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Abstract

Kareem, I., Dauda, Z., Kareem, S., Abdulmaliq, S. Y., Adekola, O. F., Abdulkareem, K. A., Olayinka, 
B. U.,Ayinla, a., Yusuf, A., Magaju, U., Rabileh, M. (2020). Effect of salinity stress on growth, yield 
and nutritional qualities of two okra varieties. Bulgarian Journal of Soil Science Agrochemisty and 
Ecology, 54(3), 52-63.

The objective of this study was to determine the effect of salt stress on the growth yield and nutri-
tional quality of two okra varieties. The experiment was laid out in randomized complete block design 
(RCBD) with three replications. Clemenson spineless NHA-e varieties of okra were the two varieties 
tested. The treatments used comprised four salinity levels (0 mM, 25 mM, 50 mM, and 75 mM) us-
ing sodium chloride as the salinity source. The varieties were assessed using plant height, number of 
leaves, leaf area, days to first flowering and fruit weight. Furthermore, moisture, carbohydrate, crude 
protein, crude fat, ash and crude fiber contents were used to assess the fruit nutritional qualities. The 
results showed that Clemenson spineless variety had better tolerance to salinity stress in plant height, 
days to flowering, fruit mass, ash content and crude protein content. However, NHA-e variety was 
more tolerant in fruit dry matter, crude fibre content, carbohydrate content and ether extract content. 
It is concluded that Clemenson spineless was more tolerant to salinity stress than NHA-e variety. 
Therefore, Clemenson spineless variety should be used in saline areas of Ilorin which is the northern 
guinea savannah zone of Nigeria and places with the same edaphic and climatic attributes.
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Introduction 

Okra (Abelmosuchus esculentus) is an economi-
cally important vegetable crop grown in tropical 
and subtropical part of the world. It is one of the 
most utilized species of the family Malvaceae. 
Okra is a multipurpose crop due to its various uses 
of the fresh leaves, buds, flowers, pods, stems and 
seed. It can be serve as a source of carbohydrate, 
fats, vitamins, and various mineral. Also, okra 
polysaccharide lowers cholesterol level in blood 
and may prevent cancer by its ability to bind bile 
acids. Moreover, Okra seed possess blood glucose 
normalization and lipid profiles lowering action 
in diabetic condition (Sabitha et al., 2011).

In spite of having good nutritional value, it’s 
per hectare yield is low. Although the area under 
okra has progressively increased during the last 
few years, there is a decreasing trend in its yield 
per hectare (Anonymous, 2008). This could be 
as a result of abiotic and biotic stresses like heat, 
cold, drought and salinity but salinity stress exerts 
more drastic effects in terms of low productivity 
(Munns, 2002).

Salinity is defined as the amassment of water-
soluble salts in the top layer of the soil to a level 
that drastically affect crop production (Rengasamy, 
2002). Salinity is one of the most serious factors 
limiting the productivity of agricultural crops, 
with adverse effect on germination, plant vigour 
and crop yield (Munns & Tester, 2008). 

Salinization of soils is one of the serious prob-
lems for irrigated agriculture and the situation 
is most severe in tropical regions (Khan et al., 
2003). Globally, more than 45 million hectares 
of irrigated land have been damaged by salt and 
about1.5 million hectares are taken out of produc-
tion each year as a result of high salinity level in 
the soil (Munns & Tester, 2008). High salinity 
affects plants in form of water stress, ion toxicity, 
nutritional disorder, oxidative stress, alteration 
of metabolic processes, membrane disorganiza-
tion, reduction of cell division and expansion, 
genotoxicity (Hasegawa et al., 2000). Together, 
these effects reduce plant growth, development 
and survival.

Salinization from irrigation water is also greatly 

increased by poor drainage and use of saline water 
for irrigating agricultural crop. It is estimated that 
up to half of irrigation schemes worldwide are 
salt affected (Flowers & Yeo, 1995). Salt stress 
affects plant at both whole plant and cellular 
levels through osmotic and ionic stress (Murphy 
& Durako, 2003). It has also been noted that sa-
linity stresses affect plants in two ways: first the 
high concentrations of salt in soil makes it harder 
for shoot to extract water (osmotic stress) and 
secondly high concentrations of salt within the 
plant can be toxic (ionic stress) (Munns, 2002). 
Meanwhile, high salt content reduces growth and 
productivity by affecting physiological processes 
like modification of ion balance, water status, 
mineral nutrition, stomatal conductance behavior 
and photosynthesis efficiency (Munns, 1993). In 
the same vein, non-absorption of water by plant 
growing in saline water results in physiological 
drought or dryness within the plant.

Abiotic factor like salinity stress affects the nutri-
tional values of okra. The nutritional characteristics 
include fibre, moderate levels of some essential 
mineral (magnesium and iron) and vitamins (A 
and K) which are important for body metabolic 
processes that utilize carbohydrates, protein and 
fat. It doesn’t contain fat or cholesterol but rich 
in soluble fibre. 

During the onset and development of salt 
stress within plant, all major processes such as 
photosynthesis, protein synthesis as well as energy 
and lipid metabolism are affected (Parida & Das, 
2005). During the initial exposure to salinity, plant 
experiences water stress, which in turn reduces 
leaf expansion. The osmotic effect of salinity 
stress can be observed immediately after salt 
applications and are believed to continue for the 
duration of exposure, resulting in inhibited cell 
expansion and cell division as well as stomatal 
closure (Flowers, 2004, Munns, 2002). During the 
long-term exposure to salinity, plant experience 
ionic stress which leads to premature senescence 
of adult leaves and consequently reduction in the 
photosynthetic area available to support contin-
ued growth of plants (Cramer & Nowak, 1992). 
All these physiological changes can affect the 
nutritional components of the fruit. 
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Seeds from Sabz Pari, Punjab-8 of Okra (Albe-
muscus esculentus) varieties, grown under similar 
environment, had different nutritional contents- 
moisture content 7.26, 8.35%; ash 5.18, 6.23%; 
oil 11.72, 13.42%, protein 20.00, 23.68% and 
crude fiber 29.60, 27.41%, respectively (Anwar 
et al., 2011).

Soil salinity is one of the major constrains 
in the development of irrigated agriculture in 
humid, arid, and semi-arid regions in the world. 
Each year, about 40000 ha of land becomes un-
available for agricultural production because of 
salinization problems throughout the world. In 
addition to that, report prepared by specialized 
agencies of the United Nations indicates that 
about 50% of the irrigated area of the world is 
either salinized or has been potentially affected 
by salinity. Furthermore, about 2% of the lands 
farmed by dry-land agriculture, and more than 
45 million hectares of irrigated land (at least 
20% of total irrigated acreage) have been already 
damaged by salt (Lauchli et al., 2008). However, 
these problems are more severe in arid and sub-
arid regions since precipitation is not sufficient 
and water supplies are also scarce as compare 
to the needs of cultivable land (Lamsal et al., 
1999). Therefore, this research was conducted to 
determine the effect of salt stress on growth, yield 
and nutritional qualities of two okra varieties to 
select a better variety for saline soils.

Materials and Methods

Experimental site
This research was conducted at the Agronomy 

pavilion, Faculty of Agriculture, University of 
Ilorin (Lat 8029’N, 4035’E) which falls within 
the Southern Guinea Savanna ecological zone 
of Nigeria.
Soil collection and treatment application

The soil used in this experiment was collected 
from a fallow land located behind the Department 
of Agronomy pavilion, University of Ilorin at the 
depth of 0-15cm. Each of the experimental pots 
was filled with 7kg of the soil. Clemson spine-
less and NHA-e varieties of okra were used for 
the trial.

Experimental materials and design
Clemson spineless and NHA-e varieties of okra 

were used in this experiment. Four concentrations 
of sodium chloride (0 mM (control), 25 Mm, 50 
Mm and 70 Mm sodium chloride) were used as 
treatments for each variety. Four treatments used 
for each variety was replicated three times to 
give a total of 12 of 12 experimental pots/units 
per variety. Therefore, the sum total of all the 
experimental pots was 24. All the experimental 
pots used were perforated at the bottom to allow 
for drainage of gravitational water. The lay out of 
the experiment was randomized complete block 
design with three replications. 
Planting and cultural practices

Five seeds of each okra varieties used were 
planted in pots well-irrigated a day to planting. 
The resulting seedlings were thinned to 2 per pot 
15days after planting. Each pot was irrigated every 
other day to avoid water logging. Weed control 
was through hand pulling to keep the plants weed 
free. DD-force insecticide was used to rid the 
plants of white flies’ invasion.
Data collection

Data were collected on plant height, number of 
leaves, days to first flowering, number of fruits per 
pot and fruit mass per pot.  Proximate analysis of 
the harvested fruits was carried out as follows:
Moisture determination

2g of plant material was weighed into empty 
moisture can of known mass(Wo) and the mass 
of the two materials was recorded as W1. The 
sample was then dried in a hot-air drying oven at 
105-110o C until a constant mass was achieved. 
The sample was then cooled in a desiccator and 
the mass of moisture can plus dry plant sample 
was determined and recorded as W2. Percentage 
of moisture was calculated as follows:

%Moisture =  (W1-W2)/(W1-W0)×100

Preparation of sample for proximate analysis
Dried samples of leaves were ground into fine 

powder. From the ground samples, crude fat, 
crude protein, crude fibre and ash contents were 
determined as follows:
Crude Protein Determination



55

This was done using Kjeldahl method described 
by Chang (2003). In this method, total nitrogen 
was determined and multiplied by 6.25 to obtain 
crude protein content of plant samples. 0.5 g of 
each plant sample was mixed with 10ml of H2SO4 
in a digestion flask. A tablet of selenium was then 
added to the mixture and the resulting mixture was 
heated under a fume cupboard until the mixture 
turned to a clear solution (sample digest). The 
digest was made up to 100 ml using distilled 
water and kept in a volumetric flask. 10ml of 
the digest was mixed with equal volume (10 ml) 
of 45% sodium hydroxide solution of Kjeldahl 
distillation apparatus. The mixture was distilled 
into 10 ml of 40% boric acid containing three 
drops of mixed indicators (bromo cresol green 
and methyl red). A total of 50ml distillate was 
collected and titrated against 0.02N EDTA until 
the colour turned from green to deep red (the end 
point). Reagent without plant sample (blank) was 
also distilled and titrated. The nitrogen and crude 
protein contents were then calculated using the 
following formula:

%Crude Protein= %N x6.25
W= Mass of sample (0.5 g)
N= Normality of titrant (0.02N H2SO4)
Vt= Total digest volume (100 ml)
Va= Volume of analyzed digest (10 ml)
T= Sample titre value
B=Blank titre value
Note: 1ml of 1N H2SO4 =14 mg

Determination of crude fat
The determination was through gravimetric 

method described by Krick and Sawyer (1980). 5 
g of plant sample was wrapped in a porous paper 
(whatman filter paper) and put in a thimble. The 
thimble was put in a soxlet reflux flask and mounted 
on weighed extraction flask (W1) containing 
200 ml of petroleum ether. The upper part of the 
reflux flask was connected to a water condenser. 
The solvent (petroleum ether) was heated to boil, 
vapourize and condense into soxlet reflux flask. 

Through this process the sample in the thimble 
was shortly covered with the solvent after it was 
put there until soxlet reflux flask was filled and 
then siphoned. The oil extract was carried down 
to the boiling flask. This process was allowed to 
go on repeatedly for four hours before the defatted 
sample was removed. The solvent was recovered 
and the oil extract was left in the flask. The flask 
containing the oil extract was dried in an oven at 
60oC for 30 minutes to remove any remove any 
residual solvent. The flask was then cooled in a 
desiccator and weighed (W2). The mass of oil 
(fat) extract was determined as follows:

Where:
W1=Mass of empty extraction flask
W2=Mass of flask + Oil (fat) extract
Determination of Total Ash Content

This was determined through furnace incinera-
tion gravimetric as described by James (1995) and 
AOAC (1984). 5.0 g of prepared plant sample 
was weighed into a porcelain crucible of mass 
W1. The sample was burnt to ashes at 550oC in 
a muffle furnace. After it has completely burnt 
into ashes, it was cooled in a desiccator and the 
mass of the crucible and ash was determined and 
recorded as W2. Percentage of ash in the sample 
was determined as follows:

Where:
W1=Mass of empty extraction flask
W2=Mass of crucible + Ash
Determination of crude fibre

This was determined by the procedure de-
scribed by James (1995). 5.0 g of the prepared 
plant sample was weighed and boiled in 150 ml 
of 1.25% H2SO4 solution for 30 minutes under 
reflux. The boiled sample was washed in several 
portions of hot water using a two-fold cloth to 
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trap plant particles. The sample was returned to 
the flask and boiled again in 150 ml of 1.25% 
sodium hydroxide for 30 minutes under the same 
condition. After the sample was washed in several 
portions of hot water, the sample was allowed 
to drain and dry before being transferred into a 
weighed crucible where it was dried to a constant 
mass at 105oC using an oven. The mass of crucible 
+ the dry sample was recorded as W2.  The dried 
sample was then transferred into a muffle furnace 
and burned into ashes. Percentage of crude fibre 
was determined as follows:

Where:
W2=Mass of crucible + sample after washing, 
boiling and drying
W3=Mass of crucible + Sample of ash
Carbohydrate determination (Using Nitrogen 
Free Extraction (NFE) Method)

The nitrogen free extraction (NFE) refers to 
soluble carbohydrate which is not determined di-
rectly but obtained as a difference between crude 
protein and the sum of ash, protein, crude fat and 
crude fiber. NFE is calculated as follows:

NFE = 100- (%Ash+ % Crude fiber+ %Crude 
protein+ % Crude fat).

Statistical analysis
All the data obtained were subjected to analysis 

of variance (ANOVA) using GENSTAT package. 
Significant means were separated using least 
significant difference (LSD) at P≤0.05.

Results and Discussion

Salinity stress led to progressive decrease in 
height of Clemenson spineless okra variety from 
the control plants that had the tallest plants to the 
plants stressed with application of 75 mM NaCl. 
The closest plants in height to the control plants 
were from plants stressed with application of 25 
mM NaCl. In variety NHA-e, however, there was 

progressive increase in height except for plants 
stressed with application of 50 mM NaCl which 
had the shortest plants to distort the trend of height 
increase with increase in salinity stress. So, the 
tallest plants were from plants stressed with ap-
plication of 75 mM NaCl while the shortest plants 
were from the plants stressed with application of 
50 mM NaCl (Table 1).

The growth of Clemson spineless variety 
decreased as salinity level decreased showed 
clearly that they were affected by salinity stress. 
The depressed growth might be attributed to toxic 
effect of Na+ and Cl- ions on plant metabolism 
and plant-water relation (Nahed et al., 2017). 
Furthermore, reduction in vegetative growth by 
salinity stress could be linked to alteration of 
water potential, increase in ion toxicity, obstruc-
tion of cell division and expansion as well as 
ion imbalance (Arshi et al., 2005). Moreover, 
growth reduction could be the result of inhibi-
tion of apical growth and endogenous hormonal 
imbalance caused by salinity stress (Younis et al., 
2010). Similarly, reduced plant height caused by 
salinity stress might be caused by reduced cell 
division resulting from osmotic stress of saline 
soil solution. It might equally be the result of 
inability of getting sufficient water and nutrient 
needed for cell elongation and enlargement as a 
result of physiological dryness experienced by the 
plants. This might have had consequential effect 
on photosynthate production because water and 
some nutrients like potassium and chlorine are 
needed for successful photosynthetic activities. 
With less photosynthate production, transloca-
tion to the growing areas becomes a great diffi-
culty and, therefore, growth is checked. This was 
manifested in reduced plant height found in this 
work. Moreover, salinity might have disturbed 
the capacity of roots to extract water or salinity 
resulted in toxicity which caused inhibition of 
many physiological and biochemical processes like 
as nutrient uptake and assimilation (Hasegawa et 
al, 2000; Munns, 2002). All these effects reduce 
plant growth, development and survival. 

However, NHA-e variety still displayed its 
tolerance to the imposed salinity stress. This might 
be attributed to cell membrane stability and lower 
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osmotic potential of the cells which led to influx 
of water from the surrounding soil into the roots 
for biochemical and physiological use. In addition 
to that, it could equally be a result of the ability of 
the cultivar to sequester salt in its body. Therefore, 
the plants grew without being affected.

Number of leaves per plant was not affected 
by salinity stress except at the highest level of 
salinity stress (75 mM NaCl) in both varieties 
tested.  For both Clemson spineless and NHA-e 
varieties, leaves produced per plant increased from 
the control plants to the plants stressed with 50 
mM NaCl and then a decline in plants stressed 
with 75 mM NaCl. Salinity stress with 50 mM 
NaCl induced production of highest number of 
leaves in both varieties used (Table 1). 

There was a direct relationship between salinity 
and number of leaves. This implies that increase 
in the concentration of salts led to increase in the 
number of leaves. However, an interesting decrease 
in the number of leaves in both varieties was re-
corded at 75 mM. This might be because plants 
faced with the problem of salinity experienced 
a change in cell wall properties, leaf turgor and 
photosynthetic rates which then led to reduction 
in number of leaves produced. In the same vein, 
reduction in number of leaves could have resulted 

from reduced turgor or reduction in extensibil-
ity of cell walls (Neumann, 1993). The problem 
could still be due to water stress in the short run 
and ion toxicity in the long run (Yeo et al., 1991). 
This reduction in number of leaves can be seen as 
an avoidance mechanism which occurs so as to 
reduce water loss by transpiration. This reduction 
in water loss by transpiration is also capable of 
limiting accumulation of the salt ions in the shoot 
by favouring the retention of toxic ions in the roots 
(Munns & Tester, 2008). Finally, it can be said that 
salinity stress up 50 mM NaCl induced better leaf 
production and only at 75mM that salinity effect 
started hampering leaf production. This might be 
attributed to cell membrane stability and lower 
osmotic potential of the cells which led to influx 
of water from the surrounding soil into the roots 
for biochemical and physiological use. In addition 
to that, it could equally be a result of the ability of 
the cultivar to sequester salt in its body. It might 
equally be suggested that there was higher water 
uptake in the plants when they were stressed with 
25 and 50 mM NaCl. Consequentially, increase in 
water uptake capacity allowed the ion dilution to 
prevent toxic level in cytosol (Chelli-Chaabouni 
et al., 2010). Therefore, the plants grew without 
being affected. 

Table 1. Effect salinity stress on height and number of leaves of two okra varieties

Treatment Plant      Height(cm) Number of Leaves(no/plant)
               Clemenson spineless        NHA-e Clemenson spineless     NHA-e
Control 33.7 22.0 5.33 5.33
25 mM NaCl 33.0  22.7 6.00 6.33
50 mM NaCl 24.7 16.0 6.33 6.67
75 mM NaCl 24.7 26.3 5.00 4.00
LSD (0.05) ns ns ns ns
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Salinity stress delayed flower production in 
the two okra varieties tested. The duration of 
delay in NHA-e variety was more than that of 
Clemson spineless variety when compared to the 
control. The NHA-e flowered earlier than Clemson 
spineless. Despite that, the plants from NHA-e 
were more affected by salinity stress in terms of 
delay in flower production than Clemson spine-
less variety which flowered late. The duration of 
delay between the control plants and the plants 
stressed with highest level of salinity stress was 
5 days in Clemson spineless variety and 14 days 
in NHA-e (Table 2).

This might have been caused by delay in 
growth and development occasioned by salin-
ity stress. It, therefore, took longer days for the 
plants to transit from vegetative to reproductive 
stage. The delay in growth and transition to the 
reproductive stage could be attributed to a decrease 
in carbon assimilation due to stomatal limitation 
and/or metabolic impairment (Hajiboland et al. 
2014). Moreover, the reduction in plant growth 
under saline conditions might be the result of 
direct inhibition of cell division and expansion 
(Zhu, 2001; Munns, 2002). The number of fruits 
produced by all the varieties used was generally 
affected by the level of salinity imposed. All the 
varieties produced the same number of fruits with 
the control at all levels of salinity stress imposed 
with the exception of salinity through 75 mM NaCl 
for Clemson spineless variety and 50mM NaCl 
for NHA-e variety. These occurrences could be 
by chance. The most amazing result was that of 
the control that equally had the same number of 
fruits with the stressed plants (Table 2).

This reduction of yield and yield components 
under salt stress may be attributed to low cell 
expansion, less photosynthetic rate and leaf se-
nescence (Wahid et al. 1997). Furthermore, the 
growth of salt-stressed plants is mostly limited 
by the osmotic effect of salinity irrespective of 
their capacity to exclude salt and it results in re-
duced growth rate and low stomatal conductance 
(Fricke et al. 2004; James et al., 2008).  As the 
concentrations increase, the yields move towards 
zero because most plants (glycophytes) will not 
grow in high salinity condition and are severely 

inhibited or even killed at very high salinity level 
because they have evolved under low salinity 
conditions and cannot tolerate high salinity stress 
(Munns et al., 1986).

The mass of individual fruits was negatively 
affected with progressive increase in salinity level. 
There was progressive decrease in fruit mass from 
the control plants to the plants stressed with 50 
mM NaCl after which there was a surge in fruit 
mass for both varieties when the highest level of 
salinity (75 mM NaCl) was imposed (Table 2).
Reduction in yield could be attributed to reduction 
in the parameters discussed earlier. This could 
be linked to action of salinity to induce Fe2+, K+, 
and Ca2+ deficiencies (Singh et al., 2004) which 
resulted in yield losses (Hunshal et al., 1991). 
Also, salinity stress can cause decreased seed 
germination, seed growth, and dry matter produc-
tion (Nautiyal et al., 1989). 

It is general that salt stress lead to reduction 
of crop yield which is the most noticeable effect 
in agriculture. This is also noticeable in almost 
all plant species with the exception of some 
halophytes. For instance, application of 250 
mM NaCl decreased yield by 77, 73 and 66% in 
BARI mung-2, BARI mung-5 and BARI mung-6 
respectively compared to the control (Nahar & 
Hasanuzzaman (2009)).

The ash content of Clemenson spineless vari-
ety increased with increase in salinity level until 
the peak of salinity stress (75 mM NaCl) when 
there was a sudden drop in ash content. In NHA-e 
variety, however, there was progressive decrease 
in the ash content from the control to the highest 
level of salinity stress (75 mM NaCl) (Table 3).

The ash content signifies the level of miner-
als in the fruits. The improvement in the mineral 
nutrient resulting from salinity stress of variety 
Clemenson spineless could be attributed to balance 
in soil nutrients which guaranteed even absorption 
of nutrients without antagonism as the case may 
be in NHA-e variety is involved. Furthermore, 
increase in salinity stress in NHA-e variety led 
progressive inhibition of mineral uptake by the 
plants. This then resulted in having low ash content 
which is an indicator of the amount of minerals 
absorbed by the plants.
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Table 2. Effect salinity stress on days to first flowering, number of fruits per pot and fruit mass per pot of 
two okra varieties

Treatment Days to First 
Flowering(days)

Number of Fruits/Pot Fruit Mass(g/pot)

Clemenson Clemenson Clemenson
spineless NHA-e spineless NHA-e spineless NHA-e

Control 45 41 1 1 16.0 14.1
25 mM NaCl 47 50 1 1 14.4 8.9
50 mM NaCl 47 52 1 2 8.3 8.3
75 mM NaCl 50 55 2 1 13.0 13.0
LSD(0.05) Ns ns ns ns ns ns

Table 3. Effect salinity stress on ash, carbohydrate and crude fibre contents of two okra varieties

Treatment Ash Content (%) Crude Carbohydrate Content (%) Fibre Content (%)
Clemenson Clemenson Clemenson

spineless NHA-e spineless NHA-e spineless NHA-e
Control 1.57 1.50 57.8 50.95 24.4 20.0
25 mM NaCl 1.86 1.90 38.1 52.56 21.2 26.2
50 mM NaCl 3.18 1.42 54.7 69.34 26.5 14.0
75 mM NaCl 1.10 1.23 61.6 55.85 22.0 28.3
LSD(0.05) 0.639 1.02 ns 4.438 ns 3.85

The carbohydrate content of Clemenson spine-
less variety was decreased by stressing the plants 
with the 25 and 50 mM NaCl. However, the car-
bohydrate content of plants stressed with 75 mM 
NaCl had a surge which made it the carbohydrate 
content above the content of the control plants. 
In summary, the highest carbohydrate content 
was from the plants stressed with 70 mM NaCl 
followed by the control while the lowest level 
was from the plants stressed with 25 mM NaCl. 
(Table 3).

For NHA-e variety, there was progressive in-
crease in carbohydrate content from the control 
plants to the plants stressed with 50 mM NaCl 
after which there was a decline in the plants 

stressed with 75 mM NaCl. Despite the decline, 
the carbohydrate content of the plants stressed with 
75 mM NaCl was still above that of the control 
plants. The highest carbohydrate level was from 
the plants stressed with 50 mM NaCl followed 
by plants stressed with 25 mM NaCl while the 
lowest carbohydrate content was found in the 
control plants (Table 3).

The crude fibre content of Clemenson spineless 
declined with imposition of salinity stress using 
25 mM NaCl then it rose with imposition of 50 
mM NaCl and it finally declined when salinity 
stress was imposed using 75 mM NaCl. The low-
est crude fibre content was from plants stressed 
with 75 mM NaCl followed by the control plants 
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while the lowest crude fibre level was from plants 
stressed with 50 mM NaCl (Table 3).

The crude fibre contents of variety NHA-e rose 
in plants stressed with 25 mM NaCl after which it 
fell in plants stressed with 50 mM NaCl and finally 
rose again in plants stressed with highest level of 
NaCl (75 mM). The lowest crude fibre content 
was found in plants stressed with 50 mM NaCl 
followed by the control plants while the highest 
was from plants stressed with 75 mM NaCl. 

Crude fibre is the part of an organic material 
(food or feed) that contains cellulose and other 
carbohydrates which are insoluble in either weak 
acid or alkali solution. High content of crude fi-
bre implies low digestibility of the food or feed 
material as well as low energy and total digestible 
nutrient (TDN). The increase in crude fibre in 
NHA-e variety implies that the fruits produced 
would be of low usefulness as either food or feed. 
It should be noted that fruit bulking is through 
increase in fibre content and water which are both 
disadvantages because they result in low shelf 
life, low dry matter content and low digestibility. 
However, variety Clemenson spineless was better 
because salinity stress led to decrease in crude 
fibre production except when stressed with 50 
mM NaCl which could have resulted from chance. 
Therefore, fruit of variety Clemenson spineless 
would better as food or feed when stressed with 
salinity. However, high fibre content in okra is 
useful in stabilizing blood sugar by slowing down 
or regulating the rate at which sugar is absorbed 
from the intestinal tract and, therefore, useful for 
managing diabetes (Ngoc et al., 2008).

Crude protein in the variety Clemenson spineless 
rose with decrease in salinity stress with exception 
of the control plants. The lowest crude protein 
content was found in the control plants followed 
by plants stressed with the highest concentration 
of NaCl (75 mM) while the highest was found in 
the plants stressed with 25 mM NaCl (Table 4).

In NHA-e variety, crude protein content in-
creased with decrease in salinity stress. So, the 
lowest crude protein content was found in the 
plants stressed with the highest level NaCl (75 
mM) followed by plants stressed with 50 mM 
NaCl while the highest crude protein content was 

from the control (Table 4).
Increase in crude protein Clemenson spineless 

variety might be the result of better nitrogen sup-
ply to the fruits resulting from salinity stress at 
the root zone. Salinity stress might have elicited 
protein synthesis and prevented accumulation of 
amino acids. This observation could still result 
from decrease in the activities of hydrolyzing 
enzymes which might have led to accumulation 
of amino acids at the expense of protein synthesis 
(Pessarakli &Tucker, 1988). Furthermore, high 
protein content could have resulted from high 
nitrate reduction activity which led to increase 
in plant. However, the results from NHA-e va-
riety indicated a decrease in crude protein with 
increasing salinity. This might have resulted from 
decreased synthesis of protein as well as increased 
activities of protein hydrolysing enzymes which 
led to accumulation of amino acids at the expense 
of protein (Pessarakli & Tucker, 1988). Further-
more, it is well known that higher ratio of Na+ 
to K+ and accumulation of salts at high salinity 
level inactivate enzymes and inhibit synthesis 
of protein. Finally, reduction in protein content 
might be attributed to low nitrate reduction activ-
ity (NR) which could have accounted for decline 
in plant growth.

The ether extract in the variety Clemenson 
spineless increased with decrease in salinity 
stress. So, the lowest ether extract content was 
from plants stressed with the highest level of 
NaCl (75 mM) followed by plants stressed with 
50 mM NaCl while the highest was found in the 
control plants (Table 4).

In NHA-e variety, there was a rise and fall 
trend. There was increase above the control in 25 
mM NaCl stressed plants after which there was 
a drop in plants stressed with 50 mM NaCl and 
there was final rise in the plants stressed with 75 
mM NaCl. The highest content was from plants 
stressed with 25 mM NaCl followed by 75 mM 
NaCl while lowest was from the control. All in 
all, salinity stress led to increase in ether extract 
content above the control. The control was opposite 
that of variety Clemenson spineless (Table 4). 

Ether extract (crude fat) is an indicator of energy 
production (twice that of carbohydrate), means 
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of absorption of fat soluble vitamins, protector of 
delicate organs in the body as well as insulator 
against cold. Variety Clemenson spineless had 
an inverse relationship with salinity stress. This 
implies that this variety will not be useful when-
ever crude fat is needed in okra fruits. Increase in 
salinity level might have triggered lipase produc-
tion which was responsible for breaking down of 
fat. Therefore, increase in salinity stress resulted 
in decrease in crude fat content. However, the 
case is opposite in NHA-e variety. As salinity 
increased, crude fat also increased. This might be 
attributed to triggering effect of root zone salinity 
stress on fat synthesis and prevention of more of 
lipase that would have led to degradation of fat 
to fatty acid and glycerol.

The dry matter of variety Clemenson spine-
less increased with increase in salinity stress with 
the exception of the plants with highest level of 
salinity (75 mM NaCl). So, the lowest fruit dry 
matter was from plants stressed with 75 mM NaCl 
followed by the control plants while the highest 
fruit dry matter was from plants stressed with 75 
mM NaCl (Table 4).

In NHA-e variety, fruit ash content followed 
the pattern of ether extract content of this variety. 
At the beginning, there was increase in the value 
of fruit dry matter in plants stressed with 25 mM 
NaCl over that of control after which there was 
a drop in value in plants stressed with 50 mM 

NaCl and finally there was a surge again in plants 
stressed with 75 mM NaCl. The highest fruit 
dry matter was from plants stressed with 75 mM 
NaCl followed by the control while the lowest 
dry matter was from plants stressed with 50 mM 
NaCl (Table 4).

From this study, dry mass was observed to 
have decreased with salinity in all tested varieties. 
This could have resulted from reduction in the 
number and size of leaves, senescence and total 
abscission which reduced photsynthate production 
and consequently the dry matter accumulation. 
Furthermore, it might be that there was build-up 
of chlorine in the leaves of salt stressed plants 
and that triggered the synthesis of some forms of 
carboxylic acids which are converted to ethylene 
(a hormone) which triggered abscission in plants 
(Dodd, 2005). Finally, it should be noted that se-
nescence may occur prior to accumulation of toxic 
ions and, therefore, osmotic phase is characterized 
by accumulation of abscisic acid (ABA) and a 
decrease in indole-3-acetic acid (IAA) (Albacete 
et al., 2008 and Ghanem et al., 2008). Final yield 
for all cultivars reduced with increasing salinity. 
The combined effects of reductions in root size, 
number of leaves and leaf area led to a drastic 
reduction in the production and distribution of 
photosynthate which ultimately caused a reduc-
tion the final yield.

Table 4. Effect salinity stress on crude protein, dry matter and ether extract contents of two okra varieties

Treatment Crude Protein Content (%) ) Fruit Dry Matter (% Ether Extract Content (%)
Clemenson Clemenson Clemenson

spineless NHA-e spineless NHA-e spineless NHA-e
Control 6.68 10.51 75.2 77.9 9.40 8.50
25 mM NaCl 8.97 10.39 79.0 85.2 8.54 10.50
50 mM NaCl 7.22 6.13 83.0 76.1 8.50 9.30
75 Mm NaCl 6.75 5.25 72.0 89.0 8.40 10.17
LSD(0.05) ns 1.32 ns ns ns ns
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Conclusion

From this work, it was found that Clemenson 
spineless variety had better tolerance to salinity 
stress in plant height, days to flowering, fruit 
mass, ash content and crude protein content. 
However, NHA-e variety was more tolerant in 
fruit dry matter, crude fibre content, carbohydrate 
content and ether extract content. It is concluded 
that Clemenson spineless was more tolerant to 
salinity stress than NHA-e variety. It is, therefore, 
recommended that Clemenson spineless variety 
should be used in saline areas of Ilorin which is 
the northern guinea savannah zone of Nigeria 
and places with the same edaphic and climatic 
attributes.
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