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Article History Abstract — This research was conducted to determine the effects of saline-irrigation water on growth and yield of
Received: 05.01.2021 okra (Abelmoschus esculentus L.) under climatic conditions of Kabul Province, Afghanistan. This study consisted of

control and three treatments having different salinity levels of irrigation water, (T1: 0.0 mM, T2: 5 mM, T3: 10 mM,
Accepted:  10.06.2021 and T4: 20 mM, of NaCl concentrations), which were applied throughout the growing season of okra in plastic pots
Published:  30.06.2021 with a randomized complete block design. Results showed that increase in salinity levels caused a significant reduc-
tion in germination of seeds (T1: 98 %, T2: 80 %, T3: 63 %, T4: 53 %), leaf length (T1: 9.17 cm, T2: 8.13 cm, T3: 7
cm, T4:6.8 cm), shoot height (T1:15.43 cm, T2: 15.43 cm, T3: 14.23 cm, T4: 13.87 cm) and root length (T1:15.37
cm, T2: 12.73 cm, T3: 9.03 cm, T4: 8.7 cm). Highest fresh pod weight was observed in T1 (17.26 g/pot), followed
by T2 (16.74 g/pot), T3 (11.93 g/pot) and T4 (7.75 g/pot). Water use efficiency (WUE) of okra was significantly
affected by salinity levels. Greatest WUE (13.08 kg/ha/mm) was observed in T1, followed by T2 (12.68 kg/ha/mm),
T3 (9.04 kg/ha/mm) and T4 (5.87 kg/ha/mm). As a result, okra growth and yield were significantly decreased with
the increasing concentration of salt in the irrigation water.
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1. Introduction

Soil salinity is a key challenge towards agricultural production in Afghanistan. Agriculture development
plays a vital role in the economic development of the country. Okra has an essential nutritional value in
Afghanistan and widely used in feeding throughout the country. Soil salinization is a serious challenge that
restricts and decreases the growth and productivity of agriculture production all over the world. Worldwide, over
800 million hectares of soil have been influenced by salts (Ifediora, Edeoga & Omosun, 2014). The existence of
superfluous salt in water and soil is a serious environmental challenge (Ranga, Kumar, & Darvhankar, 2019)
which negatively influenced the development of plants (Elshaikh, Zhipeng, Dongli & Timm, 2018, Kumar et al.,
2017, Yakoubi, Babou, & Belkhodja, 2019) and reduces the quantity and quality of agricultural products (Abbas
et al., 2013). Rocks weathering, irrigation of land with saline-water, poor management of irrigation, high
evaporation rate, continuous and irregular application of chemical fertilizers are known as the key factors of soil
salinization (Kumari et al., 2019). The high concentration of salts increases the osmotic pressure, as result the
root of the plant cannot absorb water (Shahid et al., 2011) also, a high salt concentration is poisonous within plant
cells due to ionic stress and erode the balance of ions (Abbas et al., 2014). Vegetables play a significant role in
the digestion of foods as well as contain large amounts of vitamins (Yohanna & Muhammad, 2018) minerals,
carbohydrates, and essential amino-acid (Benchasri, 2012). Furthermore, the fruit and leaves of okra contain a
sufficient amount of water, fibre, phosphorus, calcium, iron, carbohydrates, protein, p -carotene and vitamins
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(Chowdhury & Kumar, 2019) which can play the main role in abolishing malnutrition (Saleh, EI-Gizawy, EI-
Bassioumy , & Ali, 2013; Fajinmi & State , 2010; Nana et al., 2019). Okra is an economic vegetable, various
parts of it such as leaf, stem, flower, fruit, and root can be used for different purposes (Chowdhury & Kumar,
2019) as the fruit is used in a fresh and dry form in feeding, the root and branch are used in cleaning up the juice
of sugarcane, as well as the leaf and stem are used in making of thread and rope (Abbas et al., 2014). Okra
consumption has many health benefits, such as lowering blood sugar (Basharat, 2019), prevents skin dryness,
lowers blood cholesterol, having anti-cancer characteristics, reduces anxiety and vomiting (Nomel & Kerna,
2019; Adetuyi & lbrahim, 2014) regulates stomach and intestines function (Kumar, Ramjan, & Das, 2019 ;
Kumari, Rai, & Das, 2019). Worldwide, the okra cultivation area exceeds one million hectares and its production
is estimated at over six million tons (Basharat, 2019), in which India is known as a higher producer (Kumar,
Ramjan, & Das, 2019 ; Kumari, Rai, & Das, 2019). Okra (Abelmoschus esculentus L.) is the member of
Malvaceae (Sumudunie, Uluwaduge, Wijayabandara, & Premakumara, 2019) and it is Originated from Africa
(Miryam, Moulay, & Narimane, 2015; Saleh et al., 2013). Currently, okra has grown widely in Tropical,
Subtropical and Mediterranean regions (Sachini, Sutharsan, & Srikrishnah, 2019; Yakoubi et al., 2019;
Benchasri, 2012; Abid, Malik, Khalid, & Wajid, 2002). Okra grows well in well-drained soil with loam texture,
good organic matter content, and pH of 6 - 7.5 (Kumar et al., 2019). Okra required warm climate and the suitable
temperature needs for its development is 20-30°C (Sachini et al., 2019; Vashi et al., 2019; Benchasri, 2012;
Srivastava, Nath, & Singh, 2015). Okra cultivation with the seedling method is less effective. Mostly, okra seeds
are planted into the soil by hand or by machine above the stack. The suitable population of okra per hectare is
50000 to 60000 okra plants and 18 to 22 kg seed is using for cultivation (Kumar et al., 2019). The production of
ten tons of okra fresh pod yield per hectare required 100 kg of nitrogen, 10 kg of phosphorus, 60 kg of potassium
(Kumar et al., 2019), 80 kg of Calcium and 40 kg of Magnesium (Benchasri, 2012). Okra fresh pod yield is
estimated between 10 to 12.5 tons per acre in the rainy season and 4 to 6 tons in the spring and summer seasons
(Kumar et al., 2019). Ifediora et al., (2014), conducted a research on the negative impacts of saline irrigation
water on the development and viscosity of okra pods. The key parameters of their study were germination
percentage, length of stem and root, leaf size, weight of dry and fresh pod. Increasing salinity level had negative
effects on okra growth. Yakoubi et al. (2019) carried out a research on okra germination response to gibberellic
acid and abscisic acid under NaCl stress condition. Due to salt stress okra germination process delayed without
altering the final rate but it adversely affected okra growth and fresh pod weight. Shahid et al. (2011) have been
performed an search on the physiological and morphological response of okra under salt stress environment.
Increasing salinity had inhibiting effects on photosynthesis rate, germination percentage, fresh pod weight, shoot,
and root length. Abid et al. (2002) conducted study on the response of okra to combined effects of electrical
conductivity of irrigation water (ECiw) and sodium absorption ration of irrigation water (SARiw). Okra growth,
fresh pod weight, transpiration, and photosynthesis were decreased with improving levels of ECiw and SARiw.
Emergence and germination tests are known as a significant screening tool for the assessment of okra tolerance
to salt stress conditions (Abid et al., 2002). The purpose of this research is to determine the adversely effects of
saline irrigation water on the growth and fresh pod yield of okra, as well as study the reaction of agronomic
characteristics of okra against salinity.

2. Materials and Methods

2.1. Materials

This research was performed in the research farm of Agriculture Faculty of Kabul University which is
located at Longitude 69°8'21" E and Latitude 34°31'4" N with an elevation of 1780 m above sea level. Seeds
of okra, pH meter, electrical conductivity meter, hydrometer, plastic pots, sodium chloride, sieve, and ruler
were used as research materials. The texture of the cultivated soil was loam, pH (pHkcL= 8.5), dissolved salts
(0.11dS / m), bulk density (1.5 gr cm™) and according to the Munsell soil color chart, soil color was dark
yellowish-brown (10YR %).
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2.2. Method

The research was designed with three replications in randomized complete block design (RCBD). The soil
was sieved by 2 mm sieve and 7.5 Kg of topsoil was added to each plastic pot. Okra seeds were sown in the
pots once the pots were filled with soil, the length of growing season was 130 days from early April to middle
of August 2019. Immediately after sowing the seeds, the pots were irrigated with pre-determined saline water.
Two weeks after sowing, thinning of okra took place and only 3 healthy plants were left in the pot and the
remaining were discarded. Irrigation with saline water started immediately after sowing. Examined parameters
in the study were germination percentage, leaf length, fresh pod weight, root length and shoot height of okra.
Four levels of NaCl concentration were used as salt treatments. These treatments are 0.0 mM as control or
treatment 1 (T1), 5 mM as treatment 2 (T2), 10 mM as treatment 3 (T3), and 20 mM as treatment 4 (T4). All
four different levels of NaCl concentrations were used for irrigating okra plants along the cultivation season.
Table 1 shows research treatment.

Table 1
Research treatments
Treatments Sodium Chloride Concentration (millimolar)
T1 (control) 0.0 mM
T2 5mM
T3 10 mM
T4 20 mM

The measurements of seed germination recorded every three days. Leaf length, shoot height measurements
taken place once in a week, okra fresh pod yield was collected gradually once in each four days, and root length
was measured once at the final stage okra growth. Drip irrigation method was used in the study and irrigation
was done once in each 5 days at the early stage of okra growing season, but later due to temperature increasing
and accumulation of salt in the soil root zone, irrigation was done once in every 3 days. Okra was irrigated 24
times during the growing season. Every single frequency of irrigation contains 22 mm water, the total amount
of applied irrigation water for the entire growing season was 528 mm. Water use efficiency values were
calculated from yield and irrigation water amount using the following formula:

Water use efficiency (Kg/ha/mm) = Yield (Kg/ha)/Y irrigation water (mm)

2.3. Data Analysis

The mean data from three replications were analysed by the method of one-way analysis of variance
(ANOVA) using SAS statistical Software. Also, the means has been compared with the least significant dif-
ference test (LSD) for significant differences between the variables. The error bar is expressed to facilitate
interpretation and comparison of results.

3. Results and Discussion

3.1. Germination Percentage

Salt stress significantly influenced the germination percentage. In this study, the germination process was
completed within 7 days in the field condition. The germination percentage was decreased significantly when
the salt concentrations were increased. Significant differences at P<0.05 between different treatments have
been observed except treatment levels 10 mM and 20 mM (F=37.40, df=3, P=0.0003, LSD= 11.16).

297



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 2, Pages: 295-303

120
< 100
80 -
60 -
40
20
0 J

o

DA

Germination (%

0.0mM 5mM 10mM 20mM
Salinity (NaCl mM)

Figure 1. Response of germination rate (%) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.

It was observed that increasing salt level concentration in the irrigation water had adverse impact on the percent
germination of okra seeds. The results indicate that treatment level 0.0 mM had 98%, 5 mM had 80%, 10 mM
had 63% while 20 mM had 53% germination (Figure 1). Our findings also confirm the results of Ifediora, et
al, (2014) and Abid et al., (2002), who observed a significant reduction in okra germination by increasing salt
concentrations in irrigation water. High levels of salinity, especially NaCl can inhibit the germination rate due
to toxic and osmotic effects (Miryam, Moulay, & Narimane, 2015). In this study at treatment level 20 mM, the
immature deaths of some plants were observed as well. It would be the effects of variation which occurred in
cell division and cell elongation due to osmotic effects of saline water.

3.2. Leaf Length

The result of this study shows that there was considerable reduction in leaf length due to impact of salinity
levels in the irrigation water. Significant difference at P<0.05 between treatments has been observed (F=17.11,
df=3, P=0.0024, LSD= 0.9186). The maximum reduction in leaf length occurred in treatment level 20 mM
(6.8 cm) followed by 10 mM (7 cm), 5 mM (8.13 cm) and control (9.17 cm) (Figure 2). The reduction in leaf
length as a result of high salt contents was mainly due to the osmotic effect of saline water. Leaf cells lose
water because of an abrupt increase in soil salinity levels.
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Figure 2. Response of leaf length (cm) to NaCl salt stress. Dissimilar letters show significant differences be-
tween treatments using the LSD test. Bars indicate standard error of the means.

The decreasing cell division and cell elongation will drive to slower leaf appearance and shorter leaf length
(Ifediora et al., 2014). Our findings can be confirmed by the results of Ifediora et al. (2014) where the leaf
appearance and size become smaller under high concentration of salt in irrigation water which is similar to the
findings of our study.
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3.3. Shoot Height

The result of this study shows that the shoot height of okra was negatively impacted as salt concentra-
tion increased in the irrigation water. As seen in Figure 3, there was not significant differences at P<0.05
between treatments 0.0 mM and 5.0 mM and between 10 mM and 20 mM (F=6.21, df=3, P=0.0286, LSD=
1.1983). However, the first two treatments had significantly greater shoot length in compared the last two
treatments, which had higher salt concentrations.
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Figure 3. Response of shoot height (cm) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.

The greater shoot heights were observed in treatment level 5mM (15.6 ¢cm), followed by control treatment
level 0.0 mM (15.43 cm), while the smaller shoot heights were observed in treatments 10 mM (14.23) and 20
mM (13.87 cm) (Figure 3). Our findings can be confirmed by results of Ifediora, et al., (2014) and Abid et al.,
(2002) who observed higher shoot height of okra plant under lower salt stress environment. In treatment level
5 mM, the okra might be fixed osmatically to the growing requirement, as a result, it had longer shoot height.

3.4. Root Length

Salt stress showed an inhibiting adverse effect on root length. Significant differences between treatments
have been observed (F=87.45, df=3, P=0.0336, LSD=1.2374). As is obvious in Figure 4, there were significant
differences between all treatments except between treatments 10 mM and 20 mM.
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Figure 4. Response of root length (cm) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.
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The greatest reduction in root length was observed in treatment level 20 mM (8.17 cm), followed by 10 mM
(9.03 cm), 5 mM (12.73 cm) and control (15.37 cm) (Figure 4). Similarities can be seen between our results
and the findings of Ifediora et al, (2014) and Abid et al., (2002) where significant growth inhibition in root
length was seen as salt concentrations increased. Irrigating with saline water might have caused an increase in
osmotic pressure which can reduce cell elongation and limit root growth. The reduction in cell division and
elongation could be due to the inhibiting impacts of salinity on growth-related hormones (Abbas et al., 2014).
Under control treatment, the okra plant may be adjusted osmotically to growing conditions, as a result, they
maintained successful cell enlargement resulting in maximum root length.

3.5. Fresh Pod Weight

Increase in salt concentration of irrigation water has adversely impacted the of fresh pods weight of okra.
As shown in Figure 5, treatments 0.0 mM and 5.0 mM and treatments 10 mM and 20 mM did not statistically
differ from each other at P<0.05 (F=10.41, df=3, P=0.0086, LSD= 4.8029). However, the first two treatments
resulted in significantly greater fresh pod weight in compared the last two treatments.
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Figure 5. Response of fresh pod weight (gr) to NaCl salt stress. Dissimilar letters show significant differences
between treatments using the LSD test. Bars indicate standard error of the means.

The maximum fresh pod weight was observed in treatment 0.0 mM (17.26 g/pot), followed by treatments 5
mM (16.74 g/pot), 10 mM (11.93 g/pot), and 20 mM (7.75 g/pot). The results indicate a 3%, 31%, and 55%
decrease in fresh pod weight under treatments 5 mM, 10 mM, and 20 mM, respectively, compared to the
control treatment. This means that increasing salt concentration in irrigation water can significantly reduce
fresh pod weight of okra. The reduction in fresh pod weight can be due to the high soil salinity level causing a
reduction in cell division, cell elongation, interrupted avoidance mechanism, and injury of plant cells. Our
findings can be confirmed by results of Abid et al., (2002); Abbas et al. (2014) and Ifediora et al., (2014) who
reported a significant reduction in fresh pod yield of okra by increasing salt concentrations. The summary of
impacts of different salinity loves of irrigation water on germination percentage, leaf length, shoot height, root
length, and fresh pod weight of okra is presented in Table 2.

3.6. Water use Efficiency

The impacts of salt concentration in irrigation water on water use efficiency (WUE) of okra is presented in
Figure 6. The greatest WUE (13.08 kg/ha/mm) was observed under control treatment, followed by 5 mM
(12.68 kg/ha/mm), 10 mM (9.04 kg/ha/mm) and 20 mM (5.87 kg/ha/mm). The difference between all treat-
ments are statistically significant except between the first two treatments.

It is obvious that all irrigation water contains salts to some extent. These salts can supply essential nutrients
for plants to grow and bear yield. However, if too much salt is supplied to the field, plant growth and
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performance will be adversely impacted. For examples, salt can accumulate in the soil, causing an "osmotic
stress", or osmotic potential, which has the same effect on plants as a very negative matrix potential when the
soil is dry, resulting is less available water for plants, which may inhibits plant germination and emergence.
Meanwhile, if there is a disproportionate amount of magnesium, sodium, bicarbonate and/or carbonate in the
water, the soil surface will seal up, causing infiltration problems. All these important parameters together ad-
versely affect growth and performance of plants in the field.

Afghanistan is located in an arid region of the world and, in some parts of it, the farmers deal with saline soil
and saline irrigation water. The salts can be imported to their field through a combination of water management
problems, salt in the water, and sometimes fertilizer. Thus, under such conditions, it is very important for the
farmers to practice reclamation irrigation to leach salts from the crop root zone. Proper planting method can
also reduce salt effects. For instance, farmers can use furrow irrigation where they can shape the furrows so
that salt-laden irrigation water evaporates at high points in the bed - and the plants/seeds are located at lower
points. Applicant of drip irrigation, compared to surface irrigation types, can also minimize salt injury to plant
as it frequently keeps the soil wet and the salts diluted.

Table 2
Effects of salt concentration in irrigation water on growth, leaf length, shoot height, root length, and fresh pod
weight of okra.

Treatments Germination Leaf Length Shoot Height Root Length Frejsh Pod
(%) (cm) (cm) (cm) Weight (gr)

Control (0.0 mM) 98.33 +£2.892 9.17 £0.76% 15.43 +£0.512 15.37+0.832 17.26 + 1.398
5mM 90 + 8.66° 8.13+1.03P 15.6 £ 0.532 12.73 £ 0.45° 16.74 +£2.412
10 mM 63.33 +2.89° 7+0.1° 14.23+0.4° 9.03+0.38°  11.93+0.26"
20 mM 53.33 +£2.89° 6. 8+ 0.35° 13.87 + 1.42° 8.17 +£0.4° 7.75£3.12°
LSD 11.169 0.9186 1.1983 1.2374 4.8029
Ccv 7.58 5.91 4.06 5.47 17.92
F 37.40 17.11 6.21 87.45 10.41
P 0.0003 0.0024 0.0286 0.0336 0. 0860

Mean value indicated by the same letter in columns are non-considerable at 5% level of significance, LSD at 5% level of significance
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Figure 6. Water use efficiency. Dissimilar letters show significant differences between treatments using the
LSD test. Bars indicate standard error of the means.
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4. Conclusion

According to the findings of this study, it can be concluded that a considerable reduction in germination
percentage, leaf length, shoot height, root length, and fresh pod yield of okra strongly associated with salinity
stress. These measured parameters can be accounted as an efficient tool for the evaluation of potential salinity
endurance of okra. Indeed, the finding of this study can be confirmed by the results of recent researches where
they found that the physiological functions, morphology, stomata closing as well as the photosynthesis rate of
okra has been decreased due to the increasing level of salinity.
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