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 More than 20% of agricultural land around the world is suffering from salt stress which hampers plant 
growth and development. Jute is one of the most important fiber crops that stands second after cotton in the 
world. Since cultivable land in Bangladesh is decreasing day by day, jute cultivation needs to be moved to the 
coastal area. Therefore, the aim of our study was to investigate the response of five jute genotypes at different 
levels of salinity. Germination and seedling growth were focused on as the most critical stages of plant 
development. In this research, germination percentage (GP), germination index (GI), mean germination time 
(MGT), seedling vigor index (SVI), shoot & root lengths and fresh & dry seedling weight, and salinity tolerance 
indices were studied for two-way ANOVA and hierarchical agglomerative classification. Results showed that 
increasing salinity reduced GP, GI and SVI of the jute genotypes while MGT increased. Having no salt tolerant 
tossa jute genotype, salt tolerant white jute genotype BJRI Deshi pat 10 was grown simultaneously with four 
tossa jute genotypes to compare the growth parameters where results indicated that although not as tolerant 
as BJRI Deshi pat 10, tossa jute genotypes O-043-7-9 G and O-0512-6-2 G showed less salt sensitivity than the 
other two genotypes O-043-7-9 R and Acc. 4582 G. 
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1.   INTRODUCTION 

Salinity is the major environmental stress that restricts agricultural 
productivity and sustainability in arid and semiarid regions (Foti et al., 
2019). About 20% of irrigated land and 6% of world land is covered with 
salinity (Yang et al., 2020). Bangladesh has 710 km long coastline where 
93 upazilas of 18 districts are found affected by different degrees of 
salinity (SRDI, 2010). Out of 2.86 million hectares of coastal and off-shore 
lands, about 1.056 million ha of arable lands (which is 63% of total 
cultivable land in the coastal region) are affected by varying degrees of 
salinity. A comparative study of the salt affected area between 1973 to 
2009 also showed that about 0.223 million ha (26.7%) new land is affected 
by various degrees of salinity during the last four decades (SRDI, 2010). 
Moreover, about 2000 km2 of the coastal areas of Bangladesh are likely to 
be inundated by the end of this century due to climate change-induced sea 
level rise, which will further increase the area affected by salinity 
deepening the salinity problem of the country (Hasan and Kumar, 2020). 
Since salinity and related saltwater intrusion are driven by climate-
induced hazards, they adversely affect crop production in coastal zones of 
Bangladesh (Mazumder and Kabir, 2022).  

Soil salinity is defined as the soluble salts’ concentration in soil water 
which generally expressed by electrical conductivity (EC) of the saturation 
extract (ECe) and desi siemens per meter (1 dSm-1) is used as its unit 
(Hasanuzzaman et al., 2013). When the ECe exceeds 4 dSm-1 and 
exchangeable sodium percentage is less than 15 with sodium adsorption 
ratio (SAR)< 13, the soil is saline (Uçarlı, 2020). The major problem with 
saline soils is the presence of soluble salts, primarily Cl-, SO42-, and 
sometimes NO3-. The pH of saline soils is usually below 8.5 (Uçarlı, 2020). 
USL Staff, 1954 described the type of saline soil as: non-saline soil (ECe ≤ 

2 dSm-1), very slightly saline soil (ECe = 2-4 dSm-1), slightly saline soil (ECe 
= 4-8 dSm-1), moderately saline soil (ECe = 8-16 dSm-1) and strongly saline 
soil (ECe ≥ 16 dSm-1).  

99% of the world’s flora are glycophytes which include most of the 
common crops e.g., rice, tomato, maize, bean, jute etc. and these are 
salinity sensitive or hypersensitive that are susceptible to even low levels 
of salinity (ECe < 4 dSm-1) (Koyro et al., 2008; Flowers and Colmer, 2008). 
Seed germination in glycophytes is severely inhibited under salinity due 
to both osmotic stress and ionic toxicity stress, while halophytes (salt 
tolerant plants) are less affected by osmotic stress during germination 
(Llanes et al., 2016). In addition, high concentrations of sodium and 
chloride ions in the soil may be toxic to seeds (Khajeh-Hosseini et al., 
2003).  

Jute is a biodegradable and natural fiber with different inherent 

advantages like high tensile strength, low extensibility, moderate heat, fire 

resistance and long staple lengths which has advantages over synthetics 

and protects the environment as well as maintains the ecological balance 

(Sharna and Kamruzzaman, 2020). Jute fiber is extracted from the stem 

bark of an annual fiber plant namely Jute which belongs to the Malvaceae 

family under Corchorus genus. There are 100 species found in Corchorus 

genus in the world among which 40 species are available for cultivation 

and research purposes (Saunders, 2008.). Out of these, Corchorous 

olitorius and C. capsularis are the two species that are cultivated 

commercially in different parts of the world (Sarker et al., 2007). Jute is 

the second most important fiber crop in the world in terms of cultivation 

and usage (Saleem et al., 2019). It has been contributing to the economics 

of Bangladesh since a long time. With reference to agriculture wing of BBS, 
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in 2021-22, 0.72 million hectares area was cultivated for jute where 1.52 

million tons jute were produced (BBS, 2022). These raw jutes are utilized 

for production of different materials like yarn, fabric, composites etc. 

According to Bangladesh Jute Mills Association (BJMA), a total of 310.06 

thousand metric tons (MT) jute goods were produced during 2020-21, of 

which 242.492 thousand MT products were exported and 53.713 

thousand MT were consumed internally. Export Bureau of Bangladesh 

(EPB) reported that in 2021-22, jute goods were exported to 128 countries 

from Bangladesh which had a total value of 1737.84 million USD (BBS, 

2022). 

During cultivation in field, jute faces several biotic and abiotic stresses 

(Mollah et al., 2021). Salinity is one of the major abiotic stresses that 

affects jute plant. Salt stress negatively affects jute growth and 

physiological parameters, which subsequently reduces yield quality (Naik 

et al., 2019). In Bangladesh, C. capsularis is somewhat tolerant to salt stress 

up to 8.0 dSm-1 (75.86 mM) in field condition (Islam et al., 2017). But there 

is no salt tolerant tossa jute variety developed in Bangladesh yet (Mukul 

et al., 2021). Although C. olitorius is very susceptible to stresses compared 

to C. capsularis; C. olitorius produces fiber with good qualities than C. 

capsularis (Ghosh, 1983; Keka, 2008; Samira, 2010). Developing jute 

varieties tolerant to salt stress can be useful for the coastal region. A 

significant proportion of agricultural land in the coastal region of 

Bangladesh remains unused because of salinity (Fatema et al., 2021). This 

fallow region can be utilized by cultivating salinity tolerant jute varieties 

which will increase the cropping intensity of that particular region. 

Seedling emergence in a saline environment provides a practical and 

convenient assay to investigate the extent of seed sensitivity to salt (Guo 

et al., 2020), that is why evaluation of jute seed germination responses to 

different NaCl concentrations in laboratories can be one of the common 

and rapid tests to identify salt tolerant jute genotypes (Bohnert et al., 

1995). Therefore, an experiment was taken to study the effects of salt 

stress on the germination and seedling growth of some jute genotypes. 

2.    METHODS AND MATERIALS 

In this experiment, jute seeds were grown to study their tolerance to 
salinity at germination and early seedling stage. To fulfill the objectives, 
jute seeds were germinated and data were recorded from 5 days old 
seedlings. Five jute genotypes were taken for this study. 

2.1   Germination Experiment 

Four advanced lines of tossa jute (C. olitorius) and one variety of white (C. 

capsularis) jute (Table 1) were used for this experiment. The experiment 

was conducted in laboratory condition in petri dishes following 

completely randomized design (CRD). Five salt treatments (control, 8, 10, 

12 and 14 dSm-1 solutions of NaCl) were applied using three replications 

for each. Hundred seeds of each genotype were placed in each petri dish 

using double layer of Whitman No. 2 filter paper. The filter papers were 

moisted using different salt solutions with only water for the control 

treatment. Temperature and humidity were controlled in a range of 25±2 
0C and 60-70 percent, respectively with a daylight of 14 hours. The petri 

dishes were observed for five days and watered with relevant salt 

solutions as and when necessary. Germination was observed for five days 

and germination data were recorded every day.  

Table 1: Studied germplasms and their relevant information 

Genotypes Features of the genotypes Source 

O-043-7-9 G 
Breeding line of tossa jute (C. olitorius); 
green stem, narrow lanceolate leaves 

BJRI 

O-043-7-9 R 
Breeding line of tossa jute (C. olitorius); 
red stem, narrow lanceolate leaves 

O-0512-6-2 G 
Breeding line of tossa jute (C. olitorius); 
green stem, lanceolate leaves 

Acc. 4582 G 
Breeding line of tossa jute (C. olitorius); 
green stem, narrow lanceolate leaves 

BJRI Deshi pat 10 

(BJC-12221) 

Released variety of white jute (C. 
capsularis); green stem, ovate lanceolate 
leaves; can tolerate upto 12 dSm-1 salt 
stress (Breeding Division, 2023); used 
as control 

Note: BJRI-Bangladesh Jute Research Institute 

2.2     Assessment of Germination 

Seeds showing at least 0.5 mm of radicle through the seed coat were 
considered as germinated. Different germination parameters were 
assessed which are as follows: 

1. Germination percentage (GP): 

GP = 
Number of normally germinated seeds

Total number of seeds sown
× 100                                                                          (1) 

2. Germination index (GI): 

GI = ∑
Gt

Tt
                                                                                                                                   (2) 

where Gt is the number of seeds germinated on day t, and Tt is the number 
of days (Hakim et al., 2010; Bijeh, 2012; Rajabi Dehnavi et al., 2020). 

3. Mean germination time (MGT): 

MGT = 
∑ (Ti× Ni)

∑Ni
                                                                                                                       (3) 

where Ni is the number of newly germinated seeds at time Ti (Rajabi 
Dehnavi et al., 2020; Alvarado et al., 1987; Ruan et al., 2002). 

4. Seedling vigor index (SVI): 

SVI = Mean germination percentage × Mean seedling length                     (4)     

(Rajabi Dehnavi et al., 2020; Mahender et al., 2015)  

2.3   Assessment of Seedling Growth 

To assess seedling growth, three seedlings were randomly selected from 
each petri dish at 5th day. After selection, shoot (SL) and root length (RL) 
were measured in centimeters (cm). Fresh and dry biomass were also 
assessed as seedling fresh weight (FW) and weight after drying the 
samples in an oven for 120 mins at 60 0C to obtain seedling dry weight 
(DW) and theses were measured in gram (g). 

2.4   Salinity Tolerance Indices 

To assess the tolerance to salinity of each genotype, stress susceptibility 
index (SSI) and stress tolerance index (STI) were adopted (Rajabi Dehnavi 
et al., 2020) using the following equations (Fischer and Maurer, 1978; 
Fernandez, 1992): 

SSI = 
1 −

Ys
Y𝑝

 

1−
Y𝑠
Y𝑝

                                                                                                                               (5)  

STI = 
Y𝑝× Ys

(Y𝑝)2
                                                                                                                             (6)     

In both the above equations, Yp and Ys are the average seedling dry weight 
of a given genotype under non-stress and NaCl-stress conditions, 

respectively. Yp and Ys are the average seedling dry weights of all 
genotypes under non-stress and stress conditions, respectively.  

2.5   Statistical Analysis 

Overall, effects were assessed by two-way ANOVA (salinity and genotype 
as factors). To compare all treatments, we used analysis of variance 
(ANOVA), and for post-hoc comparisons, least significant difference (LSD, 
p ≤ 0.05). To demonstrate similarity between genotypes, we applied 
hierarchical agglomerative cluster analysis with the unweighted pair 
group method for classification tree construction. R Software version 
4.2.2, RStudio and Microsoft excel were used for calculations. 

3.   RESULTS 

3.1   Overall Effects of Salinity and Genotypes 

The main effects of genotypes were significant in all the measured 
parameters whereas effects of salinity were significant in all the 
parameters except GP and the effects of interaction between salinity and 
genotypes were significant in the parameters other than GP, GI and MGT 
(Table 2). Salinity affected germination percentage (GP), germination 
index (GI), seedling shoot length (SL), seedling root length (RL), seedling 
vigor index (SVI), seedling fresh weight (FW), seedling dry weight (DW), 
and mean germination time (MGT) in different jute genotypes at different 
salt treatments and the response to salinity was dependent on genotypes. 
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Table 2: Analysis of variance (mean squares) for different parameters 
of five jute genotypes in five salinity treatments 

Traits 
Sources of variation 

S G S×G Error 

df 4 4 16 50 

GP 342.25 1354.55*** 127.56 180.69 

GI 2283.3*** 4493.9*** 102.2 121.5 

MGT 74.420*** 99.753*** 10.203 9.387 

SL 4.2510*** 2.1798*** 0.2023*** 0.0340 

RL 12.4854*** 2.3850*** 0.7488*** 0.1451 

SVI 228416*** 87307*** 12392*** 2283 

FW 84.211*** 293.692*** 13.694*** 1.619 

DW 0.19539** 1.81887*** 0.17248*** 0.03776 

GP = germination percentage; GI = germination index; MGT = mean 
germination time; SL = seedling shoot length; RL = seedling root length; 
SVI= seedling vigor index; FW = seedling fresh weight; DW= seedling 
dry weight; S = salinity; G = Jute genotypes; df = degrees of freedom; 
Error = within group variance 

3.2   Germination Assessment 

Jute genotypes showed variant results in terms of germination 

parameters, that is mean GP, GI, MGT and SVI in saline and non-saline 

conditions. Salinity did not affect the genotypes (interaction effect) 

significantly in case of GP, GI and MGT whereas SVI showed significant 

difference in different saline treatments. Salinity reduced GP, GI and SVI of 

the jute genotypes while MGT increased. The results showed that GP of the 

genotypes mostly decreased with increasing salinity, although some 

genotypes showed increased GP under some salt treatments compared to 

control. The percent reduction in GP increased with increasing salinity in 

Acc. 4582 G and this genotype showed the maximum reduction percentage 

in GP (-35.34%) followed by O-043-7-9 R (-27.82%) in 14 dSm-1 (Table 3). 

Whereas maximum percent increase was observed in O-043-7-9 G 

(6.85%) in 14 dSm-1 followed by O-0512-6-2 G (6.79%) in case of 8 dSm-1. 

O-043-7-9 G showed decreased GP only in 10 dSm-1 salt treatment 

whereas BJRI Deshi pat 10 showed increased GP only in case of 10 dSm-1 

salt treatment (Table 3). 

Table 3: Germination parameters of five jute genotypes in five salt treatments (means) 

Traits 

Salt levels (dSm-1) 

Genotypes Control 8 dSm-1 
% 

Change 
10 dSm-1 

% 
Change 

12 dSm-1 
% 

Change 
14 dSm-1 

% 
Change 

GP 

O-043-7-9 G 73.00abc 76.00abc 4.11 71.00abc -2.74 73.67abc 0.92 78.00abc 6.85 

O-043-7-9 R 88.67ab 89.67ab 1.13 84.00ab -5.27 91.00a 2.63 64.00bc -27.82 

O-0512-6-2 G 73.67abc 78.67abc 6.79 75.33abc 2.25 75.00abc 1.81 70.33abc -4.53 

Acc. 4582 G 83.00ab 81.33ab -2.01 78.33abc -5.63 74.00abc -10.84 53.67c -35.34 

BJRI Deshi pat 10 96.33a 95.67a -0.69 97.00a 0.70 95.67a -0.69 95.00a -1.38 

GI 

O-043-7-9 G 56.58c-g 41.73f-i -26.24 40.38f-i -28.63 37.11ghi -34.42 35.60ghi -37.08 

O-043-7-9 R 81.58ab 68.18b-e -16.43 58.64c-f -28.12 60.51c-f -25.83 31.56hi -61.32 

O-0512-6-2 G 50.33e-h 45.14f-i -10.31 33.09hi -34.26 31.28hi -37.85 27.18i -45.99 

Acc. 4582 G 71.53bcd 51.73d-h -27.67 42.81f-i -40.15 41.89f-i -41.43 24.92i -65.17 

BJRI Deshi pat 10 95.06a 81.28ab -14.49 82.97ab -12.71 75.49abc -20.58 67.07b-e -29.44 

MGT 

O-043-7-9 G 7.33cde 13.67ab 86.36 10.33a-d 40.91 15.00a 104.55 12.67abc 72.73 

O-043-7-9 R 6.33de 7.67cde 21.05 6.33de 0.00 10.33a-d 63.16 6.67cde 5.26 

O-0512-6-2 G 7.33cde 12.00abcd 63.64 15.00a 104.55 14.67a 100.00 14.00a 90.91 

Acc. 4582 G 6.33de 10.33abcd 63.16 9.00a-e 42.11 10.67a-d 68.42 11.67a-d 84.21 

BJRI Deshi pat 10 3.33e 4.00e 20.00 6.33de 90.00 8.00bcde 140.00 12.00a-d 260.00 

SVI 

O-043-7-9 G 309.07efg 160.87hij -47.95 243.89fgh -21.09 173.04hij -44.01 131.56ij -57.43 

O-043-7-9 R 404.74bcd 358.48cde -11.43 224.00gh -44.66 251.04fgh -37.97 31.77kl -92.15 

O-0512-6-2 G 406.78bcd 322.33def -20.76 234.36gh -42.39 162.88hij -59.96 111.18jk -72.67 

Acc. 4582 G 355.29cde 231.54gh -34.83 211.13hi -40.57 96.67jk -72.79 4.29l -98.79 

BJRI Deshi pat 10 617.60a 466.04b -24.54 416.91bc -32.49 162.43hij -73.70 223.69gh -63.78 

Note: GP = germination percentage; GI = germination index; MGT = mean germination time; SVI= seedling vigor index. Values within a group in a row 
bearing different superscripts are significantly different at p ≤0.05. 

Mean GI, on the other hand, decreased under all salt treatments. Maximum 
decrease percentage in GI for all the genotypes was observed in 14 dSm-1 

salt treatment and the maximum reduction was observed in Acc. 4582 G (-
65.17%) followed by O-043-7-9 R (-61.32%). Decrease percentage also 
increased gradually with increasing salinity except for O-043-7-9 R (in 12 
dSm-1) and BJRI Deshi pat 10 (in 10 dSm-1) where GI was slightly higher 
than 10 dSm-1 and 8 dSm-1 salt treatments, respectively (Table 3). 

MGT also increased in all salt treatments. Percent increase in MGT ranged 
from 0-260% with 0% increase found in O-043-7-9 R (in 10 dSm-1) and 
260% in BJRI Deshi pat 10 (in 14 dSm-1). In 8 dSm-1 salinity, maximum 
increase in MGT was recorded in O-043-7-9 G (86.36%) followed by O-
0512-6-2 G (63.64%) and Acc. 4582 G (63.16%). In 10 dSm-1, maximum 
increase was found in O-0512-6-2 G (104.55%) and BJRI Deshi pat 10 
showed maximum increase in 12 dSm-1 (140%) and 14 dSm-1 (260%) salt 
treatments (Table 3). 

Regarding vitality of seedlings assessed as the seedling vigor index, 
salinity significantly reduced SVI of all jute genotypes. The highest 
decrease was observed in genotype Acc. 4582 G (-98.79%) followed by O-
043-7-9 R (-92.15%) in case of 14 dSm-1 and the lowest decreases were 

obtained in genotype O-043-7-9 R (-11.43%) followed by O-0512-6-2 G (-
20.76%) in 8 dSm-1 salinity (Table 3). 

3.3   Seedling Growth Assessment 

Salinity significantly reduced SL of the investigated tossa jute genotypes 
(Table 4). In case of SL, BJRI Deshi pat 10 had the maximum mean results 
in all the salt doses compared to other genotypes (Figure 1). The highest 
decrease in SL was observed in 14 dSm-1 treatment in Acc. 4582 G (-100%) 
followed by O-043-7-9 R (-75%) and O-0512-6-2 G (-73.63%). In 12 dSm-

1, maximum decrease was in O-0512-6-2 G (-72.53%) followed by Acc. 
4582 G (-65.98%). In 10 and 8 dSm-1 treatments, highest decrease was 
observed in O-0512-6-2 G (-48.35%) and O-043-7-9 G (-49.71%), 
respectively. Some genotypes showed lower decrease of SL in higher salt 
treatments. For example, O-043-7-9 G had 34.68% reduction at 10 dSm-1 
whereas at 8 dSm-1 it showed 49.71% reduction. Similarly, BJRI Deshi pat 
10 showed maximum SL in 10 dSm-1 (2.15% increase) compared to control 
and 8 dSm-1 treatment (0.43% reduction). In all the treatments, lowest 
decrease was recorded in BJRI Deshi pat 10 (Table 4). 

Similarly, salinity significantly affected all the other assessed seedling 
parameters. Mean performance of the jute genotypes for RL varied in 
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different treatments. Although BJRI Deshi pat 10 had the highest mean RL 
in control, this varied greatly under the salt treatments (Figure 1). The 
highest decrease (-96.14%) in RL was observed in the genotype Acc. 4582 
G at 14 dSm-1 followed by O-043-7-9 R (-93.71%). O-0512-6-2G and Acc. 
4582 G showed gradual increase in decrease percentage with the rise of 
salinity. O-043-7-9 G showed higher decrease at 8 dSm-1 (-50.00%) 
compared to 10 dSm-1 (-6.05%) and 12 dSm-1 (-33.87%). O-043-7-9 R 
showed higher decrease at 10 dSm-1 (-49.67%) compared to 12 dSm-1 (-
40.73%) and BJRI Deshi pat 10 showed maximum decrease at 12 dSm-1 (-
85.29%) compared to other treatments (Table 4).  

In case of fresh weight (FW), best performance was recorded in BJRI Deshi 
pat 10 which had mean FW almost twice the values of other genotypes for 
all the treatments (Figure 1). Maximum decrease (-59.33%) was observed 
in O-0512-6-2 G at 14 dSm-1. But O-043-7-9 R showed increase in FW at 8 
dSm-1   (24.45%)   and   10 dSm-1   (26.66%)    where   O-043-7-9   G showed 

 maximum decrease (-20.75%) at 10 dSm-1 and BJRI Deshi pat 10 had 
maximum decrease (-49.88%) at 12 dSm-1. While Acc. 4582 G had 
minimum decrease in FW at 10 dSm-1 (-1.53%) (Table 4).  

BJRI Deshi pat 10 had highest DW in all the treatments followed by Acc. 
4582 G at 10 and 14 dSm-1 (Figure 1). In this case though most of the 
genotypes showed an increase compared to control. Among the genotypes, 
O-0512-6-2 G had increased DW at all the salt treatments compared to 
control and the percent increase of DW decreased with increasing salt 
doses. O-043-7-9 R however showed increased percentage of DW with 
increasing salt treatment except 14 dSm-1. Maximum decrease in DW (-
32.97%) was observed in O-043-7-9 G at 14 dSm-1 while maximum 
increase (109.64%) was found in Acc. 4582 G at 10 dSm-1. Only BJRI Deshi 
pat 10 showed decreased DW in all the salt treatments compared to 
control (Table 4).  

  

a) Seedling shoot length b) Seedling root length 

  

c) Seedling fresh weight d) Seedling dry weight 

 

Legend:  O-043-7-9 G  O-043-7-9 R  O-0512-6-2 G  Acc. 4582  BJRI Deshi pat 10 

Figure 1: Seedling growth parameters (mean) of five jute genotypes under different salt treatments 
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Table 4: Percent change of seedling growth parameters of five jute genotypes in four salt treatments compared to control 

Traits Genotypes % Change at 8 dSm-1 % Change at 10 dSm-1 % Change at 12 dSm-1 % Change at 14 dSm-1 

SL 

O-043-7-9 G -49.71 -34.68 -57.80 -64.74 

O-043-7-9 R -1.32 -25 -36.18 -75 

O-0512-6-2 G -25.27 -48.35 -72.53 -73.63 

Acc. 4582 G -29.38 -36.60 -65.98 -100 

BJRI Deshi pat 10 -0.43 2.15 -52.80 -42.92 

RL 

O-043-7-9 G -50 -6.05 -33.87 -56.45 

O-043-7-9 R -17.55 -49.67 -40.73 -93.71 

O-0512-6-2 G -26.09 -40.50 -54.35 -70.11 

Acc. 4582 G -36.48 -36.91 -71.67 -96.14 

BJRI Deshi pat 10 -37.75 -52.70 -85.29 -75.00 

FW 

O-043-7-9 G -17.01 -20.75 -17.01 -4.83 

O-043-7-9 R 24.45 26.66 1.04 -57.48 

O-0512-6-2 G -18.28 -21.40 -53.77 -59.33 

Acc. 4582 G -6.41 -1.53 -44.35 -59.31 

BJRI Deshi pat 10 -4.95 -4.53 -49.88 -26.61 

DW 

O-043-7-9 G -3.30 2.20 19.78 -32.97 

O-043-7-9 R 14.63 17.07 42.68 -4.88 

O-0512-6-2 G 54.55 46.59 15.91 5.68 

Acc. 4582 G 25.30 109.64 -6.02 80.72 

BJRI Deshi pat 10 -4.30 -1.08 -16.13 -6.45 

3.4   Salinity Tolerance 

Tolerance indices SSI and STI are shown in Table 5. The results 
demonstrate that the highest values of the SSI index were observed in 
genotype Acc. 4582 G in 14 dSm-1 salt treatment followed by O-043-7-9 R 
in 12 dSm-1, and the lowest values of the SSI index were obtained in 
genotype O-043-7-9 R in 14 dSm-1 salinity followed by O-043-7-9 G also in 
14 dSm-1 (Table 5). Among all the genotypes, BJRI Deshi pat 10 had lower 
SSI values in all the salt treatments.  Values of the STI index revealed that 
they were highest in genotype BJRI Deshi pat 10 in 10 dSm-1 and in 8 dSm-

1 salinity, and lowest in genotype O-043-7-9 R in 14 dSm-1 salt treatment 
followed by Acc. 4582 G in 12 dSm-1 (Table 5). 

The classification tree, which takes into account all germination and 
growth parameters, shows that the most salt sensitive genotypes were O-
043-7-9 R and Acc. 4582 G (Figure 2). Whereas the most salt tolerant 
genotype was BJRI Deshi pat 10. This genotype showed similar response 
as control when grown in 8 and 10 dSm-1 salt treatments which were 
grouped in cluster I. The response of this genotype declined in 12 and 14 
dSm-1 which were grouped with the sensitive genotypes O-043-7-9 R and 
Acc. 4582 G (cluster IV). All the other genotypes except BJRI Deshi pat 10 
were grouped in same cluster (cluster III) when grown in control along 
with O-043-7-9 R in 8 dSm-1. O-043-7-9 R and Acc. 4582 G were together 
in cluster II at 14 dSm-1 salt treatment. The other two genotypes (O-043-
7-9 G and O-0512-6-2 G) were grouped together in cluster V and VI which 
shows their similarity in performance in different salt treatments (Figure 
2). 

Table 5: Tolerance indices of five jute genotypes under four salt levels 

Tolerance 
Indices 

Genotypes 
8 

dSm-1 
10 

dSm-1 
12 

dSm-1 
14 

dSm-1 

Stress 
susceptibil

ity index 
(SSI) 

O-043-7-9 G -0.28 0.09 3.32 -2.91 

O-043-7-9 R 1.13 0.59 7.14 -5.10 

O-0512-6-2 G 4.12 1.69 2.80 1.26 

Acc. 4582 G 1.92 3.95 -1.14 15.90 

BJRI Deshi pat 10 -0.32 -0.02 -2.75 -1.19 

Stress 
tolerance 

index (STI) 

O-043-7-9 G 0.71 0.76 0.88 0.63 

O-043-7-9 R 0.69 0.70 0.85 0.45 

O-0512-6-2 G 1.06 1.01 0.80 0.73 

Acc. 4582 G 0.77 1.29 0.58 1.11 

BJRI Deshi pat 10 2.94 3.05 2.57 2.88 

 

Figure 2: Results of hierarchical agglomerative cluster analysis based on 
10 morphological traits at five salt treatments. The numbers in 

parenthesis indicate the salinity level (dSm-1). 

4.    DISCUSSIONS 

The main aim of this study was to recognize salt tolerant and sensitive 
genotypes of jute during germination and at the early seedling stages to 
determine their potential for salt tolerance. Since effect of salinity on plant 
growth depends on different genotypes of different species, studying 
genetic variability of different plant species to understand the salt 
tolerance mechanism is an important step for developing salt tolerant 
genotypes (Rajabi Dehnavi et al., 2020; Ashraf et al., 2006; Ranjbar et al., 
2008; Ates and Tekeli, 2007). Studies suggest that germination and 
seedling features are the most viable principles that affect the ultimate 
performance of the plants (Krishnamurthy et al., 2007; Bybordi and 
Tabatabaei, 2009). Considering this, early stages of plant development 
were studied in this experiment. 

This study shows that the jute genotypes varied in their response to salt 
treatments in germination and seedling characteristics. Results show that 
increased salinity noticeably reduced GP, GI and SVI of the jute genotypes 
while MGT increased. But GP of certain genotypes also increased at high 
salt doses. This could be because of the criteria that was used to study the 
GP of the genotypes in this experiment since the seeds showing only 0.5 
mm of radicle were considered as germinated. But eventually the growth 
of these germinated seeds was stunted due to high salinity. However, the 
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change in the germination parameter varied depending on the genotypes. 
These results coincide with previous study that shows negative 
correlation between salinity and germination parameters GP, GI and SVI 
(Rehman et al., 2000).  

Moreover, this negative correlation varies depending on the salt 
concentration, with low concentrations of NaCl inducing seed dormancy, 
and high concentrations of NaCl inhibiting seed germination due to the 
effects of high osmotic potential and specific ion toxicity (accumulation of 
Na+ and Cl- ions) (Khan and Weber, 2006.). In this study salinity did not 
significantly affect GP while other germination parameters such as GI, SVI 
and MGT were significantly affected. Similarly, non-significant reduction 
in GP of tossa jute was also reported (Naik et al., 2015). Water absorption 
by plant tissue under salinity stress is also reduced due to high 
accumulation of Na+ ions in medium that causes osmotic and pseudo-
drought stress (Farhoudi and Tafti, 2011; Misra and Gupta, 2005).  

Salinity can also change enzymatic activities by the toxic effects of ions that 
can bring about huge alterations in plants e.g., changed metabolism of 
nucleic acid and protein (Gomes-Filho et al., 2008; Dantas et al., 2007), 
disturbed hormonal balance (Ryu and Cho, 2015). Reduced utilization of 
seed reserves (Promila and Kumar, 2000; Othman et al., 2006), increased 
phenolic compounds etc (Ayaz et al., 2000). All of these contribute to 
reduced germination. Moreover, different internal factors of seed i.e., coat 
proteins, age, polymorphism, dormancy, seedling vigor, and external 
factors i.e., temperature, light, moisture content etc. can also affect seed 
germination under saline conditions (Wahid et al., 2016).  

In the current study, the germination parameters were affected differently 
in different salt treatments. But amidst all, it was noticed that of the five 
genotypes, Acc. 4582 G showed the highest reduction in GP, GI and SVI 
followed by O-043-7-9 R. The lowest reduction values differed for 
different genotypes. Besides, increase in some parameters at increased 
salt dose was recorded in some cases. While the highest MGT was recorded 
for BJRI Deshi pat 10. Results of this study coincide with the results by 
researchers in 2021 (Mukul et al., 2021). Decreased GP with increasing 
salinity in tossa jute was also reported by some researchers (Yakoub et al. 
2019; Bhuyan et al. 2018; Naik et al. 2015). While increased germination 
time was found by others (Yakoub et al. 2019 and Naik et al. 2015). The 
differences in germination parameters of the studied jute genotypes may 
be due to the genetic factors and inheritance variation among them. 

The effect of salinity on the jute genotypes was more prominent from the 
results of the growth parameters studied compared to the germination 
parameters. Different growth parameters (SL, RL and FW) of jute 
seedlings at the very early stage showed decreased results for each studied 
genotypes with increasing salinity except for DW which showed increased 
results for most of the genotypes in most salt treatments. But the degree 
of reduction varied depending on the genotypes. 

Since roots are the first to come in contact with salinity and also remain in 
direct contact with the soil, reduction of root length is a very common 
happening in many plants and since the roots absorb water and nutrients 
from soil to supply to the shoots, damage of roots also cause damage in 
shoots (Asaadi, 2009). Salinity can negatively affect the ultrastructures of 
cells, tissues and organs as well (Koyro, 2002; Rasheed, 2009). In addition, 
earlier studies show that causing osmotic and specific ion toxic effects, 
salinity can inhibit the maintenance of necessary nutrient levels that are 
essential for plant growth which on the other hand limit root emergence 
and seedling growth (Krishnamurthy et al., 2007, Abari, et al., 2011; Bilgili 
et al., 2011). In this study, both the SL and RL were drastically affected by 
salinity. The reduction of FW could be the result of toxic effect of Na+ on 
photosynthesis rate at higher concentrations (Carlos Torres and Bingham, 
1973; Kawasaki et al., 1983).  

Earlier it has been found that salinity reduces photosynthesis rate by 
reducing intercellular CO2 concentration by stomatal closure 
(Kaymakanova and Stoeva, 2008). Moreover, Na+ can lower transportation 
rate of vital ions such as NO3- and inhibit plant growth and biomass 
accumulation by limiting N-containing compounds (Mohsina Hamid et al., 
2008; Chien et al., 2009). According to this study, highest decrease in SL 
was observed in Acc. 4582 G followed by O-043-7-9 R while lowest 
decrease was found in BJRI Deshi pat 10. In RL, highest decrease was also 
recorded in Acc. 4582 G followed by O-043-7-9 R and BJRI Deshi pat 10 
whereas lowest decrease was observed in O-043-7-9 G. In case of FW, no 
particular pattern was observed. With few exceptions, FW decreased with 
salinity where O-043-7-9 G and BJRI Deshi pat 10 had lowest decrease. In 
case of DW, most of them showed increased result. The alteration of SL, RL 
and FW of the studied jute genotypes of this experiment are in line with a 
few study by a group of researchers (Mukul et al., 2021; Naik et al., 2015; 
Ghosh et al., 2013). Although no previous result of increased DW with 

increasing salinity could be found, in a study of tossa jute, Naik et al., 2015 
recorded an unchanged DW of JRO 632 at 10 DAS in control, 100 and 160 
mM NaCl whereas the same happening was found in JRO 8432 in control 
and 100 mM NaCl. 

To assess the salt tolerance capacity of the studied genotypes, two 
tolerance indices (SSI and STI) were also applied in this study. According 
to the result of the SSI, Acc. 4582 G showed susceptibility towards salinity 
while BJRI Deshi pat 10 showed better performance against salinity. The 
result of STI showed the results that were in accordance with the SSI 
values where BJRI Deshi pat 10 had higher STI values indicating higher 
tolerance against salinity and Acc. 4582 G showed lower STI indicating 
lower tolerance towards salinity. The SSI and STI indices are applied to 
assess salt tolerance based on quantitative criteria proposed for selection 
of genotypes based on their yield performances in stress and non-stress 
conditions (Rajabi Dehnavi et al., 2020). Salt tolerant genotypes can be 
determined by SSI index according to the rate of yield changes compared 
to non-stress conditions which indicates higher stability in yield 
(Fernandez, 1992).  

Higher STI indicates highest yield and highest tolerance to stress (Rajabi 
Dehnavi et al., 2020). Different studies reported that better performance 
and higher effectiveness for STI compared to SSI distinguish higher 
yielding genotypes across different environments (Fernandez, 1992). 
Besides, the lower values for SSI demonstrate the lower difference in the 
yield between the stress and normal conditions, which means higher 
stability in yield (Rajabi Dehnavi et al., 2020). Although this stability may 
not indicate better performance of the genotypes under saline conditions 
in this study since these indices were determined using the dry biomass of 
seedlings, not real yield, they still coincide with the findings of germination 
and growth parameters of this study. 

It is difficult to discuss salt tolerance of the studied genotypes based on the 
individual parameters because of problems interpreting the statistical 
significance of differences (Tables 3 and 4). So, cluster analysis was 
applied to compare all the studied parameters in all treatments 
simultaneously. Based on the shown results, we can define BJRI Deshi pat 
10 as salt tolerant genotype. Results also indicate that O-043-7-9 R and 
Acc. 4582 G are the most salt sensitive genotypes. But no clear indication 
about the other two genotypes (O-043-7-9 G and O-0512-6-2 G) can be 
done. These genotypes were not as sensitive as O-043-7-9 R and Acc. 4582 
G, they did not even show tolerance as BJRI Deshi pat 10. The different 
results found in different genotypes may be because of their differences in 
genetic potentiality. Besides, the more tolerance of BJRI Deshi pat 10 
against salinity could be because of its species since it was reported that 
capsularis showed more tolerance than tossa jute (Ghosh et al., 2013). 

5.   CONCLUSIONS 

Significant differences among jute genotypes under saline conditions at 
germination and seedling stages were proved in the present study. In 
agriculture variety development is a major step and to fulfill this purpose 
identification and selection of the most salt tolerant genotypes of species 
is very important. Jute has huge potential for genetic variability in saline 
conditions.  Studied genetic differences are a good basis for providing 
information about jute genotypes that can be grown in areas affected by 
salt, and may be useful for better crop production and for determining the 
degree of salt tolerance in different genotypes for their further use in 
breeding programs. Seedling traits can be used as valid attribute for the 
selection of genotypes with a better tolerance to salinity stress. 
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