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Abstract
Plant protection remains a major challenge for cotton production in West Africa. In Côte d’Ivoire, cotton seeds distributed by INTERCOTON are pre-treated with insecticides and fungicides to reduce early pest infestations and diseases. However, many farmers traditionally coat these treated seeds with cow dung before sowing, a practice that may alter the effectiveness of chemical seed treatments. This study aimed to assess the effects of different cotton seed treatment methods on insect pest diversity and on selected sanitary and agro-morphological parameters of cotton plants in the Poro region of northern Côte d’Ivoire. Experiments were conducted in three cotton fields of 1 ha each, with two treatments: industrially treated seeds and treated seeds additionally coated with cow dung. Insect pests were sampled weekly from seedling emergence to harvest. Sanitary, morphological, and agronomic parameters were also evaluated. A total of 2306 individuals belonging to 9 insect pest species were recorded. No significant difference was observed in species richness between treatments (p > 0.05). However, pest abundance was significantly higher in plots sown with cow dung-coated seeds (1500 individuals) than in plots containing only treated seeds (806 individuals) (p < 0.05). Plots with coated seeds also exhibited a higher proportion of rotten bolls and lower plant height, boll number, seed cotton mass, and yield. Average yields ranged from 2372 kg/ha in coated-seed plots to 2692 kg/ha in treated-seed plots. These findings suggest that traditional seed coating practices may reduce the effectiveness of insecticide and fungicide seed treatments provided by INTERCOTON. Maintaining the integrity of industrial seed treatments therefore appears essential for improving pest management and cotton productivity in northern Côte d’Ivoire.
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1. Introduction
The cotton plant (Gossypium hirsutum L.) is one of the world's major fibre crops and represents a strategic agricultural commodity in tropical and subtropical regions (Ochou et al., 2022). Cotton production supports the livelihoods of millions of farmers, including many smallholders in developing countries, where it serves as an important source of income (OECD & FAO, 2021). Globally, the cotton sector makes a significant contribution to national economies and supports the livelihoods of millions of producers (OECD & FAO, 2021). In West Africa, cotton plays a pivotal role in the socio-economic development of savanna regions by generating employment, income, and foreign exchange earnings. African countries remain important suppliers of cotton to the international market (ICAC, 2021). In Côte d'Ivoire, cotton occupies a central position in the agricultural economy, particularly in the northern regions where it constitutes the principal industrial and cash crop (Yao Koffi & Koissy-Kpein, 2014). At the beginning of the 2000s, cotton contributed approximately 1.7% of Côte d’Ivoire’s GDP and about 7% of national exports (Yao Koffi & Koissy-Kpein, 2014). Beyond its economic importance, the cotton industry has substantially contributed to the modernisation of agriculture in northern Côte d'Ivoire through farm mechanisation, the development of cooperative organisations, and the establishment of cotton ginning, spinning, and oil-processing industries (Bassett, 2002). The performance of the Ivorian cotton sector also relies heavily on advances in agricultural research. Studies conducted, particularly by the National Centre for Agronomic Research (CNRA), have led to the development of high-performing cotton varieties that meet the fibre quality requirements of the textile industry while satisfying farmers' production needs (Konan et al., 2015). In addition to varietal improvement programmes, innovations in fertilisation, crop protection, and pest management have significantly contributed to the sustainable improvement of cotton productivity. Despite these advances, cotton production remains severely constrained by insect pests and several phytopathogenic diseases that can cause substantial yield losses when protection strategies are inadequate or poorly implemented. The principal insect pests include Aphis gossypii, Bemisia tabaci, Helicoverpa armigera, Pectinophora gossypiella, and Amrasca biguttula, whose infestations affect both the vegetative and reproductive organs of the plant. To reduce early pest infestations and minimise repeated pesticide applications, INTERCOTON supplies farmers with cotton seeds pretreated with insecticides and fungicides. These seed treatments provide effective protection during the early stages of crop establishment, with efficacy extending up to approximately 45 days after seedling emergence.  Recent field observations in cotton have documented the concurrent occurrence of sucking pests and pink bollworm, illustrating the persistent multi-pest pressure that can occur within cotton production systems (Rajasekhar et al., 2023). Variation in cotton pest abundance has also been reported under contrasting crop-management settings, together with differences in natural-enemy communities (Mahendra et al., 2024). A recent review of cotton seed management identifies seed coating as a means of delivering protective agents directly to seed while supporting crop establishment and seed protection (Mylsamy et al., 2025). Experimental evidence further indicates that selected fungal seed treatments can affect boll weevil development and reproduction in cotton (Cunha et al., 2024). The performance of insecticidal seed treatments can nevertheless vary with pest-management context; in ThryvOn cotton, imidacloprid provided limited or no additional field benefit against thrips (Farmer et al., 2025). However, in several cotton-growing localities of northern Côte d'Ivoire, many farmers traditionally coat the seeds with cow dung before sowing. According to farmers, this indigenous practice enhances seedling vigour, improves resistance to pest attacks, and ultimately results in higher yields. Conversely, the application of cow dung may also alter or neutralise the phytosanitary compounds deposited on the seed surface, thereby reducing the protective effectiveness of the insecticide and fungicide treatments and increasing the susceptibility of young plants to pest infestations. To date, few scientific studies have assessed the actual effects of this traditional practice on insect pest dynamics or on the sanitary and agronomic performance of cotton under Ivorian conditions. A better understanding of these effects is therefore essential to guide technical recommendations for farmers and promote the sustainable improvement of cotton production practices. The present study therefore aims to compare the effects of pretreated cotton seeds (commercially coated seeds) and cow dung-coated seeds on insect pest diversity (species richness and abundance), as well as on selected sanitary, morphological, and agronomic parameters of cotton in the Poro Region of northern Côte d'Ivoire. Specifically, the objectives are to: (i) determine insect pest diversity according to the different seed treatments; (ii) assess the effects of these treatments on the sanitary status of cotton bolls; and (iii) evaluate their influence on the morphological and agronomic performance of cotton plants.

2. Materials and Methods

2.1. Study Area
The study was conducted in the Poro Region, located in northern Côte d'Ivoire, specifically in the municipality of Korhogo (9°29′–9°53′ N; 5°36′–6°49′ W) (Figure 1). This region belongs to the Sudanian climatic zone, characterised by a long dry season and a rainy season favourable for cotton cultivation. Annual rainfall ranges from 1,000 to 1,200 mm, with average temperatures of approximately 27 °C. Korhogo is the administrative capital of the Poro Region. It is located 563.4 km from Abidjan, the country's economic capital, and 327.7 km from Yamoussoukro, the political capital. The municipality covers an area of approximately 12,500 km² (Soro, 2016). It is bordered by the departments of M'Bengué to the north, Sinématiali to the east, Boundiali to the west, Dikodougou to the south, Mankono to the southwest, and Katiola to the southeast (Soro, 2016). This version is suitable for inclusion in an international scientific article or thesis and follows standard academic English conventions.
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[bookmark: _Toc202544181]Figure 1: Location of the study area

2.2. Experimental design
The experiments were conducted in three cotton fields, each covering an area of 1 ha. Each field was divided into two experimental blocks (B1 and B2), corresponding to two seed treatment methods (Figure 2):
· B1: Block sown with commercially coated seeds treated with insecticides and fungicides by INTERCOTON;
· B2: Block sown with seeds initially treated with insecticides and fungicides and subsequently coated manually with cow dung using a traditional slurry-coating (seed pelleting) method.
Within each block, three 25 m² yield plots were established. Each yield plot consisted of 30 cotton plants.
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Figure 2: Randomized complete block design with two treatments





2.3. Sampling of insect pests
The observations were conducted once a week from seedling emergence to harvest. Insect pests were directly observed on cotton plants within each yield plot. A total of 30 plants per yield plot were examined to assess the presence of the major insect pests. The selected plants in all blocks were inspected on the same day between 7:00 a.m. and 12:00 p.m. Pest identification was carried out using taxonomic identification keys and a stereomicroscope. In addition, a list of the major cotton pests, initially established by INTERCOTON, was made available to support the identification process.

2.4. Assessment of Health Parameters
Six weekly health assessments were conducted between 80 and 115 days after emergence (DAE). Specifically, every seven days, from 80 to 115 DAE, ten green bolls of the same age (diameter > 2 cm) were collected from each yield assessment plot and dissected to examine the condition of the fibres and detect the presence of potential pest larvae (e.g., larvae of Thaumatotibia leucotreta and Pectinophora gossypiella). The bolls were then classified as either healthy (uninfested) or rotted (infested). The percentages of healthy and rotted bolls were calculated, and the number of endocarp-feeding larvae per boll was recorded.

2.5. Assessment of agro-morphological parameters
In each yield plot, seed cotton was harvested from all cotton plants. The seed cotton mass was measured, and the value was expressed in kg/ha. Seed cotton yield was calculated using the following formula:

RCG = Seed cotton weight X 100 / Total number of plants in the plot



In each yield plot, 30 cotton plants were selected and tagged, and plant height measurements were recorded at 30, 60, 90, and 120 days after emergence (DAE), as well as at harvest. In addition, boll counts were conducted at 60, 90, and 120 DAE, and again at harvest.

2.6. Statistical analysis
The data were analysed using STATISTICA software version 7.1. A one-way analysis of variance (ANOVA) at the 5% significance level was performed to compare the parameters studied between the two treatment types.

3. Results

3.1. Overall diversity of insect pests

A total of nine insect pest species belonging to three orders (Hemiptera, Heteroptera, and Lepidoptera) were identified during the study. These species were Amrasca biguttula, Aphis gossypii, Bemisia tabaci, Dysdercus voelkeri, Helicoverpa armigera, Earias insulana, Pectinophora gossypiella, Thaumatotibia leucotreta, and Syllepte derogata (Table 1).

Table 1: Taxonomic list of insect pest species
	N°
	ORDER
	FAMILIES
	GENUS
	SPECIES

	1
	Heteroptera 
	Pyrrhocoridae
	Dysdercus
	Dysdercus voelkeri

	2
	Hemiptera
	Aleyrodidae
	Bemisia
	Bemisia tabaci

	3
	
	Cicadellidae
	Amrasca
	Amrasca biguttula

	4
	
	Aphididae
	Aphis
	Aphis gossypii

	5
	Lepidoptera
	Noctuidae
	Helicoverpa
	Helicoverpa armigera

	6
	
	Tortricidae
	Thaumatotibia
	Thaumatotibia leucotreta

	7
	
	
	
	Thaumatotibia sp.

	8
	
	Nolidae
	Earias
	Earias insulana

	9
	
	Gelechiidae
	Pectinophora
	Pectinophora gossypiella



For the abundance of insect pests, a total of 2,306 individuals were collected. The most abundant insect species was Amrasca biguttula (cotton jassid), with 925 individuals. It was followed by Aphis gossypii (cotton aphid), with 635 individuals, Bemisia tabaci (cotton whitefly), with 532 individuals, and Dysdercus voelkeri (cotton stainer bug), with 179 individuals.

3.2. Effects of treatments on insect pest diversity

For each of the two treatment types, nine insect pest species were identified in the fields (Figure 3). No significant difference was observed between the two treatment types in terms of insect pest species richness (p > 0.05).
              
Figure 3: Richness of insect pests



Regarding insect pest abundance, plots established from slurry-coated seeds recorded 1,500 individuals, compared with 806 individuals in plots sown with dressed and treated seeds (Figure 4). Statistical analysis revealed a significant difference in the mean pest abundance between the two seed treatments (p < 0.05). Moreover, Amrasca biguttula, the most abundant species, accounted for 556 individuals in plots established from slurry-coated seeds, compared with 268 individuals in plots established from treated seeds. In the slurry-coated seed plots, Amrasca biguttula was followed in abundance by Aphis gossypii (379 individuals), Bemisia tabaci (347 individuals), and Dysdercus voelkeri (119 individuals). In the treated seed plots, Amrasca biguttula was followed by Aphis gossypii (255 individuals), Bemisia tabaci (184 individuals), and Dysdercus voelkeri (58 individuals).
                
Figure 4: Abundance of insect pests



3.3. Effect of treatments on health parameters
Plots established from slurry-coated seeds showed a significantly higher proportion of rotten bolls than plots established from dressed and treated seeds (Figure 5). The difference between treatments was highly significant (p = 0.000).
           
Figure 5: Capsule health status according to cropping practices

3.4. Effect of treatments on morphological parameters
Plants grown from coated and treated seeds reached the greatest mean height (127.31 cm), compared with 103.22 cm for plants grown from cow dung-coated (pelleted) seeds (Figure 6). This difference was statistically significant (p = 0.000).
           
Figure 6: Plant height of cotton plants according to seed treatments



3.5. Agronomic parameters

Effect of treatments on the number of bolls
The mean number of bolls per plant obtained from seeds that were manually coated with cow dung was 5.82. In contrast, the mean number of bolls per plant obtained from coated and pesticide-treated seeds was 6.91 (Table 2). Analysis of variance showed that the mean number of bolls per plant in plots established with coated and pesticide-treated seeds was significantly higher than that of plants grown from seeds manually coated with cow dung (p < 0.001; Table 2). Thus, plants originating from coated and pesticide-treated seeds exhibited significantly greater boll production than those grown from seeds manually coated with cow dung.

Table 2: Mean number of bolls produced under each treatment 
	Type of fields
	Mean number of bolls
	Mean

	
	60J
	90J
	120J
	

	Fields sown with treated seeds
	5,63
	6,86
	8,23
	6,91

	Fields sown with cow dung-coated seeds
	4,83
	5,9
	6,73
	5,82



Effect of Treatments on Seed Cotton Weight
The mean seed cotton yield was 6.73 kg in plots established with coated and treated seeds. It was lower in plants grown from seeds artisanally coated with cow dung, with a mean value of 5.93 kg (Figure 7). Analysis of variance (ANOVA) revealed a highly significant effect of the treatments on seed cotton yield (p-value = 0.000).
                 
Figure 7: Mean seed cotton weight according to seed treatment methods



Effect of treatments on yield
The mean yield (Figure 8) varied as follows:
· 2,372 kg/ha in plots sown with clay-coated (pelleted) seeds; 
· 2,692 kg/ha in plots sown with treated and coated seeds. 
The differences observed were highly significant (p = 0.000).
              
Figure 8: Seed cotton yield according to seed treatment methods (kg ha⁻¹) 






4. Discussion
The present study aimed to compare the effects of coated and treated seeds with those of seeds coated with cow dung slurry on the diversity of insect pests, as well as on the sanitary and agro-morphological parameters of cotton plants. The results showed that artisanal seed coating with cow dung could reduce the effectiveness of insecticide and fungicide treatments applied to seeds, with consequences for pest pressure and crop agronomic performance. The diversity of insect pests observed in both types of plots reflects the high entomological pressure characterising cotton cultivation. Species such as Aphis gossypii and Bemisia tabaci are among the most concerning pests due to their ability to weaken plants, transmit viruses, and promote sooty mould development through honeydew production (Ochou et al., 2022; Stansly & Naranjo, 2010). However, no significant difference was observed in pest species richness between the two treatments. This similarity could be explained by the fact that the experimental plots were located at the same site and exposed to similar ecological conditions, thereby favouring comparable species composition. In contrast, insect pest abundance was significantly higher in plots established from cow dung-coated seeds than in those established from coated and treated seeds. This difference suggests that cow dung coating may alter or neutralise the action of insecticides applied during seed treatment, thereby reducing their protective effect during the early stages of plant development. Conversely, coated and treated seeds appear to maintain their insecticidal properties for a longer period, limiting early infestations and reducing the attractiveness of young plants to pests. These observations are consistent with the findings of Knight et al. (2015), who demonstrated the protective value of insecticidal seed treatments against early-season pest pressure, as well as Mylsamy et al. (2025), who reviewed seed-treatment approaches for improving crop establishment and protection. Among the recorded species, Amrasca biguttula was found to be largely dominant in all plots. This species has recently become one of the major cotton pests in Côte d’Ivoire due to its expansion and the significant damage it causes to vegetative organs, thereby compromising plant growth and development (Kouadio et al., 2024). Its high abundance confirms its increasing importance in Ivorian cotton production systems and highlights the need to improve management strategies targeting this pest. The results also showed that plots established from cow dung-coated seeds had a significantly higher proportion of rotten bolls. This situation appears to result from the combined action of insect pests and pathogens. Indeed, injuries caused by phytophagous insects on reproductive organs generally facilitate the entry of microorganisms responsible for boll rot (Luttrell et al., 1994; Ochou et al., 2022). The reduction in pest pressure observed in plots established from coated and treated seeds may therefore have indirectly limited the development of boll diseases. This interpretation agrees with the conclusions of Knight et al. (2015), who demonstrated that seed treatments improve crop health by simultaneously reducing pest populations and infection risks. Agro-morphological parameters also confirmed the superiority of coated and treated seeds. Plants originating from these seeds exhibited greater average height, a higher number of bolls, and a greater average cotton seed mass compared with plants from cow dung-coated seeds. These results likely reflect better protection of young plants against biotic stresses during the early stages of development, promoting more vigorous vegetative growth and improved resource allocation towards production. According to Mohamed Shafiq et al. (2023), seed treatments ensure more uniform emergence and stimulate early plant growth, while Mohamed Shafiq et al. (2023) also showed that they improve nutrient uptake during the initial stages of the crop cycle, thereby promoting boll formation and cotton seed filling. Furthermore, reduced insect attacks allow plants to allocate more resources towards fruit development, which explains the higher number of bolls observed in plots established from coated and treated seeds (Mylsamy et al., 2025). This improvement in yield components logically resulted in higher production in plots sown with coated and treated seeds. The recorded yields confirm that early phytosanitary protection is a key factor in preserving cotton yield potential. By limiting losses caused by pests and diseases from the early stages of development, seed treatments promote greater plant vigour and increased cotton seed production. These results are consistent with those reported by Knight et al. (2015), who showed that insecticidal seed treatment can reduce early pest pressure and contribute to healthier crop establishment. Overall, this study highlights the agronomic value of coated and treated seeds distributed by INTERCOTON. The results suggest that artisanal seed coating with cow dung could compromise the effectiveness of insecticide and fungicide treatments by increasing pest populations, sanitary damage, and yield losses. These findings emphasise the need to raise farmers’ awareness of the potential consequences of this practice and to encourage the use of treated seeds in accordance with technical recommendations to ensure sustainable pest management and improve cotton productivity.

5. Conclusion
This study compared commercially treated cotton seeds with commercially treated seeds subsequently coated with cow dung in the Poro Region of northern Côte d’Ivoire. The two treatment methods did not differ significantly in insect pest species richness; however, pest abundance was significantly higher in plots established with cow dung-coated seeds. These plots also had a higher proportion of rotten bolls and poorer morphological and agronomic performance, including lower plant height, boll number, seed cotton mass, and seed cotton yield. Mean yield was 2,372 kg/ha in plots established with cow dung-coated seeds and 2,692 kg/ha in plots established with treated seeds. Under the conditions of this study, maintaining the commercially applied insecticide and fungicide seed treatment without additional cow dung coating was associated with better phytosanitary protection and crop performance. These findings support adherence to the recommended use of treated cotton seeds. Further investigation is required to determine how cow dung coating affects the persistence or activity of the compounds applied during commercial seed treatment.

Study limitations

The experiment was conducted in only three cotton fields within the Poro Region and compared two seed treatment methods, which may limit the generalisation of the findings to other cotton-growing areas. In addition, the study did not directly measure the persistence or degradation of insecticides and fungicides after cow dung coating. Therefore, although the higher pest abundance and lower agronomic performance observed in coated-seed plots suggest a reduced effectiveness of the chemical treatment, the underlying mechanism could not be directly confirmed.

Further studies should therefore be conducted across several cotton-growing regions and seasons, with a larger number of experimental fields. Chemical analyses of treated seeds before and after cow dung coating, together with additional treatment combinations including untreated seeds, would also help clarify the mechanisms involved and strengthen the conclusions.
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Richness	Fields sown with treated seeds	Fields sown with cow dung-coated seeds	9	9	Treatments


Number of species



Abundance	Fields sown with treated seeds	Fields sown with cow dung-coated seeds	806	1500	Treatments


Number of specimens



Fields sown with treated seeds	80J	87J	94J	101J	108J	115J	60	51	59	55	55	45	Fields sown with cow dung-coated seeds	80J	87J	94J	101J	108J	115J	80	78	75	78	62	60	Period of treatments


Percentage of rotten bolls (%)




Fields sown with treated seeds	30J	60J	90J	120J	20	90	100	130	Fields sown with cow dung-coated seeds	30J	60J	90J	120J	30	68	84	102	Days after emergence


Plant height




Mean seed cotton weight	Fields sown with treated seeds	Fields sown with cow dung-coated seeds	6.73	5.93	Treatments


Mean seed cotton weight



Yield	Fields sown with treated seeds	Fields sown with cow dung-coated seeds	2692	2372	
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