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Abstract 

Salinity stress is one of the most serious factors limiting the productivity of agricultural crops with adverse effects on 
germination, plant vigor and crop yield. This experiment was conducted to determine the effects of salinity stress on 
HIB 16 and HIB 17 varieties of Kenaf (Hibiscus cannabinus) grown in pots under greenhouse conditions. Salinity 
treatments of 4 ds/m, 6 ds/m and 8 ds/m were applied for a period of 9 weeks and the physiological changes in the 
plants were observed. Results revealed that there was no significant difference between the 4 ds/m treatment and 
control of HIB 16 variety in terms of leaf numbers, stem heights, fresh weights and dry weights throughout the weeks 
of observation but with an increase in concentration to 6 ds/m and 8 ds/m significant decrease were observed in leaf 
numbers, stem heights, fresh weights and dry weights. At 4weeks of 8 ds/m treatment the leaves were all withered on 
HIB 17 variety but there were still leaves on HIB 16 until after the 6th week. The highest recorded height was 65cm and 
the highest leaf number was 26.67 in control of HIB 16 variety. This work has revealed that kenaf can be grown 
successfully in moderate saline water. However salt levels of 4 ds/m and above can restrict plant growth and 
development resulting to significant yield reduction.  
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1. Introduction

Kenaf (Hibiscus cannabinus L.) is a short day, yearly herbaceous fiber crop belonging to the family Malvaceae [1]. The 
Malvaceae family is noted for their economic and horticultural importance. Kenaf is one of the most important fiber crops 

in the world [2]. Kenaf plant probably originated from sub-Saharan Africa with evidence of its domestication around 
4000BC in the Sudan region [3]. 

Salinization is a process that results in an increased concentration of salts in soil and water. Of these salts, sodium 
chloride is the most common [4]. Salinity is one of the most serious factors limiting the productivity of agricultural crops, 
with adverse effects on germination, plant vigor and crop yield [5]. Salinization affects many irrigated areas mainly due 
to the use of brackish water. Worldwide, more than 45 million hectares of irrigated land have been damaged by salt, 
and 1.5 million hectares are taken out of production each year as a result of high salinity levels in the soil [5]. 

High salinity affects plants in several ways: water stress, ion toxicity, nutritional disorders, oxidative stress, alteration 
of metabolic processes, membrane disorganization, reduction of cell division and expansion, and genotoxicity among 
others. Together, these effects reduce plant growth, development and survival [6, 7]. 

The mechanisms of genetic control of salt tolerance in plants have not yet been fully understood because of its 
complexity. There are in fact several genes controlling salinity tolerance in the different species whose effect interacts 
strongly with environmental conditions. Thus, genetic variation can only be demonstrated indirectly, by measuring the 
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responses of different genotypes. Probably the most suitable response to measure is growth or yield, especially at 
moderate salinities [8]. 

The sensitivity to salinity of a given species may change during ontogeny. Salinity tolerances may increase or decrease 
depending on the plant species and/or environmental factors. For some species, salt sensitivity may be greatest at 
germination, whereas for other species, sensitivity may increase during reproduction [9]. 

Soil salinity is a major abiotic constraint affecting yield. This has necessitated many research works in developing crops 
tolerant to salinity stress. However, since there is a wide range of salt tolerance in vascular plants, with majority being 
glycophytes, this research work will provide information on the tolerance level to salinity stress on the growth of two 
varieties of Kenaf (Hibiscus cannabinus)..  

2. Material and methods 

2.1. Apparatus and materials  

The apparatus used during the course of this research work were beakers, glass funnels, measuring cylinder, stirrers, 
conical flasks, masking tape, electronic weighing machine, EC meter (Syntronics), polythene bags and garden trowel.  

2.2. Salt sample  

Pure Samples of Sodium Chloride used in this study was produced by Merck Co., Germany. 

2.3. Soil  

Top sandy loam soil from non-saline A horizon of organic soil was collected from University Village, Kogi State 
University. Soil was air dried for 72hrs, cleaned for stones and straws. The leather bags were filled with thee soil sample. 

2.4. Seeds 

Two varieties of Kenaf (Hibiscus cannabinus); HIB 16 and HIB17 used in this experiment were obtained from National 
Center for Genetic Resources and Biotechnology (NACGRAB), Ibadan. 

2.5. Preparation of NaCl solution 

Three salt solutions were prepared using AR grade Sodium Chloride (M.W- 58.44) by the given relationship: (TDS (g/l) 
= 0.6 x EC (dS/m)) for EC 4, 6 and 8 ds/m to irrigate the plants for the given period of the salt stress for evaluation of 
salinity tolerance. Salt solutions were prepared for 1000ml and desired amount of NaCl was added in Distilled Water. 
The Electrical Conductivity (EC) was measured using EC meter (Syntronics) as described by Rani and Sharma [10]. 

For EC= 4 ds/m, 2gm NaCl was added to 1000 ml distilled water. 
For EC= 6 ds/m, 3gm NaCl was added to 1000 ml distilled water. 
For EC= 8 ds/m, 4gm NaCl was added to 1000 ml distilled water. 

2.6. Experiment site 

The research work was carried out in a secured location within Kogi State University Village, Anyigba (Latitude 70 61N 
and Longitiude 70 431), Kogi State Nigeria. Anyigba is located in the southern agro-ecological zone of Nigeria. 

2.7. Experimental design 

The layout of the experiment was a Random block design, with three replicates. 6 seeds were used for each treatment 
in every replicate; the total number of seeds used in the experiment was 156 seeds. 

2.8. Data collection 

2.8.1. Shoot height 

Height of the plant was measured in centimeters from ground level to the shoot tip point, with the help of measuring 
tape/meter. 



Ehoniyotan et al. / GSC Biological and Pharmaceutical Sciences, 2020, 11(01), 121–126 

123 
 

2.8.2. Leaf number 

This was determined by counting the number of leaves. 

2.8.3. Fresh weight  

The soil on the harvested plant parts were washed with tap water and were spread on filter paper for drying. The fresh 
weight of the whole plant was determined using electronic weighing machine. 

2.8.4. Dry weight 

 After taking the fresh weights, the plants were spread in an empty room to dry before the dry weight of the whole plant 
was determined using electron weighing machine. 

2.9. Statistical analysis 

The data collected were analyzed using Analysis of Variance (ANOVA)\ and SPSS 20 Version. Means were compared 
using Duncan Multiple Range Test. Values were expressed as Mean ± S. D. The level of significance was taken at P< 0.05. 

3. Results and discussion 

Table 1 Effect of salinity stress on the leaf numbers of two varieties of Kenaf  

Variety Treatment  2weeks 4weeks 6weeks 9weeks 

(HIB 16) Control 5.33±0.58 17.33±0.58a 23.00±1.00a 26.67±0.58a 

 4ds/m 5.33±0.58 17.33±1.53a 21.00±1.00a 25.00±1.00a 

 6ds/m 4.67±0.58 12.33±1.53bc 9.00±7.81bc 4.67±8.08bc 

 8ds/m 4.00±1.00 NS 5.67±1.15d 2.67±4.62cd 0.00±0.00c 

(HIB17) Control 4.67±0.58 15.33±1.53a 19.67±1.53a 23.33±1.53a 

 4ds/m 4.00±0.58 12.67±1.53b 16.33±0.58ab 11.00±9.53b 

 6ds/m 4.33±0.58 10.33±1.55c 8.67±7.57bc 4.67±8.08bc 

 8ds/m 4.00±1.00 NS 0.00±00.00e 0.00±0.00d 0.00±0.00c 

Values are means ± standard deviation, values followed by different alphabet(s) in a column 
are significantly different at P< 0.05 tested by Duncan Multiple Range Test. 

 

Results presented in Table 1 shows that at higher levels of salinity (6 ds/m and 8 ds/m) from the fourth week of 
exposure led to significant decrease of leaf number in the two varieties of kenaf. It was found that the general trend of 
the treatment reflects a gradual decrease in the number of plant leaves with the increase of salt concentration, compared 
with the plants of the control experiment, except for the 4ds/m treatment, which showed no significant decrease of 
leaves throughout the experiment in the HIB16 variety, whereas the same concentration led to a significant decrease in 
the number of leaves in the HIB 17 variety. At 4wks, there was total loss of leaves of HIB 17 variety treated with 8 ds/m. 
These results are quite similar with the results of [11] on Chickpeas (Cicer arietinum L.) and [12] on Tepary bean 
(Phaseolus acutifolius L.), cowpea (Vigna unguiculata L.), and wild bean (Phaseolus filiformis L) who reported that the 
treatment of sodium chloride reduced the number of leaves compared with control plants. [13] reported that the 
treatment of Cabbage (Brassica oleracea capitata L. and Brassica oleracea botrytis L.) with the concentrations: 0, 4.7, 
9.4, 14.1 ds/m of NaCl, had a negative effect on leaf number of these plants. 

Gama et al. [14] also reported that there is a decrease in the number of leaves of beans (Phaseolus vulgaris L.) when 
treated with 50, and 100 mM of sodium chloride. 

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 [6]. 
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Table 2 Effect of salinity stress on the shoot heights of two varieties of Kenaf 

Variety Treatment  2weeks 

(cm) 

4weeks 

(cm) 

6weeks 

(cm) 

9weeks 

(cm) 

(HIB16) Control 1600±1.00a 26.03±1.05a 43.83±0.76a 65.17±1.04a 

 4ds/m 15.67±0.58a 25.97±0.72a 43.17±0.76a 62.33±2.52a 

 6ds/m 13.33±1.53b 15.83±1.26c 09.50±8.23c 5.23±9.06bc 

 8ds/m 10.67±1.53c 13.67±2.31d 4.17±7.22cd 0.00±0.00c 

(HIB17) Control 12.67±0.58a 22.33±1.15b 38.67±2.08a 56.00±3.61a 

 4ds/m 12.67±1.15a 17.83±0.76c 18.50±0.62b 12.15±10.52b 

 6ds/m 9.33±1.15b 12.23±0.68d 9.00±7.81c 4.80±8.31bc 

 8ds/m 9.33±0.58b 0.00±0.00e 0.00±0.00d 0.00±0.00c 

Values are means ± standard deviation, values followed by different alphabet(s) in a column are significantly different at P< 0.05 tested by Duncan 
Multiple Range Test. 

 

The heights of the plants under salt stress during the treatment periods presented in Table 2 indicates that heights of 
HIB 16 variety exposed to 4ds/m had no significant difference from the control plants throughout the weeks of 
observation, while heights of those exposed to higher salinity concentrations (6 ds/m and 8 ds/m) expressed an inverse 
relationship. HIB 17 showed significant decrease in heights between control plants and 4 ds/m plants at 4 weeks, 6 
weeks, 8 weeks and 9 weeks. Increase in concentration of salinity led to further significant decrease in shoot heights. 
The result follows the trend of earlier published results of [15] on cowpea (Vigna unguiculata L.) and [16] on Field 
Mustard (Brassica campestris) that the use of low concentrations of sodium chloride had little or no effects on plants 
height, whereas higher concentrations caused shortage. Similar results of increase in salinity stress leading reduced 
plant heights have also been reported by [17] on Moth bean (Vigna aconitifolia L.), [13] on Radish plant (Raphanus 
Sativus L.) and [18] on Black gram (Vigna mungo L.). The noticed decrease in the length of the stem due to treatment 
with sodium chloride solution could be due to the negative effect of this salt on the rate of photosynthesis, and also the 
decrease in the level of carbohydrates and growth hormones, both of which can lead to inhibition of the growth [19]. 

Table 3 Effect of salinity stress on the fresh and dry weights of two varieties of Kenaf 

 Treatment (ds/m) Fresh weight 2WAT Dry weight 2WAT 

(HIB 16) Control  2.52±0.02a 0.58±0.03a 

 4 ds/m 2.51±0.02a 0.56±0.05a 

 6 ds/m 2.39±0.03a 0.56±0.05a 

 8 ds/m 2.07±0.20b 0.26±0.04d 

(HIB 17) Control  2.63±0.23a 0.55±0.03a 

 4 ds/m 2.44±0.04a 0.48±0.01b 

 6 ds/m 2.06±0.31b 0.40±0.04c 

 8 ds/m 1.73±0.08c 0.31±0.04d 

Values are means ± standard deviation, values followed by different alphabet(s) in a column 
are significantly different at P< 0.05 tested by Duncan Multiple Range Test. 

*WAT: Week after treatment 
 

Results presented in Tables 3 indicate that there is a slightly negative effect of salt stress on the fresh and dry weight of 
the two varieties kenaf. Comparing the recorded fresh weights of the different treatments with the values of control 
plants, there were significant differences in plants of 8 ds/m of HIB 16 and plants of 6 ds/m and 8 ds/m of HIB 17 with 
the other treatments and control of both varieties. There were also significant differences in dry weights. Many studies 
have shown either negative or positive effects of changes in salinity concentration, type of salt present, or type of plant 
species on fresh and dry weights of the shoot system (20, 21, 22, 23, 16).  
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The result of this work indicates a negative effect of salt stress on fresh and dry weights of two Kenaf varieties at two 
weeks. This is supported by [24] on radish plants (Raphanus sativus L.), [25] on Yellow oleander (Kyllinigia peruviana 
L.) and [16] on Field mustard (Brassica campestris L.) who all reported negative effects with increased salinity 
treatment. Contrary to this result, [15] on cowpea (Vigna unguiculata L.) and many other studies have reported the 
positive effect of sodium chloride on fresh and dry weights. 

4. Conclusion 

Kenaf can be grown successfully with moderately saline irrigation water. However, salt levels in excess of 4 ds/m in the 
irrigation water will severely restrict plant growth and development and will result in a significant yield reduction. HIB 
17 variety showed more negative effect of salt treatments compared to HIB 16 which tend to be more tolerant.  
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