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Water is a scarce resource, and Okra (Abelmoschus esculentus) is grown in wet and dry seasons. For
its dry season cultivation, alternative water sources are used for watering, but these sources are not
sustainable in Burkina Faso. The aim of this study was to determine water deficit effect on okra’s
behavior. Five genotypes of okra were subjected to three water regimes: (i) T1, watering at 100% of soil
field capacity (SFC); (ii) T2, watering at 50% SFC; and (iii) T3, watering at 25% SFC. Results showed that
water restrictions at 50% SFC and 25% SFC caused a reduction in growth’s parameters. This reduction
was very pronounced under watering at 25% SFC. In addition, the restrictive water supply at 25% SFC
significantly reduced the number of capsules and the number of seeds. Results also revealed a large
inter-genotypes variation on agro-physiological parameters under effects of water stress. The genotype
G259 had a better tolerance under water regime at 25% SFC while, under watering at 50% SFC,
genotypes O2 and L2 have been the least sensitive for capsules and seed yield. For irrigated okra, it

would be better to bring water to plants at 50% SFC, if the soil is sandy-loamy.
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INTRODUCTION

Water is the main environmental factor limiting
agricultural production, especially in the least-watered
regions. Thus, in the context of recurrent climatic
changes, the irregular nature and uneven distribution of
rains are factors that seriously compromise agricultural
production. According to Niang (2009), agriculture is
negatively affected by climate change, especially in
developing countries (Nelson et al., 2009). This causes
selective pressure on plant genetic resources, which

could be a source of genetic erosion. According to
Trinchant et al. (2004), about 20 million hectares of land
are lost worldwide each year due to water and salt stress.
Irrigated agriculture is from a distance the largest water
use in the world, accounting for 69% of global removals
(FAO, 2002).

In Burkina Faso, agriculture is essentially rain-fed and
production remains dependent on weather conditions.
Drought is one of the main environmental constraints that
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Table 1. Characteristics of the studied genotypes.

Main characteristics

Average annual rainfall

Genotype Cycle Morphology Climate zones of origin of climatic zones
KKO5 Late 80-100 days Very tall plant and long fruit
Sud > 900

L2 Precocious 40-60 days Short fruit udanese mm

G259 Precocious 40-60 days Short fruit Sudano-Sahelian 600 - 900 mm

B2 Late 80-100 days Very tall plant and long fruit .

<

02 Precocious 40-60 days Short fruit Sahelian 600 mm
Data source: Ouédraogo (2016) and Ziillich et al. (2012)
causes the most damage to agricultural production conditions;

globally and in Burkina Faso in particular. Indeed,
Burkina Faso's agricultural sector sustains the brunt of
drastic effects of climate variability, particularly of rainfall
and temperatures. Studies on agromorphological
characterization of okra [Abelmoschus esculentus (L.)
Moench] genetic resources in Burkina Faso have shown
the traditional character of cultivated varieties
(Ouédraogo, 2016). In addition, other studies on the
genetic and molecular diversity of okra accessions have
identified genotypes of interest that could help boost okra
production in Burkina Faso. Other studies have already
discussed water stress in okra in Burkina Faso, but these
studies have focused on development stages the most
vulnerable to water deficit (Nana et al., 2009a, b).
However, ignorance of their adaptation to water stress
limits their appropriate use especially in areas subject to
periodic water deficits.

The success of agricultural production is also based on
the possibility to use plant material that has an adaptive
potential for water deficit conditions. Indeed, the
availability of soil water is one of the factors limiting the
growth of plants (Reynolds et al., 2004; Otieno et al.,
2005). Water stress is reflected in the plant by a series of
changes that affect morphological, physiological and
biochemical characters, when the water needs of plant
exceed the available quantities (Mefti et al., 2001). As a
result, the physiological mechanism adopted in case of
water stress can be an effective tool for differentiating
between varieties (Radhouane, 2013). Indeed, tolerance
to different stresses depends on species, varieties and
even genotypes (Ullah et al., 2008). Understanding the
response of okra accessions to water stress and
identification of water deficit tolerance characters would
strengthen the process of varietal selection of okra in
Burkina Faso. It is in this perspective that this study was
initiated with the general objective of identifying
genotypes presenting the characters of tolerance in water
deficit conditions. Specifically, it is about:

(i) Evaluating physiological and agronomic characteristics
of Okra genotypes cultivated under water deficit

(i) Identifying the best water treatments for the
production of okra in cultivation in irrigation.

MATERIALS AND METHODS
Plant material used

The plant material used for this study was represented by five
genotypes of okra, collected in three climatic zones of Burkina
Faso, from a participatory selection (Ouédraogo, 2016). They were
selected on the basis of their agromorphological performance and
consumer preferences. Characteristics and provenance of the five
genotypes are presented in Table 1.

Characteristics of the culture substrate

The substrate used was soil taken at 20 cm deep and submitted to
National Office of Soils for granulometric and physicochemical
analyzes. Analytical results (Table 2) show that textural class was
sandy-loamy (62.75% sand, 23.52% silt and 13.30% clay). In
addition, this soil had fairly good chemical characteristics because it
contained the necessary nutrients (organic matter, total carbon,
assimilable phosphorus, assimilable potassium, Ca?*, Mg®', etc.) to
allow a good growth of plants under a sufficient water supply. The
choice of this type of substrate was guided by its saturation rate, its
ability to good soil water retention capacity and its pH, okra
preferring slightly acidic to neutral soils (Hamon and Charrier,
1997). In addition, a soil of similar texture was used by Nana (2010)
because the okra's roots manage to collect easily the water it
contains.

Determination of the soil capacity of the saoil

The soil field capacity will be determined with a PVC pipe 2 cm in
diameter and 18 cm high approximately, with one of its ends closed
with a nylon mesh screen having mesh smaller than 2 mm. The
pipe will then be filled with soil up to 2 cm from the edge. The dry
weight (X) of the earth will be determined and thereafter saturated
with water. After draining for 48 h, the wet weight of the earth (Y) is
determined. The soil field capacity (SFC) is calculated by the
following formula:

SFC =

in gand H,0/g of dry earth
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Table 2. Physico-chemical characteristics of the cultivation substrate.

Characteristics Quantity
Clay (%) 13.30
Texture Sandy-loam Silt (%) 23.52
Sand (%) 62.75
. Total organic matter (%) 1.23
Organic matter and carbon Total carbon (%) 0.72
. Total nitrogen (%) 0.06
Nitrogen CIN (%) 12
Total phosphorus (ppm) 786
Phosph L
osphorus Assimilable phosphorus (ppm) 16.09
. Total potassium (ppm) 864
Potassium Assimilable potassium (ppm) 49.67
ca” (meq) 1.42
Mg 2* (meq) 0.42
K" (meq) 0.17
Chemical factors of soil fertility for 100g Na' (meq) 0.02
Sum of bases (Ca”*. Mg *. K*. Na*) (meq) 2.03
Cation exchange capacity (CEC) (meq) 3.40
Saturation rate (S/T) (%) 60
Ground reaction pH (H>0) 6.12

Experimental device and treatments

Each genotype was subjected to three water regimes in a
greenhouse using a split-plot design and 5 replications. Plants were
grown in pots arranged in three randomized blocks. Each pot
received 17 kg of homogenized dry soil as a growing substrate.
Seedlings were sown on 5th August, 2017 at three seeds per pot,
and thinned to one per pot two weeks after sowing (19 August,
2017). Plants were subjected to three water regimes beginning
three weeks after sowing (vegetative stage); combining two factors:
three-levels of water regime versus soil field capacity (100% SFC,
50% SFC and 25% SFC) and one-level watering frequency (every
three days). Plants in pots receiving 100% SFC (control) were
watered every three days with 3 L of water, while plants in
treatments T1 and T2 were watered at 50% or 25% SFC with 1.5 or
0.75 L per pot, respectively. A sample of three plants (pots) of each
genotype was selected for physiological evaluations.

Temperature and relative humidity inside the greenhouse

Given the influence of environmental factors, especially
temperature and relative humidity on the effects of water treatments
on plants, these two parameters were recorded daily from the
induction of water stress at different times of day (7 am, 12 pm and
5 pm) using a thermohygrometer. Thus, during the induction period
of water stress, temperature and relative humidity in the
greenhouse oscillated respectively between 25.45 and 33.43°C and
between 70 and 84.33%. The maximum temperature was recorded

at 12 o'clock when the relative humidity was lower (Figure 1). On
the other hand, humidity was higher at 7 o'clock when the
temperature was relatively low.

Evaluation of growth parameters
Height of plants

The height of plants was measured at the vegetative stage, at the
fructification and at the end of the cycle; respectively on 44th day
after sowing (DAS), 65th DAS and 104th DAS using a measuring
tape.

Number of leaves, length and width of leaves

Foliar performances of plants cultivated under the three hydric
regimes were evaluated at the vegetative stage (44th DAS) and at
the fruiting stage (65th DAS). These performances were the
number of leaves per plant (NLea/P), leaves length (LLe) and
leaves width (LWi).

(i) The number of leaves per plant (NLea/P) was determined in situ
by counting leaves of each plant.

(ii) The length and width of the leaves (LLe and LWi) expressed in
centimeters, were determined by in-situ measurements, using a
graduated ruler.
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Hours of s

Figure 1. Evolution of temperature and relative humidity inside the
greenhouse during the water stress induction.

Yield estimation

Yield evaluation consisted of the measurement of quantitative
aspects such as capsule yield; seed yield and its components. The
studied parameters were the following:

(i) Number of capsules per plant (NCap/P);

(i) Number of seeds per capsule (NSe/Cap);

(iii) Weight of seeds per capsule (PSe/Cap) in grams;
iv) Weight of 100 seeds (W100Se) in grams.

The number was determined by counting and weighing was carried
out using a precision balance of 0.01 g.

Data analysis

Collected data were subjected to an analysis of variance (ANOVA)
using the software XLSTAT 7.5.8. The Fisher test at the 5%
threshold was used for averaging discrimination. Graphics were
made using the Excel 2016 spreadsheet.

RESULTS
Influence of water treatments on growth parameters
Height of plants

The height of plants subjected to watering 100% SFC
(T1); 50% SFC (T2) and 25% SFC (T3) was measured at
the vegetative and fruiting stages and at harvest.

Results showed that at the vegetative stage, the
decrease in water supply at 50 and 25% of the soil field
capacity does not have a negative effect on the height of
plants (Figure 2a). At this stage of development, plants of
genotypes L2, G259 and KKO5 watered at 50% SFC,
presented better performance in terms of height (Figure
2a).

At the fruiting stage and at harvest, plants of all five
genotypes watered at 25% of the soil field capacity were
the lowest (Figures 2b and 2c). Reducing the amount of

water supplied to plants impacts negatively on their
growth and normal development, compared to the non-
limiting water regime (Son, 2010). However, the height of
plants of genotypes 02, L2 and KKO5 watering at 50%
SFC, was higher than that of plants of T1 and T3
treatments. Statistical analysis reveals a very highly
significant difference between T2 and T3 water regimes
(P < 0.0001) and between T1 and T2 treatments (P <
0.0001) for plants height to fruiting (Table 3); on the other
hand, there is no significant difference between T1 and
T2 water treatments for plant height at this stage of
development. In addition, the comparison of plants height
at the end of the life cycle shows the same trend as at the
fruiting stage. Indeed, T2 and T3 water treatments had
significantly different effects (P = 0.000) on height; as well
as T1 and T3 treatments (P = 0.002).

Comparison of plants height based on the genotype
factor (Table 4) showed that genotype KKO5 was
distinguishable from genotypes B2, G259 and L2, but this
depended on the stage of development of the plants.
Indeed, at the vegetative stage there was a highly
significant difference between plants height of KKO5 and
that of B2 (P = 0.003); and between the height of KKO5
and that of G259 (P = 0.003). In addition, plants height of
KKO5 and L2 were significantly different (P = 0.028) at
the vegetative stage, very significantly different at the
fruiting stage (P = 0.004) and at the end of the life cycle
(P = 0.007). A significant difference was also revealed
between plants height of KKO5 and plants height of B2 at
the end of the life cycle (P = 0.032).

Foliar performance of plants

The number of leaves per plant (NLea/P), the length and
width of the leaves (LLe and LWi) have varied according
to water treatments (Table 5) and genotypes (Table 6). In
the vegetative stage, the best performance of leaves was
observed at the control treatment (T1). However, the
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EIT1(100% SFC) EAT2 (50% SFC) BT3 (25% SFC)
40.00
30.00
20.00

10.00

Plants height (cm)

0.00

KKO5
Genotypes

EIT1(100% SFC) @T2 (50%SFC) OT3 (25% SFC) b

100.00
80.00
60.00
40.00
20.00
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Genotypes
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02 L2 G259

Genolypes

Figure 2. Variation of plants height according to water regimes and
genotypes. a: vegetative stage; b: fruiting stage; c: end of the life cycle.
Error bars represent standard deviations.

Table 3. Multiple comparisons of plants height according to water treatments using Fischer’s test at the 5% threshold.

Vegetative stage Fruiting stage End of life cycle
Water treatment - - - - - -
Diff. Pr. Sign. Diff. Pr. Sign. Diff. P Sign.
T2~T3 3.088 0.057 ns 25.831 <0.0001 ik 34.033 0.000 **
T2~T1 0.147 0.926 ns 7.022 0.101 ns 7.067 0.379 ns
T1~T3 2.941 0.069 ns 18.809 < 0.0001 ik 26.967 0.002 **

Diff. = difference, Sign. = Significant, Pr = probability, ns: = no significant; ** = highly significant at the 5% level; *** = very highly significant
at the 5% level

effect of water stress was more pronounced on NLea/P, 25% SFC (Table 5a and 5b). Analysis of variance
LLe and LWi, with low values when watering was done at revealed no significant difference between water
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Table 4. Multiple comparisons of plants height with respect to the genotype’s variable according to Fischer test at the 5%

threshold.
Genotype . Vegetative stage. : Fruiting stage : : End of life cycle :
Diff. Pr. Sign. Diff. Pr. Sign. Diff. Pr. Sign.
KKO5 ~ B2 6.093 0.003 o 11.981 0.094 ns 25.722 0.032 *
KKO5 ~ G259 5.967 0.003 o 13.163 0.067 ns 17.056 0.149 ns
KKO5 ~ L2 4.335 0.028 * 21.381 0.004 ok 32.778 0.007 b
KKO5 ~ 02 2.993 0.123 ns 11.144 0.118 ns 21.389 0.072 ns
02 ~B2 3.100 0.110 ns 0.837 0.905 ns 4.333 0.710 ns
02 ~ G259 2.974 0.125 ns 2.019 0.774 ns 4.333 0.710 ns
02~1L2 1.343 0.483 ns 10.237 0.150 ns 11.389 0.331 ns
L2 ~B2 1.757 0.360 ns 9.400 0.186 ns 7.056 0.546 ns
L2 ~ G259 1.631 0.395 ns 8.219 0.246 ns 15.722 0.182 ns
G259 ~ B2 0.126 0.947 ns 1.181 0.866 ns 8.667 0.459 ns

Diff. = difference, Sign. = Significant, Pr = probability, ns: = no significant; ** = highly significant at the 5% level; *** = very highly

significant at the 5% level

Table 5. Effect of water treatment on leaf parameters at the vegetative stage and fruiting stage.

Level of water factor NLea/P LLe (cm) LWi (cm)
Vegetative stage®

T1 5.578 + 0.960° 8.858 £ 1.75% 8.251 + 2.490°
T2 5.133 + 0.407% 6.648 + 1.018% 6.714 + 1.072°
T3 5.111 + 0.288% 6.482 + 0.784° 2.839 +0.758°
Pr. > Diff (T1~T3) 0.957 0.038 < 0.0001

Pr. > Diff (T1~T2) 0.258 0.053 0.159

Pr. > Diff (T2 ~ T3) 0.281 0.882 0.001
Fruiting stageb

T1 10.622 + 0.377% 12.220 + 1.730°% 14.431 + 1.379%
T2 10.044 + 0.377® 14.307 + 1.730° 16.089 + 1.950%
T3 9.800 + 0.267° 12.053 + 1.223% 10.173 + 1.971°
Pr. > Diff (T2 ~T1) 0.520 0.200 0.400

Pr. > Diff (T2 ~T3) 0.133 0.235 0.004

Pr. > Diff (T3 ~ T1) 0.035 0.924 0.035

NLea/P: number of leaves per plant; LLe: Length of the leaves; LWi: Width of the leaves; cm: Centimeter; T1:
water treatment 100% of soil field capacity; T2: Water treatment 50% of soil field capacity; T3: water treatment
25% of soil field capacity. Values with the same letters on a column means that theY are not significantly different

between treatments from statistical view point.

treatments for the number of leaves per plant (NLea/P).
On the other hand, for the length of the leaves (LLe),
there was a significant difference between treatments T1
(control) and T3. In addition, water stress negatively
affected width of the leaves. The reduction was of
65.59% under water regime at 25% SFC compared to
18.62% under water regime at 50% SFC. Fisher’s test
reveals a very highly significant water regime effect
between T1 and T3 (P < 0.0001) for leaf width (Table 5a).
At the fruiting stage, the same trend was observed for the
three leaf parameters. However, analysis of variance did

not reveal any significant difference between water
treatments for number of leaves and leaf length. The
width of the leaves of plants subjected to water treatment
T2 was very significantly different (P = 0.004) from that of
leaves of plants to treatment T3 (Table 5b). It also
appears that the width of leaves of treatment T1 is
significantly different (P = 0.035) from that of leaves of
treatment T3.

Inter-genotypes comparison shows that at the
vegetative stage, genotype KKO5 had a relatively larger
number of leaves with relatively longer and wider leaves
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Level of genotype factor

NLea/P

LLe (cm)

LWi (cm)

Vegetative stage®

KKO5

B2

02

L2

G259

Pr. > Diff (KKOS5 ~ G259)
Pr. > Diff (KKO5 ~ L2)
Pr. > Diff (KKO5~ O2)

Pr. > Diff (KKO5~ B2)

Fruiting stageb

6.148 + 0.497°
5.296 + 0.497%
5.074 + 0.351°
5.074 + 0.369"
4.778 £ 0.435°
0.009
0.037
0.037
0.094

9.189 + 1.438%
5.857 + 1.123°
6.222 +1.017°
7.246 +1.133%
8.131 + 1.220%
0.446
0.184
0.026
0.046

13.252 + 2.330°
12.356 + 2.152%
13.689 + 2.228%
12.689 + 1.648°
12.315 + 2.243%

7.391 + 1.760°%
4.769 + 1.680°
5.172 + 1.244%
6.001 + 1.760°%
6.341 + 1.760%
0.975
0.932
0.716
0.575

13.635 + 2.789%
13.501 + 2.291%
14.662 + 2.846°
13.363 + 2.436%
12.662 + 2.012°

87

B2 11.222+ 0.407°
KKO5 10.556 + 0.397%
G259 10.037 + 0.411"°
02 9.630 +0.287°

L2 9.333 +0.425°

Pr. > Diff (B2 ~L2) < 0.0001

Pr. > Diff (B2 ~ 02) 0.000

Pr. > Diff (B2~ G259) 0.006

Pr. > Diff (KKO5~ L2) 0.005

Pr. > Diff (KKO5~ 02) 0.028

0.690 0.734
0.810 0.924
0.852 0.720
0.986 0.770
0.887 0.961

NLea/P: Number of leaves per plant; LLe: leaves Lenght ; LWi: Leaves Width; cm: Centimeter. Values with the same
letters on a column mean that there are not significantly different between genotypes form statistical view point.

(Table 6a). On the other hand, genotype G259 had the
low number of leaves per plant; and genotype B2 had
shorter leaves. Analysis of variance shows a significant
difference between genotypes KKO5 and L2 (P = 0.037);
between KKO5 and O2 (P = 0.037) and highly significant
(P = 0.009) between genotype KKO5 and genotype G259
for number of leaves per plant (NLea/P). At the fruiting
stage, genotypes B2 and KKO5 had more leaves per
plant, but the low number of leaves per plant was
observed at genotypes O2 and L2 (Table 5b). Analysis of
variance revealed a significant difference between KKO5
and O2 (P = 0.028); highly significant between B2 and O2
(P = 0.000), between B2 and G259 (P = 0.006), between
KKO5 and L2 (P = 0.005); and highly significant between
B2 and L2 (P <0.0001) for NLea/P. At the fruiting stage,
for the length and width of the leaf, no significant
difference was observed between genotypes.

Effect of water deficit on yields
Number of capsules per plant (NCap/P)
The number of capsules per plant (NCap/P) ranged from

4.20 to 6.00 in treatment T1 (100% SFC), with the most
capsules recorded in genotype G259 (6 capsules on

average). In plants subjected to watering 50% SFC, the
number of capsules per plant ranged from 4.00 to 6.32.
However, in plants subject to 25% SFC, the number of
capsules per plant ranged from 3.33 to 5.00. The effect of
water stress induced by watering 25% SFC, resulted in a
decrease in the number of capsules per plant of four
genotypes (Figure 3) compared to the control water
regime (100% SFC). This reduction was 47% for each of
genotypes L2 and KKO5; 17 and 5% respectively for
genotypes O2 and G259. However, under water regime
of 50% SFC, three genotypes (B2; L2 and KKOS5)
recorded a decrease in the number of capsules per plant
of the order of 4, 5 and 33% respectively. In general,
genotype G259 produced fewer capsules per plant, but
the number of capsules per plant was less influenced by
deficient water regimes (Figure 3). Analysis of variance
shows that this genotype G259 is significantly different
from genotypes O2 (P = 0.017) and L2 (P = 0.024).

Number of seeds per capsule and its components

Plants watered at 25% SFC had a reduced number of

seed per capsule regardless of genotypes (Figure 4).
This reduction was approximately 30% for O2, L2 and

G259; and about 60% each for both B2 and KKOS5.
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BTI1 (100% SFC) @T2 (50% SFC)@AT3 (25% SFC)
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Figure 3. Variation of capsules number per plant depending on water

treatments and genotypes.

BTI1 (100% SFC)
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80.00
60.00
40.00

20.00

Number of seeds/capsule

0.00

o2 L2

BAT2 (50% SFC)

BT3 (25% SFC)
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Figure 4. Variation of the number of seeds per capsule depending on water
treatments and genotypes. Error bars represent standard deviations.

Regardless of water regime, KKO5 had the lowest
number of seeds per capsule compared to O2 which had
the highest number of seeds. Analysis of variance
reveals a significant difference (P = 0.03) between these
two genotypes (02 and KKO5).

For seed yield components, water regime T3 (25%
SFC) decreased seed weight per capsule (WSe/Cap) and
weight of 100 seeds (W100Se) of all genotypes (Figures
5 and 6). On the other hand, with T2 water treatment
(50% SFC), four genotypes (02, G259, B2 and KKO5)
had reduced WSe/Cap and W100Se compared to plants
receiving the control treatment (100% SFC). In addition,
genotype effect showed that the WSe/Cap and W100Se
of genotypes L2 and KKO5 were lower than those of
other genotypes. However, genotype effect was not
significant for these two parameters.

Results show that capsule and seed vyields were
significantly influenced by water regimes (Table 7). Water
stress imposition by decreasing the amount of water
supplied to plants caused a significant reduction in the

number of capsules per plant (NCap/P), number of seeds
per capsule (NSe/Cap), weight of seeds per capsule
(WSe/Cap) and the 100-seeds weight (W100Se) in
treatments 50 and 25% SFC compared to the control
treatment (100% SFC). This reduction was much more
accentuated in the 25% SFC treatment for which, the
difference with the control treatment (100% SFC) was
very highly significant. Our results are consistent with
those of Son et al. (2011) who had found that in sesame
(Sesamum indicum), water stress induced by reducing
water supply to 80, 60 and 40% SFC caused a reduction
in capsules production and weight.

DISCUSSION

The present results showed a highly significant effect of
water regime on plants height at fruiting, but also at the
end of the life cycle. Indeed, the stress induced by the
water supply at 25% SFC caused a reduction in the
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Table 7. Water treatments effect on yield and its components.

Level of water factor NCap/P NSe/Cap WSe/Cap (g) W100Se (g)
T1 5.246 + 0.221°% 69.933 + 5.482% 4.115 +0.275% 6.199 + 0.166"
T2 4.996 +0.312° 66.533 + 5.753% 3.561 + 0.388% 5.590 + 0.235°
T3 3.972 +0.315° 40.200 + 5.015° 1.770 £ 0.397° 4.013 +0.240°
Pr. > Diff (T1~T3) 0.000 0.000 < 0.0001 < 0.0001
Pr. > Diff (T1~T2) 0.427 0.663 0.161 0.013

Pr. > Diff (T2 ~ T3) 0.002 0.002 < 0.0001 < 0.0001

NCap/p: Number of capsules per plant; NSe/Cap: number of seeds per capsule; WSe/Cap: weight of seeds per capsule;
W100Se: Weight of 100 seeds; g: gram. Values with the same letters on a column mean that there are not significantly different

between treatments form statistical view point.

height of plants by 28% at fruiting and 30% at the end of
the life cycle. Our results corroborate those of Son (2010)
who observed a reduction in the height of sesame plants
(S. indicum) when they were watered to less than

50% SFC. On the other hand, at the vegetative stage, no
significant difference between water regimes was
observed. These results may be justified by the fact that
at the vegetative phase, measurements were made at 23
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days after the beginning of the imposition of deficit water
regimes, that is, 8 deficient water supplies; while at
fruiting and at the end of the life cycle, measurements
were made respectively at 44 and 83 days after the onset
of stress, respectively 15 and 28 deficient water supplies.
This assumes that water deficit has gradually increased
over time. In addition, water requirements of juvenile
plants are lower compared to their needs at reproductive
stage during which metabolic reactions requiring water
are higher. Based on our results, water treatment T3
(25% SFC) does not seem to favor the height growth of
okra genotypes after their vegetative stage. This
depressive effect of water stress on growth follows the
loss of turgor of cells. Water stress induced by water
supply at 50% SFC or 25% SFC did not have a
significantly reducing effect on the number of leaves per
plant at the vegetative stage as well as with fruiting in
okra genotypes studied. However, Meftah (2012) found a
decrease in number of leaves in cowpea grown under
water stress. Gorai et al. (2010) have noticed a significant
decrease in the number of leaves on a Medicago sativa
crop irrigated at 40% SFC compared to controls. These
results may be due to severe water stress suffered by
plants. The number of leaves is a genetic trait (Lorgeou
and Martin, 2005); therefore, it is not influenced by water
regime. Under restrictive water regime conditions, the
yield and its components were negatively impacted
compared to the control water regime. Indeed, our results
showed that the number of capsules per plant (NCap/P),
the number of seeds per capsule (NGr/Cap), the seed
weight per capsule (WSe/Cap) and the weight of 100
seeds (W100Se) were significantly reduced under water
conditions at 25% SFC. Ohashi et al. (2009) found a
significant decrease in seed vyield on a soybean crop
under water stress. According to Farooq et al. (2009), the
reduction of seeds replenishment is attributable to a
decrease in the distribution of photo assimilates between
different reserve organs. Any water stress negatively
affects key physiological phenomena such as
photosynthesis and translocation of photo assimilates,
which are directly related to fruits and seeds formation.
Indeed, the transport of photo assimilates across the
phloem plays a key role in crop productivity and yield
(Hopkins, 2014). The significant decrease in the yield of
capsules and its different components noted in the
treatment 25% SFC could be explained by the
concomitant reduction in plant height at the fruiting stage
and at the end of the cycle, but also by the decrease in
the number of capsules, leaves and leaves dimensions at
the time of fruiting.

Inter-genotypes comparison showed a reduction in the
number of capsules per plant by 47% for each of
genotypes L2 and KKO5, 17 and 5% respectively for
genotypes O2 and G259 under restrictive water regimes
25% SFC. On the other hand, under water regime 50%
SFC, these are genotypes B2, L2, and KKO5 recorded a
decrease in the number of capsules per plant of the order

of 3, 5 and 33% respectively. In general, genotypes B2
and G259 were tolerant of water restriction while
genotype KKO5 was the most sensitive to water deficit
for capsule yield. In addition, genotypes O2 and L2 were
less sensitive to water supply 50% SFC. This diversity in
sensitivity to water deficit can be attributed to climatic
zones where these genotypes are from. Indeed,
genotype KKO5 comes from the Sudan's worst-
weathered climate zone (> 900 mm rainfall/year) while
genotypes G259 and B2 come from respectively the
medium-watered areas (600 - 900 mm/year) and less
watered (<600 mm/year). These last two genotypes seem
already to be adapted to medium or low water regimes. In
addition, independently of water regime, genotype G259
produces fewer capsules per plant compared to other
genotypes. This result could be justified by an influence
of genetic factors rather than by the water factor which is
environmental. Processes involved in crop vyield
development are influenced by both genetic factors that
are intrinsic to the plant and environmental factors
(Radhouane et al., 2014).

Conclusion

From the results obtained, it appears that the restriction
of water supply to 25% SFC negatively affects not only
the height of plants at the fruiting stage and at the end of
the life cycle, the length and the width of the leave but
also, the vyield in capsules, seeds yield and its
components. In case of irrigated cultivation, restrictive
water supply can be applied at the vegetative stage of
okra, but these restrictive contributions should be avoided
during the reproductive stage, especially during flowering-
fruiting until full maturity. With regard to agronomic
parameters, under the water deficit induced by water
supply at 25% SFC, genotype KKO5 was the most
sensitive; however, genotype that has been less sensitive
was G259. In addition, genotypes 02, L2 and B2 showed
some tolerance to water restriction at 50% SFC for
capsules and seeds yields.
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