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Abstract

Abiotic stresses like salinity, water stress, high light intensity, heavy metals, etc. have a
significant influence on the morphology, biochemical characteristics, and crop
productivity, of Brassica species. Among these numerous abiotic stresses, stress from
salinity is a significant issue, that demands immediate attention and resolution.
Therefore, in this study, the tolerance of Brassica carinata and five different varieties of
Brassica campestris including Agrani, Shafal, BINA Sharisha-6, BARI Sharisha-15 and Tori-
7 were examined at varying concentrations of NaCl (0, 50, 100, 150, 200 mM). Different
morpho-physiolwasal and biochemical properties including seed germination
parameters, root/shoot ratio, proline content, H-O. and MDA level, photosynthetic
pigments, and Na*/K* ion accumulation were measured and showed varying responses
to the inhibitory impacts of NaCl. B. carinata, BINA Sharisha-6, Tori-7 and Shafal, with
increasing NaCl concentrations resulted in the loss of germination percentages,
root/shoot ratio, levels of photosynthetic pigments, proline, levels of H-20. and MDA and
the Na*K* ion accumulation in comparison to the other Brassica varieties. Among these
varieties, Shafal showed the lowest values of the salt tolerant indicators. In contrast,
variety Agrani and BARI Sharisha-15 exhibited high proline content, a good level of H20:
and MDA and photosynthetic pigments, in response to salt stress, which enhanced their
hydration status, enzyme activities and cellular functions.

Introduction

The Brassica genus belongs to the large plant family Brassicaceae and is a crucial edible
oil seed crop in Bangladesh. Oilseed Brassica holds a position as one of the foremost
sources of industrial oil, edible vegetable oil and protein-rich goods globally. It contains
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about 40-45% oil and 20-25% protein. It plays a significant role in human health
especially for heart patients as it contains omega 3 and fatty acid compositions (linoleic
and alpha linoleic acid, respectively) (Goswami et al. 2020).

Currently, Brassica ranks as the third most significant oil crop regarding the
production area. In each year, the combined production of rapeseed and mustard seeds
amounts to 63.04 million tons, which are collected from 34.33 million hectares of land
globally (FAO 2013). Bangladesh, with a substantial demand for edible oil, particularly
relies on Brassica and in terms of production area, Brassica holds the lead position among
the oilseed crops cultivated in this country.

Crop quality and productivity are significantly influenced by the environment. The
effects of climate change on crop growth are intricate and uncertain. Abiotic stresses,
including salinity, heat, cold, scarcity of water, heavy metals, nutrient deficiency etc.
have a great impact on world agriculture and are major contributors to yield reduction.
Among these stresses, one of the most detrimental environmental factors is salinity, as it
drastically impacts plant growth by altering metabolic activities (Rahim et al. 2020).
Different physiological, morphological, and biochemical properties of plants are induced
by salinity stress. It results in a notable reduction in germination rate, germination
percentage, shoot and root length, and yield by inhibiting the different enzyme activities
and photosynthesis that ultimately cause the plant to die (Gupta et al. 1993, Hussain et al.
2009, Islam et al. 2012, Jamil et al 2006).

Although Brassica is recognized for its resilience to salinity (Maas and Hoffman 1977)
and the threshold values for salinity are greater (9.0 dS/m), the rate of yield decline
beyond these thresholds is notably higher compared to other plant species (Mass 1993).
The genotypes of Brassica which are salinity sensitive, unable to tolerate the faster
accumulation of sodium ions (Na*), experience leaf death and the plant will die
eventually (Munns 2002).

In the early growth stages of different Arabidopsis genotypes, it was revealed that
excessive salt harmed vegetative growth and germination frequency (Quesada et al.
2002). At different salinity level (0 mM to 150 mM), when choosing canola cultivars that
are salt tolerant, factors including the rate of photosynthesis, proline concentration and
mobility of intracellular or intercellular ion can all be helpful (Ulfat et al. 2007, Kumar et
al. 2009).

To deal with abiotic stresses, plants use different kinds of osmotic regulations. Plants
accumulate osmolytes to protect the intra-cellular activities against adverse
environmental fluctuations. Soluble sugars and proline play a crucial role in eliminating
free radicals originating from cells and mitigating the stress’s effects on physiological
processes, by elevating the concentration of osmolyte within the cell (Tiryaki et al. 2016).

Photosynthetic pigments and carotenoids play an important role in photosynthesis.
In neutralizing singlet oxygen radicals, the amounts of chlorophyll and carotenoid
indicate the plant’s relative stress tolerance (Dehnavi et al. 2017). Ahmed et al. (2013)
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reported that under saline stress plants show a significant decrease in the number of
photosynthetic pigments as well as photosynthesis rate and reduce the stomatal density
and transpiration rate. Salinity stress also limits root and shoot elongation as well as
decreases the fresh and dry weights. Therefore, to mitigate environmental challenges
such as extreme salinity, it is essential to identify, select, and cultivate salt-tolerant
cultivars (Ashraf and McNeilly 2004, Almodares et al. 2007, Islam and Karim 2010).

As a major source of vegetable oil, rape seeds (Brassica campestris L. and B. napus L.)
and mustards (B. juncea (L.) Czern. and Coss, and B. carinata) are cultivated commercially
around the world (Ashraf and McNeilly 2004). Among these Brassica species, Brassica
campestris is grown for commercial purposes as well as a prominent oilseed crop, and
Brassica carinata accounts for about 60% of the country’s total oilseed production and
occupies approximately 80% of Bangladesh’s total oilseed area (Miah et al. 2015).
According to the data of Bangladesh Agricultural Research Council (BARC), certain
varieties of Brassica campestris have some special qualities such as Agrani and Shafal are
high yielding yellow seeded varieties, while BARI Sharisha-15 and Tori-7, respectively,
have oil contents of approximately 48-52% and 38-41%, and BINA Sharisha-6 is a salt
tolerant variety. But it was observed that the level of high salinity drastically affected the
growth and productivity of Brassica species (Francois et al. 1994). Soils affected by salinity
are prevalent worldwide and there is no continent which is free from this issue (Brady et
al. 2002). Salinity intrusion is a big challenge in coastal regions, especially in developing
regions with low-lying topography (Nicholls et al. 2007). In Bangladesh, the coastal area
spans approximately 47,201 square kilometers along the Bay of Bengal and includes 19
coastal districts that either directly face the bay or near it (Islam et al. 2006).

So, it is necessary to select Brassica varieties that exhibit tolerance to salt, which
enables them to cultivate in a salty environment or in salinized waters. For these
purposes, in the present study, Brassica carinata and 5 varieties of Brassica campestris
(Agrani, Shafal, BARI Sharisha-15, BINA Sharisha-6 and Tori-7) were selected. Keeping
in mind the significance of developing salt tolerant varieties in Bangladesh, the effects of
varied NaCl concentrations (50 mM,100 mM 150 mM, and 200 mM) were studied on
these six varieties of Brassica to understand the physiology of stress responses, different
physiological parameters such as proline content, production of hydrogen peroxide
(H202) in the peroxisome, level of malondialdehyde (MDA), amount of photosynthesis
pigments etc. were examined under different concentration of NaCl treatments.

Materials and Methods

Plant materials and treatments: In this present investigation, Brassica carinata and 5 varieties
of Brassica campestris including Agrani, Shafal, BINA Sharisha-6, BARI Sharisha-15 and
Tori-7 were used as plant materials. Seeds of these varieties were previously collected
from Oilseed division of Bangladesh Agricultural Research Institute (BARI), Gazipur.
Then the materials were maintained under the supervision of Plant Breeding and
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Biotechnology Laboratory, Department of Botany, University of Dhaka. In this study,
seedlings were grown on petri plates that contained distilled water as the control and salt
(NacCl) solutions at various concentrations (50, 100, 150 and 200 mM).

Germination conditions: In this experiment, seeds of each variety of Brassica were
surface-sterilized. Filter paper was used to hold fifty representative seeds of each variety
in a petri plate with distilled water (control) and 50,100,150 and 200 mM NacCl. The petri
plates were carefully maintained at 22 + 1°C temperature, for eight hours day length, in a
humid room. To avoid evaporation, the petri plates were carefully wrapped with
parafilm.

Germination rate: Based on the formula outlined by Asfaw et al. (2011), the average
number of days required for the radical or plumule to emerge was calculated.

Germination percentage: After 7 days, germinated seedlings were counted, and the
germination percentage calculated according to formula (Ania-tul-haq et al. 2012) as:

Germination percentage = (Number of seeds germinated / Total number of sowing seeds)
*100

Seedling Root/shoot ratio: The ratio of seedlings root and shoot length was calculated as
described by Kagan et al. (2010).

Determination of the Malondialdehyde (MDA) content: Thiobarbituric acid (TBA),
trichloroacetic acid (TCA) method was used to measure malondialdehyde (MDA)
concentration, which acts as an indicator of lipid peroxidation (Dhindsa et al. 1981). The
procedure involved homogenizing 500 mg of frozen leaf samples in10% trichloroacetic
acid (TCA) with 0.5% thiobarbituric acid (TBA), heating the mixture for 30 minutes at
100°C, cooling it to room temperature and centrifuging it for 15 minutes at 12,000 rpm at
4 °C. After collecting the supernatant, its specific absorbance was measured at 535 nm.
This value was then adjusted by deducting the non-specific absorbance, which was
recorded at 600 nm. Using the extinction coefficient (155 mM-! cmt), the MDA
concentration was calculated and reported as pumol/g FW.

Determination of proline content: 500 mg dried leaves were treated with 3% (w/v)
sulfosalicylic acid for the extraction of proline. 2 ml of supernatant was collected and
then combined with 2 ml of fresh acid-ninhydrin and 2 ml of glacial acetic acid and
heated for one hour at 100°C. The mixture was then extracted using 4 ml of toluene, the
toluene containing upper phase was separated, kept at room temperature for cooling and
a spectrophotometer (Shimadzu UV-1800, Japan) was used to detect the absorbance at
520nm. After that, the concentration of proline was determined using standard L-proline
(Bates et al. 1973).

Determination of photosynthetic pigments: 0.1 g leaf tissue was homogenized with 1 ml
of 80% acetone and then maintained at room temperature in the dark for 15 minutes to
assess the photosynthetic pigments. Following that, the samples were centrifuged for five
minutes at 4°C at 3000 rpm. Subsequently, 100 pl of supernatant was extracted and
diluted with 80% acetone to make 1 ml. After centrifugation, the absorbance of the
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supernatant was measured at 663, 647, and 470 nm using a Shimadzu UV-1800
spectrophotometer. The values for carotenoids and chlorophyll were estimated using the
data of Arnon et al. (1949). The units were computed using the formula (mg g-1FW).

Determination of H20: content: Levels of hydrogen peroxide were measured in
accordance with Sergiev et al. (1997). 500 mg of leaf tissues were homogenized with 5 ml
of 0.1% (w/v) TCA in an ice bath. After centrifuging the homogenate for 15 minutes at
12,000xg, 0.5 ml of the supernatant was mixed with 1 ml of 1 M Kl and 0.5 ml of 10 mM
potassium phosphate buffer (pH 7.0). The supernatant's absorbency was measured at 390
nm.

Determination of Na‘/ K* ions: The ion contents determinations were followed by
Rahman et al. (2016). Samples of plants were oven dried for a while at 80 °C until their
weight remained consistent. Nitric acid and perchloric acid (5:1) were used to crush and
digest 100 mg of dried root and shoot separately for 48 hours at 70 °C. After that, an
atomic absorption spectrophotometer (Shimadzu UV-1800, Japan) was used to determine
the ion contents.

Data analysis: At least five separate series of experiments were used to represent the
results and the results were denoted as means * standard error (3 observations each).
Software Excel 2019 was used to examine morpho-physiological and biochemical data.

Results and Discussion

Effects on germination parameters: The seed germination parameters comprising percentage
of germination, speed of the germination, relative germination rate and germination
index showed a gradual decrease under salinity stress conditions across all varieties of
Brassica (Table 1). High salinity levels in soil and irrigation water reduce the germination
of seeds in many Brassica species. However, although germination takes place in certain
Brassica species, the plants' growth and development are retarded (Kumar et.al 1995).

In the present investigation, six varieties of Brassica responded variably in terms of
tolerance to different levels of salt treatments (0, 50, 100, 150, and 200 mM NacCl).
Germination percentages declined drastically less than 25% with 150 and 200 mM NacCl
treatments, whereas in control seeds, it was 100% germination. In the presence of higher
NaCl concentrations (more than 100 mM), significant differences were observed among
the investigated varieties. Out of the six varieties assessed, all exhibited a germination
percentage higher than 50%, except for Shafal (B. campestris) at 100 mM NaCl treatment.
Notably, Brassica carinata and BARI Sharisha-15 had more than 50% germination even at
150 mM NacCl treatment. In contrast, the remaining cultivars exhibited less than 25%
germination at 150 mM, and some recorded 0% germination at the 200 mM salinity
stress. Similarly, the other parameters such as the speed, rate, and germination index
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Table 1. Impacts of salinity on six Brassica varieties morpho-physiological traits and
germination parameters at varying NaCl concentrations. (Each value is an average of 3

replicates).

Varieties Salinity Germination Speed of Relative =~ Germination  Root/
level (%) germination germination index Shoot
(mM) rate ratio
Brassica carinata 00 100 5.67 1 8.57 0.48
50 100 5.4 1 8.28 0.35
100 64.29 4.25 0.64 4.53 0.343
150 55.29 4.20 0.04 0.39 0.373
200 2.86 3.88 0.03 0.25 0.093
Agrani 00 78.57 5.83 1 7.00 0.183
(B.campestris) 50 64.29 5.13 0.82 5.14 0.157
100 57.14 5.06 0.73 4.71 0.143
150 10 3.33 0.13 0.6 0.10

200 5.71 3.23 0.07 0.39 0
Shafal (B.campestris) 00 47.14 4.66 1 3.64 0.167
50 38.57 4.4 0.82 2.78 0.127
100 12.86 2.59 0.27 0.67 0.07

150 10 2.3 0.21 0.57 0.1
200 2.86 2.29 0.06 0.14 0.03
BINA Sharisha-6 00 100 5.46 1 8.35 0.43
(B. campestris) 50 65.71 5.27 0.66 5.35 0.287
100 51.43 4.9 0.51 3.6 0.243
150 14.29 4.21 0.14 1.14 0.097

200 0 0 0 0 0
BARI Sharisha-15 00 100 5.5 1 8.39 0.177
(B. campestris) 50 92.86 5 0.93 8.32 0.167
100 58.57 5.03 0.59 4.64 0.143
150 50.71 4.76 0.36 2.71 0.10
200 8.57 35 0.09 0.53 0.09
Tori-7 00 62.86 6.15 1 5.71 0.467
(B. campestris) 50 61.43 6.1 0.98 5.32 0.316
100 58.57 6.08 0.93 4.64 0.257
150 24.29 5.49 0.39 2.07 0.143

200 571 5.25 0.09 0.5 0.063
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exhibited a gradual decline compared to the control condition. Salt stress affects various
morpho-biochemical and physiological processes including rate of development,
photosynthetic contents, leaf area index, floral abortion, and ion contents (N+, K+ and P)
in many Brassica species (Steinbrenner et al. 2012). Therefore, these findings can be
effectively used to distinguish between moderately and highly salt-tolerant varieties.

The impact of salt stress on growth:

Seedling length: Under the unaltered condition (0 mM NacCl), all varieties exhibited
the maximum root/shoot length ratio in comparison to different concentrations of salinity
stress (Table 1). At excessive salinity levels, all varieties showed an abrupt reduction in
growth and development. Moreover, salt stress resulted in a notable reduction of plant
biomass accumulation (root and shoot) across all varieties. However, the impact of
salinity was more extensive in root growth than shoot dry matter, which led to a
reduction in the root/shoot ratio (Garg et al. 2013). The length of the seedlings decreased
gradually with increasing the concentration of salt level. About 25 to 35% of plant
biomass reduction was observed under high salinity stress (Ahmar et al. 2019). The
detrimental effects of salt stress on B. juncea also altered the plant's biomass, root and
shoot length, and the CO: absorption process (Bybordi et al. 2010). The increasing level of
salinity adversely reduced the root/shoot ratio in three out of six varieties at 150 mM
NaCl, and the ratio reached 0, at 200 mM NaCl treatment. Among the six varieties,
Brassica carinata, BARI Sharisha-15 and Tori-7 showed a higher seedling root/shoot ratio
at 100 mM to 150 mM salinity level.

Proline content: Accumulation of proline content was observed in all six varieties of
Brassica, as the salt stress levels escalated gradually from low to high (Fig. 1) The proline
content fluctuation was not significantly different at 50 mM and 100 mM salinity,
compared to control in all varieties, except Shafal (B. campestris), where maximum proline
content of 23.65 umolg-! was measured at 100 mM of salt treatment. Compared to the
controlled condition, this amount has nearly tripled. At high levels of salinity (150 and
200 mM), maximum proline content of 36.12 and 36.31 umol g- in Tori-7, and 38.60 and
39.55 umol g in BARI Sharisha-15 was observed, which is around 4-fold and 2-fold
higher compared to their respective control. Similar observations of high levels of proline
content in B. campestris were observed under water stress conditions (Alam et al. 2014).
Deepak et al. (1995) also observed the presence of high proline content in Brassica leaves
under water stress. At 200 mM salinity stress, Brassica carinata and Shafal (B. campestris)
showed a moderate increase of proline concentration compared to the control. On the
other hand, the accumulation of proline was very low in Agrani (B. campestris) and BINA
Sharisha-6 at high salinity stress compared to the other varieties. Proline is necessary for
signal transduction, preserving the right osmotic potential, and having antioxidant
gualities (Bates et al. 1973, Nahar et al. 2013). Proline and soluble sugars were shown to
be the primary factors in salt stress resistance because they keep leaves from drying out
and lessen turgor loss (Bornare et al. 2013).
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Fig. 1. Effects of salinity (0 mM, 50 mM, 100 mM, 150 mM and 200 mM NacCl) on proline content
(umolgtFW), in six different varieties of Brassica. The average of three replicates is reflected in
each value. Standard Error (SE) is represented as vertical bars.

Level of oxidative stress markers (H.O2 and MDA) under salt stress: Levels of MDA and
H20: were used as indicators of oxidative stress to examine the consequences of salinity
stress. The level of H20: exhibited a gradual increase, with rising the salinity levels.
Agrani, Shafal, BINA Sharisha-6 and and BARI Sharisha-15 exhibited a progressive
elevation in H20: content as the salinity level raised from 0 mM to 200 mM. Among
them, Agrani (B.campestris) exhibited the highest H.0O2 content compared to the control.
Conversely, the other two varieties B. carinata and Tori-7, showed lower H:0:
accumulation under salt stress compared to the rest of the varieties (Fig. 2). Salt stress is
complicated and imposed a broad spectrum of metabolic disorders which can lead to the
accumulation of H202. H202 plays a critical role in various physiological processes of
plants, encompassing photosynthesis, senescence, the progression of cells, stomatal
activity, and biochemical responses over the course of a plant's growth (Deng et al. 2012).
Increased levels of H:0: have the potential to influence metabolic and antioxidant
enzyme activities in a manner conducive to plant growth and development (Nilu and
Liao 2016).

Lipid peroxidation is indicated by the MDA content, was consistently elevated as
salinity levels increased across the cultivars. Agrani and BARI Sharisha-15 displayed the
maximum accumulation of MDA content at 150 mM and 200 mM NacCl concentration,
respectively, in comparison to the control. In contrast, Shafal and B. carinata showed the
minimum level of MDA content at the 200 mM salinity level. The other two varieties
represented the moderate accumulation of MDA content (Fig. 3). Previous studies
showed that the primary cause of cell damage induced by salinity is the oxidative
deterioration of cellular membranes, leading to lipid oxidation and the accumulation of
malondialdehyde (MDA) (Ahmad et al. 2011, Das and Roychoudhury 2014). MDA is a
widely used indicator of oxidative lipid injury induced by environmental stress.
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According to the data of Jbir-Koubaa et al. (2015), shock and photo-oxidative stress are
two possible effects of salinity which causes MDA to accumulate in leaves. These
findings collectively highlight that H20- and lipid peroxidation are common occurrences
in plants under stress, and they can serve as valuable indicators of the physiological
status during plant growth.
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Fig. 3. Effects of salinity (0 mM, 50 mM, 100 mM, 150 mM and 200 mM NacCl) on MDA level

(umolg-1 FW), in six different varieties of Brassica. The average of three replicates is reflected
in each value. Standard Error (SE) is represented as vertical bars.

Photosynthetic pigments in leaves: The impact of salt stress on chlorophyll contents and
carotenoids was also observed in this investigation. Chlorophylls and other
photosynthetic pigments, including carotenoids were significantly impacted by salinity
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stress. With the increase of the salt level, both total chlorophyll and carotenoids contents
exhibited a gradual decrease. In this study, a consistent reduction in total chlorophyll
contents and carotenoids was observed across all six varieties, with the continuous
increase of salt levels from 0 mM to 200 mM (Fig. 4). Among the six varieties, Agrani
showed the highest chlorophyll contents 0.39 pg/ml/gFW, and BINA Sharisha-6 exhibited
the maximum carotenoids 0.16 pg/ml/gFW under 200 mM salinity stress, in comparison
to the rest of the varieties. Conversely, variety Shafal recorded the minimum chlorophyll
contents 0.20 ug/ml/gFW and the lowest carotenoids 0.02 pg/ml/gFW at the 200 mM
salinity stress. Previous studies have indicated a connection between the degradation of
essential photosynthetic pigments and the decrease in photosynthetic rate (Chaves et al.
2003, Reynolds et al. 2005). Under drought conditions, a low amount of chlorophyll a, b,
and total was observed by Alam et al. (2014).
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Fig. 4. Effects of salinity (0 mM, 50 mM, 100 mM, 150 mM and 200 mM NaCl) on Photosynthetic
pigments (Chlorophyll a and b and carotenoid) (pg/ml/gFW), in six different varieties of
Brassica. The average of three replicates is reflected in each value. Standard Error (SE) is
represented as vertical bars.

lon accumulation in roots: lon accumulation is another phenomenon that occurs during
different types of salt stress. All the varieties of Brassica displayed a unique response
pattern in case of Na* and K* ion accumulation under different salt stresses. The Na*
accumulation in roots showed a significant increase, with rising the level of salinity,
whereas it inhibited the accumulation of K+ ion in the roots. The ratio of Na+ and K* ion
accumulation exhibited a gradual increase across all the varieties. Among them, Agrani
(B. campestris) showed the highest Na*/ K+ ion accumulation and Brassica carinata
exhibited the lowest amount at 200 mM salinity level (Fig. 5). The Na*/ K* ratio serves as a
valuable indicator for evaluating plant tolerance to salt stress. Comparing salt-tolerant
genotypes to salt-sensitive genotypes, the former showed an 8-fold higher K*/Na* ratio
and a strong attraction for K+ over Na* (Ashraf et al. 2007).
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Fig. 5. Effects of salinity (0 mM, 50 mM, 100 mM, 150 mM and 200 mM NaCl) on Na*/ K* ion
accumulation, in six different varieties of Brassica. The average of three replicates is reflected in
each value. Standard Error (SE) is represented as vertical bars.

The issue of salinity is one of the most significant global concerns. The normal
growth of Brassica species is interrupted by saline, resulting in a significant decrease in
their overall oilseed production. Therefore, a comparative study was performed among
six varieties of Brassica species, which revealed their tolerance and sensitivity towards
salinity. The findings of the study showed that Agrani and BARI Sharisha-15 were the
most tolerant to high and moderate levels of salinity. As a result, these two varieties of
Brassica species can be cultivated in a saline environment, which will lead to achieving
the desired economic goals. Moreover, these methods can be applied to other important
crops to find out their agronomic performances under salinity stress.
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