



[bookmark: _Toc526155620]Integrated Management of Sweet Potato Weevil (Cylas spp.) Based on Planting Material Treatment and Spray Regime in northern Ghana

ABSTRACT
Aims: The sweet potato weevil (Cylass spp.) exerts the most biotic threat in sweet potato production in most countries. A dual challenge exists regarding integrated management of the Cylas spp. in Ghana, namely, wide use of farmer-saved planting material with higher infestation and the cryptic feeding habit. 

Study design:  The experimental set-up was a split plot with the main plot as planting material treatment and sub-plot as spray regime.

Place and Duration of Study: The study was conducted at Voggu in the Kumbugu District, and Gani in the Kassena-Nankana East Municipal of Ghana from July to October in 2022 and 2023.

Methodology: The planting material treatment comprised an untreated control, shea (i.e., vine cuttings dipped in shea butter slurry), wood ash (i.e., vine cuttings dipped in wood ash solution), neem powder (i.e., vine cuttings propagules dipped in aqueous neem seed powder at 75 g/l), insecticide + fungicide [i.e., vine cuttings dipped in cocktail of insecticide (K-Optimal: Lambda-Cyholothrin 15 g/l acetamiprid 20g/l EC) at rate of 0.4ml/L + fungicide (Mancozeb 800 WP) mixture for 60 sec.], and Furadan (Carbo-furan placed in furrows at planting).

Results: The results are discussed in relation to plant establishment, leaf damage, stover yield, storage root yield, stem damage and yield losses. Leaf damage showed a sigmoid peak at 6 WAP probably, indicating the critical window to administer control measures to achieve matching results. Significant increase (p<0.01) in root yield occurred in insecticide (19.1t/ha) and neem seed extract (1.8t/ha) sprays compared to the control (11.0 t/ha). Yield losses hovered at 4.6% with insecticide spray, 6.2% with neem seed extract and 10.5% with control.  Integration of planting material treatment with insecticide spray showed benefit cost ratios ranging from 2.5 to 40.2. A dual management strategy involving planting material treatment and preferably spraying at 6 WAP could reduce infestation build-up.
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1. INTRODUCTION
Over the last few decades, sweet potato production has gained prominence as a result of several agronomic advantages such as its short growth cycle, less input requirement as well as the ability to adapt to different agro-ecologies and water stressed soils (Chagonda et al., 2014; Markos and Loha, 2016, Abukari et al., 2024). Most smallholder farmers resort to sweet potato since substantial yield can be attained with minimal application of external inputs. Orange-fleshed sweet potato, in particular, could play a dual role of achieving food security and combating vitamin A deficiency among children and women in Africa and parts of Asia (van Jaarsveld et al., 2005; Low et al., 2007). Most of the recent varieties combine traits such as early maturity, high dry matter, high Fe and Zn contents, and resistance to sweetpotato weevil and virus diseases (Baafi et al., 2015, Low et al., 2020, Yada et al., 2023).

In Ghana, sweet potato production is ranked fourth among root and tuber crops following yam (Dioscorea spp.), cassava (Manihot esculenta Crantz) and Taro (Colocasia spp). The crop is widely cultivated in the Northern, Upper East, Upper West, Central and Volta Regions by smallholder farmers (Bidzakin et al., 2014). However, low yields of around 8 t/ha are attained compared to the yield potentials of 24 t/ha in Ghana. This is attributed to several biotic and abiotic stresses as well as the use of local cultivars, poor access to planting material, and limited utilization of mineral fertilizers (Muyinza et al., 2012; Bidzakin et al., 2014; Okonya and Kroschel, 2013, Sugri et al., 2017). Some biotic factors limiting production and yields include nematodes, viral diseases, soil arthropod pests (Muyinza et al., 2012; Okonya and Kroschel, 2013; Sugri et al., 2017, Keyser et al., 2024, Alemu et al., 2025). Among these, insect pests exert the most threat to production. Specifically, the African sweet potato weevil (Cylas brunneus F. and C. puncticollis Boheman) poses the most threat, followed by the sweet potato butterfly (Acraea acerata Hew) and the clearwing moth (Synanthedon spp.) (Ames et al., 1996, Okonya and Kroschel, 2013; Baafi et al., 2015, Keyser et al., 2024, Alemu et al., 2025) in some countries. Currently, yield per hectare is considerably lower in SSA than from other regions primarily due to sweetpotato weevils (SPW, Cylas spp., Coleoptera: Brentidae). Weevil feeding causes physical damage to the root and can induce chemical responses that give the storage root a bitter taste, both of which make them unmarketable (Yada et al., 2023, Keyser et al., 2024, Alemu et al., 2025).

Some studies in Ethiopia (Shonga et al., 2013), Ghana (Tanzubil et al., 2005; Asante et al., 2007; Sugri et al., 2017) and Uganda (Okonya and Kroschel, 2013) found that most growers often do not implement insect pests’ prevention and control measures in root and tuber crops production, leading to high pest incidence and damage. A study by Tanzubil (2015) recorded high Cylas spp. incidence in over 90 % of farms surveyed in Ghana with up to 30.8 % and 41.4 % damage to vines and roots, respectively. Agbessenou et al. (2016) reported two species (Cylas brunneus Fabricius and Cylas puncticollis Boheman) in Ghana. Cylas puncticollis was dominant in 68% of specimens, while C. brunneus occurred in 32% of specimens. In spite of the high prevalence of insect pests in root and tuber crop production in Ghana, farmers (97 %) did not practice any type of pest control because they lacked knowledge of appropriate control methods (Tanzubil et al., 2005; Asante et al., 2007; Sugri et al., 2017). However, controlling both foliar and soil pests was reported to increase tuber yield of treated plots by 23 to 64 % over the control plots (Tanzubil et al., 2005; Sugri et al., 2017).

Integrated pest management options such as the use of resistant/tolerant varieties (Stathers et al., 2003; Rukarwa et al., 2013; Anyanga et al., 2013, Keyser et al., 2024), insecticide spraying (Muyinza et al., 2012; Taye and Tadesse 2013), and pheromone trapping (Reddy et al., 2014; McQuate, 2014) have been studied. A host of cultural practices such as crop rotation, use of quality planting material, removal of alternative hosts, re-hilling of mounds and early harvesting (Mansaray et al., 2013; Parr et al., 2014; Wolde et al., 2014) have also been recommended. However, sole application of any control methods has been less effective over time due to the ability of pest to develop resistance and the cryptic feeding habit. As a result, low yields and high postharvest losses due to insect pests and diseases still rank top among challenges in sweet potato production (Tanzibil, 2015; Sugri et al., 2017, Keyser et al., 2024). Additionally, increasing concerns of adverse effect of synthetic pesticides on human and ecosystems health warrant an integrated approach to minimize insect pests and diseases damage. This study assessed integrated pest management bundle to reduce the damage caused by major pests of sweet potato. Specifically, the effects of planting material treatment and spray regime were evaluated at two production ecologies in Ghana.

2. MATERIALS AND METHODS
[bookmark: _Toc526155603]2.1 Description of the study area
The study was conducted at Voggu (09025ꞌ12.4ꞌꞌ N, 001002ꞌ31.4ꞌꞌ W) in the Kumbugu District of the Northern Region, and Gani (10052ꞌ813ꞌꞌ N, 001003ꞌ 620ꞌꞌ W) in the Kassena-Nankana East Municipal of the Upper-East Region of Ghana from July to October in 2022 and 2023. In terms of ecology, Kumbungu District is within the sub-humid tropics under Guinea savannah agroecological zone with uni-modal rainfall regime. It has a mean annual rainfall of 1100 mm with growing season duration of 180 – 200 days (Figure 1). The trial site soil which is categorized as savannah ochrosol, is a typical upland soil, well drained, shallow to moderately shallow (60 – 120 cm), orange-brown, sandy clay with a slightly humous sandy topsoil, overlying partly indurated plinthite. Kassena-Nankana East Municipal is within the semi-arid tropics under Sudan savannah agroecological zone with uni-modal rainfall regime. The soils are Plinthic lixisols that are developed from granite and stones. It has a mean annual rainfall of 1000 mm with growing season duration of 150 – 160 days. Some weather, and the physical and chemical properties of surface soil (from a depth of 0 to 15 cm) of the areas are presented in Table 1. 

Figure 1: Trend of monthly rainfall (mm), temperature (°C), and relative humidity (%) in northern Ghana (2021–2023). 
Source: Collated information from climate-data.org and Ghana Meteorological Agency.
[bookmark: _Toc514336512]Table 1: Some weather information, physical and chemical properties of surface soils of the study area 
	Description 
	Characteristics
	                    Region

	
	
	Northern
	Upper East

	Weather 
	Annual rainfall (mm)
Annual rainfall- 10 years average (mm)
Annual rainfall- 30 years average (mm)
	1100
1069
1155
	898
940
912

	Soil 
	Soil pH
Soil organic matter (%)
Total nitrogen (kg/g)
Phosphorus (mg/g)
Calcium (mg/g)
Cation exchange capacity (CEC)
	4.1-7.4
0.06-6.74
0.00-0.14
0.00-7.6
45-90
0.00-7.85
	4.1-7.4
0.45-6.74
0.0-0.14
0.00-3.6
43.5-151.5
0.00-7.72


[bookmark: _Toc526155604]2.2 Description of experimental design
The experimental set-up was a split plot with the main plot as planting material treatment and sub-plot as spray regime. The planting material treatment comprised an untreated control, shea (i.e., vine cuttings dipped in shea butter slurry), wood ash (i.e., vine cuttings dipped in wood ash solution), neem powder (i.e., vine cuttings propagules dipped in aqueous neem seed powder at 75 g/l), insecticide + fungicide [i.e., vine cuttings dipped in cocktail of insecticide (K-Optimal: Lambda-Cyholothrin 15 g/l acetamiprid 20g/l EC) at rate of 0.4ml/L + fungicide (Mancozeb 800 WP) mixture for 60 sec.], and Furadan (Carbo-furan placed in furrows at planting). The spray regime involved no spray, K-Optimal (ai: Lambda-Cyholothrin + Acetamiprid) at rate of 0.4 ml/L (recommended rate), and aqueous neem seed extract at the rate of 75 g/l (Obeng-Ofori and Sackey 2003), each applied at 4, 6 and 8 weeks after planting (Table 2). Each main plot occupied an area of 400 m2 and it was divided into six sub-plots. Each sub-plot consisted of 10 ridges that were 10 m long, 1 m spacing between ridges and 0.3 m spacing between plants in a row. The sub-plots were separated by 1 m alleys, while the replicates were separated by 2 m alleys. The dates of planting and harvesting in both years are presented in Table 3.

Table 2: Description of experimental treatments for the study
	

Main plot 
(Planting material treatment)
	1. Control (vine cuttings are not treated)
2. Dipping of vine cuttings in shea butter slurry 
3. Dipping of vine cuttings in wood ash solution
4. Dipping of vine cuttings in aqueous neem seed powder at 75g/l 
5. Dipping of vine cuttings in K-Optimal insecticide (ai: Lambda-Cyholothrin + Acetamiprid) at rate of 0.4ml/L + fungicide solution (Mancozeb 800 WP) mixture
6. Furadan (Carbo-furan) is placed in furrows at planting

	Sub-plot
(Spray regime) 
	1. Control 
2. Aqueous neem seed extract spray (75g/l) at 4, 6 and 8 weeks after planting 
3. K-Optimal insecticide (ai: Lambda-Cyholothrin + Acetamiprid) spray at rate of 0.4ml/ at 4, 6 and 8 weeks after planting



[bookmark: _Toc514336514]Table 3: Description of experimental site and planting dates of experiments
	Year of Cultivation
	Location of experiment 
	Date of Planting
	Date of Harvesting

	2022
	Voggu
Gani
	07/7/2022
12/7/2022
	23/10/2022
28/10/2022

	2023
	Voggu
Gani
	09/7/2023
15/7/2023
	21/10/2023
22/10/2023



2.3 Agronomic practices
Sweet potato planting materials were obtained from certified vine producers for planting. Vine cuttings (slips) with 4 nodes were used for planting; each slip was planted with 2 nodes underground and 2 nodes above the soil surface. One slip was planted per hill, and any dead slips were replaced through replanting 2 weeks after the initial planting. All standard agronomic practices for sweet potato such as right planting period, use of certified planting material. Optimum plant spacing, weeding twice before canopy closure and re-shaping of ridges and fertilizer application were conducted. Weeds were controlled at 3-4 WAP and second weeding from 7-8 WAP to ensure a clean field before the canopy close up. Fertilizer application was carried out at 3 WAP at application rate of 300 kg ha-1 of 40 N:40 P: 70 K. Harvesting was done by digging out storage roots (SR) using hoes and careful hand-plucking at 100-110 DAP. At this stage, the plants attained about 70-90% leaf-fall which is the farmers harvest indices to supply SR to the regular market. 
[bookmark: _Toc526155606]2.4 Data collection
Data were collected on plant establishment, leaf damage, stem damage, stover yield and SR yield components. 
1. Plant establishment: Plant population at establishment was determined at 4 weeks after planting (WAP) by counting plants in the two inner ridges of each treatment.
2. Leaf damage: This was determined at 4, 6 and 8 WAP using a visual scale of 0 – 5 for assessing severity of insect pest damage (Asare-Bediako et al., 2014); where score:
0: 	No symptom of leaf damage (0%)
1:	 About a quarter of leaf area damaged (25%)
2: 	About half of leaf area damaged (50%)
3: 	About ¾ of leaf area damaged (75%)
4: 	Only few leaves green (95%)
5: 	All leaves were damaged. (100%)
3. Stem damage: Cylas spp. damage on stem was evaluated at 10 WAP by destructively uprooting 3 randomly selected plants per treatment in the outer 2 ridges. Incidence of stem damage was assessed and plants with overt stem damage symptoms were dissected and the number of larvae, pupae and adults counted. A stem was considered infested if it showed characteristic dark scarred spots on the surface – a typical symptom of weevil penetration and feeding. Stems lacking any surface damage were considered to be uninfested (Stathers et al., 2003; Mansary et al., 2015). The two Cylas spp. in African (C. puncticollis and C. brunneus) mostly occur together in the field and cause similar damages so, this study did not distinguish the damage caused by either species (Okonya and Kroschel, 2013; Tanzibil, 2015, Agbessenou et al., 2016).
4. Determination of storage root infestation and damage: This was assessed by separating the harvested SR into whole and damaged (i.e: tubers showing insect wounds, or dark scarred spots on the surface). Damage levels were expressed as the percentage of SR with overt insect wounds over the total numbers of harvested SR.
5. Yield assessment: Plants in the 4 inner ridges were harvested and data was collected on stover yield, SR count, and SR yield (commercial and non-commercial grades) (Wolde et al., (2014). The SR were graded into commercial or marketable (150 to 300 g of weight without damage) and non-commercial grades (< 150 g of weight with some level of damages). The SR are graded as marketable based on shape quality (no insect damage, not curved, crooked, constricted or misshapen) and size (diameter was not less than 2.5 cm and length not less than 5 cm or weight of about 150-300 g). Yield loss was determined from total weight of harvested roots per plot by taking out the weight of commercial roots and expressing it as a percentage using the equation below:

Where: TRW= Total SR weight, CRW= total commercial SR weight.
2.5 Benefit cost ratio
Partial analysis of gross margins, net benefit over control and benefit-cost ratios (BCR) were determined to assess the viability of 2 two technologies (planting material treatment and spray regime) on sweet potato productivity. Gross margin profit (P) was calculated as the difference between the cost of treatments (C) and revenue (R); (expressed as P= R-C). The BCR was determined by dividing the net benefit over control by the total cost of the technologies. Overall, BCR attempts to identify the relationship between cost and benefits of the selected technologies. If the BCR is greater than 1, it indicates that the net benefits of planting material treatment or spraying outweigh the cost of treatment. Therefore, the application of the technologies should be considered to be significant at BCR greater than 1 (BCR>1)
[bookmark: _Toc526155628]2.6 Data analysis 
A split plot analysis was done using R-Statistical software, with planting material treatment as the main plot and spraying regime as the sub-plot factor.  A linear mixed effects model with the formula below was used in the analysis:

Where , , ,  and , respectively denote the observation on spraying regime i on planting material treatment k in rep j, effect of planting material treatment k, effect of spraying regime i, interaction between spraying regime i and planting material treatment k, effect of planting material treatment k within rep j and the residual effect. The main plot factors were nested within replicates and the residual effect were regarded as random whereas the rest of the model terms were regarded as the fixed effects. The analysis was achieved using the nlme application of the R statistical software, version 3.4.3. After analysis, p-values were used to determine significance of fixed effects estimates at p<0.05, 0.01, and 0.001). Supplementary tables of means on interaction effects were generated using analysis of variance via Statistix (Version 9.1) analytical software with planting material treatment and spraying regime as the main plot and sub-plot factors, respectively. Where significant differences existed between treatments, mean separation was done by using the Fischer Least Significant Difference (LSD) method at 5% level of probability.
3. RESULTS
3.1 Plant establishment, yield and yield components
Table 4 presents the effects of planting material treatment, spray regime and planting material   treatment × spray regime on plant establishment, root damage, stover yield, SR yield and yield losses. Overall, plant establishment was good (82.5%) across the treatments; with a range of 78.8 to 85.6%. The application of insecticide + fungicide mixture (85.6%) or neem seed extract spray (86.5%) resulted in higher plant establishment. Sole application of planting material   treatment did not significantly increase (p<0.05) SR yield.  Insecticide spray significantly (p<0.001) increased SR yield (19.1 t/ha) compared to the control (11 t/ha). This was followed by neem extract spray (p<0.001) with SR yield of 14.8t/ha. A similar trend was noticed with yield losses, insecticide or neem extract sprays significantly (p<0.001) decreased yield losses (4.6% and 6.2%, respectively) compared to the control (10.5). The location × year showed higher SR yields in insecticide sprayed plots followed by neem seed extract spray and control (Figure 2). The application of insecticide (3.6 - 4.9%) or neem seed extract (4.6 -7.1 %) recorded low yield losses compared to the control (8.2 -14.2 %) (Figure 3).

[bookmark: _Toc514336526]Table 4: Effect of planting material treatments and insecticide spray on plant establishment, stover yield, root count, root yield, root damage and yield losses of sweet potato in two production ecologies
	Fixed effects
	
	Establishment
(%)
	Vine yield 
(t/ha)
	SR 
count 
	SR yield
t/ha
	SR damage
 (%)
	SR Yield losses
(%)

	Intercept
	
	82.5149***
	6.2578***
	26.2083***
	11.0240***
	6.9915***
	10.4672***

	Planting material treatment
	
	
	
	
	
	

	Control 
	
	
	
	
	
	
	

	Ash
	
	0.8185ns
	0.5573ns
	1.0625ns
	1.4318ns
	4.8815*
	0.4104ns

	Shea 
	
	-3.9435ns
	0.4271ns
	0.5208ns
	0.4566ns
	0.7480ns
	0.3410ns

	Neem 
	
	-2.6042ns
	0.3255ns
	1.0208 ns
	0.5294ns
	2.3426ns
	-0.1367ns

	Insecticide 
	
	3.1250ns
	1.5885ns
	3.1458ns
	2.0307ns
	-0.3716ns
	1.0391ns

	Furadan
	
	-0.9673ns
	1.0443ns
	2.3542ns
	0.5104ns
	2.1220ns
	-0.7097ns

	Spray regime
	
	
	
	
	
	
	

	Neem 
	
	-0.4464ns
	1.01563ns
	3.9375ns
	3.7729**
	-0.5149ns
	-4.2286**

	Insecticide 
	
	1.7857ns
	0.4896ns
	2.0625ns
	8.0800***
	0.0912ns
	-5.8679**

	Interaction
	
	
	
	
	
	
	

	Planting material treatment
	Spray regime
	
	
	
	
	
	

	Control 
	Neem
	
	
	
	
	
	

	Ash
	Neem
	-5.2083ns
	-0.8880ns
	-4.2708ns
	-3.9604*
	-4.2673*
	-1.7957ns

	Shea 
	Neem
	1.3393ns
	-0.8956ns
	-2.6667ns
	-0.0469ns
	0.8729ns
	-0.8344ns

	Neem seed 
	Neem
	3.9435ns
	-2.3438ns
	-8.0625*
	-2.5529ns
	-0.5837ns
	-0.4975ns

	Insecticide 
	Neem
	0.9673ns
	-2.3438ns
	-0.9583ns
	-2.5750ns
	3.1194ns
	-1.6790ns

	Furadan
	Neem
	2.3066ns
	-1.4766ns
	-3.2917ns
	-0.7813ns
	-1.9397ns
	0.2330ns

	Control 
	Insecticide
	
	
	
	
	
	

	Ash
	Insecticide
	-5.0595ns
	-0.1563ns
	-1.6667ns
	-2.082813ns
	-7.3429***
	-1.6857ns

	Shea 
	Insecticide
	0.2976ns
	1.7969ns
	-1.3333ns
	-1.120313ns
	-2.3534ns
	-1.0255ns

	Neem 
	Insecticide
	-4.2411ns
	-0.0313ns
	1.3542ns
	-1.505990ns
	-3.8122ns
	0.0564ns

	Insecticide 
	Insecticide
	-3.5714ns
	-1.6016ns
	-1.7708ns
	-1.494271ns
	-0.6390ns
	-1.4599ns

	Furadan
	Insecticide
	2.1476ns
	-1.2474ns
	-2.8750ns
	-0.627604ns
	-2.4176ns
	0.9443ns


Where: ns = non-signiﬁcant at P<0.05 level of signiﬁcance, * = p < 0.05, ** = p < 0.01, *** = p < 0.001


[bookmark: _Toc514336553]Figure 2: Effect of the insecticide spray on root yield of sweet potato cultivated at 2 locations

[bookmark: _Toc514336554]Figure 3: Effect of insecticide spray on root yield losses of sweet potato cultivated at 2 locations
3.3 Leaf damage
[bookmark: _Hlk212691284]Figure 4 presents the effect of spray regime on leaf damage at 4, 6 and 8 weeks after planting. Application of either insecticide or neem extract spray reduced leaf damage compared to the control. Leaf damage sigmoid at 6 weeks after planting; probably due to luxuriant vegetative growth and higher proportion of tender leaves at this stage. Plants may have overcome severe leaf damage by 8 weeks due to excessive vegetative cover in the field or the availability of alternative feed resources. 

[bookmark: _Toc514336555]Figure 4: Effect of insecticide spray on leaf damage at 4, 6 and 8 weeks after planting
3.5 Stem damage 
Stem damage followed a similar trend in which the application of insecticide + fungicide mixture showed least stem damage (11.3%) (Table 5). The effect of spray regime followed a similar pattern with insecticide spraying suffering the least incidence, followed by neem extract spray (27.8%) and the control (48.9%). Count of larvae, pupa and adult weevils ranged from 1 to 1.1 per plant at most periods of sampling. The application of K. Optimal as planting material treatment and/or insecticide spraying consistently resulted in lower infestation compared to other treatments.
[bookmark: _Toc514336528]
Table 5: Effect of planting material treatment and spray regime on stem damage due to Cylas spp at 12 WAP.
	Treatment 
	Incidence
(%)
	Number in stem:
	Total 

	
	Incidence
(%)
	Larvae
	Pupa
	Adult 
	Total 

	Planting material treatment (A)
	
	
	
	
	

	Control
Ash
Shea
Neem seed extract 
Insecticide/fungicide
Carbo-furan
lsd (P<0.05)
	19.5
15.0
18.8
15.8
11.3
19.5
	1.1 (0.20)
1.0 (0.11)
1.1 (0.17)
1.1 (0.17)
1.1 (0.15)
1.1 (0.21)
0.05
	1.1 (0.15)
1.1 (0.13)
1.0 (0.10)
1.1 (0.21)
1.1 (0.11)
1.1 (0.11)
0.05
	1.1 (0.21)
1.0 (0.11)
1.1 (0.19)
1.0 (0.10)
1.0 (0.11)
1.1 (0.07)
0.05
	1.19 (0.56)
1.13 (0.34)
1.17 (0.46)
1.17 (0.46)
0.14 (0.38)
1.16 (0.39)
0.09

	Spray (B)
	
	
	
	
	

	Control
Neem seed extract 
Insecticide 
lsd (P<0.05)
	48.9
27.8
23.3
	1.1 (0.24)
1.1 (0.17)
1.0 (0.08)
0.03
	1.1 (0.21)
1.1 (0.12)
1.0 (0.09)
0.03
	1.1 (0.20)
1.0 (0.10)
1.0 (0.10)
0.03
	1.23 (0.63)
1.14 (0.39)
1.10 (0.27)
0.05

	A
B
AxB
Grand mean
CV
	
	ns
**
**
1.1
14.8
	ns
**
ns
1.1
14.3
	*
**
ns
1.1
15.4
	ns
**
ns
1.16
23.6


Where: ns = non-signiﬁcant at P<0.05 level of signiﬁcance, * = p < 0.05, ** = p < 0.01, *** = p < 0.001
3.6 Correlation analysis 
Table 6 shows the Pearson correlation analysis of plant establishment, leaf damage at 6 and 8 WAP, stem damage and SR damage with SR yield and yield losses. There were negative correlations between leaf damage at 6 WAP (r= -0.20, p<0.001) and SR damage (r = -0.07, p< 0.05) with root yield. 
3.7 Benefit cost ratio (BCR)
In Table 7, all interactions of planting material treatment and insecticide spray resulted in BCR of 2.5 to 40.2, but the application of K-Optima as planting material treatments exhibited most viable.  Treatments with BCR above 1 indicate that the net benefit of treatments outweighs the cost.
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[bookmark: _Toc514336529]Table 6: Pearson correlation analysis of plant establishment, leaf damage, virus incidence, stover yield, SR count and SR damage with sweet potato yield and yield losses 
	
Parameter
	Plant establishment
	Leaf damage at   6 weeks
	Leaf damage at 8 weeks
	Stover yield (t/ha)
	SR count
	Stem damage
	SR damage at harvest (%)
	SR Yield 
t/ha

	Yield (t/ha)
	0.0225ns
	-0.2018***
	-0.0241ns
	0.1025**
	0.2658***
	0.0823*
	-0.0726*
	-

	Yield loss (%)
	0.0391ns
	0.1394***
	0.0433ns
	0.1008**
	0.1625***
	-0.1434***
	0.2426***
	0.0343ns


Where: ns = non-signiﬁcant at P<0.05 level of signiﬁcance, * = p < 0.05, ** = p < 0.01, *** = p < 0.001

[bookmark: _Toc514336530]Table 7: Partial analysis of benefit cost ratios of seed treatments and insecticide spray in sweet potato production
	

Treatments
	SR yield of non-commercial grade
(t/ha)
	Income of 
non-commercial grade
(Gh₵)
	SR yield of commercial grade
(t/ha)
	Income
 of commercial grade
(Gh₵)
	Total income
(Gh₵)
	Total cost of treatment 
(Gh₵)
	Net benefit
(Gh₵)
	Benefit over the control
(Gh₵)
	Benefit cost ratio

	Planting material treatment
	
	
	
	
	
	
	
	
	

	Control
	 
	1.41
	985.6
	11.05
	8843.2
	9828.8
	0
	9828.8
	0
	0

	Ash
	
	1.21
	845.7
	9.82
	7853.6
	8699.3
	10
	8689.3
	-1139.5
	-114.0

	Shea
	
	1.32
	922.3
	10.17
	8133.6
	9055.9
	12
	9043.9
	-784.9
	-65.4

	Neem
	
	1.35
	943.3
	10.21
	8168
	9111.3
	15
	9096.3
	-732.5
	-48.8

	Insecticide
	
	1.59
	1113.7
	11.47
	9172
	10285.7
	30
	10255.7
	426.9
	14.2

	Furadan
	1.23
	861.6
	10.31
	8243.2
	9104.8
	18
	9086.8
	-742.0
	-41.2

	Spray regime
	
	
	
	
	
	
	
	
	

	Neem
	
	0.61
	427.7
	11.66
	9324.8
	9752.5
	75
	9677.5
	-151.3
	-2.02

	Insecticide
	
	0.65
	451.2
	17.82
	14252
	14703.2
	120
	14583.2
	4754.4
	39.6

	Interactions
	
	
	
	
	
	
	
	
	

	Planting material treatment
	Spray regime
	
	
	
	
	
	
	
	

	Ash
	Neem
	0.99
	692.3
	13.81
	11050.4
	11742.7
	85
	11657.7
	1828.9
	21.5

	Shea
	Neem
	0.90
	632.2
	14.31
	11444.8
	12076.9
	87
	11989.9
	2161.2
	24.8

	Neem
	Neem
	0.78
	547.5
	12.00
	9596.8
	10144.3
	90
	10054.3
	225.5
	2.5

	Insecticide
	Neem
	0.82
	568.8
	13.44
	10753.6
	11322.4
	105
	11217.4
	1388.6
	13.2

	Carbo furan
	Neem
	0.77
	538.4
	13.77
	11012
	11550.4
	93
	11457.4
	1628.6
	17.5

	Ash
	Insecticide
	0.99 
	689.9
	18.12
	14496.8
	15186.7
	130
	15056.7
	5227.9
	40.2 

	Shea
	Insecticide
	0.74
	514.9
	17.71
	14163.2
	14678.1
	132
	14546.1
	4717.3
	35.7

	Neem
	Insecticide
	0.90 
	628.1
	17.23
	13783.2
	14411.3
	135
	14276.3
	4447.5
	33.0

	Insecticide
	Insecticide
	0.80
	561.5
	18.84
	15072
	15633.5
	150
	15483.5
	5654.7
	37.7

	Carbo furan
	Insecticide
	0.99
	689.7
	18.01
	14404.8
	15094.5
	138
	14956.5
	5127.7
	37.2



4. DISCUSSION
Insect pests constitute a serious constraint to increasing the productivity of sweet potato in many parts of Africa (Stevenson et al., 2009, Tanzubil, 2015, Hue et al., 2015, Keyser et al., 2024). Variations exist in complexes in different countries (Ames et al., 1996), but the economic insect pests may be categorized into defoliators, virus transmitters, stem borers and root feeders. The stem and root feeders include sweet potato weevils, Cylas spp. (Coleoptera: Curculionidae); sweet potato butterfly, Acraea acerata (Lepidoptera: Nymphalidae), sweet potato hornworm, Agrius convolvuli (Lepidoptera: Sphingidae), tortoise beetles, Aspidomorpha spp., Laccoptera spp. (Coleoptera: Chrysomelidae); and virus transmitters Aphis gossypii (Homoptera: Aphididae) and Bemisia tabaci (Homoptera: Aleyrodidae) (Shonga et al., 2013; Stevenson et al., 2009, Hue et al., 2015; Tanzubil, 2015). Most of these pests are prevalent in Africa, causing significant yield losses in sweet potato production. In Uganda and Ethopia, Acraea acerata and Cylas spp. are the most damaging insect pests, occurring in 60% to 90% of farmer fields (Stevenson et al., 2009, Okonya and Kroschel, 2013, Shonga et al., 2013, Hue et al., 2015 Alemu et al., 2025). In Ghana, Cylas spp., Acraea acerata, Bemisiatabacci, Empoasca spp., grasshoppers/crickets, termites and white grubs were prevalent in more than 50% of farms surveyed (Tanzubil, 2015).
Due to the multiplicity of pest complexes, opinions vary on integrated management approaches to achieve minimum damage. Some recommendations support use of short persistent and selective pesticides which are less damaging to beneficial insects. This should be accompanied with monitoring, good cultural practices or biological control methods to limit pest population build up. One opinion is that, treatments to control insect defoliators may rarely be necessary (Ames et al., 1996), since sweet potato plants grow vigorously, so damage to the foliage must be extensive before root growth is affected, particularly after the “root-swell” stage. However, this view is not exclusively supported, since severe defoliation caused by Acraea acerata and other defoliators aggravate the damage of Cylas spp. to vines and SR (Stevenson et al., 2009, Okonya and Kroschel, 2013; Hue et al., 2015 Tanzubil, 2015). Thus, warranting integrated management practices to manage both leaf defoliators and stem/root feeders. In addition, the larvae of some foliar-feeding beetles live in the soil and occasionally cause SR damage. Damage caused by root feeding larvae may be reduced by targeting control measures against the adult stages that develop on the foliage. In most cases, these controls should be applied only when damage signs of foliage feeding are observed.  The use of resistant/tolerant varieties (Stathers et al., 2003; Rukarwa et al., 2013) alongside cultural practices can significantly reduce insect pests’ infestation and damage (Mansaray et al., 2013; Parr et al., 2014; Taye and Tadesse, 2013;’ Wolde et al., 2014). 
This study demonstrated the response of integrating improved varieties, K-Optimal (ai: Lambda-Cyholothrin + Acetamiprid) and neem seed extract spray against major insect pests of sweet potato in northern Ghana. Significant reduction in leaf damage (Figure 3), up to 89.3% reduction in yield losses using neem seed extract and 152.4% reduction using K-Optimal over the unsprayed plots (Table 4). The trend of foliage damage showed that leaf damage at 6 weeks after planting was the critical determinant, thus control measures should target early vegetative stage. Alemu et al., 2025, reported lower weevil populations with the application of Profenofos 40% + cypermethrin 4%. Cost-benefit analysis indicated that the insecticide combinations of Profenofos 40% + cypermethrin 4% EC and Profenofos 40% + alpha-cypermethrin 4% yielded the higher cost-benefit ratios of 11.6 and 11.5, respectively, demonstrating their profitability in sweet potato production. The study highlights that the combination of vine dipping and foliar application of Profenofos 40% + cypermethrin 4% and Profenofos 40% + alpha-cypermethrin 4% was significantly effective in controlling weevil populations and minimizing damage to both vines and storage roots. A related study on chemical options for the management of Cylas spp. showed that dipping vine cuttings in Diazinon and Chlorpyrifos concentration significantly reduced weevil population on both stem and roots (Taye and Tadesse, 2013). Diazinon or Chlorpyrifos insecticides dipping increased root yield by 247 and 232% over the control, respectively (Taye and Tadesse, 2013). The performance of neem seed extract in this study was critical in the midst of growing demand to increase use of bio-control options with the least disruption to agro-ecosystems. Several studies have demonstrated the efficacy of neem products in controlling pests of major crops (Obeng-Ofori and Sackey, 2003). Neem products have insecticidal, repellent, anti-feedant, sterilizing and growth inhibition effects against several species of insects. Thus, farmer education and training on the economic and environmental benefits of neem-based insecticides may be necessary. 
Trends in SR damage and yield losses were similar to the studies of Okonya and Kronchel, (2013) which recorded external vine damage scores by Cylas spp. of 1.5 to 1.7 and 1.18 to 1.9 in the major and minor season, respectively. Similarly, internal vine damage scores by Cylas spp. ranged from 1.5 to 1.9 and 1.1 to 2.1 in the same period. However, external and internal vine damage scores by Cylas spp. did not significantly differ between seasons. Seasonal variation in relation to rainfall frequency and amount is reported to affect severity. Cylas spp. damage increased with reduced rainfall amounts, erratic rainy days, and shorter below ground root storage time (Muyinza et al., 2012). This study recorded a similar pattern where higher SR yields and lower yield losses in the year 2023 compared to 2022; most probable due to higher rainfall patterns in year 2023. Wolde et al. (2014) reported 79.4% preventable SR yield losses by practicing three times earthing-up at monthly intervals. In that study, significantly low SR yield losses (8.7%) were recorded by adopting three earthing-up and prompt harvesting compared to yield losses in farmers practices (88.1%); often associated with delays in harvesting in Ethiopia. Cultural practices such as mulching at 3 to 5 t/ha increased SR yield and reduced yield losses caused by Cylas puncticollis infestation by 2.6 to 4.6% and 9 to 11.9% in first and second years, respectively (Mansaray et al., 2013). They also reported low SR yield losses (3.4 to 7%) if harvesting occurred early by 104 days after planting. Parr et al. (2014) reported early planting and early harvesting by 100 days after planting to be effective, low-cost and eco-friendly option of reducing yield losses due to sweet potato weevils in Cameroon.  Production in the dry season or delayed harvesting up to 135 days led to 9.1% increase in Cylas puncticollis infestation.
5. Conclusions
In root and tuber crops production, most farmers do not perceive insect damage as a critical constraint; which may be attributed to lack of strict quality standards for tubers in domestic markets of Ghana. Commercial growers in many developed countries rely on frequent chemical treatments and strict quarantine regulations to manage the sweet potato weevil, however, this approach is not the practice for many areas of sub-Saharan Africa.This may be exacerbated by inadequate knowledge on integrated pest management (IPM) strategies to reduce pests’ damage.  This study is valuable to upgrade the technical knowledge of farmers on IPM strategies for higher productivity. Yield losses of 4.6% occurred in K Optimal spraying and 6.2% in neem seed extract spray compared with 10.5 % in the untreated plots. Stem treatment in aqueous neem extract or Lambda-Cyholothrin + Mancozeb 800 WP followed by K Optimal spraying at 6 and/or 8 weeks after planting significantly minimized yield losses. Where cost of insecticide spraying is a limiting factor, a single insecticide spray of K Optimal at 6 weeks after planting is suggested. Due to over reliance on farmer-saved seed which often has high infestation, the application of neem seed treatments could achieve substantial effect in reducing infestation build-up in the current production systems.
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