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ABSTRACT
Okra is a very important plant in Niger for its fruit. However, its cultivation is mainly practiced during the rainy season. Unpredictable weather results in low yields for this rainfed crop. This study focuses on the variability of morphological types of okra accessions in a rural setting in Niger. 
Aims: The objective is to characterize the morphological diversity of okra in situ in Tanout department. In the study area, okra exhibits good ecological adaptation.
Place and Duration of Study: The study has been conducted in the field in Tanout department (Niger) from the 1st to 11th of October 2024.	Comment by HEWLETT: Kindly add space
Methodology: A total of 11 quantitative and 5 qualitative variables were used to characterize the morphological diversity of 688 okra plants from 21 production sites. The data collected were analyzed using R 4.3.1 and Minitab 18 software.	Comment by HEWLETT: Add space
Results:Correspondence analysis (CA) was used to categorize the accessions according to production areas. Comparison of the means of quantitative morphological variables for vegetative growth and fruit yielded significant differences between the accessions. Furthermore, variability in qualitative variables was observed between accessions. Conclusion: In the area of the study, okra presents a good ecological adaptation.	Comment by HEWLETT: Write ”yield” only	Comment by HEWLETT: space
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1. INTRODUCTION

African flora is rich and diverse, encompassing numerous plant species used for food and traditional medicine, including okra (Abelmoschus esculentus L. Moench.) (Kanfon et al., 2018). Okra is an annual crop of major importance in Niger and is cultivated on various soil types that influence its growth and development. Adequate mineral nutrients present in the soil are essential for okra growth (Céline et al., 2021). However, to improve productivity, the application of organic matter or mineral fertilizers (NPK) is often necessary (Abdou et al., 2022a; Muku and Nsamba, 2025). Okra cultivation provides income that helps meet daily household needs (Konate et al., 2016).	Comment by HEWLETT: should be in itelic
Climatic irregularities contribute to the low productivity of rainfed agriculture (Hama et al., 2018). Vertical and radial growth of okra plants, as well as protein content, are negatively affected under water stress conditions (Konate et al., 2016). Okra leaves and fruits have high nutritional value; however, studies in Burundi showed that protein content is higher in leaves than in fruits (Ntakarutimana et al., 2021).
To better assess okra diversity, field measurements were conducted in farmers’ fields across three okra production zones in the Tanout Department. Despite numerous studies on okra, little attention has been given to its ecological adaptation based on morphological traits under current climatic variability in Africa, particularly in Niger. Therefore, this study aimed to characterize in situ the morphological diversity of okra accessions cultivated in the Tanout Department.

2. material and methods 
2.1 Study area 
The study was conducted throughout the Tanout Department, excluding the pastoral commune of Tenhya, across okra production sites. The study area is located between latitudes 14°00′ and 15°15′ N and longitudes 8°00′ and 9°15′ E (Figure 1).
A total of 27 okra production sites were surveyed, of which 21 were selected for morphological measurements. These sites are distributed across four communes (Falenko, Gangara, Ollélewa, and Tanout). All sites are located in valleys, tributaries, or lowland areas.

.
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Figure 1: Location of surveyed okra cultivation sites
2.2 Data collection and statistical analysis
Data were collected following a survey conducted from October 1 to October 11, 2024, during the harvest period in four communes of the Tanout Department. After interviews and questionnaires with each farmer, field visits and direct observations were carried out. Data were collected on 5 quantitative vegetative growth traits, 6 quantitative fruit traits (Nkengurutseet al., 2018; Abdou et al., 2022a), and 5 qualitative morphological traits through visual observation (Temam et al., 2021; Ouedraogo et al., 2023; Hamdan et al., 2024).
A total of 688 okra plants were measured. Plants were randomly selected by farmers according to the accessions cultivated, and measurements were performed in situ. A similar methodology was used by Djé et al. (2007) to assess morphological diversity in traditional sorghum varieties in northwestern Morocco.
Collected data were organized using Microsoft Excel. Analysis of variance (ANOVA) was performed using Minitab 18 to identify differences among accessions. Correspondence Factor Analysis (CFA) was conducted using R software version 4.3.1 with the factoshiny package to analyze relationships between production zones and cultivated accessions

3. results and discussion

3.1 Distribution of accessions according to production zones
Accessions were identified directly in farmers’ fields based on local nomenclature criteria. Four (4) okra accessions, namely Dogoua, Gagera, Kahonbarewa, and Bagobira, were recorded across three production zones.
Figure 2 presents the Correspondence Factor Analysis (CFA) illustrating the relationships between production zones and the frequency of cited cultivated accessions. The accession Kahonbarewa was most frequently cited in the high-production zone, whereas Gagera was the most frequently cited accession in the low-production zone. In contrast, Bagobira was predominantly cited in the medium-production zone. Meanwhile, Dogoua was cited across all production zones.
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ZG pro: high-production zone; ZM pro: medium-production zone; ZF pro: low-production zone
Figure 2: Correspondence analysis (CA) of production zones according to accessions
Table 1 shows the number of individuals used for morphological data collection. A total of 21 sites (or production areas) were surveyed, yielding 688 individuals, with 52.32% in the high-production area, 29.80% in the medium-production area, and 17.88% in the low-production area (Table 1). 
Table 1: Number of individuals collected according to production sites and areas
	Production areas
	Number of sites
	Number of individuals collected
	% of individuals collected

	Large
	9
	360
	52.32

	Medium
	7
	205
	29.80

	Low 
	5
	123
	17.88

	Total
	21
	688
	100










3.2. Accession performance
The analysis of okra accession performance revealed substantial variability among accessions (Table 2). Highly significant differences were detected for all measured traits. On average, accessions reached a plant height of 1.30 m and a stem diameter of 26.38 mm. Fruit-related traits showed mean values of 16.72 cm for fruit length, 23.95 mm for fruit diameter, and 99.78 seeds per fruit. Among all variables, the number of seeds per fruit exhibited the highest variability, with a standard deviation of 26.25.
Table 2: Accession Performance
	Variables
	Mean
	Ectyp
	Min
	Max
	Provability
	Significance

	 Haut
DaTg
 Lofe
lafe
LoPe
PFr
DaFr
LoFr
NbrGr
PdGr
 P100Gr
	1,31
26,38
21,71
26,55
25,44
26,50
23,95
16,72
99,78
9,49
10,35
	0,75
9,23
5,67
6,57
8,27
16,65
4,38
8,03
26,25
4,40
3,55
	0,10
4,00
2,39
9,00
5,50
2,90
10,00
2,50
28,00
2,14
2,80
	3,90
70,00
36,50
44,50
51,00
71,93
37,00
34,10
160,00
23,48
20,50
	0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
	**
**
**
**
**
**
**
**
**
**
**


3.3 Quantitative morphological characteristics of okra accessions
Table 3 summarizes the analysis of vegetative growth traits of okra accessions cultivated in the Tanout Department. Significant differences were observed among accessions for all measured variables. The accession Dogoua exhibited the highest values for plant height, basal stem diameter, and leaf length, followed by Kahonbarewa and Bagobira, which showed intermediate performance, whereas Gagera consistently recorded the lowest values. In addition, the accessions Dogoua, Kahonbarewa, and Bagobira produced wider leaves and longer peduncles compared with Gagera (Table 3).
Table 3: Variability of Okra Accessions According to Growth Parameters.
	Accessions
	Haut (m)
	DaTg (mm)
	Lofe (cm)
	lafe (cm)
	Lop (cm)

	
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp

	Bagobira
Gagera
KahonbarewaDogoua
	0,97±0,36b
0,57±0,24c
0,84±0,19b
2,02±0,51a
	25,84±9,40b
20,29±8,85c
24,05±6,38b
31,08±7,74a
	21,76±5,79b
17,71±5,98c
22,01±4,54b
24,07±4,25a
	27,73±7,27a
21,93±7,05b
27,25±4,93a
28,74±4,86a
	25,81±9,74a
20,00±7,99b
26,13±7,64a
28,45±6,19a

	F 
P
Sign
	360,81
0,000
**
	41,78
0,000
**
	35,26
0,000
**
	30,86
0,000
**
	28,28
0,000
**



For each variable, values ​​with the same letter are statistically equal using Tukey's method. **:Highly significant at the α=5% level; High: plant height; Stem diameter; Leaf length; Leaf width; Petiole length.
3.4 Quantitative morphological characteristics of fruits according to accessions
The analysis of variance for fruit-related quantitative traits is presented in Table 4. Significant differences were detected among accessions for all measured variables. The accessions Dogoua and Bagobira exhibited higher mean fruit weights, with values of 34.29 g and 31.58 g, respectively, whereas Gagera and Kahonbarewa produced lighter fruits, averaging 17.86 g and 15.48 g, respectively. The largest fruit diameter was recorded for Bagobira, while Dogoua exhibited the smallest fruit diameter. Conversely, Dogoua produced the longest fruits, in contrast to Gagera, which showed the shortest fruit length (Table 4).
Table 4: Variability of Okra Accessions According to Production Parameters
	Accessions
	PdFr (g)
	LoFr (cm)
	DaFr (mm)
	NbrGr
	PdGr (g)
	P100Gr (g)

	
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp
	Mean±Ectyp

	Bagobira
Gagera
K. barewa
Dogoua
	35,99±15,30a
13,80±6,69b
14,66±6,73b
34,66±16,39a
	12,12±3,74c
9,91±3,01d
15,77±2,71b
21,45±4,88a
	26,22±2,43a
23,29±2,84b
19,19±2,82c
25,06±4,91a
	109,78±18,47a
85,81±28,05b
78,08±15,64b
111,69±21,32a
	8,80±2,29b
8,47±3,29b
7,47±3,82b
11,02±5,21a
	12,30±4,57a
8,85±2,86c
11,30±1,39ab
10,26±3,57b

	F
P
Sign
	82,55
0,000
**
	393,75
0,000
**
	42,07
0,000
**
	52,98
0,000
**
	14,87
0,000
**
	15,85
0,000
**


For each variable, values ​​with the same letter are statistically equal using Tukey's method. **: Highly significant at the α=5% level. PdFr: fruit weight; DaFr: fruit diameter; LoFr: fruit length; NbrGr: number of seeds; PdGr: seed weight; P100Gr: weight of one hundred seeds.
Variability of qualitative morphological variables of okra accessions
Table 5 presents the distribution (%) of qualitative morphological traits among four okra accessions observed under farmers’ field conditions. Petiole color exhibited three distinct categories: red upper surface, red, and green. Across all accessions, green petiole coloration was predominant, followed by petioles with a red upper surface.
Stem orientation displayed two contrasting forms. An erect stem habit was observed in 99.69% of Dogoua plants, 69.90% of Kahonbarewa plants, and 96.00% of Bagobira plants, whereas a twisted stem form was predominant in Gagera, accounting for 76.76% of the plants (Table 5).
Observations further indicated that 80.00% of Dogoua plants were unbranched. In contrast, branching was highly prevalent in Kahonbarewa, Bagobira, and Gagera, with respective frequencies of 96.12%, 84.00%, and 99.46% (Table 5).
Table 5: Percentages of categories for qualitative variables
	Variables
	Modalities
	Accessions

	
	
	Dogoua
	Kahonbarewa
	Bagobira
	Gagera

	Stem appearance
	Upright
Twisted
	99,69%
0,31%
	69,90%
30,10%
	96,00%
4,00%
	23,24%
76,76%

	Stem color
	Red
Green
	6,46 %
93,54%
	52,43%
47,57%
	25,33%
74,67%
	76,22%
23,78%

	Branching
	Absent
Present
	80,00%
20,00%
	3,88%
96,12%
	16,00%
84,00%
	0,54%
99,46%

	Leaf Shape 
	Finger-like
Oval
	90,77%
9,23%
	19,42%
80,58%
	45,33%
54,67%
	10,81%

	
	
	
	
	
	89,19%

	Petiolecolor
	Upper suface red
Red
Green
	24,00%
3,69%
72,31%
	42,72%
12,62%
44,66%
	20,00%
24,00%
56,00%
	31,35%
31,89%
36,76%


Discussion
The in situ characterization of okra accessions cultivated in the Tanout Department revealed highly significant differences among accessions for all measured variables. Four accessions (Dogoua, Gagera, Kahonbarewa, and Bagobira) were identified in farmers’ fields based on sixteen quantitative and qualitative morphological traits. This level of diversity exceeds that reported by Abdou et al. (2022), who identified only three okra varieties through agromorphological evaluation in the Zinder region using locally sourced seeds.
Comparative analysis of key morphological traits—including plant height and stem diameter, as well as petiole, leaf, and fruit lengths—indicated that the values recorded in the present study were higher than those reported by Abdou et al. (2022) in Niger and Ouedraogo et al. (2024) in Mali. However, the results are comparable to those obtained in Burundi by Nkengurutse et al. (2018), who reported okra genotypes reaching approximately 3.5 m in height and 36 mm in stem diameter under field conditions.
The high values observed in the Sahelian context may be attributed, on the one hand, to favorable edaphic conditions combined with adequate rainfall during the growing season, and on the other hand, to farmers’ harvesting practices, which are known to stimulate vertical growth in okra plants with an erect stem habit. Similar findings were reported by Djé et al. (2007) in Morocco, who demonstrated that environmental conditions strongly influence quantitative traits in sorghum. Consequently, the superior morphological performance observed in the present study reflects a high adaptive potential of okra accessions to their environment, in agreement with observations by Mukendi et al. (2017) on cowpea genotypes in Congo.
Overall, all surveyed sites were located in valleys, tributaries, lowlands, or depressions, typically characterized by clay-rich soils. These soils exhibit high water retention capacity and are generally rich in nutrients derived from the decomposition of crop residues, herbaceous vegetation, and animal manure transported by water, wind, and microbial activity. The combined effects of these factors confer high fertility and moisture availability, enabling okra plants to access sufficient water and nutrients. This favorable soil environment promotes vigorous vegetative growth and effective seed filling. Similar observations were reported by Escadafal et al. (2007), who highlighted the influence of soil texture and surface material cohesion on the development of annual crops. Likewise, Abdou et al. (2022) demonstrated that the application of composted organic manure significantly enhanced vegetative growth in okra.
The observed patterns further indicate a strong interaction between accession performance and environmental conditions. The accession Dogoua consistently exhibited the highest values for most traits, followed by Bagobira, particularly with respect to plant height, despite both accessions displaying an erect stem habit compared with Gagera and Kahonbarewa. These findings support the conclusions of Djé et al. (2007), who emphasized that quantitative traits should not be overlooked in diversity studies, as they play a critical role in farmers’ phenotypic selection criteria. Additionally, Escadafal et al. (2007) reported the existence of subtle spatial heterogeneity in soils, including non-uniform distribution of growth-limiting resources, which may further explain intra- and inter-accession variability.
Qualitative traits also exhibited considerable variability among okra accessions. Stem color was represented by two distinct categories, a lower level of variation than that reported by Ouedraogo et al. (2016) in Burkina Faso and Binalfew et al. (2016) in Ethiopia, who observed four and three stem color categories, respectively. Furthermore, the presence of branching on the main stem represents an important agronomic trait associated with yield potential. In the present study, 80% of Dogoua plants lacked branches, whereas more than 80% of plants in the other accessions were branched. This variation is likely attributable to both genetic factors and environmental conditions, particularly when recommended agronomic practices—such as optimal plant density and appropriate spacing—are not strictly applied.
4. Conclusion
[bookmark: _GoBack]This study demonstrated that okra cultivated in the Tanout Department exhibits vigorous vegetative growth, as evidenced by high plant height and stem diameter. Significant differences were observed among accessions for all measured traits. The accession Dogoua consistently showed superior performance, particularly for plant height and stem diameter, leaf and pod length, and seed weight per pod. In addition, the analysis of qualitative traits—including stem color and growth habit, petiole color, and branching pattern—revealed marked variability among accessions.
Based on the measured morphological characteristics, the studied okra accessions can be considered well adapted to the agroecological conditions of the Tanout Department. This area, through its agricultural communes, may therefore be regarded as a favorable ecological zone—and potentially a natural habitat—for okra cultivation in the Zinder region in particular and in Niger more broadly. Further agromorphological evaluation of these accessions represents a promising direction for future research, particularly in the context of varietal improvement and sustainable production under Sahelian conditions.
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