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Abstract

Okra [Abelmoschus esculentus (L.) Moench] is a widespread traditional vegetable in Burkina Faso, whose fruits are rich in trace
elements, vitamins, fiber, and mucilage. Despite favorable soil and climatic conditions, production remains low due to socio-
cultural constraints and a lack of high-performing, adapted varieties. To identify okra lines with superior agromorphologique
performance and potential for varietal selection, eight lines seven from Burkina Faso (V1, V2, V3, V4, V5, V6 and V8) and one
from Mali (V7) were characterized using a randomized complete block design (RCBD) with three replications. Data were
collected on nine qualitative and sixteen quantitative traits. The results showed variability in stem, fruit, and seed characteristics.
Indeed, the most significant variations in phenotypic traits were observed in stem and fruit coloration, seed weight per plant,
immature fruit weight, and seed yield. Lines V3, V5, V7, and V8 exhibited desirable traits, notably earliness, large leaf size, fruit
coloration, a high number of seeds per fruit, high seed weight, and high yield and could be used in a hybridization program to
develop okra varieties that combine a maximum of desired characteristics. Seed yield (SY) showed the highest heritability
associated with the most significant genetic gain. This combination indicates strong additive gene action, suggesting that direct
selection of the best lines based on field performance will allow for rapid and significant improvement in okra productivity.
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1. Introduction

Like other countries in the sub-region, Burkina Faso’s
economy relies essentially on agriculture, a sector that em-
ploys 74% of the population [1]. Burkinabé agriculture is
largely dominated by food staples (corn, sorghum, rice, and
millet), which alone account for nearly 70% of the total annual
cultivated area [2]. However, this production remains insuffi-
cient to guarantee self-sufficiency and prevent recurring food
and nutritional crises [1].

Increased production and promotion of neglected food
plants like okra could help improve nutritional security and
combat poverty [3]. Indeed, nutritionists advocate for the use
of okra in dietary diversification projects given its nutritional
potential [4-6]. Okra is a fruit vegetable rich in calcium, iron,
protein, vitamins A and C, and magnesium, which serve as
valuable dietary supplements for cereal-based meals in
Burkina Faso [4, 7, 8]. Nevertheless, this traditional vegetable
has long been neglected by research in Burkina Faso and is
still largely perceived as a crop grown by women, generally
on very small plots near homesteads and often in refuse areas
[8, 9]. Consequently, national okra production remains low,
totaling 23,871 tons in 2020 [10], despite favorable soil and

climatic conditions [3, 11]. In addition to socio-cultural con-
straints, this low production is explained by several other fac-
tors, including the lack of high-performing and adapted varie-
ties [12, 13]. To date, only one okra variety is officially regis-
tered in the national catalog of agricultural species and varie-
ties. Developing high-performing lines adapted to local con-
ditions remains a major challenge. This study aims to charac-
terize okra lines to select the most productive genotypes,
thereby contributing to varietal improvement and promoting
the okra sector in Burkina Faso.

2. Materials and Methods

2.1. Plant Material

The plant material used consists of eight okra lines, six of
which were provided by INERA and one of Malian origin. Ta-
ble 1 presents the list of okra lines studied according to their
origin.

Table 1. List of okra lines studied.

Varieties Abbreviation
AVOK1558-2-4 \%!
AVOK155914 V2
AVOK157971 V3
Koni V4
P1248999 V5
PI489847 Vo6
SASSILON \%/
TOT6000 V8

2.2. Study Site

The study was conducted at the Saria research station of the
Institute for Environment and Agricultural Research (INERA)
(12.267° N, 2.150° W; 300 m elevation). The Saria station is
located 80 km west of Ouagadougou, within the North-Suda-
nian zone between the 700- and 900-mm isohyets. The soil is
a leached tropical ferruginous type, deficient in phosphorus
and low in organic matter, with a sandy-clay texture.

Origin

Burkina Faso
Burkina Faso
Burkina Faso
Burkina Faso
Burkina Faso
Burkina Faso
Mali

Burkina Faso

2.3. Experimental Design and Trial
Management

The study followed a Randomized Complete Block Design
(RCBD) with three replications. Each replication consisted of
eight elementary plots. Each plot, measuring 7.2 m?> (3 m x 2.4
m), comprised four sowing rows spaced 80 cm apart. Sowing
was performed at a rate of three seeds per hole, with 40 cm
spacing between holes within each row. Replications were
separated by a 1.5 m walkway, and a 1.5 m buffer was main-
tained between elementary plots.

Crop management included two hoeings performed at 14
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and 28 days after sowing (DAS), supplemented by manual
weeding as needed to control weed growth. At the seedling
stage, plants were thinned to one per hole at 14 DAS. Mineral
fertilization consisted of an NPK application (14% N, 23% P,
14% K) at a rate of 100 kg/ha at 14 DAS, followed by urea at
a rate of 50 kg/ha at 35 DAS. Two phytosanitary treatments
were applied: the first at flowering using Pacha (Acetamiprid
10 g/L), and the second during fruit formation using K-OPTI-
MAL (Acetamiprid 20 g/L, Lambda-cyhalothrin 15 g/L), to
limit damage caused by pests and diseases.

2.4. Data Collection

2.4.1. Qualitative Traits

Qualitative traits observed across all plants of each line fo-
cused on the color of the leaf blade (COL), stem (COT), fruit
(COF), and seeds (COG); the shapes of the leaf blades (FOL),
fruit apex (FOA), and fruit (FOF); and the pubescence of the
stem (PUT) and immature fruits (PUF).

2.4.2. Quantitative Traits

(i). Phenological Traits

1) Days to flowering (DTF): the number of days from sow-
ing to the day when at least one plant flowered in the
elementary plot;

2) Days to 50% flowering (DTF50%): the number of days
from sowing to the day when at least half (50%) of the
plants in the elementary plot have flowered;

3) Days to immature fruit (DIF): the number of days from
sowing to the day when at least one plant bears an im-
mature fruit in the elementary plot;

4) Days to maturity (DTM): the number of days from sow-
ing to the day when at least one plant bears a mature fruit
in the elementary plot;

(ii). Growth Traits

1) Leaf blade length (LOL) and width (LAL) in cm: meas-
ured using a tape measure on the eighth leaf of the plant;

2) Immature fruit length (LOI) in cm: measured using a
tape measure on immature fruit from a sample of three
plants;

3) Number of nodes at maturity (NNA): determined by
counting the number of nodes present on the plant at ma-
turity.

4) Number of ridges per fruit at maturity (NAF): obtained
by counting the number of longitudinal ridges on each
mature fruit.

2.5. Data Analysis

The collected data were processed using Excel 2019, which
was also used to create the charts. An analysis of variance
(ANOVA) followed by a comparison of means using the
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Tukey HSD test, which was performed using RStudio version
4.4.1 at a 5% significance level. The ANOVA was based on a
general linear model for a randomized complete block design
according to:

Yj=u+R;+G+¢g; (D)
where Y;; is the observed value for the genotype i.
in replicate j, p isthe grand mean,

R is the fixed effect of the replicate j, G is the fixed effect
of the genotype i and ¢;; s the experimental error (residual)
associated with the observation.

Similarly, RStudio software was used to perform Pearson
correlation tests to evaluate the associations between the stud-
ied traits and grain yield. Genetic parameters, specifically gen-
otypic (6°G) and phenotypic variances (c%) were calculated
using the following formulas:

MSg—MSe
ol =—"—=

- )
where MSg is the genotype mean square, MSe is the error (re-
sidual) mean square from the ANOVA, and r is the number of
replicates;
02 = d¢ + a2 (MSe) 3)

o7 is the residual variance or mean square error (MSe).

Broad-sense heritability (H?) was estimated according to
the method of Johnson et al. (1955) and classified as low (H?<
30%), moderate (30% < H2< 60%) or high (H?> 60%).

ot

H2 = .

2 9E
O'G+T

“4)

Expected genetic advance (GA) and genetic advance as a per-
centage of the mean (GAM%) were estimated according to the
method of [ 15]. The selection intensity (K), treated as a constant,
is equal to 2.06, which corresponds to a 5% selection intensity."

GA = K x /¢ x H? ()
2
GA(%) = K x @ x H2 x 100 (6)

3. Results

3.1. Variation in Qualitative Traits of Okra
Lines

The evaluation of qualitative traits revealed variation in the
color (Figure 1), shape (Figure 2), and pubescence (Figure 3)
of the organs among the studied okra lines. Regarding organ
coloration, red-green stems were the most frequent (50%),
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while entirely green (25%) and red (25%) stems were ob-
served in smaller proportions (Figure 4). The leaf blades were
primarily dark green (62.5%) (Figure 4¢). Great variability
was observed in fruit color (Figure 5). Light green, dark green,
red, and green-striped red fruits were observed, with a pre-
dominance of lines featuring green-striped red fruits (50%).
As for the okra seeds, the majority of the lines feature dark
green seeds (87.5%).

<

u Green mRed = Red-green

a b

= light green = dark green

Regarding the shape of the leaf blades, fruits, and fruit api-
ces, two main types were distinguished in each case (Figure
2). A high proportion of the lines featured lobed leaf blades
(87.5%) and cylindrical fruits (75%) with pointed apices
(62.5%). Similarly, two types were observed for stem and fruit
pubescence (Figure 3). A large majority of the lines exhibited
glabrous or non-pubescent stems (62.5%), while a high pro-
portion of the lines had pubescent fruits (87.5%).

=1
\b’v

= dark green = light green

= Red Red-green

c d

Figure 1. Variation in the color of stems (a), leaves (b), fruits (c), and seeds (d).

& <

= Jobed = digitate H rounded

a b

= cylindrical

= curved - Courbée

C

Figure 2. Variation in the shapes of the leaf blade (a), fruit (b), and fruit apex (c).

2

= Pubescent - non-pubescent

)

= Pubescent = non-pubescent
b

Figure 3. Stem (a) and fruits (b) Pubescence.

a

d e

Figure 4. Variations in stem and leaf coloration and leaf shapes: (a) green stem, (b) red stem, (c) red-green stem, (d) light green leaf with

lobed blade, (e) dark green leaf with digitate blade.
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a b

c d

Figure 5. Variation in fruit coloration: (a) light green fruit, (b) dark green fruit, (c) red fruit, (d) red-green fruit.

3.2. Variation in Quantitative Traits of Okra
Lines

3.2.1. Variation in Phenotypic Traits

Table 2 presents the variation of the studied phenotypic
traits. The results of the analysis of variance revealed signifi-
cant differences (P < 0.05) among the lines for most quantita-
tive traits. However, the lines exhibited number of nodes at

maturity and 100-seed weights that were statistically equal (P >
0.05). The greatest variations in phenotypic traits were ob-
served for seed weight per plant (CV = 28,19%) which ranged
from 2.29 to 7.26 g; seed yield (CV = 28,18%) which fluctu-
ated between 143.38 and 453.75 kg ha™!; immature fruit
weight (CV = 24,14%) with values ranging from 9.23 to 24.46
g; and number of immature fruits per plant (CV = 22,93%)
which varied from 2 to 4.66.

Table 2. Variation in quantitative phenotypic traits.

Variable Minimum Maximum Mean + SD C.V. F P

CSF 45.00 66.00 58.25+6.32 10.85 132.27 0.0000
CSF50 55.00 82.00 72.71£8.07 11.10 216.73 0.0000
CSI 57.00 72.00 64.17+4.41 6.87 60.37 0.0000
LOI 6.90 13.06 10.64+1.79 16.79 16.57 0.0000
PFI 9.23 24.46 16.08+3.88 24.14 79.49 0.0000
LOL 9.66 17.66 13.1+1.71 13.09 22.60 0.0000
LAL 12.83 17.66 15.71£1.38 8.81 8.88 0.0003
CSM 73.00 97.00 87.42+7.03 8.04 173.70 0.0000
NNA 8.33 12.33 10.03+£1.09 1091 2.10 0.1118
NIP 2.00 4.66 3.05+0.70 22.93 4.10 0.0119
NGF 58.33 88.66 71.33+£9.58 13.44 466.81 0.0000
NAF 5.00 10.00 7.16+1.25 17.47 8.78 0.0003
PGP 2.29 7.26 5.20£1.46 28.19 91.73 0.0000
P100 4.80 7.20 5.65+0.50 8.84 1.35 0.2988
RDG 143.38 453.75 324.68+91.48 28.18 91.86 0.0000

Sowing to Flowering Cycles: CSF: Sowing-to-flowering cycleCSF50: Days to 50% flowering CSI: Sowing-to-immature fruit formation cycle

CSM: Sowing-to-maturity cycle Morphological & Yield Traits: CV

: Coefficient of variation LOL: Leaf blade length LAL: Leaf blade width

LOI: Immature fruit length NNA: Number of nodes at maturity PFI: Immature fruit weight NIP: Number of immature fruits per plant NFP:
Number of mature fruits per plant NGF: Number of seeds per fruit NAF: Number of ridges per fruit at maturity RDG: Seed yield Statistical
Terms: F: Fisher's F-value P: Probability (\(P\)-value) P > 0.05: Non-significant differences (ns) P < 0.05: Significant differences P < 0.01:
Highly significant differences P <0.001: Very highly significant differences.
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3.2.2. Estimation of Genetic Parameters

The estimation of genetic parameters is presented in Table
3. Analysis of these parameters reveals significant variability
among the traits studied. Broad-sense heritability (H?) esti-
mates are generally high for the majority of the variables, with
values ranging from 0.89 to 1.00 for CSF, CSF50, CSI, LOI,
LOL, CSM, NGF, NAF, and RDG. These values indicate a
strong contribution of genetic variance to phenotypic variance,
which is confirmed by the proximity between o2 and o2 for
these traits, suggesting a low influence of environmental fac-
tors. Furthermore, the expected genetic advances (GA) and
relative (GA%) vary considerably depending on the traits. The
RDG trait shows the highest absolute genetic advance (193.4)
and relative genetic advance (59.56%), indicating a very sig-

nificant potential for improvement. High relative genetic ad-
vances were also observed for LOI (32.80%), NIP (31.48%)),
NAF (30,03%), and NGF (28,87%), reflecting a favorable re-
sponse to selection. The traits CSF, CSF50, and CSM show
high heritability values (> 0,99) associated with moderate to
high relative genetic advances (17.23 to 23.85%), indicating
predominantly additive genetic control and a strong potential
for progress through selection. In contrast, the CSI trait, de-
spite having high heritability (0.98), recorded a more moder-
ate relative genetic advance (14.24%), suggesting slower pro-
gress.

Conversely, the traits NNA and P100 exhibit low heritabil-
ity (0.52 and 0.26, respectively) accompanied by low relative
genetic advances (8.67% and 3.19%), reflecting a strong en-
vironmental influence and limited potential for improvement
through selection.

Table 3. Genetic parameters of the quantitative traits studied.

Variable H? a2
CSF 0.99 42.71
CSF50 0.99 70.20
CSI 0.98 20.26
LOI 0.94 2.89
LOLI 0.96 2.65
CSM 0.99 53.11
NNA 0.52 0.34
NIP 0.76 0.27
NGF 0.99 99.95
NAFM 0.89 1.22
P100 0.26 0.03
RDG 0.99 8791.51

a3 GA GA (%)
43.04 13.37 22.95
70.52 17.34 23.85
20.60 9.14 14.24
3.07 3.49 32.80
2.77 3.4 25.95
53.42 15.06 17.23
0.66 0.87 8.67
0.35 0.96 31.48
100.17 20.6 28.87
1.38 2.15 30.03
0.11 0.18 3.19
8888.27 193.4 59.56

H? Broad-sense heritability, 02: Genotypic variance, o2: Phenotypic variance, GA: Expected genetic advance, GA (%): Genetic advance as

a percentage of the mean

3.3. Correlation Between the Quantitative
Traits Studied

Pearson correlation analysis highlights variable relation-
ships between the studied traits, with a predominance of pos-
itive correlations (Figure 6). Strong to very strong positive
correlations. (r > 0,70) were observed between the days to
50% flowering and the sowing-to-immature fruit formation
cycle (r = 0,95; p < 0,001), and immature fruit length (r =
0,75; p < 0,001) and immature fruit weight (r = 0,74; p <

0,001), suggesting a strong interdependence between these
variables. Similarly, the sowing-to-immature fruit formation
cycle is strongly correlated with the length (r = 0,74; p <
0,001) and weight (r =0,68; p <0,001) of the immature fruit,
indicating that these traits evolve jointly. The number of
seeds per fruit trait also shows a significant positive correla-
tion with the sowing-to-flowering cycle (r=0,67; p <0,001),
suggesting that the improvement of these traits could be
achieved simultaneously. Conversely, some weak to nega-
tive correlations were observed, particularly for RDG and
PGP, which show generally low and non-significant coeffi-
cients (p > 0,05) with the majority of traits. These results
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suggest a relative independence of these variables from the NNA, indicating an absence of a stable linear relationship
other studied traits. Furthermore, several correlations are  with the other traits, likely due to strong environmental in-
non-significant (p > 0,05), notably involving NIP, NAF, and  fluence or high intrinsic variability.

Pearson's
Correlation

-1.0 -0.5 0.0 05 1.0

0.430.52 0.43 0.40 P100
0.20 0.10 0.42 0.40 0.33 LAL

B oshogmom i o

0.26 0_36.. 034029 |

ns ns ns ns
0.46 0.43 0.24 0.48 0.46 0.35 0.29 A
= = ns F . ns ns
0.09 0.100.43 0.17 0.09 0.14 0.14 0.20-0.110.44 \AF
ns._.ns * ns ns nNns ns ns ns %
0.23 0.42 0.04 0.20 0.06-0.17-0.05 0.10 0.18-0.27-0.32 jp
ns * ns ns ns ns ns ns ns ns ns
L0.214 03}026008—031 0 18 0 1&03? 0.07-0.12-0.23-027 RpG
ns ns ns ns
.021 033096 0.08-031 0.18-0 16-0.37.0 07-0 12.0.23-0 27 PGP

0.51

047

ns ns ns ns ns ns ns nNs ' ns Nns nNs
0.29 0.29 0.15-0.20 0.40 0.28 0_43 0.05-0.21 0.19 0.07 0.21-0.15 LOL
ns ns NS ns nS ns ns 'ns  ns ns ' ns  ns

QOQQ?‘\ S O
SESETOL I EL S S &

nsp>=0.05;"p<0.05 "p<0.01;,and " p < 0.001

Figure 6. Pearson correlation coefficients.

66.3 days for sowing-to-50% flowering, and 57.7 days for

3.4. Comparison of Line Performance for sowing-to-fruit, and the shortest sowing-to-maturity period

Phenology-Related Traits (81:7 .days). In contrast, the longest cycles were rs?corded for

varieties V3 (65.3 days) and V1 (63 days) regarding days to

The results of the mean separation test for traits by line are first flowering; for V3 in days to 50% flowering (81.7 days);

presented in Table 4. Variety V8 was the earliest maturing, for V6 (70.7 days) and V3 (69 days) for fruit formation; and
with cycles of 45.7 days for sowing-to-first flower formation, ~ for V3 (94.7 days) and V2 (90.3 days) for maturity.

Table 4. Performance of okra lines for phenological traits.

Varieties CSF (JAS) CSF50 (JAS) CSI (JAS) CSM (JAS)
V1 63ab 77b 66.3bc 89.7b

V2 57.7¢ 73.7¢ 66¢ 90.3a

V3 65.3a 81.7a 69ab 94.7a

\Z: 52d 55.7¢ 60de 73.7b

V5 62b Tlc 61.7d 84.3c

Vo6 58¢c 78.7b 70.7a 96a
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Varieties CSF (JAS) CSF50 (JAS)
V7 62.3b 77.7b
V8 45.7e 66.3d

CSI (JAS) CSM (JAS)
62d 89b
57.7¢ 81.7¢

CSF: Sowing-to-flowering cycleCSF50: Days to 50% flowering CSI: Sowing-to-immature fruit formation cycle CSM: Sowing-to-maturity

cycle JAS: Days after sowing (DAS)

3.5. Comparison of Line Performance for
Growth-Related Traits

The results of the mean separation test for growth traits
across lines are presented in Table 5. Variety V5 exhibited the
longest leaf blades (16.5 cm), while V4 exhibited the shortest

leaf blades (10.72 cm). Nearly all varieties had leaf blades of
statistically equal widths (15.24 - 17.11 cm), which were nev-
ertheless greater than the blades of variety V4 (13.21 cm).
Fruit length ranged from 11.99 c¢m for variety V1 to 7.01 cm
for variety V4. Variety V3 exhibited fruits with the highest
number of ridges (9.11), while V1 had fruits with the lowest
number of ridges (5.11). Regarding the number of nodes, no
significant difference was observed among the varieties.

Table 5. Comparison of okra lines for growth traits.

Varieties LOL (cm) LAL (cm)
Vi 12.85bc 15.11ab
\¥ 13.02bc 15.24ab
V3 13.08bc 16.84a
V4 10.72d 13.21b
V5 16.50a 17.11a
Vo6 11.83cd 15.33ab
v7 13.00bc 16.78a
V8 13.81b 16.04a

LOI (cm) NAF NNA
11.99a 5.11c 10.3a
9.27b 7.22ab 9.9a
12.27a 9.11a 11.6a
7.01c 7.11b 8.7a
10.34ab 6.11bc 10.2a
11.40ab 7.44ab 9.6a
11.33ab 7.44ab 9.9a
11.55a 7.78ab 10.1a

LOL: Leaf blade length (Leaf length) LAL: Leaf blade width (Leaf width) LOI: Immature fruit length NNA: Number of nodes at maturity

3.6. Comparison of Line Performance for Yield
Component Traits

Table 6 presents the average performance of the studied
okra lines for fruit and seed-related traits. Variety V2 exhib-
ited the highest number of immature fruits per plant (4.11),
while V4 recorded the lowest number of fruits (2.44). Variety

V3 recorded the highest values for the number of seeds per
fruit (88.11) and immature fruit weight (23.45 g), whereas V8
exhibited the lowest number of seeds per fruit (58.44 seeds)
and V4 recorded the lowest value for immature fruit weight
(9.75 g). The best performances for seed weight per plant and
seed yield were recorded by variety V7, with respective values
of 6.93 g and 432.95 kg/ha. In contrast, variety V3 recorded
the lowest values, with a seed weight of 2.43 g and a seed yield
of 152.15 kg/ha.

Table 6. Comparison of okra lines for fruit and seed-related traits.

Varieties NIP NGF PFI (g)
V1 2.77ab 67.22¢ 13.90d
V2 4.11a 63.55¢ 17.2bc

PGP (g) P100 (g) RDG (kg/ha)
4.80c 5.67 300.12¢
4.20¢ 5.57 262.74c
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Varieties NIP NGF PFI (g)
V3 3.18ab 88.11a 23.45a
V4 2.44b 69.55d 9.75¢
V5 2.66ab 67.55de 17.96b
A 2.66ab 72.33c 15.16cd
V7 2.77ab 83.89b 17.53b
V8 3.77ab 58.44¢g 13.69d

PGP (g) P100 (g) RDG (kg/ha)
2.43d 6.10 152.15d
4.38c¢ 5.37 273.87¢
6.42ab 5.63 401.25ab
6.26ab 6.13 391.01ab
6.93a 5.60 432.95a
6.13a 5.17 383.38b

NIP: Number of immature fruits per plant NAFM: Number of ridges per fruit at maturity NGF: Number of seeds per fruit PFI: Immature fruit
weight PGP: Seed weight per plantP100: 100-seed weight RDG: Seed yield

4. Discussion

The present study revealed significant agro-morphological
variability among the evaluated okra lines, reflecting the ex-
istence of exploitable genetic diversity for varietal improve-
ment. The highest variations observed in the studied qualita-
tive and quantitative traits are reflected in the multitude of
stem and fruit colorations, fruit and seed weight, and seed
yield. This variability, which primarily concerns fruit and
seed-related traits, confirms previous observations made in
Burkina Faso, where broad phenotypic diversity has been re-
ported in okra [12, 13, 16].

This diversity could result from both farmer-led selection
focused on traits of interest, particularly those related to fruit,
and adaptation to local agro-ecological conditions [4, 12].
High broad-sense heritability estimates (H? > 0.89) observed
for the majority of traits, notably NGF, CSF50, CSF, CSM,
and RDG, associated with high expected genetic advance val-
ues, indicate a predominance of additive genetic effects in the
control of these traits. According to Falconer and Mackay
(1996), a combination of high heritability and high genetic ad-
vance is a reliable indicator of the effectiveness of phenotype-
based selection. These results suggest that these traits can be
effectively improved through direct selection methods, even
at an early stage of breeding programs. Similar results have
been reported in okra by other authors, who showed that traits
related to yield and its components generally exhibit high her-
itability and a strong potential for selection response [13, 17].
Conversely, the low heritability and genetic advance values
observed for traits such as NNA and P100 reflect a significant
influence of environmental factors or non-additive genetic ef-
fects. In such cases, direct selection becomes less effective,
and alternative approaches such as recurrent selection or
multi-environment evaluation are recommended [18]. These
results underscore the importance of simultaneously consider-
ing genetic parameters to guide varietal improvement strate-
gies. Pearson correlation analysis complemented this ap-
proach by highlighting significant relationships between sev-
eral traits. The strong positive correlations observed between
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phenological traits (CSF, CSF50, CSI) and growth and yield
traits (LOI, PFI) suggest a functional or genetic interdepend-
ence between these traits. These associations could be at-
tributed to pleiotropy or genetic linkage, as reported by [19].
From a practical standpoint, these positive correlations indi-
cate that selection for a given trait could lead to the simulta-
neous improvement of other associated traits, which consti-
tutes a major advantage in breeding programs [14]. However,
the lack of significant correlation between certain traits, nota-
bly seed yield (RDG) and several yield components, suggests
that these traits are partially independent and may be con-
trolled by distinct genetic mechanisms. This independence im-
plies that improving these traits will require specific and tar-
geted selection. Similar observations have been made in other
vegetable crops, where yield appears as a complex trait influ-
enced by multiple factors [6]. The results of this study identify
lines V3, V5, V7, and V8 as lines of interest that are the most
high-performing based on a combination of agronomic and
genetic criteria. The earliness observed in V8 constitutes a ma-
jor asset in Sahelian contexts characterized by high climate
variability and short rainy seasons. Furthermore, the high per-
formance of V5 for leaf dimensions, those of V7 in terms of
yield and seed weight, as well as those of V3 for seed number
and fruit weight, confirm their potential as parents in hybridi-
zation programs. These results are in agreement with the work
of other authors, who emphasized the importance of fruit and
seed-related traits in the varietal preferences of producers and
consumers [13, 20, 21]. Indeed, these authors identified,
through participatory varietal selection, cycle earliness, fruit
color, and elongated shape, as well as the number of fruits per
plant and the number of seeds per fruit, as the primary traits
of interest for okra in Burkina Faso. Furthermore, [16] high-
lighted the value of genotypes characterized by large leaf di-
mensions in the fight against malnutrition, due to the high
mineral salt content of the leaves, which increases proportion-
ally with their size.

Although the results obtained are promising, certain limita-
tions must be taken into account. The study was conducted at
a single site and during a single growing season, which does
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not allow for an assessment of the stability of the lines’ per-
formance under varying conditions. However, the genotype x
environment interaction plays a crucial role in the expression
of quantitative traits [17]. Multi-environmental trials would
therefore be necessary to confirm the robustness of the identi-
fied lines.

5. Conclusion

This study highlighted significant agro-morphological var-
iability among the evaluated okra lines. The traits NGF,
CSF50, CSF, CSM, and RDG exhibited high heritability as-
sociated with substantial genetic gains, indicating predomi-
nantly additive genetic control and strong potential for im-
provement through selection. Significant positive correlations
observed between several traits suggest the possibility of ef-
fective simultaneous selection. Lines V3, V5, V7, and V8
stand out for their agronomic performance, notably their ear-
liness, large leaf dimensions, fruit coloration, high number of
seeds per fruit, and high seed weight and yield. They thus con-
stitute promising genetic resources for okra breeding pro-
grams.
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