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Abstract
[bookmark: _Hlk208483646]Peanut (Arachis hypogea L) is a legume widely produced in West Africa. Peanuts are of agronomic interest to producers because they are able to fix atmospheric nitrogen, making crop associations possible, especially with cereals. In Benin, soils are increasingly poor due to leaching, acidification, overexploitation, and salinization. Peanut production in crop rotation can be an alternative solution. However, several diseases hamper its productivity, particularly fungal diseases that significantly reduce leaf areas and affect photosynthesis, leading to considerable yield reductions and rot, in addition to aflatoxin contamination. Although peanuts fix atmospheric nitrogen, they may also require the addition of mineral elements for their development. The objectives of this study are to detection diseases in peanut fields in southern Benin and to evaluate the agronomic performance of a variety. A Split Splot experimental design with 3 replicates was implemented, with 2 factors (Variety and fertilizer). The fertilizer factor is the fixed factor and the variety factor is the variable factor. Agromorphological parameters such as germination rate, emergence and population density, 50% flowering date, and yield parameters were evaluated. Disease identification was done according to symptomatology. The results show that the germination rate in real environment is very low (5.71%) for variety 55-437 and higher than 79% for the other two varieties (ICGV, RRB). The emergence at fourteen days after sowing varies from 91.67% to 98.30% and the population density at 90 days after sowing varies from 52.38% to 62.96%. A high mortality rate is recorded on all varieties. On all varieties, a group flowering was recorded. The best yields were recorded with cow dung and compost respectively 4.55 kg and 4.40 for 11.7m2. Five diseases were detected namely: early leaf spot, late leaf spot, rust, rosette and rots due to the genus Aspergilus. Our study has highlighted the various fungal and viral diseases that hamper peanut production in southern Benin with serious consequences on yields but also on the health of populations through aflatoxins produced by fungi of the genus Aspergilus. Studies will continue to propose environmentally friendly biological control methods.
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1.Introduction
The agricultural sector plays an important role in the growth of the national economy. It constitutes a strong support for the development of countries since it contributes to the gross domestic product and employs the working population (Sellam, 2020). The cultivated peanut (Arachis hypogaea L.) was introduced in West Africa in the 16th century. Peanut is the sixth most important oilseed crop in the world. It is one of the main cash crops in Benin (DSA, 2024).   It contains 48-50% fat, 26-28% protein and is rich in fiber, minerals and vitamins.
More than 100 countries worldwide cultivate peanuts. Developing countries account for 94% of global peanut production. Peanut production is concentrated in Asia and Africa (56% and 40% of the area and 68% and 25% of global production, respectively) (AtlasBig, 2022). Benin is the leading peanut producer in the WAEMU for the 2024-2025 season, thanks to a spectacular 65.2% increase in its production, according to a BCEAO report.
In Benin, this crop occupies a strategic position in agricultural systems, particularly in southern departments such as Atlantique, Ouémé, Plateau, and Mono (Bakoye et al., 2019). It constitutes a major source of income for small producers, as well as an essential food rich in protein and vegetable oils (Fulmer et al., 2019). Despite its economic and nutritional importance, peanut production in Benin is frequently affected by biotic constraints. Among these, fungal diseases represent a major obstacle, leading to significant losses in yield and seed quality (Bakoye et al., 2019).
Furthermore, fertilization, whether organic or mineral, plays a crucial role in crop development and health. Several authors have demonstrated that the use of organic amendments can improve plant resistance to diseases by strengthening their natural immune system (Jia et al., 2022). Similarly, balanced nutrient fertilization allows for better plant growth and can reduce the severity of fungal infections (Kunta et al., 2022). However, the combined effect of fertilization practices on peanut plant health and agro-morphological performance remains poorly documented in the Beninese context. This study aims to identify diseases present in peanut fields in southern Benin, as well as to evaluate different types of fertilizers on agro-morphological parameters.
2. Material & Methods 
2.1. Description of the study site
The experimental device was installed at the University of Abomey-Calavi, in the South of Benin, more precisely in the commune of Abomey-Calavi. This locality constitutes a strategic site for agronomic research due to its ecological conditions favorable to the cultivation of food crops, notably peanuts. Phytopathological analyses, in particular the macroscopic and microscopic identification of fungal diseases, were carried out at the Laboratory of Plant Physiology and Environmental Stress Study of the University of Abomey-Calavi.
The commune of Abomey-Calavi enjoys a tropical savannah climate with dry winters, classified Aw according to the Köppen-Geiger classification. The average annual temperature is approximately 26.5°C, with extremes generally between 24°C and 32°C, very rarely outside the 21–33°C range (Weatherspark, 2022). The average annual rainfall is estimated at 1342 mm, concentrated in the rainy season, which runs from April to October. This period is characterized by heavy cloud cover and high humidity, favorable to vegetative development but also to the proliferation of certain fungal diseases. The dry season, meanwhile, covers the months of November to March, with skies often clear or partly cloudy.
2.2. Plant material
Three peanut varieties were used for the experiment: 55-437, ICGV 86015, and RRB. These certified seeds were chosen due to their adaptation to the agroecological conditions of southern Benin and their availability from local seed organizations.
2.3. Fertilizers
The fertilizers used are both organic and mineral. These include poultry manure, cow dung, well-rotted compost, and NPK 15-15-15 mineral fertilizer. A control treatment without fertilization was included to serve as a reference.
2.4. Soil preparation and sowing
Before the trial was set up, preparatory work was carried out on the experimental plot to ensure optimal conditions for peanut germination, growth and development. The site was first cleared manually using simple agricultural tools (hoes, machetes), in order to eliminate spontaneous grasses and plant residues present on the soil surface. This operation freed up the growing space and facilitated the following steps.
The soil was then loosened by shallow plowing to a depth of about 20 to 25 cm. This work was carried out with a hoe to break the surface crust of the soil, improve its aeration, facilitate water infiltration and create a seedbed favorable to the rooting of young seedlings. The soil thus stirred was leveled using rakes, then divided into cultivation beds.
Fertilizer was applied at the following rates and in the following manner across all plots:
- Poultry manure at a rate of 4 t/ha,
- Cow dung at a rate of 4 t/ha,
- Compost at a rate of 4 t/ha,
- NPK 15-15-15 mineral fertilizer at a rate of 100 kg/ha,
- And a control that received no fertilizer.
Each fertilizer was applied to the soil in equal doses, adapted to the cultural needs of peanuts. The organic fertilizers (manure, dung, compost), previously well decomposed, were incorporated into the soil one week before sowing, while the mineral fertilizer was applied 15 days after emergence according to agronomic recommendations. The control treatment, for its part, received no amendment in order to serve as a basis for comparison in the analysis of vegetative performance.

2.5. Experimental Design
The experimental design is a split-plot with three replicates and two factors (fig.1). The first factor, fertilizer, is the fixed factor, consisting of five factors (poultry manure, cow dung, compost, NPK (15-15-15), and control), and the second factor, variety, is the variable factor, consisting of three factors (55-437, ICGV 86015, and RRB). Each row measures 1.95 m, with 0.15 m between the pockets, with 14 pockets per row. The distance between rows is 0.20 m, the distance between fertilizers is 0.5 m, the distance between varieties is 0.30 m, and the distance between replicates is 1 m. The design thus allows for a rigorous comparative evaluation of the interactions between varieties and types of fertilizer on peanut growth and development parameters.
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	Figure 1: Split-plot device in place
V: variety

2.6. Parameters Evaluated
Various parameters were evaluated during the trial:
- Germination rate was evaluated in two stages in a controlled laboratory environment and in a real-life trial environment by calculating the number of seeds sown relative to the number of germinated seeds, reduced to 100, from sowing to six days after sowing.
- Emergence at seven (7) and fifteen (15) days after sowing was evaluated, as was stand density at forty (40) and ninety (90) days after sowing. These two parameters were evaluated by calculating the ratio between the number of seeds sown and the number of plants present at the indicated time. - Date of 50% flowering: This consisted of counting the number of flowering plants up to the day when 50% of the plants had flowered
- Variability of pod and leaf yields depending on fertilizers: This is the mass of harvested products depending on the type of fertilizer
- Detection of diseases through leaf symptoms
3. Results 
3.1. Germination Rate
In a Controlled Environment
A preliminary germination test was conducted to assess the seed viability of the three peanut (Arachis hypogaea L.) varieties selected for the experiment. Of ten seeds tested per variety, variety 55-437 (V1) had a germination rate of 20% (2/10 seeds germinated), indicating low germination capacity. Variety ICGV (V2) recorded a germination rate of 100% (10/10 seeds germinated), indicating good seed germination capacity. Variety RRB (V3) had a germination rate of 80% (8/10 seeds germinated), demonstrating relatively good germination capacity.
In a real-world setting
The results obtained show a variation in germination rates depending on the variety (table 1). Variety V2 (ICGV 86015) had the highest germination rate at 97.86%. This was followed by variety V3 (RRB), which reached 79.05%. In contrast, variety V1 (55-437) recorded a very low germination rate of 5.71%.
Table 1: Germination rates of peanut varieties tested in real environments
	Variety
	Seeds sown
	Seeds germinated
	Germination rate (%)

	V1 (55-437)
	420
	24
	5,71

	V2 (ICGV 86015)
	420
	411
	97,86

	V3 (RRB)
	420
	332
	79,05



3.2. Emergence and Stand Density
Variety V2 (ICGV 86015) exhibited a very high emergence rate of 98.30%. Variety V3 (RRB) had an emergence rate of 92.77%. In contrast, variety V1 (55-437) showed a relatively satisfactory emergence rate among sprouted seeds (91.67%), despite a low germination rate; the sprouted seeds emerged well.
Analysis of stand density revealed marked differences between the three peanut varieties studied. Variety V1 recorded very low emergence, with only 21 plants, and a final stand limited to 11 plants, representing a 47.62% reduction between the number of sprouts and that of the established stand.
Variety V2 exhibited the best performance, with 405 emergences and a final stand of 255 plants. The loss recorded between emergence and stand was 150 plants, corresponding to a decrease of 37.04%. This performance, although marked by a significant reduction, remains the highest in terms of establishment, reflecting this variety's greater adaptability to local agroecological conditions.
Regarding variety V3, the data indicate 311 emergences for a final stand of 195 plants, representing a loss of 116 plants, corresponding to a reduction of 37.30%. Although superior to V1, this variety remains less efficient than V2, suggesting increased sensitivity to biotic factors such as soil-borne fungal diseases or abiotic stresses related to water availability and soil compaction.
Overall, the results show that all the varieties studied suffer from variable post-emergence mortality, but more pronounced in V1.
Figures 2 and 3 show emergence at 7 and 14 days after sowing.Figures 4 and 5 show stand density at 40 and 90 days after sowing.
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Figure 2 : Emergence 7 days after sowing
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Figure 2 : Emergence 7 days after sowing
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 Figure 4 : Density at 40 days after sowing


	Figure 5 : Density at 90 days after sowing




3.3. 50% Flowering Date and Maturation
Flowering observations showed that the three tested varieties reached 50% flowering at close intervals. Variety V2 (ICGV 86015) reached this stage on June 20, 2025 (fig. 8), followed by variety V3 (RRB) on June 21, 2025 (fig. 6), while variety V1 (55-437) reached its peak flowering on June 22, 2025 (fig. 7).
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[bookmark: _Hlk207809588]Figure 6 : 50% flowering of V3 on 06/21/2025
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	Figure 7: 50% flowering of V1 on 06/22/2025
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	Figure 8: 50% flowering of V2 on 06/23/2025


3.4. Yield as a function of fertilizers
Evaluation of the effect of different fertilizers applied to peanuts revealed notable differences in pod production. The NPK treatment yielded the highest yield at 4,700 kg on a total area of ​​11m2 (fig.10), representing the best productive response. This result confirms the importance of mineral fertilizers in directly providing essential nutrients (N, P, K) to promote pod growth and filling.
Compost and cow dung also yielded significant yields, with 4,555 kg and 4,400 kg, respectively on a total area of ​​11m2 (fig.10) (fig.9). These performances, similar to those obtained with NPK, reflect the fertilizing value of organic amendments, which, in addition to providing nutrients, improve soil structure and water retention capacity.
Poultry manure, although yielding less 3,800 kg, remains significantly higher than the control, confirming its agronomic effectiveness. Indeed, it is a rich source of easily assimilated nitrogen, although its rapid mineralization can sometimes limit its availability over a long period.
Finally, the unfertilized control yielded only 1,460 kg, the lowest value. This result highlights the crucial importance of fertilization in improving peanut yield, emphasizing that the natural poverty of the soil constitutes a major constraint to production without the addition of amendments.
Overall, the order of performance of the treatments is as follows: NPK superior to Compost, compost slightly superior to cow dung. Cow dung superior to poultry manure. And all fertilizers significantly superior to the Control, which demonstrates that the association of a high-performance variety with adequate fertilization constitutes an essential lever for increasing productivity in the conditions of southern Benin.
[bookmark: _Hlk207811240]Analysis of leaf mass sums shows that variety V2 exhibits the highest values ​​across the various fertilizer treatments. Cow dung promotes maximum leaf growth with 6,280 kg, followed by NPK with 4,760 kg, and then compost with 4,700 kg on a total area of ​​11m2 (fig.9). These results clearly indicate that organic matter of animal origin, in this case cow dung, significantly stimulates peanut leaf development, likely due to its richness in nutrients that are easily assimilated by the plant.
The use of cow dung therefore has a dual benefit: not only does it improve leaf biomass and, consequently, the crop's photosynthetic potential, but it also provides an accessible source of local fertilizer. Furthermore, harvested or surplus leaves can be considered as supplemental feed for cattle, thus providing synergy between plant production and livestock farming.
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Figure 9: Pod and leaf weight per fertilizer













3.5. Disease detection through symptomatology
During the phytopathological observation, five types of symptoms were detected and associated with different pathogens. Small circular spots with a light brown center surrounded by a yellow halo were attributed to early leaf spot, while small circular spots with an almost black center that gradually became necrotic corresponded to late leaf spot. The presence of small rusty-brown pustules on the underside of leaves was associated with rust, and the progressive wilting of leaves, leading to dieback of dubious origin, was associated. Stunting of leaves with swelling and curling of young leaves was identified as a symptom of peanut rosette. Finally, the presence of powdery black mold on the surface of seeds or pods and the appearance of greenish-yellow mold on pods and seeds were attributed to black aspergillosis and yellow aspergillosis, respectively. Figures 11, 12, 13, 14, 15 allow a clear visualization of the symptoms observed. Among the five pathogens identified on peanuts during the study, four belong to the group of phytopathogenic fungi (85.7%) and only one is viral in nature (14.3%), in this case the peanut rosette.
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Figure 10: Early Sigatoka symptom                               Figure 11: Late Sigatoka symptom
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           Figure 12: Symptom of wilting                               Figure 13: Rosette symptom
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                                                      Figure 14: Symptom of rust

4. Discussion 
All the results obtained during this study clearly show that fertilization exerts a decisive influence on the agromorphological development and yield of peanuts. The various diagrams and curves reflect that the tested varieties respond differently to the types of fertilizers, but that certain general trends can be identified.
First, the study of germination and emergence revealed that the three peanut varieties exhibited good emergence capacity, with rates above 79%. The plots that received fertilization showed more uniform emergence and slightly better vigor compared to the control, suggesting that initial nutrient availability promotes early seedling development. This finding is consistent with the work of Landry et al. (2020), who indicated that fertilizer application improves the vigor and establishment of leguminous crops. These results reveal significant heterogeneity in the germination quality of the seeds used. According to Liu et al. (2023), germination is an essential indicator of the physiological quality of seeds and reflects their growth potential under optimal conditions. Narasimha et al. (2021) also state that seed vigor strongly influences crop establishment in the field, particularly in tropical areas subject to various abiotic stresses. A high germination rate is essential to ensure uniform growth and high yields.
Overall, we observed clustered flowering. This small difference in time to reach mid-flowering reflects synchronization in the phenological development of the varieties. Such similarity is characteristic of cluster-ripening varieties, which facilitates cultivation operations and allows for simultaneous harvesting. Similar results were reported by Obasa and Haynes (2022) and Ousmane (2022), who emphasize that clustered flowering constitutes an important agronomic advantage, particularly for harvest management and reducing post-harvest losses.
Vegetative growth and leaf biomass accumulation were particularly influenced by fertilization types. The results show that cow dung produced the highest leaf mass. Variety V2 performed best in valuing inputs, probably reflecting a better physiological and photosynthetic capacity. These results confirm the observations of Allam et al. (2020), who showed that organic matter of animal origin promotes soil fertility and legume growth. The superiority of cow dung could be explained by its richness in rapidly assimilated nutrients, combined with its positive effect on soil microbial activity. In comparison, NPK provides concentrated nutrients that promote growth, but without improving the structure and biological life of the soil, while compost releases nutrients more gradually.
Regarding pod yield, the results show that NPK produced the highest yield, followed by compost, cow dung, and then poultry manure, while the unfertilized control produced the lowest results. This performance of NPK is linked to its direct and concentrated supply of essential minerals, particularly phosphorus and potassium, which promote fruit set and pod filling (Manizan et al., 2018). However, the results obtained with compost and cow dung remain very close to those of NPK, which demonstrates their effectiveness and potential as sustainable alternatives to chemical fertilizers.
A particularly interesting aspect concerns the recovery of leaf biomass produced under cow dung treatment. In addition to significantly increasing leaf biomass, this organic amendment offers the possibility of using excess leaves as supplemental feed for cattle. This synergy between crops and livestock helps strengthen the sustainability of the agricultural system by promoting local resources, reducing input costs and improving food and fodder security.
The presence of numerous diseases in the field demonstrates the important role of pathogen identification. All of these diseases contribute to reduced productivity and high mortality during production, resulting in lost income for producers (Soura et al., 2025).

These trends confirm the work of Subrahmanyam, Fall et al. (2020), who showed that varietal response is crucial in the spread of peanut foliar diseases. Barbossa (2021) emphasize that varietal selection is essential to reduce losses due to rust and Sigatoka in West Africa.

Conclusion
Evaluating the effect of different fertilizers on the agro-morphological parameters of peanuts highlighted the importance of soil fertility management in optimizing the performance of this crop. The results obtained show that fertilization positively influences germination, vegetative growth, flowering, leaf biomass, and pod yield. Among the fertilizers used, NPK was more effective in improving pod yield, while cow dung resulted in the best leaf biomass production, particularly in variety V2, which performed best across all the parameters studied. Compost, on the other hand, produced intermediate results, demonstrating its potential as a sustainable alternative to mineral fertilizers.
An important aspect of these results lies in the multiple uses of cow dung, which not only improves soil fertility and peanut growth, but also provides significant leaf biomass that can be used as supplemental feed for livestock. This dual function illustrates the value of an integrated approach combining agriculture and livestock farming from an agroecological perspective.
Ultimately, it appears that the rational combination of organic and mineral fertilizers constitutes an effective strategy for sustainably improving peanut productivity in southern Benin. These results support the promotion of integrated fertilization, which ensures not only optimal yields but also the sustainability of agricultural systems and food security for populations.
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