	23ab

	10 ppm
	10ab
	15bc
	19ab
	
	5a
	10b
	16b

	5 ppm
	7b
	10c
	13b
	
	3a
	9b
	15b

	2.5 ppm
	0b
	5c
	9b
	
	0a
	4b
	10b

	Positive control
	23ab
	34ab
	39ab
	
	9a
	18ab
	29ab


Means within the rows followed by the same lowercase letter(s) do not differ significantly according to Turkey’s multiple comparison test.

Conclusion
The numbers of feeding punctures on the positive control treatments were significantly lower than observed on the plant extracts treated slips. The poor feeding deterrent observed in this study does not imply absence of bioactive compounds in the extract. It only suggests that the concentrations used may have been too low for any antifeedant activity against the weevil. This observation corroborates earlier report by El-Aswad et al., (2004) that bioactive compounds exhibit varying antifeedant potentials and could be most potent at higher concentrations. However, in the toxicity assay, the plant extracts at highest concentration of 40 ppm showed the highest toxicity against C. puncticollis. This study accentuates the potential of extracts from Khaya and Trichilia plants and their application in managing sweet potato weevil.
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