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Abstract

Aim : Astudy was conducted to evaluate the salinity tolerance of white jute (C. capsularis) cultivars.

Methodology : Five white jute
cultivars were assessed for different
salinity concentrations (0, 100, 150,
200 and 250 mM NacCl) in a split plot
design with three replications per
concentration under greenhouse
condition. A total of fifteen plants
were sampled from each treatment
ten days after treatment with NaCl to
determine morphological and
physiological parameters.

Results Increased NaCl
concentrations reduced all the
morphological and physiological
parameters such as plant height, root
length, number of leaves, leaf area,
shoot and root dry weight, relative
leaf water content (RLWC),
chlorophyll, protein, proline content,
K" accumulation in shoot and leaves,
but water saturation deficit (WSD)
and Na’ contents were increased in
the shootand leaves.

Interpretation : The study revealed
that among all cultivars assessed
JRC-532 and JRC-321 showed
relatively better performance against
salt stress whereas cultivar JRC-517
was found more susceptible to salt
stress.

Morpho-physiological response of
jute cultivars to salinity stress

Imposition of different salinity levels

v

Documentation of cultivar response under
salinity stress and data analysis

v

Morpho-physiological parameters can be
considered as screening criteria for
assessment of salinity tolerance in jute
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Introduction

Traditionally, jute is an important bast fibre (phloem)
producing cash crop, which belongs to family Malvaceae and
genus Corchorus. The genus Corchorus consists of around 100
species (Saunders, 2001). However, only two species viz.
Corchorus capsularis L. (Desi/ white jute) and Corchorus olitorius
L. (tossa jute) are grown commercially in tropical and subtropical
regions. This cash crop is the source of versatile eco-friendly
natural fibre, and is second next to cotton in terms of production
and diversified value added products and uses (Islam et al.,
2013). Apart from fibre, ideally tender leaves from young jute
plants, owing to high proteins, vitamins (A, C, E) and mineral
nutrients like calcium and iron, are consumed as a green leafy
vegetable in rural belts of Asian, African and European countries
(Steynetal., 2001; Dansi et al., 2008; Choudhary et al., 2013).

Salt stress is one amongst the major abiotic factor
limiting jute cultivation in India and Bangladesh. In India, total
salt affected soils is 6.7 million ha, out of which 1.47 million ha
which constitute both 0.75 million ha of salinity/white alkali soil
and 0.72 million ha sodic soil is occupied by jute cultivating
states (Mandal et al., 2010). Moreover, recent cyclone like Aila
in India and Bangladesh has converted vast non-saline crop
lands to salt affected areas and this salinity developed in soils is
still increasing day by day due to raise in sea level per se
consequence of global warming (www.savebd.com).

Salinity stress impacts plant physiology by affecting both
water relations (water stress) and ionic relations (ionic stress).
During the initial exposure to salinity stress, it affects the water
relations in the plant, ultimately inhibiting leaf expansion (Munns
and Termaat, 1986). While in the later phase chronic exposure to
salinity inflicts the mounting up of ions (Na" and CI') within the
shoot to lethal concentrations whereby uptake of essential
nutrients is hindered. The ionic stress is localized to older leaves,
causing premature senescence and ultimately leads to reduced
yield or plant death (Munns and Tester, 2008).

In order to retaliate with the stress affect, salt tolerant
plants have the ability to attenuate these pre-judicious affects by
producing a series of anatomical, morphological and
physiological adaptations (Hameed and Ashraf, 2008). Munns
and Tester (2008) proposed three main salinity tolerance
mechanisms: ion exclusion, tissue tolerance and shoot ion-
independent tolerance. Other physiological mechanisms
contributing to salinity tolerance include biosynthesis of amino
acids, sugars, hormones and utilization of these compounds to
regulate osmotic pressure. Among the amino acids, proline plays
an important role in osmotic adjustment of plant's cells. The
production of antioxidants (Ashraf, 2009) and early seedling
growth (Kingsbury and Epstein, 1984) are also the mechanisms
developed by salt tolerant plants. Recently, it has been reported
that jute can grow readily in saline soils (Hongya et al., 2011).
Screening of jute cultivars tolerant to salinity can bring up non-
arable saline soils of Indo-Gangetic plains under jute cultivation,

endorsing enhanced fibre production coupled with meeting the
nutritional requirement of masses in coastal areas. Therefore,
high yielding salinity tolerant jute cultivars either to be screened
from the pre-existing cultivars or breeding of new cultivars is
necessitated. However, screening for salt tolerance under field
condition is often not feasible owing to heterogeneous nature of
soil and seasonal fluctuation in rainfall (Akram et al., 2010). In fact,
evaluation of salinity tolerance of jute at seedling stage under
greenhouse condition is considered a suitable and efficient
approach for generating information on the prevalence and nature
of salttolerance jute. Seed germination and seedling growth are two
crucial and vulnerable stages in the early life cycle of terrestrial
angiosperms in regards to salinity stress. The relative reduction in
seed germination and growth have earlier been used for assessing
salttolerance of jute in China (Ma et al., 2011) and for C. capsularis
in India (Naik et al., 2015). Hence, the present investigation was
undertaken to assess the tolerance of different high yielding white
jute (C. capsularis) cultivars towards salinity sterss.

Materials and Methods

Plant material and screening protocols: The experiment was
carried out with five white jute (C. capsularis) cultivars namely,
JRC-698 (Multi-cross involving 13 parents), JBC-5 (JRC-321 x
THA/Y/086C), JRC-532 (CHN/FJ/044C x JRC-321), JRC-321
(selection from ‘Hewti') and JRC-517 (JRC-212 x JRC-4444) in
the greenhouse of I.C.A.R.-Central Research Institute for Jute
and Allied Fibres, Barrackpore, Kolkata, India. Each cultivar was
replicated thrice to screen five concentrations of NaCl (0,
100,150,200 and 250 mM). Their response to salinity stress was
measured in terms of morphological and physiological
characteristics viz., root length, shoot length, dry weight of roots
and shoots, relative water content in leaves, chlorophyll, protein,
proline content in leaves, Na” and K" ion content in shoot and
leaves. Earthen pots of 28 cm x 30 cm with a capacity to hold 6-8
kg soil were used for the study. Fertilizer @ 80:40:40 kg N:P:K ha”
was applied uniformly, based on weight of soil in each pot. Full
dose (40:40 kg P:K ha™) of P and K and half dose (40 kg N ha™) of
N were applied as basal dose and top-dressed with remaining N
dose at 35 days after sowing.

Prior to sowing, soil samples were collected to assess the
initial chemical parameters such as soil pH: 6.5, electrical
conductivity: 0.6 dsm”, soil organic carbon (0.61%), available
nitrogen (313.6 kg ha), phosphorous (39.3 kg ha') and
potassium (180 kg ha"). Post emergence of true leaves and roots
(20 days after sowing), the number of plants per pot was limited to
ten. Test concentrations of NaCl (0, 100, 150, 200 and 250 mM)
were imposed after 30 days of sowing, and normal water served
as control (Ghoulam et al., 2002). Post imposition of NaCl test
concentrations, soil electrical conductivity (ds m”) and total
dissolved solid (mg ") were measured.

Morphological parameters: A total of fifteen plants was
sampled from each treatment (five plants per replicate) 10 days
after treatment with NaCl, to determine the morphological and
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physiological parameters. Shoot and root length were
measured by using metric scale, fresh biomass weight was
recorded on an electronic precision balance and the samples
were sun dried for 12 hrs and later kept in a hot air oven at
65+2°C for 24 hrs to acquire their dry biomass weight. Basal
diameter was measured by using Vernier callipers. Relative leaf
water content (RLWC) of jute leaves was calculated by the
formula given by Smart and Bingham (1974). The youngest fully
expanded leaves from each plant were used for measuring
RLWC. Water saturation deficit (WSD) was determined
following the method of Weatherly and Slatyer (1957).

Physiological parameters: Chlorophyll content in fully
expanded leaves was estimated by the method Hiscox and
Israelstam (1979). Protein content was estimated following the
method of Lowry et al. (1951). Inorganic ions (Na" and K’) were
analyzed, from stem and leaf samples by tri-acid digestion
method (Ghoulam et al., 2002). Free proline content in leaves
was estimated by acid ninhydrin method (Bates et al., 1973).

Statistical analysis: For all parameters, data were analyzed by
two-way analysis of variance (ANOVA) using STATISTICA
program.The significance was tested at 5% level.

Results and Discussion

The experimental studies revealed that, NaCl caused a
significant reduction in all the growth parameters examined
among the five jute cultivars (Fig.1). Two-way ANOVA also
showed a significant (P<0.05) varietal consequence, except for
root length parameter. Moreover, with increasing salinity
concentration, reduction in growth parameters was higher across
five cultivars studied. Salt stress generally makes agricultural
crops fatal during the process of growth. Hence, it is crucially
important for the establishment of the plants growing under such
salt stress conditions.

The percent reduction in shoot length was found at 100
mM NaCl but later on showed an increasing trend with elevated
levels of salinity and perfect negative correlation with
increasing levels of NaCl. The percentage reduction in shoot
length was greater at 200 and 250 mM NaCl and highest
reduction was manifested in cultivars JRC-517, JRC-698 and
JBC-5 where it reached around 50% at 250 mM NaCl.
Reduction in shoot length is a common physiological response
in plant under high salt concentrations and has been reported
specifically for jute by Islam et al. (2011).

There were no significant differences between the
cultivars in terms of root length, highest percentage of reduction
(40%) was depicted in cultivar JRC-517 at 250 mM NaCl. The
increasing trend in shoot and root length reduction percentage
with increasing NaCl concentration revealed that root and shoot
growth serves as an indicator of salt stress in jute crop. There
have been numerous such reports of NaCl inhibiting root and
shoot growth (Abass and Latif, 2005; Zhang et al., 2014; Hoque et

al., 2015; Kotagiri and Kolluru, 2017) in plant. Number of leaves
per plant was significantly affected due to salinity stress. Tested
cultivars JRC-517 and JRC-698 documented greater than 70%
reduction in leaf number, and similar result were also reported by
Odunnaike et al. (2013). The leaf area reduction was directly
proportional to NaCl concentration. It was significantly less at
lower concentrations of NaCl, with increasing levels of NaCl
stress the percentage of reduction also increased simultaneously
and highest leaf area reduction of 65% was observed in cultivar
JBC-5. Dry weight gradually decreased owing to stress in both
shoots and roots, as reported in other studies (Islam et al., 2011).
The reduction in dry weight were more pronounced at 200 mM
and 250 mM NaCl, especially for the cultivar JRC-517, which
attained 47% and 69% in comparison to dry weight of shoot and
roots of control treatment. Shoot and root lengths do not always
illustrate to shoot and root weights. In the present study, though
few cultivars possessed long shoots and roots, thin and
unbranched, ultimately derived no sufficient dry weight. For this
reason, when the length and dry weight are considered as selection
criteria, emphasis on dry weightis given prime importance.

Major photosynthetic pigments in higher plants are
chlorophyll @ and chlorophyll b. Results demonstrated an
inversely proportional trend where in increasing concentration of
NaCl provoked reduction in the amount of leaf chlorophyll content
as such. Among five tested cultivars, highest mean chlorophyll a
(2.08mgg"), chlorophyllb (0.67 mg g") and total chlorophyll (2.75
mg g") was recorded in JRC-532 and all these parameters was at
par with cultivar JRC-321 (Table 1). While the lowest chlorophyll a
(1.65mgg"), chlorophyll b (0.49 mg g”) and total chlorophyll (2.15
mg g') was recorded in JRC-517. Interaction of NaCl and
cultivars indicated that highest total chlorophyll content (3.16 mg
g") was recorded for cultivar JRC-532 at 100 mM NaCl while the
lowest total chlorophyll content (1.54 mg g”) was found in JRC-
517 at 250 mM NaCl. Ghosh et al. (2013) also reported that
chlorophyll content decreased under high salinity condition
perhaps due to increased inhibition of chlorophyll synthesis or
disintegration of chloroplast.

The relative leaf water content gradually declined with
increasing NaCl concentration. This is inconformity with previous
studies of Chaudhuri and Choudauri (1997). There was no
significance in the varietal response however, the relative change
between the control (93%) and high NaCl treatment (250 Mm;
56%) was more prominent in cv. JRC-517.The water uptake was
more inhibited in cv. JRC-698 (61%) at 250 mM NaCl in contrast to
control (82%). There was significant difference among the
cultivars in relation to water saturation deficiency and was found
highestin cv. JRC-698.

Among all the tested cultivars, NaCl treatment induced
proline content elevation in the leaves (Fig. 2). The highest proline
content was documented in cvs. JRC-532 and JRC-321 at 250
mM NaCl. The increase in proline content was positively
correlated to the level of salt tolerance and it may be opined that
proline was involved in salt tolerance in these jute cultivars in
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Fig. 1: Mean percentage of reduction (+ S.D) on different growth parameters of five jute cultivars owing to increasing levels of NaCl concentration.

Similar inhibition of protein content under salt stress condition

was acquainted in sorghum (Azooz et al.,

Salt stress

gradually inhibited accumulation of protein in the leaves (Fig. 2).

contrast with the findings of Kahkahi et al. (2015).

2004). Analysis of

¥

variance revealed a significant effect of salinity (P < 0.05) on Na
and K" ion accumulation in shoot and leaves. The presence of

') was accumulated in cv.

The highest protein content (10 mg ml
-532 under control condition followed by cv. JRC-698 (9.9 mg

JRC

NaCl in the rooting medium despite induced an increase in Na*

ml™). Inverse trend was observed in protein accumulation with

increasing level of salt concentration and lowest protein content
(4.6 mg ml") was recorded in cv. JRC-698 at 250 mM NaCl.

concentration in shoots and leaves (Fig. 3) the K' content
decreased with the treatments imposed. Similar results were
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Table 1: Chlorophyll content (mg g™)of five jute cultivars in response to five levels of sodium chloride

Total Chlorophyll

Chlorophyllb

Chlorophylla

Treatments

Cultivars

2.39
2.30
2.75
2.69
2.15
0.09
0.33

0.57
0.62
0.67
0.65
0.49
0.01
0.06

1.81
1.67
2.08
2.04
1.65
0.09
0.32

JRC-698
JBC-5

JRC-532
JRC-

321
517
+

JRC

SEm
cD

NaCl concentrations

0mMNaCl

3.14
2.69
244
2.10
1.89
0.04

0.1

0.89
0.72
0.63
0.40
0.35
0.02
0.06

*

2.25
1.96
1.81
1.70
1.53
0.03
0.1

*

100 mM NaCl
150 mM NaCl
200 mM NaCl
250mMNaCl

SEm#+
cD

*

*

*

Interaction

** Significance atp <0.05
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Fig. 2 : Mean (x S.D) of relative water content of leaves, water saturation deficit, protein and proline content of five jute cultivars submitted to different

levels of NaCl.
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Fig. 3: Mean dry weightof Na

the tested cvs., JRC-532 and JRC-321 outperformed salinity
stress imposed and can be recommended for cultivation in
coastal areas. The tested cultivars accumulated high
concentration of Na"and K'in the leaves which is necessitated for
osmotic adjustment in salinity stress. Pedigree information of
these cultivars revealed that these cultivars might have derived

38mgg’

-5 under control condition. There was no

reported in other crops (Ghoulam et al., 2002; Hoque et al., 2015).
Potassium content is often described as the quality element,
especially more important for fibre quality. potassium ion
concentration in the shoots and leaves of all tested cultivars
significantly decreased in response to NaCl concentration and
found higher in the control than treatments. The highest K ion

Hence, in future

breeding programs for the development of salinity tolerant jute

cultivar indigenous type ‘Hewti’

g

‘Hewti'.

salinity tolerance from indigenous type

321 (

accumulation was recorded in leaves of cv. JRC

d.wt.) followed by JBC

can be considered as salinity

ion accumulation among the cultivars.

+

significant differencein Na

tolerance source. The results further revealed that both
morphological and physiological parameters can be considered
as screening criterion for assessing salinity tolerance in jute.

Thecv. JRC-

532 accumulated less Na'ions in shoot (10.7

" d.wt.) and leaves (14.1mg g” d.wt.
517, which accumulated highest Na" ions in the shoot (18 mg g

in contrast to cv. JRC-

)

mgg

Acknowledgment

This
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adjustment in salinity stressed jute plants. The presence of NaCl
in the rooting medium caused a disturbance in membrane
permeability expressed by an increase in solute leakage. Among
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