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We conducted an experiment at INERA Farako-B4 (Bobo-Dioulasso) to identify okra (Abelmoschus esculentus [L.] Moench)
ecotypes adapted to Burkina Faso’s cool, dry season. The experiment used 38 ecotypes collected in Togo and Burkina Faso.
Analysis of variance revealed highly significant differences (p =0.0001) among ecotypes for most agronomic and physiological
traits, particularly the wet and dry weight per plant, and leaf area index (LAI). In contrast, no significant differences were observed
for leaf chlorophyll content (LCC%) and leaf water content (LWC%), suggesting a homogenization of responses for these traits
under low-temperature conditions. Hierarchical ascending classification grouped the ecotypes into three classes, clearly high-
lighting distinct growth and yield strategies. Within this framework, ecotypes TGO-031, TGO-029, TGO-014, and TGO-034
clearly demonstrated superior agronomic performance. The study also revealed key correlations, notably a strong negative
relationship between thousand-seed weight and specific leaf area, pointing to a specific adaptive strategy. These high-performing
ecotypes are a vital source of genetic material for breeding programs that target enhancing okra’s resilience to low temperatures.
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1. Introduction

Okra (Abelmoschus esculentus [L.] Moench) is a key hor-
ticultural crop in Burkina Faso, prized for its nutritional
value and long-standing traditional applications. It is a key
component in everyday cooking, especially in sauces served
with t6, the country’s iconic national dish. In urban areas,
okra marketing is a major source of income for market
gardeners, especially around Ouagadougou [1]. In this re-
gion, several varieties are cultivated, including local varieties
prized for their mucilage, low seed content and flavor, as well
as the hybrid variety “Indiana,” selected for its earliness and
high yield [2]. Despite this diversity, local varieties are

characterized by longer growth cycles and often insufficient
yields, which limit their adoption and the optimization of
production [3]. Okra cultivation in Burkina Faso faces
several major challenges. The cool, dry season
(November-February) is marked by lower temperatures and
low relative humidity. This slows growth, disrupts flowering,
and reduces yields [4]. Farmers also have limited access to
improved seeds, and the narrow genetic diversity available
hinders varietal improvement efforts [5]. Exploring local
ecotypes is undoubtedly a promising avenue. These ecotypes
are full of genes that make them tolerant to abiotic stresses,
such as drought or low temperatures. This makes them
a valuable resource for breeding resilient varieties [6]. The
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use of phenotypic evaluation and molecular tools is key to
identifying high-performing genotypes and strengthening
breeding programs. This will stabilize production and im-
prove food security in the Sahelian region. The present study
definitively identifies okra ecotypes with superior agro-
physiological performance for cultivation during the cool,
dry season in Burkina Faso. The identification of these
ecotypes will provide a strong genetic foundation for future
breeding programs, contributing to the development of
more adapted, resilient, and productive varieties.

2. Materials and Methods

2.1. Study Area. The study was conducted at the Farako-B4
research station (11°11'N, 4°17' W), located in Bobo-
Dioulasso, within the Sudanian zone of southwestern
Burkina Faso (Figure 1). The soil at the site is clay-loam and
well-drained. The trial took place during the cool, dry
season. This was from November 2023 to February 2024.
During the experimental period, minimum temperatures
gradually decreased from 19.7°C in November to 12.5°C in
January, before rising again to 16.8°C in February. Maxi-
mum temperatures remained stable, ranging between 34.7°C
and 38.0°C. The relative humidity dropped sharply from
63.8% in November to 35.8% in February. The supple-
mentary materials clearly show the variation in temperature
and humidity.

2.2. Plant Material. Thirty-eight okra ecotypes, including 27
from Togo and 11 from Burkina Faso, were evaluated
(Table 1).

2.3. Experimental Design and Crop Management. The ex-
periment was conducted using a completely randomized
Fisher block design, with four replications. Each ecotype was
grown on an elementary plot of 2m? consisting of five
plants spaced at 0.5m x 0.5m. Sowing was carried out on
November 15, 2023. Irrigation was provided daily at a rate of
10L per bed. A fertilizer application of NPK (15-15-15) at
100 kg/ha was applied three times during the trial. Weeding
was performed manually as needed, and phytosanitary
treatments (fungicide COGA 80WP and insecticide
PACHA) were applied twice during the experiment. Fruit
harvest began 45 days after sowing (DAS) and was carried
out every 3 days.

2.4. Data Collection. Physiological, climatic, and agronomic
data were collected from central plants in each
elementary plot.

2.4.1. Physiological and Climatic Traits. Leaf chlorophyll
content (LCC) (SPAD-502 Plus), leaf water content (LWC)
[7], leaf area index (LAI), and specific leaf area (SLA) [8].
Climatic conditions (temperature and relative humidity)
were recorded using a thermohygrometer (Elitech GSP-6).
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2.4.2. Agronomic Traits. Plant height at flowering and at
maturity (PHF and HTP), stem diameter at flowering and at
maturity (DTI and DTF), dates of occurrence of pheno-
logical stages (number of days to flower bud initiation
[NDB], number of days to flowering [NDF], and NDF),
number and weight of fruits (number of fruits harvested per
plant [NFP], fruit’s wet weight per plant [FW], and dry
weight per plant [DW]), fruit length (FL) and diameter (DTI
and DTF), number of seeds per fruit (NS/F), and thousand-
seed weight (WTS).

2.5. Statistical Analysis. Data were subjected to analysis of
variance (ANOVA) using the Kruskal-Wallis test at the 5%
significance level. A hierarchical ascending classification
(HAC) was performed, along with Pearson correlations to
evaluate relationships among measured traits. All analyses
were conducted using R software (Version 2024.12.1).

3. Results

3.1. Performance of the Physiological Parameters of Okra
Ecotypes. Descriptive statistics and the results of the
ANOVA for the physiological parameters measured on the
okra ecotypes are presented in Table 2. The coefficients of
variation (CVs) ranged from 5.1% for LWC% to 73.1% for
SLA, indicating greater variability for SLA and LAI
(CV =44.2%). In contrast, LCC% (CV =13.6%) and LWC%
showed lower variability among ecotypes. ANOVA revealed
highly significant differences only for LAI (p =0.0001), while
no significant differences were observed for LCC, LWC,
and SLA.

3.2. Agronomic Performances of the Studied Okra Ecotypes.
The results of variance analysis and descriptive statistics for
the agronomic parameters measured are presented in Ta-
ble 3. Variance analysis performed with 38 degrees of
freedom (DOFs) and a mean square of 837.1 revealed highly
significant differences (p=0.0001) among ecotypes for
several parameters. CVs for these parameters showed a wide
range, from 48% (for the NDB) to 96% (for fruit's DW).
Parameters displaying the highest variability among eco-
types (CV >50%) were fruits DW (CV=96%), FW
(CV=95.8%), NFP (CV=57.5%), total biomass (TB)
(CV=555%), and NS/F (CV=55.3%). Conversely, pa-
rameters showing low variability (CV < 15%) were the NDB
(CV =4.8%), NDF (CV =9.4%), and number of days to fruit
set (NDFr) (CV =10.1%). For these cycle-related parameters
(NDB, NDF, and NDFr), NDB ranged from 40 to 53 DAS,
with a mean of 45.23 +2.17 DAS. ANOVA revealed highly
significant differences among ecotypes (p=0.0001). NDF
varied between 47 and 80 DAS, with a mean of 57.17 + 5.36
DAS. NDFr ranged from 52 to 84 DAS, with a mean of
59.9+6.08 DAS.

3.3. Relationships Among Traits of the Studied Okra Ecotypes

3.3.1. Relationships Among Agronomic Parameters. The
correlation matrix (Figure 2) revealed significant
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FIGURE 1: Location of the Farako-Ba research station in the municipality of Bobo-Dioulasso, Burkina Faso (INERA/Farako-Ba).

relationships among agronomic parameters. A very strong
association was observed between the NDF and the NDFr
(r=0.96). In addition, a strong positive correlation was
found among yield-related parameters, with FW and fruit’s
DW being strongly correlated with TB (r=0.72). The NS/F
was also positively correlated with TB (r=0.55).

3.3.2. Relationships Between Physiological and Agronomic
Parameters. Regarding the relationships between physio-
logical and agronomic parameters, important associations
were noted (Figure 3). A strong negative correlation was
observed between WTS and SLA (r=-0.77). Furthermore,
a negative correlation was identified between FL and the
NDF (r=-0.49), as well as the NDFr(r=-0.48).

3.4. Performance of Okra Ecotypes Based on HAC. HAC
grouped the 39 ecotypes into three distinct clusters,
reflecting varied growth and production strategies (Figure 4
and Table 4).

Group 1, consisting of 22 ecotypes, included early-
developing ecotypes (NDB, NDF, and NDFr). They were
characterized by substantial vegetative growth (high plant
height and stem diameter) and moderate yields, with fruits
of average size and seed weight. Physiologically, they

exhibited high LAI and SLA. Group 2 comprised 14 eco-
types, predominantly originating from the Sahelian zone.
Their development cycle was intermediate. These ecotypes
displayed high production potential, with a large number of
fruits, considerable fruit dimensions, and high leaf chloro-
phyll and water content. Group 3 included three ecotypes,
distinguished by a late development cycle and overall low
performance. These ecotypes exhibited limited vegetative
growth and very low, or even null, yield, with small fruit size
and low seed weight. Physiologically, they showed low
chlorophyll and LWC.

4. Discussion

The analysis of physiological trait variability highlighted
specific adaptation features of okra ecotypes to the condi-
tions of the cool, dry season. While numerous studies have
reported significant differences in biomass or chlorophyll
content among genotypes, such as those by [9], our results
reveal a distinct pattern in the context of this study. Under
the influence of the cool, dry season, only LAI showed
significant differences among groups identified by HAC
(p<0.0001). Other physiological traits, including LCC%,
LWC%, and SLA, remained nonsignificantly different
among groups (p > 0.05). This suggests a homogenization of
trait expression, likely due to dominant environmental
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TaBLE 1: Okra ecotypes from Burkina Faso and Togo.

Order number Ecotypes Countries Villages Climate zones

1 BF-11G1-1 Burkina Faso Bilanga Sudan—Sahel

2 BF-11G1-2 Burkina Faso Bilanga Sudan-Sahel

3 BF-11G1-6 Burkina Faso Bogande Sudan—Sahel

4 BF-12G1-2 Burkina Faso Dendé Sudanese

5 BF-13G1-2 Burkina Faso Lophing Sudanese

6 BF-1G1 Burkina Faso Oulo Sudan—Sahel

7 BF-1G1-2 Burkina Faso Oulo Sudan—Sahel

8 BF-1G1-3 Burkina Faso Oulo Sudan—Sahel

9 BF-1G1-6 Burkina Faso Oulo Sudan—Sahel

10 BF-24GI1-1 Burkina Faso Souri Sudan—Sahel

11 UAE22 Burkina Faso UJKZ Sudan—Sahel

12 TGO-002 Togo Yaloumbe Sudanese—Guinean

13 TGO-006 Togo Kpotome Guinean

14 TGO-007 Togo Kpime Tomegbe Guinean

15 TGO-009 Togo Boade Sahel

16 TGO-013 Togo Bagre Sahel

17 TGO-014 Togo Bagre Sahel

18 TGO-015 Togo Bagre Sahel

19 TGO-016 Togo Bagre Sahel

20 TGO-020 Togo Kolo Sahel

21 TGO-021 Togo Kolo Sahel

22 TGO-022 Togo Natchamba Sahel

23 TGO-024 Togo Kpankpandja Sahel

24 TGO-025 Togo Kpankpandja Sahel

25 TGO-026 Togo Tambigou Sahel

26 TGO-027 Togo Tambigou Sahel

27 TGO-029 Togo Tambiegou Sahel

28 TGO-030 Togo Mono Nassiegou Sahel

29 TGO-031 Togo Mono Nassiegou Sahel

30 TGO-032 Togo Mono Nassiegou Sahel

31 TGO-033 Togo Boade Sahel

32 TGO-034 Togo Boade Sahel

33 TGO-037 Togo Sagbiebou Sahel

34 TGO-038 Togo Sagbiebou Sahel

35 TGO-040 Togo Sagbiebou Sahel

36 TGO-041 Togo Namon Sahel

37 TGO-042 Togo Namon Sahel

38 TGO-046 Togo Doufoulli Sahel

39 TGO-047 Togo Gbadjahé Sudanese—Guinean
TaBLE 2: Analysis of variance of the physiological parameters of okra ecotypes.

Variables Min Max Avg CV% Pr>F

LCC% 41.40 91.800 55.548 7.5 13.6 0.735

LWC% 63.75 91.67 81.19+4.19 5.1 0.323

SLA 0.51 17.84 3.3942.49 73.1 0.837

LAI 2.085 25.22 8.210 + 8.89 44.2 0.0001

Abbreviations: Avg, average; LAI, leaf area index; LCC, leaf chlorophyll content; LWC%, leaf water content; Max, maximum; Min, minimum; SLA, specific

leaf area.

factors of the dry season, particularly low temperatures and
photoperiod, as noted by the authors in [10, 11] in studies on
horticultural species under dry conditions. Group 1 was
characterized by a high LAI (8.95), indicating superior ca-
pacity to intercept light and, consequently, support pho-
tosynthesis, which aligns with observations by the authors in
[12, 13]. In contrast, Group 3 (LAI=4.86) exhibited a low
LALI reflecting a typical adaptation strategy to constraining

environments, characterized by rapid but limited growth
[14, 15]. Therefore, LAI emerges as a major discriminating
trait, capable of reflecting different ecotype responses to
environmental constraints.

Alongside these physiological observations, ANOVA
revealed highly significant differences (p <0.0001) among
ecotypes for cycle traits (NDB, NDF, and NDFr) and yield
traits (FL, FD, NS/F, and WTS), corroborating the
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TaBLE 3: Descriptive and variance analysis of measured agronomic parameters.

Variables Min Max Avg CvV Pr>F
NDB 40 53 4523+2.17 4.8 0.0001
NDF 47 80 57.17 +5.36 9.4 0.0001
NDFr 52 84 59.9+6.08 10.1 0.0001
FwW 0.00 127.000 19.816 £ 19.05 95.8 0.0002
DW 0.00 16.833 2.815+2.71 96 0.0001
TB 0.00 165.000 54.164 + 30.14 55.5 0.593
PHF (cm) 9.26 117.5 22.92+11.72 51 0.422
HTP (cm) 7.43 52.33 29.25+8.48 28.9 0.025
DTI (mm) 2.82 24 7.96 +2.32 29 0.328
DTF (mm) 4,33 16,33 10.41 +2.02 19.3 0.025
NFP 0 12 4.05+2.30 57.5 0.316
FD (mm) 0 28,33 15.07 £4.38 29 0.0001
FL (cm) 0 13,19 6.41 +£2.37 37 0.0001
NS/F 0 81 35.82+20.14 55.3 0.0001
WTS (g) 0 41,31 25.61 +12.53 479 0.0001

Abbreviations: Avg, average; CV, coefficient of variation; DTF, final stem diameter; DT, initial stem diameter; DW, dry weight; FD, fruit diameter; FL, fruit
length; FW, fresh weight; HTP, total plant height.; Max, maximum; Min, minimum; NDB, number of days to budding; NDF, number of days to flowering;
NDFr, number of days to fruiting; NFP, total number of fruits per plant; NS/F, number of seeds per fruit; PHF, plant height at flowering; SD, standard

deviation; TB, total biomass; WTS, thousand-seed weight.
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FIGURE 2: Air temperature and humidity recorded during the study Legend: Min T: minimum temperature; Max T: maximum temperature;

HR: relative humidity of the air.

intraspecific diversity of okra [10, 16]. The three groups
resulting from classification correspond to distinct de-
velopmental strategies. Group 1 comprised ecotypes with
a very early cycle, a stress-avoidance strategy often observed
in constraining environments [17]. Group 2, with a short
cycle, demonstrated high yield potential under irrigation, an
ideal profile for off-season crops. Group 3 included late-cycle

ecotypes with low performance, reflecting a typical survival
strategy in marginal environments [18].

Furthermore, correlation matrix analysis highlighted
key relationships explaining these performances. The
strong positive correlation between days to flowering and
fruit set confirms the consistency of the phenological
cycle. The negative correlation between FL and NDF and
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TaBLE 4: Characteristics of the groups resulting from hierarchical
ascending classification (HAC).

Parameters Class 1 (n=22) Class 2 (n=14) Class 3 (n=3)
NDB (JAS) 44 46 47
NDF (JAS) 54 60 64
NDFr (JAS) 56 63 69
FW (g) 23.12 17.26 7.47
DW (g) 2.96 3 0.83
TB (g) 51.77 59.89 44.93
PHF (cm) 24.78 21.25 17.1
HTP (cm) 30.89 28.71 19.77
DTI (mm) 8.16 7.92 6.69
DTF (mm) 10.19 10.8 10.22
NFP 4.28 3.89 3.16
FD (mm) 15.04 16.9 6.76
FL (cm) 7.43 5.46 3.33
NS/F 42.81 31.87 2.98
WTS (g) 31.16 21.92 2.13
TC% 54.21 58.14 53.2
TE% 81.19 81.4 80.14
SES 3.59 3.25 2.55
IF 8.95 7.76 4.86

Abbreviations: DTF, final stem diameter; DTI, initial stem diameter; DW,
dry weight; FD, fruit diameter; FL, fruit length; FW, fresh weight; HTP, total
plant height; LAI leaf are index; LCC, leaf chlorophyll content; LW%, leaf
water content; NDB, number of days to budding; NDF, number of days to
flowering; NDFr, number of days to fruiting; NS/F, number of seeds per
fruit; NFP, total number of fruits per plant; PHF, plant height at flowering;
SLA, specific leaf area; TB, total biomass; WTS, thousand-seed weight.

NDFr delays (r=-0.49 and r=-0.48, respectively) sug-
gests a trade-off between earliness and fruit development,
consistent with previous findings [19]. In addition, the
strong positive correlation between the NS/F and WTS
(r=0.77) indicates a reproductive strategy focused on
producing high-quality seeds, particularly among Group 2
ecotypes. A novel finding of this study is the negative
correlation between WTS and SLA (r=-0.77). This re-
lationship, rarely documented in okra, may indicate a leaf-
thickening strategy for water conservation associated with
better seed quality [12, 15].

HAC revealed a partial structuring of ecotypes according
to geographic origin. Group 2, predominantly Sahelian and
high-yielding, represents a strategic genetic resource for
breeding programs, aiming at intensive production under
irrigation [20]. These ecotypes, adapted to arid conditions,
maintain high LAI while developing significant biomass,
suggesting favorable physiological adaptation. Groups 1 and
3, being more heterogeneous, demonstrate interesting
plasticity [21]. Group 1 could provide genes for tolerance
across a wide range of environments. Group 3, although low-
yielding, represents a resource-conserving strategy that may
be useful in targeted breeding programs for adaptation to
severe stress [22].

5. Conclusion

This study identified ecotypes, notably TGO-020, TGO-025,
TGO-031, and TGO-033, which stood out for their superior
agronomic performance, high productivity, and substantial
LAI under cool dry season conditions. These results

underscore the central role of genetic diversity in adapting
okra cultivation to the cool season. The identified correla-
tions between agronomic and physiological traits, particu-
larly the importance of LAI, highlight key adaptation
mechanisms in response to low-temperature conditions. The
highlighted genetic material constitutes a valuable resource
for breeding programs, whether for direct adoption of high-
performing ecotypes or for use in crosses aimed at in-
troducing cold tolerance. Ultimately, these findings provide
a solid foundation for developing resilient okra varieties
adapted to dry-season production systems in Burkina Faso
and the subregion, thereby contributing to the sustainable
enhancement of food security.
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