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ABSTRACT

Salinization of underground water resource is a 
major problem that contributes in fixing the agricultural 
productivity. The salt stressed plants have shown stunted 
growth pattern with minimal lifespan of leaves and net 
productivity. By looking at these features, an experiment 
was conducted to assess the salt stress outcomes of 
selected okra cultivars on shoot and root length, shoot 
and root weight, number of leaves and flowers  and 
chlorophylls ‘a’ and ‘b’ contents. The okra cultivars 
‘Haritha’, ‘EUOK 2’ and ‘MI 5’ were used for this study. 
Sodium chloride (100 mM) was used to create the salinity 
while, distilled water was used as the control. Salt stress 
significantly reduced the shoot and root length of all the 
tested okra cultivars. The lowest reduction (39.1 cm shoot 
length and 21.7 cm root length) was found in the ‘EUOK 
2’ cultivar. ‘MI 5’ showed the highest reduction (31.6cm 
shoot length and 15.6 cm root length). Salt stress also 
significantly reduced the shoot and root fresh weights 
of all the okra cultivars. The highest reduction (11.9 g 
shoot weight and 4.0g root weight) was found in the 
‘MI 5’ and ‘EUOK 2’ showed the lowest (16.3 g shoot 
weight and 6.6 g root weight) reduction. Salt stress also 
significantly reduced the amounts of chlorophylls ‘a’ 
and ‘b’ contents of okra cultivars. The highest reduction 
(0.73 mg g-1 chlorophyll ‘a’ and 0.03mg g-1 chlorophyll 
‘b’) was obtained in the ‘MI 5’ cultivar. ‘EUOK 2’showed 
the lowest (1.17 mg g-1 chlorophyll ‘a’ and 0.11mg g-1 
chlorophyll ‘b’) reduction. From these observations it 
was arrived that ‘EUOK 2’ cultivar of okra was able to 
maintain the physiological attributes relatively better than 
the other tested cultivars under salinity situation. ‘EUOK 
2’ therefore could be selected as the most salt tolerant okra 
cultivar which could thrive and perform successfully in 
the salt affected areas of the sandy regosols. 
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salinity stress, sandy regosols. 

1.INTRODUCTION

Most of cultivated plants are sensitive to salt stress 
in which NaCl-salinity involves modification of the 
morphological, physiological and biochemical processes 
[1]. These changes usually result in reduction of shoot 
[2] and restricted rooting [3]. Salt stress affects plant 
physiology at both whole plant and cellular levels through 
osmotic and ionic stress [4]. High concentration of salts 
in the root zone decreases soil water potential and the 
availability of water [5]. This deficiency in available 
water under saline condition causes dehydration at 
cellular level and ultimately osmotic stress occurs. 
The most important process that is affected by salinity 
is photosynthesis [6]. Reduced photosynthesis under 
salinity is not only attributed to stomatal closure leading 
to a reduction of intercellular CO2 assimilation but, also 
to non-stomatal factors like reduction in green pigments 
and leaf area. There is increasing evidence that salts 
affect photosynthetic enzymes, chlorophylls and ionic 
contents [7]. Okra (Abelmoschus esculentus L.) is a 
popular vegetable among both the consumers and farmers 
because it is rich in vitamins and minerals [8]. Although 
the area under okra has progressively increased during 
last few years, there is a decreasing trend in its yield per 
hectare [9]. This decline in optimum yield is due to the 
drastic effects of salts which are deposited in soil by the 
use of brackish underground water. Salinization of soils 
is one of the serious problems for irrigated agriculture 
and the situation is most severe in tropical regions [10]. 
High ratios of salts in root zone affect different processes 
like root density, root turgor pressure and its growth and 
ultimately create hindrance in water absorption   [11]. 
Okra plant at earlier growth stages is more sensitive to 
salinity [12], as it affects water relations and nutrient 
uptake of plants. While later on, the ionic stress in turn 
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reduces leaf expansion. During long term exposure to 
salinity, plants experience ionic stress, which can lead to 
premature senescence of adult leaves and thus reduction 
in photosynthetic rate is a common observation [13].

The present study was conducted to determine 
whether the shoot and root length, shoot and root fresh 
weight, number of leaves and flowers and chlorophylls 
‘a’ and ‘b’ contents could be used to differentiate between 
cultivars differing in apparent salt tolerance, to deal with 
the physiological responses exhibited as a result of salinity 
stress and to suggest the most salt tolerant okra cultivar 
that could be grown under salinity situation.

2.  MATERIALS AND METHODS

This experiment was conducted at the Agronomy farm 
of the Eastern University which is located at an elevation 
of 75 m above mean sea level in the Eastern Province of Sri 
Lanka. Studies were conducted during the ‘Yala’ season 
of the year 2014. The climate is warm (28-32°C) with an 
average annual rain fall of 1250 mm.

Okra (Abelmoschus esculentus L.) cvs. ‘Haritha’, 
‘EUOK 2’ and ‘MI 5’ were used for this study. The seeds 
were surface sterilized with sodium hypochlorite 0.5% 
(v/v) for 20 min. washed repeatedly with distilled water 
and were allowed to germinate in polyethylene bags filled 
with fine sand as growth medium. A number of three 
seeds per bag were sown initially but, after 15 days of 
germination, the plants were thinned out to one. 

Plants were grown in Hoagland solution under 
non saline conditions for 30 days after germination. 
Afterwards, the salt treatment was imposed. Sodium 
chloride was dissolved in distilled water to obtain the 
concentration of 0 (control) and 100mM and this solution 
was applied to create the salinity while half strength 
Hoagland solution was applied as nutrient medium. 
The treated plants were grown under saline condition. 
Irrigation along with half strength Hoagland solution 
was applied to the selected treatments according to the 
need of the plants by regularly observing the wetness 
extent of sand.

The experiment was carried out with six treatments 
and five replications and the treatments were as follows:

T1 = ‘Haritha’ cultivar of okra irrigated with distilled   
          water (Control)

T2 = ‘Haritha’ cultivar of okra irrigated with saline   
          water (100 mM NaCl)

T3 = ‘EUOK 2’ cultivar of okra irrigated with distilled   
           water (Control)

T4  = ‘EUOK 2’ cultivar of okra irrigated  with saline   

          water  (100 mM NaCl)

T5  = ‘MI 5’ cultivar of okra irrigated with distilled   
           water (Control)

T6  = ‘MI 5’ cultivar of okra irrigated with saline water   
         (100 mM NaCl).

The experiment was laid out in the Completely 
Randomized Design with 2 x 3 factor Factorial 
arrangements.

Growth Attributes

A number of four plants were randomly selected from 
each replicate of the treatments and were uprooted from 
the polyethylene bags. Measurements such as root length, 
shoot length, shoot weight (fresh) and root weight (fresh) 
were made. Root length was measured from the base of 
the shoot to the tip of the tap root and shoot length was 
measured from the base of the shoot to the tip of the plant. 
Fresh weights of the shoot and root were weighed in grams 
by a digital balance. Number of leaves and flowers were 
counted manually.  

Chlorophyll Determination

Four leaves representing four plants were randomly 
collected from each replicate of the treatments for the 
determination of chlorophyll. These leaves were sampled 
from the control and treated plants on the 15th day of 
salinity application. A quantity of 1g of fresh sub-sample 
leaves from the above sample was placed in a clean mortar. 
A quantity of 40ml of 80% (v/v) acetone was added and 
the tissues were ground to a fine pulp. The Extract was 
filtered by a Whatman No.1 filter paper. 

The pulp was ground repeatedly with fresh 30ml 
aliquot of 80% acetone. The second extract was filtered 
into the flask containing the first extract using a filter 
paper. The final volume of the filtrate was adjusted to 
100ml by adding sufficient amount of 80% acetone. The 
optical density of the chlorophyll extract was recorded by 
a spectrophotometer (Camspec, M330BT) using 10 mm 
cuvettes. The wavelengths used were 645nm and 663nm. 
A quantity of 80% acetone was used as the solvent blank. 

The amount of chlorophyll present in the extract was 
calculated on the basis of milligrams of chlorophyll per 
gram of leaf tissue by using the following equations:

mg chlorophyll a/g tissue = [12.7(D663) – 2.69 
(D645)] X  

mg chlorophyll b/g tissue = [22.9(D645)- 4.68 
(D663)] X  
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Where,

D = Optical density reading of the chlorophyll extract at  
         the specific wavelength
V  =   Final volume of the 80% acetone – chlorophyll   
           extract
W  =    Fresh weight of the tissue (g)
Statistical Analysis

The data were statistically analyzed using Analysis 
of Variance to determine the significance if any at the 
treatment level.  The differences between treatment means 
were compared using DMRT.

3. RESULTS AND DISCUSSION

It was found that there were significant differences 
between treatments in the shoot and root length, shoot and 
root weight,  number of leaves and flowers, chlorophylls 
‘a’ and ‘b’ contents of leaves of the selected okra cultivars.

 Shoot And Root Length

In the treatments where the salinity stress was imposed 
on plants, the shoot and root length on the 15th day of 
salinity application was significantly lower than the 
control values (Table 1).

It was also found that there were significant differences 
in the shoot and root length of salinity stressed okra 
cultivars. The highest shoot and root length were obtained 
in the ‘EUOK 2’ cultivar followed by ‘Haritha’ and ‘MI 
5’. The lowest value was found in the ‘MI 5’ cultivar. 
From these observations it could be stated that salinity 
stress decreased the length of shoot and root of selected 
okra cultivars. 

Table 1: Effects of salinity stress on the shoot and root 
length of selected okra cultivars on the 15th day of salinity 
application

Cultivars
Shoot length (cm) Root length (cm)

Control Salt stress Control Salt stress

‘Haritha’

‘EUOK 2’

‘MI 5’

(T1) 46.8a

(T3) 42.3 b

(T5) 38.2 c

 (T2) 35.3d

(T4) 39.1c

(T6) 31.6 e

(T1) 26.8a

(T3) 24.2b

(T5) 23.1b

(T2) 18.1 c

(T4) 21.7 b

(T6) 15.6 d

*Values in the same column followed by the same letter 
do not differ significantly (P<0.05).

*Values are the means of 20 plants in 5 replications. 

As pointed out by [14], salinity affects plant growth 
most dramatically during developmental stages. 
According to [15], salt stress significantly reduced the 

root and shoot length in all the tested okra cultivars. 

The highest shoot and root length observed in the 
‘EUOK 2’ shows its ability to withstand saline condition 
far better than the other two cultivars. Tolerance of this 
cultivar to salinity stress would have been an intrinsic 
characteristic feature. The lowest value obtained in the 
‘MI 5’ shows its susceptibility to salinity stress.

Shoot And Root Fresh Weight

In the treatments where the salinity stress was imposed 
on plants, the shoot and root fresh weights on the 15th day 
of salinity application were significantly lower than the 
control values. It was also found that there were significant 
differences in the shoot and root fresh weights of salinity 
stressed okra cultivars (Table 2).

The highest shoot and root weights were obtained in 
the ‘EUOK 2’ followed by ‘Haritha’ and ‘MI 5’ cultivars.  
The lowest value was found in the ‘MI 5’.  From these 
results it could be stated that salinity stress reduced the 
shoot and root fresh weights of okra cultivars. As stated 
by [16], salt stress significantly reduced the shoot and root 
fresh weights, transpiration rate and net CO2 assimilation 
of okra. [17] pointed out that the fresh and dry weights 
of the shoot system are affected, either negatively or 
positively by changes in salinity concentration, type of 
salt present or type of plant species. 

Table 2  Effects of salinity stress on the shoot and root 
fresh weight of selected okra cultivars on the 15th day of 
salinity application

Cultivars
Shoot weight (fresh) (g)  Root  weight (fresh) (g)

Control Salt stress Control Salt stress
‘Haritha’

‘EUOK 2’

‘MI 5’

(T1) 21.7a

(T3) 19.6 a

(T5) 23.1a

(T2) 14.4c

(T4) 16.3b

(T6) 11.9d

(T1) 5.8c

(T3) 7.9a

(T5) 6.7b

(T2) 5.1c

(T4) 6.6b

(T6) 4.0d

*Values in the same column followed by the same letter 
do not differ significantly (P<0.05).

*Values are the means of 20 plants in 5 replications.

The highest weight observed in the ‘EUOK 2’ cultivar 
shows its ability to withstand salinity stress relatively 
better than the other two cultivars. ‘MI 5’ shows its weak 
affinity towards salinity stress. The performance of 
‘Haritha’ was in between the above two cultivars.

Number Of Leaves And Flowers

In the treatments where the salinity stress was imposed 
on plants, the number of leaves and flowers on the 15th 
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day of salinity application were significantly lower than 
the control values (Table 3).

Table 3:  Effects of salinity stress on the number of leaves 
and flowers of selected okra cultivars on the 15th day of 
salinity application                                                 

Cultivars Number of leaves Number of flowers

Control Salt stress Control Saltstress
‘Haritha’

‘EUOK 2’

‘MI 5’

(T1) 14.3 a

(T3) 16.1 a

(T5) 9.7 b

(T2) 8.2b

(T4) 14.5a

(T6) 5.6c

(T1) 9.7b

(T3) 11.3a

(T5) 6.2c

(T2) 7.1c

(T4) 9.8b

(T6) 4.7d

*Values in the same column followed by the same letter 
do not differ significantly (P<0.05).

*Values are the means of 20 plants in 5 replications.

It was noted that there were significant differences in 
the average number of leaves and flowers of the salinity 
stressed okra cultivars. According to [18], the harmful 
influence of salinity on leaf number increases with the 
increase in sodium chloride concentration. As stated by 
[19], the treatment of sodium chloride reduced the number 
of leaves compared with control plants. The decrease of 
leaf numbers may be due to the accumulation of sodium 
chloride in the cell walls and cytoplasm of the older leaves. 
At the same time, their vacuole sap cannot accumulate 
more salt and thereby decreases the concentration of salt 
inside the cells, which ultimately leads to their quick 
death and cut down.

The highest number of leaves and flowers were found 
in the ‘EUOK 2’. ‘MI 5’ showed the lowest number and 
‘Haritha’ was in between these two cultivars. From these 
observations it could be arrived that ‘EUOK 2’ was able to 
retain comparatively more number of leaves and flowers 
with them than the other two cultivars. This ability would 
have been a salinity tolerant feature of this cultivar. ‘MI 5’ 
was unable to retain more number of leaves and flowers, 
thereby exhibited salt susceptibility.

Chlorophylls ‘a’ and ‘b’

In the treatments where the salinity stress was imposed 
on plants, the chlorophylls ‘a’ and ‘b’ contents on the 15th 
day of salinity application were significantly lower than 
the control values (Table 4). 

It has been observed from the results that there were 
significant differences in the chlorophylls ‘a’ and ‘b’ 
contents of okra plants which were exposed to salinity 
stress. The highest amounts of chlorophylls ‘a’ and ‘b’ 
were obtained in the ‘EUOK 2’ and the lowest amount 
was received by the ‘MI 5’. ‘Haritha’ showed the value 

in between the above two cultivars. 

From these observations it could be stated that salinity 
stress reduced the chlorophylls ‘a’ and ‘b’ contents of okra 
cultivars. The results regarding a decrease in chlorophylls 
‘a’ and ‘b’ contents agree with what [20] reported, that 
the exposure of barley (Hordeum vulgare L.) to zero, 
120 and 240 mM of sodium chloride led to the decrease 
in chlorophylls ‘a’ and ‘b’ contents. Moreover, [21] in 
their study on Paspalum vaginatum (L) reported that 
chlorophylls ‘a’ and ‘b’ decreased with the increase of 
salt concentrations. 

Table 4  Effects of salinity stress on the chlorophylls ‘a’ 
and ‘b’ contents of selected okra cultivars on the 15th day 
of salinity application

Cultivars

Chlorophyll ‘a’

 (mg g-1)

Chlorophyll ‘b’ 

(mg g-1)

Control Salt stress Control Salt stress

‘Haritha’

‘EUOK 2’

‘MI 5’

(T1) 1.21b

(T3) 1.34a

(T5) 1.07c

(T2) 0 .94c

(T4) 1.17b

(T6) 0.73d

(T1) 0.09c

(T3)0.16a

(T5) 0.08c

(T2) 0.06d

(T4) 0.11b

(T6) 0.03e

*Values in the same column followed by the same letter 
do not differ significantly (P<0.05).

*Values are the means of 20 plants in 5 replications.

The green pigment chlorophyll is vital for photosy 
nthesis and absorbs the light. The excessive amount of 
salt/ions (Na and Cl) within the leaf tissue may disturb 
the cellular metabolisms and cause degeneration of 
cell organelles and it leads to the destruction of green 
pigments. 

The highest amounts of chlorophylls ‘a’ and ‘b’ found 
in the ‘EUOK 2’ under salinity condition exhibits better 
salt tolerance of this cultivar compared to the others. 
‘MI 5’ was unable to maintain sufficient amounts of 
chlorophylls ‘a’ and ‘b’ contents which perhaps be due 
to its susceptibility to salinity stress.

4. CONCLUSIONS

This study determined the extent to what the growth 
physiological attributes such as shoot and root length, 
shoots and root fresh weight, number of leaves and flowers 
and chlorophylls ‘a’ and ‘b’ contents were affected by 
salinity stress. The responses were manifested and the 
degree of salinity tolerance of the selected okra cultivars 
was evaluated. ‘EUOK 2’ okra cultivar showed the 
highest growth attributes compared to the others. The 
growth performance of ‘MI 5’ was inferior to ‘EUOK 
2’ and ‘Haritha’ cultivars. It was therefore concluded 
that ‘EUOK 2’ was the most salt tolerant okra cultivar 
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among the tested ones which could be recommended for 
cultivation in the salt prone areas of the sandy regosols.
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