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ABSTRACT 

The study was carried out to determine the effects of different levels of water applications on the yield as well as 
proximate content of Abelmoschus esculentus at vegetative and reproductive stages of growth. Seeds of three 
varieties of okra utilized for the study were obtained from National Horticultural Research Institute, Ibadan, 
Nigeria. The seeds were sown in pretreated soil in a nursery and watered until the seedlings were fully established.  
The seedlings were later transplanted into seventy two plastic pots with holes bored at the bottom at the rate of three 
seedlings per pot. The seventy two pots were divided into two groups. The seedlings in the first group were subjected 
to different water applications at the vegetative stage while the second group was subjected to different water 
applications at the reproductive stage. At reproductive stage, number of fruits, fruit length and fruit diameter and 
fruit fresh weight were taken. Proximate contents of the plants were determined using standard methods.  The 
results obtained showed that in varieties Clemson and LD-88, water stress imposed at reproductive stage 
significantly reduced all yield parameters (number of fruits, fruit length, fruit diameter and fruit fresh weight). 
Crude fat and ash contents of Clemson were favoured by waters stress while the ash contents of LD-88 and NHle47-
4 were also improved by water stress imposed at reproductive stage. It can be concluded from the study that the two 
stages of growth were critical for maximum yield production as well as for high nutritional qualities of the three 
varieties of okra used. 
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_____________________________________________________________________________________________ 

INTRODUCTION 

Abelmoschus esculentus (L.) Moench is a highly 

nutritious vegetable crop belonging to the 

family Malvaceae (Diego et al., 2017). It is known 

in many English-speaking countries as lady's 

fingers. It originates from Ethiopia and is widely 

spread all over tropical, subtropical and warm 

temperate regions of the world (Sathish and 

Eswar, 2013). The most important production 

countries are Ghana, Burkina Faso and Nigeria 

(Raemaekers, 2001). Okra fruit is principally 

consumed fresh or cooked and plays an 

important role in human diet as a good source of 

protein, carbohydrates, vitamins, calcium, 

potassium, enzymes and total minerals which 

are often lacking in the diet of developing 

countries (Habtamu et al., 2014). Extracts from 

okra fruits also have various medical and 

industrial applications as emulsifiers, drug 

tablet formulations or blood plasma 

replacement, due to their high content in 

biopolymers, such as polysaccharides (mainly 

pectins), and bioactive compounds such as 

ascorbic acid and beta-carotene (Adetuyi and 

Osagie, 2011). 

Drought is a condition in which water content of 

the soil becomes too low or difficult for plant 

root to absorb in order to meet the physiological 

and biochemical activities of the plant. Drought 

stress can occur at two main developmental 

stages of crop growth: early drought (vegetative 

stage) and late drought (reproductive stage) 

(Seghatoleslami et al., 2007). When drought 

occurs at vegetative stage, assimilatory organs of 

plants are disturbed resulting in low 

photosynthetic production (Chaves et al., 2002). 

The result of this is a reduction in yield as a 
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result of decrease in the amount of assimilates 

available to the developing pod. 

In okra, reduction in water supply during 

growth and development leads to overall yield 

reduction mainly, particularly when time of first 

picking approaches (Yadev and Dhankhar, 

2002). 

This research was therefore aimed at 

determining the critical stage (Vegetative or 

reproductive) of water stress in the three 

varieties of okra used. It was also aimed at 

determining the effects of water stress at the 

vegetative and reproductive stages of growth on 

the nutritional values of the crop.  

MATERIALS AND METHODS 

Plant materials 

Seeds of three varieties of Abelmoschus esculentus  

(Clemson spineless, LD-88 and NHle47-4) 

utilized in this study were collected from 

National Horticultural Research Institute, 

Ibadan, Oyo State, Nigeria. The soil used in 

germination of seedlings was analyzed at the 

Bioscience Department of the Forestry Research 

Institute of Nigeria, Ibadan, Nigeria. The 

following physical and chemical properties of 

the soil were determined: particle size 

distribution (sand, silt and clay), pH, organic 

carbon, organic matter, total nitrogen, 

phosphorus, calcium, magnesium, potassium, 

sodium, iron, copper, manganese and zinc. The 

analyzed soil was air-dried and transferred into 

seventy two plastic pots with holes bored at the 

bottom to allow for water drainage during the 

course of the experiment. Each pot, 20 cm in 

diameter and 25 cm in height, was filled near 

brim with 15 kg of the analyzed soil. 

Eighteen plastic sieves were used in the 

germination of seeds. The sieves were filled near 

brim with the soil. Seeds of the three species of 

okra were sown at the rate of 50 seeds per sieve. 

The sieves were supplied with 500 mL both in 

the morning and in the evening until the 

seedlings became established. Seventeen days 

after sowing and when the seedlings were fully 

established, they were transplanted into 72 

plastic pots at the rate of three seedlings per pot. 

Treatments  

The study was a 3 x 4 x 2 x 3 factorial trial laid 

out in Randomized Complete Design. There 

were three varieties of okra, four levels of water 

applications, two stages of growth and three 

replicates. Vegetative stage, S
1 
= 17 -45 days after 

sowing and Reproductive stage S
2 

= 46 - 60 days 

after sowing. Treatments were applied at two 

stages of growth and development following the 

method of Okunlola et al., 2017 

The treatments were as follows: 

T
1
= watering with 200 mL of water in the 

morning and 200mL of water in the evening 

every day, 

T
2
= watering with 200 mL of water in the 

morning and 200mL of water in the evening at 

two days interval,  

T
3
= watering with 200 mL of water in the 

morning and 200mL of water in the evening at 

three days interval 

T4 = watering with 200mL of water in the 

morning and 200mL of water in the evening at 

five days interval. 

Determination of Proximate composition and 

calorific value 

Crude protein was calculated from Nitrogen (N 

x 6.25) obtained using the Kjeldahl method. 

Crude fat was determined by continuous 

extraction in a Soxhlet apparatus with 

petroleum ether. The crude fibre contents were 

determined according to the method of Van 

Soest (APHA, 1995). Incineration in a furnace at 
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550 ºC was used to determine the total ash 

content (Dubois et al., 1956). Total carbohydrates 

were calculated by difference (Manzi et al., 

2004). 

The data obtained from the study was subjected 

to a one-way analysis of data using Statistical 

Analysis Software (SAS) version 9.0. Significant 

means were separated using Fisher’s LSD at p ≤ 

0.05 probability level. 

RESULTS 

Physico-chemical properties of soil used 

The result of the physico-chemical properties of 

the soil used for this study showed that the pH 

of the soil was slightly alkaline (Table 1).  The 

result also revealed that the soil was rich in 

Nitrogen, organic carbon and other nutrients 

essential for plant growth and development.  

Effect of water stress on yield parameters of 

the three varieties of okra 

Results of the analysis of variance on the effect 

of water stress imposed at different stages of 

growth on the yield parameters of the three 

species of okra showed that some parameters 

were significantly affected by water stress while 

others were not. For Clemson spineless variety 

subjected to water stress at vegetative stage, the 

number of fruits, fruit length and fruit diameter 

of the control plants (W1) were significantly 

higher than those of the severely stressed plants. 

However, the fruit fresh weights of the plants in 

the different water applications were not 

significantly different from one another (Table 

2). However, when the plants were subjected to 

water stress at reproductive stage, the control 

plants (W1) recorded significantly higher values 

than the stressed plants in all the yield 

parameters studied (Table 2). In LD88 plants 

subjected to water stress at vegetative stage, the 

number of fruits, fruit length and fruit diameter 

of the severely stressed plants (W4) was 

significantly higher than those of the control 

(W1) while the fruit fresh weight of the control 

plants was significantly higher than those of the 

stressed plants (W4) (Table 3). Like what was 

observed when Clemson variety was subjected 

to water stress at reproductive stage, all the 

yield parameters of LD88 were significantly 

higher than those of the stressed plants (Table 

3). In Variety NHle47-4 subjected to water stress 

at vegetative stage, all the yield parameters of 

the control plants were significantly higher than 

those of the stressed plants (Table 4). The fruit 

fresh weight of the control plants was 

significantly higher than those of the stressed 

plants while other yield parameters were not 

significantly different from one another when 

the plants were subjected to water stress at 

reproductive stage (Table 4). 

Effect of water stress on proximate 

composition of the three varieties of okra 

In Clemson spineless variety, moisture content, 

crude protein and carbohydrate contents of 

control plants were significantly higher than 

those severely stressed in plants imposed with 

water stress at vegetative stage (Table 5). 

However, the crude fat contents of severely 

stressed plants were significantly higher than 

those of the control. Ash content and dry matter 

content were not significantly different (p ≥ 

0.05). Moisture content, crude protein, crude 

fibre and carbohydrate content of the control 

plants were significantly higher than the 

stressed plants when subjected to different 

water applications at reproductive stage while 

the ash contents and crude fat of the stressed 

plants were significantly higher than those of 

the control plants (Table 5). 

Moisture content of well watered plants in 

variety LD-88 was significantly higher than 

those of the stressed plants while crude protein 

and crude fibre of the stressed plants were 

significantly higher than those of the well- 

watered when subjected to different water 

applications at vegetative stage (Table 6). 
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Moisture and crude protein content of well- 

watered plants subjected to water applications 

at reproductive stage were significantly higher 

than those of the severely stressed plants while 

the crude fat of the  stressed plants were higher 

than those that were well-watered (Table 6). 

Moisture contents of control plants (W1) of 

Variety NHle47-4 had a significant higher value 

than those of the stressed plants when subjected 

to water stress at vegetative stage while the 

crude protein contents of the stressed plants was 

higher than those of the control (Table 7). When 

the plants were subjected to water stress at 

reproductive stage, the crude protein and 

moisture contents of well-watered plants were 

significantly higher than those of the stressed 

pants while the ash contents of the stressed 

plants were higher than those well-watered 

(Table 7). 

Table 1: Physical and chemical characteristics of soil used for the study 

Characteristic  Value 

pH in water (H2O) 7.69 
Organic carbon (g/kg) 1.26 
Organic matter (g/kg) 2.17 
Total Nitrogen %  0.11 
Clay (%) 13 
Silt (%) 4.5 
Sand (%) 82.5 

Phosphorus (mg/kg) 13.11 
Ca2+ (Cmol/kg) 2.59 
Mg2+ (Cmol/kg) 3.13 
K+ 0.06 
Na+ (Cmol/kg) 1.41 
Fe (mg/kg) 13 
Cu (mg/kg) 0.6 
Mn (mg/kg) 24.8 
Zn (mg/kg) 6.7 

 

Table 2: Effects of different water applications at different stages of growth on the yield parameters of 

Abelmoschus esculentus (Variety Clemson spineless) 

Treatment Number of 

fruits 

Fruit Fresh 

Weight (g) 

Fruit Length 

(mm) 

Fruit 

Diameter(mm) 

                                  Water stress imposed at vegetative stage 

W1 4.00a 9.33b 6.43a 3.77a 

W2 3.67a 12.31a 3.93b 2.60b  

W3 3.67a 6.23c 3.83b 1.90c 

W4 2.00b 8.06b 3.77b 2.30b 

                                  Water stress imposed at reproductive stage 

W1 4.33a 10.34a 4.33a 3.07a 

W2 5.00a 8.80b 4.33a 2.90a 

W3 4.33a 11.13a 3.70a 3.60a 

W4 1.33b 

 

3.44b 

 

1.87b 

 

1.30b 
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Means with the same letter within the same column are not significantly different at p > 0.05 

 

Table 3: Effects of different water applications at different stages of growth on the yield parameters of 

Abelmoschus esculentus (Variety LD 88) 

Treatment Number of 

fruits 

Fruit Fresh 

Weight (g) 

Fruit Length 

(mm) 

Fruit  

Diameter(mm) 

 Water stress imposed at vegetative stage 

 

W1 

 

2.67b 

 

10.15a 

 

2.47c 

 

1.57b 

W2 3.33a 7.76b 2.93c 1.83b 

W3 4.33a 5.74b 5.80a 2.93a 

W4 3.67a 6.33b 3.60b 2.43a 

                             Water stress imposed at reproductive stage 

W1 3.33a 8.49a 4.60a 2.97a 

W2 2.33b 6.48b 4.60a  2.78a 

W3 1.67 c  6.07b 3.20b  1.73b 

W4 2.00b 3.46 c 

 

2.43 c 

 

 1.57b 

 

Means with the same letter within the same column are not significantly different at P > 0.05 

Table 4: Effects of different water applications at different stages of growth on the yield parameters of 

Abelmoschus esculentus (Variety NHle47-4) 

Treatments Number of 

Fruit 

Fruit Fresh 

Weight (g) 

Fruit Length 

(mm) 

Fruit Diameter 

(mm) 

                                    Water stress imposed at vegetative stage 

W1 5.33a 9.85a 4.93a 3.03a 

W2 4.35b 9.31a 4.77a 2.97a 

W3  3.67c 7.92b 3.85b 2.24b 

W4 2.67d 7.90b 3.77b 2.23b 

                                    Water stress imposed at reproductive stage 

W1 3.00a  11.53a 4.20a 2.47a 

W2 4.67a 9.80b 4.93a 2.97a 

W3 4.67a 7.61c 4.27a 2.43a 

W4 

 

3.67a 

 

7.56 c 

 

4.93a 

 

2.43a 

 

Means with the same letter within the same column are not significantly different at P > 0.05 
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Table 5: Effects of different water applications at different stages of growth on the proximate contents 

(%) of Abelmoschus esculentus (Variety Clemson spineless) 

Treatments Ash Moisture Crude 

Protein 

Crude Fibre Crude 

Fat 

Dry 

matter 

Carbohydrate 

Water stress imposed at vegetative stage 

W1 20.70a 6.80a 12.25a 12.50c 2.60a 94.05a 65.20a 

W2 21.40a 6.51a 10.85a 13.10b 1.80b  93.89a 54.75b 

W3 23.10a 5.95b 9.80b 13.30b 2.30a  91.20b 49.85b 

W4 23.60a 5.83b 7.77c 14.10a 2.10a  90.17b 50.40b 

Water stress imposed at reproductive stage 

W1 20.55b 5.25a 10.22a 13.27a 1.00b 95.30a  65.83a  

W2 21.10b 4.70b 6.70b 11.80b 1.90a 94.75a 58.03a 

W3 25.70a 4.25b 6.10b 11. 85b 1.85a 94.25a  49.74b 

W4 27.30a 4.00b 7.50b 11.50b 1.71a 92.00b 59.99b 

Means with the same letter within the same column are not significantly different at P > 0.05 

Table 6: Effects of different water applications at different stages of growth on the proximate contents 

(%) of Abelmoschus esculentus (Variety LD 88) 

Treatments Ash Moisture Crude 

Protein 

Crude Fibre Crude Fat Dry 

matter 

Carbohydrate 

Water stress imposed at vegetative stage 

W1 22.23a 7.00a 8.10b 14.00b 2.70a 96.40a 52.90a 

W2 22.75a 4.80b 9.50b 12.75c 1.95a 96.20a 53.05a 

W3 24.10a 4.00b 13.50a 13.68b 2.50a 93.00b 46.22a 

W4 24.50a 3.60b 10.10a 15.30a 2.20a 92.40b 47.90a 

Water stress imposed at reproductive stage 

W1 22.00a 8.70a 10.68a 12.25a 1.70b 95.26a 52.57a 

W2 21.30a 6.75a 6.80b 12.68a 2.05a 94.05a 57.17a 

W3 24.70a 5.95b 6.04b 13.26a 2.15a 93.25a 53.85a 

W4 23.55a 4.74c 7.75b 12.80a 2.30a 91.30b 53.60a 

Means with the same letter within the same column are not significantly different at P > 0.05 
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Table 7: Effects of different water applications at different stages of growth on the proximate contents 

(%) of Abelmoschus esculentus (Variety NHle47-4) 

Treatments Ash Moisture Crude 

Protein 

Crude Fibre Crude 

Fat 

Dry matter Carbohydrate 

Water stress imposed at vegetative stage 

W1 23.30a 7.30a 8.75b 13.38a 2.170a 96.00a 52.40a 

W2 21.70a 6.50a 10.23a 12.26a 2.330a 94.10a 53.48a 

W3 22.35a  5.90a 9.47b 13.71a 2.680a 93.50b 51.79a 

W4 21.20a 4.00b 10.68a 13.58a 2.740a 92.00b 51.80a 

Water stress imposed at reproductive stage 

W1 24.10b 7.42a   11.55a 13.50a 1.70a 94.58a 49.15a 

W2 25.60b 6.04b 8.40b 14.70a  2.70a 94.35a 49.90a  

W3 22.20b 5.91b 8.10b 15.40a 2.10a   94.09a 54.35a 

W4 30.50a 5.65b 5.95c 14.50a 1.90a 93.96a 44.70a 

Means with the same letter within the same column are not significantly different at P > 0.05 

 

 

 

DISCUSSION 

Adequate water supply at both vegetative and 

reproductive stages of growth positively 

influenced production of okra. This was 

reflected in the increase in number of fruits per 

plant and the fruit fresh weight as well as fruit 

diameter in well-watered plants as compared to 

stressed plants. The reduction in number of 

fruits, fruit lengths and fruit diameter especially 

in Clemson spineless and LD-88 when exposed 

to water stress at reproductive stage was in 

agreement with what had been reported in 

previous studies in tomato and cotton (see Yaza 

et al., 2002). Khalil, 2004 reported that 

availability of water at reproductive stage 

directly affected yield parameters of okra. 

According to West (2004), water application 

increased fruit size and weight of fruit as 

compared to water stressed plants. Abbas (2007) 

also reported significant reduction in number of 

pods, pod length, pod yield of plant in okra 

plants exposed to water stress at reproductive 

stage. This reduction in yield parameters 

recorded when the plants were exposed to water 

stress at reproductive stage could be attributed 

to abortion of ovule and pollen sterility caused 

by shortage of water in the plant tissue 

(Seghatoleslami et al., 2007). 

The increase in ash, protein and fibre contents of 

water stressed plants compared to those of well- 

watered plants is in agreement with the findings 

of Bidwell (1979) and Hale and Orcutt (1987) 

who posited that plant synthesize special high 

molecular protein during water stress to assist 

them in resisting the effect of water stress. 

Similarly, Essafi et al.,( 2006 ) reported that water 

stress caused increased production of ash, 

protein and fibre in a species of shrub crop, 

Atriplex halimus  

The reduction in carbohydrate contents of 

Clemson spineless when subjected to water 

stress at vegetative and reproductive stages of 

growth is in line with the finding of Parida et al. 
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2007 and Ghaderi et al. 2006.  This reduction 

might be as a result of decrease in the rate of 

photosynthesis due to low water availability in 

plant tissues. The moisture content of the leaves 

of the study plants was significantly (p < 0.05) 

reduced by water stress (Table 2). This might be 

due to inadequate supply of water to the plants 

which invariably led to low water content in the 

plant tissues.  

In all the three varieties of okra and at the two 

different stages of growth, the reduced moisture 

content observed in severely stressed plants 

may be attributed to inadequate levels of water 

the plants were exposed to. This reduction in 

moisture content in response to water stress has 

been reported by Tang et al., (2008). In a 

previous study, Okunlola et al., (2017) showed 

that plants accumulate some high molecular 

substances in their cytoplasm to aid them in 

coping with effects of water stress. This could be 

responsible for a high ash contents recorded in 

stressed plants notably in varieties Clemson 

spineless and NHle47-4, especially at the 

reproductive stage of growth. The high ash 

contents of the stressed plants were an 

indication that the plants would provide 

essential valuable and useful minerals needed 

for body development (Gemede et al., 2015). 

Previous reports have also have shown that 

water stress caused increased production of ash, 

proteins and fibres in plants (Essafi et al., 2006). 

This could also be responsible for a significantly 

high crude protein, crude fibre and crude fat 

contents observed in LD-88 plants under water 

stress at vegetative stage of growth and 

development. The significant reduction in dry 

matter contents obtained in the three varieties of 

okra has been reported (Medrano et al., 2002). 

Water stress is known to affect leaf expansion 

and assimilation which might consequently lead 

to reduced stomata conductance and finally low 

biomass production. 

 

CONLUSION 

Water stress imposed at reproductive stage of 

growth and development significantly affected 

yield parameters of the three varieties of okra 

studied as compared to when the water stress 

was imposed at vegetative stage of growth and 

development. Interestingly, some yield 

parameters were improved by water shortage 

especially when the water stress was imposed at 

vegetative stage. Significantly, most proximate 

contents of the three varieties of okra were 

favoured by adequate water applications while 

some, like ash content and crude fibre, were 

increased by water stress. 
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