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Improvement in salinity tolerance of plants is of immense significance as salt stress particularly threatens
the productivity of agricultural crops. This study was designed to assess the tolerance level of six Brassica
napus varieties (Super, Sandal, Faisal, CON-111, AC Excel and Punjab) under different levels of salinity (0,
50, 100, 150 & 200 mM) with three replications under CRD. Salt induced osmotic stress curtailed the plant
growth attributes, photosynthetic pigments and disturbed ionic homeostasis (K+, Na+, Ca2+, Cl-) but least
disturbance as compared to control was found in Super and Sandal cultivars. Punjab canola and AC Excel
canola cultivars were least tolerant to salinity because these displayed greater decline in all growth and
biochemical attributes. Plants subjected to NaCl induced stress exhibited considerable decline in all attri-
butes under study with proline as exception. Antioxidants (CAT, SOD & POD) showed an obvious change
in Canola plants under stress, but greatest decline was displayed at 200 mM NaCl level in all six cultivars.
Over all these attributes presented a comparatively stable trend in super and sandal cultivars. This shows
presence of physiological resilience and metabolic capacity in these two cultivars to tackle salinity.
Similarly, all yield attributes displayed adverse behavior under 150 mM & 200 mM salinity stress. Our
results demonstrated that Super and Sandal cultivars of Brassica napus exhibit good performance in salin-
ity tolerance and can be good option for cultivation in salt affected areas.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Canola (Brassica napus) a member of family Brassicaceae, is val-
ued as food and fodder crop across the world cultivated on about
42.2 m hectors area (Rahman et al., 2016) In provision of foodstuff,
canola family generally quoted at level 3rd after cereals and pulses.
Seeds are crushed for abstraction of oil, meal residue obtained after
the crushing is utilized as major animal forage resource. Canola is
considered as an important crop because of its oil contents com-
prising small amount of erucic acid hence supplying healthier
quality of cooking oil, but its entire production is reduced due to
the presence of several stresses in addition to salt stress
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(Belouchrani et al., 2021; Schillinger and Paulitz, 2018). Oil seed
crops specifically grown for oil are supposed to be tolerant to some
extent at various levels of salinity. Rape seed varieties reveals dif-
ferential capability to sustain their metabolic activities under sal-
ine conditions, but germination and certain stages of growth are
more susceptible to different concentrations of salinity
(Schillinger and Paulitz, 2018; Rasel et al 2020).

Salinity stress is one of the main restrictions to crop harvest in
arid and semiarid regions of the world. As it is growing about 10%
annually, it is assumed that 50% arable land will be wasted due to
salinity up to the mid of 21st century (Akhter et al., 2021a; Al-
Dakheel and Hussain, 2016; Moghadam et al., 2020; Sabagh
et al., 2019; Ijaz et al. 2021). Presently, substantial agricultural pro-
duction is disturbed by elevated soil salinity worldwide (Bybordi
et al., 2010; Moghadam et al., 2020; Zhang et al., 2001). Over 50%
of standard yield of different crops is considerably reduced in infer-
tile and partially fertile lands exhibiting salt stress (Bray, 2000).
Salinity can cause the reduction in crop yield by means of dis-
turbing nutritional and water equilibrium of the plants
(Belouchrani et al., 2021; Khan et al., 2010). Salt tolerance in plants
is a complex phenomenon, and this is centered on multiple associ-
ated factors including on morphological, physiological and bio-
chemical processes. Na+ and Cl+ ions toxicity generates high
osmotic potential that results in insufficient supply of water and
nutrients to plant roots (Aqeel et al., 2021; Bybordi et al., 2010;
Sharif et al., 2018). The ultimate general antagonistic effects of salt
stress on the Brassica napus are the reduction in plant height, size,
and yield, osmotic stress and all of these collectively compromise
plant growth, development and survival (Kumar, 1995;
Moghadam et al., 2020; Naveed et al., 2020; Noman et al.,
2018a), uptake, and homeostasis in plant body (Hasanuzzaman
et al., 2018; Manivannan et al., 2016; Wu et al., 2019). Mineral
imbalances such as increment of sodium ions up to toxic levels
may cause a disturbance in normal metabolic processes of plant
body. Such imbalances result in increased production of Reactive
Oxygen Species (ROS). In response to ROS production, plant switch
on its various defense mechanism like the production of antioxi-
dant both enzymatic and non-enzymatic (Apel and Hirt, 2004;
Mahmood et al., 2016; Naveed et al., 2020; Noman et al., 2018b;
Shehzad et al. 2021). Salt stress caused enhancement in activities
of ROS scavenging enzymes i.e. peroxidase in plants and leads to
higher tissue lignification which in turn confines plant growth
(Akhter et al., 2021a; Sabagh et al., 2019; Sharif et al., 2018).

Due to continuous increase in salt affected areas across the
globe, it is imperative to adopt strategies for extending canola cul-
tivation in salt affected areas both by conventional breeding as
well as development of genetically engineered plants (Sabagh
et al., 2019; Zhang et al., 2001; Ilyas et al. 2020). Therefore, we
hypothesized that newly established varieties of canola may have
different tolerance levels against various salinity regimes. Objec-
tive of our study was to evaluate physiological and biochemical
modulations in five Canola varieties in relation to growth under
different levels of salinity. Obvious and differential changes in
physio-biochemical responses were noticed that helped us to cat-
egorized salt tolerant and sensitive canola varieties.
2. Materials and methods

2.1. Experimental layout

A pot experiment was executed in experimental area of Govern-
ment College Women University Faisalabad, to evaluate the effect
of NaCl stress on six varieties of canola during 2019–2020. Stone
free, clean soil was fertilized to ensure healthy growth of seeds
and seedlings. Seeds of six canola varieties/ accessions namely
5470
Super canola, Sandal canola, CON-111, Punjab canola, Faisal canola
and AC Excel were obtained from Ayyub Agriculture Research
Institute (AARI) Faisalabad. Obtained seeds were first sterilized
by distilled water for approximately 10 min and then treated with
10% hypochlorite solution for 11–15 min. After proper sterilization
seeds were dried with the help of filter paper. Pots were arranged
as control and according to salinity levels. Seeds were sown in
fifty-eight plastic pots each containing 3Kg of soil. Already fertil-
ized soil pots were watered in alternative days. Seeds of all six vari-
eties were subjected to 5 NaCl stress levels (0, 50, 100,150 &
200 mM). The experiment was designed in CRD with three replica-
tions. The NaCl stress was applied after two weeks of germination
and retained in uninterrupted periods till crop maturity.

2.2. Plant sampling

Three plants from each pot were selected for recording morpho-
logical attributes, Root/ Shoot length, Root/Shoot fresh and dry
weights, No. of leaves, leaf length and width and Plant height.
The length (cm) of root, shoot, leaves (length & width) and plant
height was measured by using meter rod, No. of leaves were
counted manually whilst shoot/root fresh and dry weights (g)
and seeds weight (g) were determined with the help of recharge-
able balance.

2.3. Plant pigments contents

Chlorophyll analysis was done on fresh leaves. The method for
estimation of pigments was used that of Arnon (1949). Fresh leaf
sample (500 mg) was grinded in Ten mL of 80% acetone and chloro-
phyll was extracted. The absorbance of the extract was deciphered
in a spectrophotometer at 645, 680 and 663 nm against 80% ace-
tone blank. Chlorophyll determination formula

Chl.a (mg g-1 f.wt.) = [12.7 (OD663) � 2.69
(OD645)] � V/1000 � W

Chl.b (mg g-1 f.wt.) = [22.9 (OD645) � 4.68
(OD663)] � V/1000 � W

Total chl. (mg g-1 f.wt.) = [20.2(OD645) + 8.02
(OD663)] � V/1000 � W

Carotenoids (mg g-1 f.wt.) = [(OD480) + 0.114 (OD663) – 0.638
(OD645)] / 2500

and some of these leaves were stored immediately at �20 �C to
determine the enzymatic antioxidants activity. Yield parameters
were measured at crop maturity.

2.4. Biochemical parameters

2.4.1. Enzymatic antioxidants activities
Antioxidant enzymes extraction was done by grinding 0.5 g

fresh leaves in 5 mL amount of 50 mM chilled phosphate buffer
(pH 7.8) in tissue grinder. The homogenate extract was centrifuged
at 15000 rpm for 18 min at 4 �C. The extracted supernatant was
treated for enzyme activities assays for catalase following the pro-
tocols developed by Britton and Maehly (1955). For catalase activ-
ity the reaction mixture was composed of 100uL of plant extract,
100 mm of Na phosphate buffer at pH of 7.0 and 30 mm of Hydro-
gen peroxide. The absorbance was taken at 240 nm of wavelength
of spectrometer which was decreased with the degradation of
hydrogen peroxide. The per unit activity was defined as the quan-
tity of catalase required a 0.001 / min change in absorbance.

2.4.2. Peroxidase
For peroxidase (mg g-1FW) activity measure the reaction mix-

ture comprising of 500 mL of plant extract, 100 mL of Na phos-
phate buffer at the pH of 7.0, 5 mM of 4-methylcatechols and
5 mm of hydrogen per oxide in a volume of 3 mL was put in spectro
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photometre and increase in absorbance was read at 420 nm wave-
length as a result of oxidation of 4-methylcatechol by hydrogen
peroxide. Per unity activity of the POD was defined as the 0.001
alteration in absorbance/min (Britton and Maehly, 1955).
2.4.3. SOD
The activity of SOD (mg g-1FW) was evaluated by assessing the

nitroblue tetrazolium (NBT) photoreduction inhibition by super
oxide dismutase enzyme. For the reaction the required chemicals
were 50 mM Na2CO3, 50 mM Na Phosphate buffer with a pH of
7.6, 0.1 mM EDTA, 12 mM L- Methionine, 10uM ribo Flavin,
50uM NBT & 100 mL 0f plant extract .The final volume of reaction
mixture was 3 mL. The reaction mixture was incubated at room
temperature for fifteen minutes under the white light and after-
wards the absorbance reading was recorded at the wavelength of
560nmThe amount of enzyme required to inhibit the photo-
chemical reduction of NBT was defined as one unit of SOD activity
2.4.4. Proline
Proline (mg g-1FW) contents were calculated by homogenizing

0.25 g of garden-fresh leaf by taking 30% sulpho-sylicylic acid
(5 mL) (Bates et al., 1973). The reaction mixture consisting of equal
amounts of (2 mL) crude extract, ninhydrin reagent and glacial
acetic was incubated in a water bath at 100 �C. After cooling with
ice Toulene was added in 4 mL volume with vigorous shaking for
10–20 s. The absorbance was read at 520 nm wavelength of spec-
trophotometer. Standard curves were drawn to determine proline
contents
2.4.5. Phenolics and flavonoids
For the estimation of phenolics fresh leaf sample (0.25 g) of

canola plant and 80% acetone (2 mL) were grinded together for
extraction sample. Then for centrifugation purpose this sample
was added in falcon tubes having the capacity of 15 mL. All sam-
ples were centrifuged for 15 min then 100 Âml sample extract
was transferred in test tubes following the addition of 1 mL dis-
tilled water in each test tube. The sample was then subjected to
the protocol devised by (Ribarova and Atanassova, 2005), The fla-
vonoids content were calculated using the technique of AlCl3 col-
orimetric (Ribarova and Atanassova, 2005).
2.4.6. Mineral nutrients
Leaves of B.napus (0.1 g) were oven dried and mixed with 5 mL

conc. H2SO4 in digestion flasks individually (Wolf, 1982). This mix-
ture was kept for 12 h at room temperature. Digestion flasks were
heated and 0.5 mL of 35% H2O2 was added at 100sC and heated (till
380sC) until disappearance of fumes. Then digested material was
cooled down and H2O2 was added befors heating at 380sC again
until the digestive solution became colorless. The volume of the
digested material was maintained to 50 mL and, filtered before fur-
ther use. The amount of potassium (K+), calcium (Ca2+) and sodium
(Na+) ions were measured with flame photometer, whereas, chlo-
ride (Cl-) ions determined with a chloride meter (Model 926, Sher-
wood Scientific Ltd., Cambridge, UK) (Tavakkoli et al. 2010).
2.5. Statistical analysis

Recorded Data of two factors with CRD was analyzed statisti-
cally by running Co-stat software with 5% probability level to com-
pare treatment means(Steel et al., 1997). Statistical program ‘‘R (v
4.0.1)” was used for estimating Pearson’s correlation co-efficient
and for principal component analysis among various measured
variables (R Development Core Team, 2020).
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3. Results

3.1. Morphological parameters

NaCl imposed salt stress critically affected all the six cultivars of
Brassica napus i.e., Super canola, Sandal canola, CON-111, Punjab
canola, Faisal canola and AC Excel. Salinity clearly reduced the)
Shoot fresh weight, Shoot dry weight, Root Fresh weight, root dry
weight, shoot / root length(cm), leave length & width (cm) and
number of leaves(Fig. 1: a-i). The maximum reduction of 26% in
root length was documented in AC Excel, Punjab. The Super and
Sandal ecotypes behave as tolerant with minimum reduction of
18% in root length. Similar behavior was observed for the shoot
length where the maximum decrease of 34% was recorded in AC
Excel and Punjab while minimum reduction (27%) was observed
in Super and Sandal. For root and shoot fresh weight 51% and
39% decrease was observed in Super and Sandal while the reduc-
tion %age for the AC Excel and Punjab remained 59% & 44% for
RFW & SFW respectively. The RDW & SDW values also proved to
be significantly different. The %age decrease for these attributes
wer recorded to be 49% & 32% for the susceptible AC Excel and Pun-
jab. The Decrease in value of RDW & SDW for Super and Sandal
remained49% and 29%. The data recorded for Leaf length, leaf
width and number of leaves (Fig. 1: i) revealed a significant
(P � 0.05) decrease with the increasing amount of salt stress. The
behavior of Super and Sandal showed a tolerance towards salt
stress as compared to other varieties .All these parameters showed
maximum significant (P � 0.05) reduction at 200 mM salt stress
level. The Super canola and Sandal canola are more tolerant vari-
eties to salt stress as compared to AC Excel & Punjab. Super canola
variety showed highest growth under controlled environment.
Maximum decrease in plant height (62%) was displayed by AC
Excel and Punjab, while Sandal and Super displayed minimum
decline (58%). However, the behavior of varieties under control
environment was considerably better than under NaCl induced
stress environment.
3.2. Photosynthetic pigments

Evaluation of physiological characteristics such as photosyn-
thetic pigments are essential in respect to enhance plant produc-
tivity under NaCl salinity in various crop cultivars. Total amount
and activity of photosynthetic pigments played a vital role in plant
growth. In present study, treatment of 50 mM, 100 mM, 150 mM &
200 mM salt stress noticeably (P � 0.05) lowered the chlorophyll
pigments i.e., chlorophyll ‘a’, chlorophyll ‘carotenoids and total
chlorophyll contents in all canola cultivars (Fig. 2: a-d). For photo-
synthetic pigments the behavior of all the six verities were
observed to be of same pattern as in their morphological traits.
The values for chlorophyll s were maximum in Super, Sandal and
Faisal under controlled conditions. These verities also behaved bet-
ter under salt stress. The CON 111 showed an intermediate behav-
ior while the response of AC Excel and Punjab (31% decrease)
observed to be poor when subjected to salt stress. Increasing salt
concentration caused a gradual decrease in chlorophyll a contents.
Similar results were obtained for chlorophyll b and total chloro-
phyll contents. The carotenoids contents were observed to be least
in Punjab whereas the Super and Sandal showed a minimum
decline (25% decrease) in carotenoids contents under 200 mmol
salt stress.
3.3. Antioxidants

Antioxidants play a vital role against ROS to combat the biotic
or abiotic stresses. The less amount of these mean a more suscep-



Fig. 1. (a) Shoot fresh weight (g), (b) Shoot dry weight (g), (c) Root Fresh weight(g),(d) root dry weight(g) (e) shoot length(cm), (f) root length(cm), (g) leave length (cm) (h)
leave width (cm) (i) number of leaves of six Brassica napus cultivars treated with 0, 50, 100, 150 and 200 mM NaCl stress. Vertical Bars indicate Mean ± SE (n = 3), significant
P � 0.05.
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Fig. 2. (a) Chlorophyll a contents (mg/g), (b) Chlorophyll b contents (mg/g), (c) Total chlorophyll contents (mg/g), (d) Carotenoid contents (mg/g) of six Brassica napus
cultivars treated with 0, 50, 100, 150 and 200 mM NaCl stress. Vertical Bars indicate Mean ± SE (n = 3), significant P � 0.05.

R. Naheed, H. Aslam, H. Kanwal et al. Saudi Journal of Biological Sciences 28 (2021) 5469–5479
tible behavior. In this research study the amount of antioxidants
was observed to be maximum in Super cultivar when grown under
controlled conditions (Fig. 3 a, b, c). The reduction of 11% in PerOxi-
dase (POD) activity was observed under 200 mmol of sodium chlo-
ride stress followed by Sandal, Faisal and CON 11. The maxim (CAT)
and Superoxide dismutase (SOD) the similar trends were observed
with a reduction in activity from 42 % in Punjab to 11 % in Super for
catalase and 41 % in Punjab to 25 % in Super for SOD activities.
3.3.1. Phenolics & flavonoids
The results of secondary metabolites showed a like phenolics

and flavonoids showed non-significant differences when grown
under controlled or stressed conditions for Super cultivar (Fig. 3
d & f). Faisal cultivar showed a decrease in flavonoids contents
but an increase was observed when it was exposed to 200 mmol
of salt stressed. For Phenolics the AC Excel and Punjab showed
maximum decrease. The behavior of AC Excel and Punjab was
almost similar for their flavonoids contents when exposed to
200 mmol salt stress.
3.3.2. Proline
It was examined that proline contents and salt stress are

directly proportional to each other, as salt stress increases proline
value increases, Proline contents were lesser in Brassica napus cul-
tivars treated with 50 mL or 100 mL salt stress than in 200 mL salt
stress cultivars (Fig. 4: e). It is considered as basic reaction of
canola plants under NaCl stress to save compartmental injury.
The maximum increase (34.165 %) in proline contents was
observed in Punjab cultivar.
5473
3.4. Mineral nutrients

The data analysis regarding the ion concentration revealed that
the salt stress has an augmenting effect on sodium and chloride
ions. The maximum increase in these two ions was visible in Super
cultivar. For sodium ions the maximum (27%) sodium increase was
observed in Super cultivar when exposed to 200 mM salt stress.
The affects were almost similar for Sandal, Faisal and CON 111 cul-
tivars. The minimum increase (9 %) in sodium ions concentration
was observed in Punjab cultivar (Fig. 4 a).

The maximum increase (32%) in chloride ions was observed in
Punjab cultivar while the minimum increase (11%) was observed
in Super cultivar followed by Sandal Faisal and CON 111. Under
controlled conditions the minimum values of chloride ions were
measured in Super and Punjab cultivars (Fig. 4 d). The potassium
contents showed a minimum decline of 11% in Super cultivar and
maximum decline of 27% in Punjab cultivar. The maximum
decrease (23%) for calcium ions was observed in Punjab cultivar
whereas the minimum reduction (9%) for Calcium contents was
observed in Super Cultivar when plants were exposed to salt stress
(Fig. 4b & c).
3.5. Yield

The six ecotypes of canola when treated with 0, 50, 100 and
150 mM of sodium chloride showed significant decrease in number
of pods per plant. The data revealed that 50 mM concentration of
salt did not affect the number of pods per plant significantly in
Super and Sandal cultivars but the effects were obvious in other
ecotypes. The concentration of 150 mM and 200 mM salt showed
a sharp decline in number of pods per plant. Maximum reduction
was observed in Punjab cultivar.



Fig. 3. (a) peroxidase (units/mg protein), (b) Catalase (units/mg protein), (c) Superoxide dismutase (units/mg protein), (d) phenolic (mg/kg FW), (e) Proline (mmol/g FW), (f)
Flavonoids (mg/g FW) of six Brassica napus cultivars treated with 0, 50, 100, 150 and 200 mM NaCl stress. Vertical Bars indicate Mean ± SE (n = 3), significant P � 0.05.
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For number of flowers the behavior of Super and Sandal
remained best under controlled conditions. 50 mM salt stress
dud not showed any significant differences in Super ecotype but
it was effective in all the other cultivars. In AC Excel and Punjab
cultivars the maximum reduction in number of flowers was
observed while minimum reduction was observed in Super cultivar
when treated with 200 mM salt stress. Grain weight with covering
(g) was observed to be least effected in Super and Sandal cultivars
and maximum decrease was documented in Punjab cultivar when
treated with salt stress.

The behavior of Super cultivar remained less effected for 50 mM
salt stress but the increase in salt concentration adversely affected
the grain weight without covering. The maximum reduction in wt
of grains (g) without covering was observed in Punjab cultivar. The
effects were non-significant in CON 111 and AC Excel. For plant
height data collected revealed that the effects of 0 mM, 50 mM
and 100 mM remained nonsignificant in Super cultivar. In Sandal,
Faisal and AC Excel the effect of 50 mM remained non-significant.
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The minimum differences were observed in Punjab under
0 mM, 100 mM and 150 mM salt stress but the effect of
200 mM salt stress was more obvious. In AC Excel the effect of
100 mmol, 150 mmol and 200 mmol were almost similar.
3.6. Pearson correlation and principal component analysis

To check relationship among different attributes and salinity
tolerance in Canola verities, we performed Pearson correlation
and principal component analysis (PCA). Pearson correlation i.e.
positive and negative was recorded between various attributes in
B. napus varities under salt stress. It was noticed that salinity
exerted significant changes in physio-biochemical parameters
antioxidative metabolism, and nutrient balance that were posi-
tively related with growth and yield. (Fig. 5). A negative correlation
was observed among Cl- and all other attributes studied in this
experiment except proline. Mineral ions were correlated positively
with growth except Cl-. Shoot fresh and dry biomass, plant height,



Fig. 4. (a) Sodium contents (mg/g), (b) calcium contents (mg/g), (c) potassium contents of six Brassica napus cultivars treated with 0, 50, 100, 150 and 200 mM NaCl stress.
Vertical Bars indicate Mean ± SE (n = 3), significant P � 0.05.
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number of flowers, number of pods were correlated with each
other positively. SOD presented very positive correlation with
growth attributes while correlation of POD, Ca and K with all these
was also positive. Cl and Na exhibited a positive correlation with
each other. This correlation analysis showed an obvious relation-
ship between varieties of canola and plant characteristics (Fig. 6).
This correlational analysis between studied plant characteristics
of six B. napus varieties is verified by PCA-Biplot. Fig. 7 shows
PCA-Biplot of different attributes of B. napus varieties under salt
stress. This PCA biplot examined the degree of relationship
between among the treatments and attributes. Both PC1 and PC2
jointly presented 56.8 % of variability in data. PC1 elaborates a clear
distinction of canola attributes after exposure to salinity levels.,
PC1 shared 39.7 % of the observed variation as compared to the
shar of PC2 i.e. 17.1%. In the dataset, the distribution of compo-
nents points out that salt toxicity in the rooting media significantly
influenced all the varieties with reference to their studied param-
eters Figure, 7). It clearly demonstrates that variables in control
plants did not significantly match with the same variables in salin-
ity treated Canola plants.
4. Discussion

NaCl imposed salt stress critically affected all the six cultivars of
Brassica napus i.e., Super canola, Sandal canola, CON-111, Punjab
canola, Faisal canola and AC Excel. Salinity clearly reduced the
shoot/root length, shoot/root fresh and dry weights, leaf length
and width, number of leaves and plant height. All these parameters
showed maximum significant (P � 0.05) reduction at 200 mM salt
stress level. These results are in accordance with the past research
of (Munns and Tester, 2008; Shahbazi et al., 2011; Umar et al.,
2011). This declination takes place due to disruption in metabolism
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of ion exchange, lower vital nutrients concentration or by the accu-
mulation of toxic substances in plants under stress (Vital et al.,
2008). Greater amount of ROS production under high osmotic
stress mainly causes the decrease in all growth attributes (Akhter
et al., 2021b; Hasanuzzaman et al., 2013; Bashri et al 2021). Dis-
playing of lower yield and growth by crop plants under NaCl
induced salt stress is caused by the alteration in biochemical mech-
anisms (Waqas et al., 2019). The Super canola and Sandal canola
are more tolerant varieties to salt stress as compared to AC Excel
& Punjab. Super canola variety showed highest growth under con-
trolled environment.

Evaluation of biochemical characteristics such as photosyn-
thetic pigments are essential in respect to enhance plant produc-
tivity under NaCl salinity in various crop cultivars (Akhter et al.,
2021b; Hasanuzzaman et al., 2013). It was observed and hence
proved in many studies that the decline in photosynthetic attri-
butes consequently decreased the morphological parameters, over-
all growth, hence yield of many crops. Various metabolic disorders
developed in Brassica napus seedlings when exposed to relative salt
(Ayaz et al., 2000; Hasanuzzaman et al., 2018; Kumar, 1995). Appli-
cation of NaCl stress at early stages of Brassica napus cultivars have
negative impact on some biochemical attributes, caused chloro-
phyll contents to decline (Su et al., 2013). Total amount and activ-
ity of photosynthetic pigments played a vital role in plant growth.
In present study, treatment of 50 mM, 100 mM, 150 mM & 200 mM
salt stress noticeably (P � 0.05) lowered the chlorophyll pigments
i.e., chlorophyll ‘a’, chlorophyll ‘b’ and total chlorophyll contents in
all canola cultivars. Production of reactive oxygen species (ROS)
under osmotic stress caused by salt stress initiates the breakdown
of chloroplast that ultimately decreases its total amount as studied
in maize (Ahmad et al., 2020), quinoa (Abdallah et al., 2020) and
tomato (Ahanger et al., 2019). Increase in Na+ & Cl- ions in leaves
also caused declination of Chl-b, Chl-a and total chlorophyll con-



Fig. 5. (a) No. of pods, (b) No. of flowers (c) Grain weight with covering (g) (d) grain weight without covering (g) , (e) Plant height (cm) of six Brassica napus cultivars treated
with 0, 50, 100, 150 and 200 mM NaCl stress. Vertical Bars indicate Mean ± SE (n = 3), significant P � 0.05.
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tents, because in the presence of these ions different enzymes
function gets disturbed that are participating in chlorophyll pro-
duction (Ahanger et al., 2019; Ahmad et al., 2020). The osmolyte
proline that contains antioxidant properties also aids in signal
transformation metabolism (Nahar et al., 2013; Dar et al. 2021).
In current research high proline value was observed in NaCl
stressed plants than the control ones. It was examined that proline
contents and salt stress are directly proportional to each other, as
salt stress increases proline value increases, these results are com-
parable with previous studies (Nounjan and Theerakulpisut, 2012;
Javeed et al. 2021). Hence, observed that most compatible osmo-
protectant is proline under NaCl affected cultivars. Proline contents
were lesser in Brassica napus cultivars treated with 50 mL or
100 mL salt stress than in 200 mL salt stress cultivars. It is consid-
ered as basic reaction of canola plants under NaCl stress to save
compartmental injury. Terpenes, alkaloids, phenolics and flavo-
noids etc. are considered as secondary metabolites. These act as
toxic substances during abiotic stress tolerance but are not directly
5476
linked with plant development and growth (Taiz and Zeiger, 2006;
Khan et al 2020). Whereas phenolics and terpenes from secondary
metabolites are exception due to their structural properties as
these perform important functions in abiotic stress tolerance
(Ruiz and Romero, 2001). All canola cultivars examined in present
experiment displayed enhanced total phenolic contents under salt
stress environment. Enzymatic antioxidants play a defensive role
that plants really needs for its survival under NaCl stress. These
enzymes act as protective sheath against ROS formation under
stress environments (Alves et al., 2020; Hajihashemi et al. 2020).
Ion analysis studies of current research elaborate that increased
salt stress caused reduction in Na+ and Cl- ions. Similarly, the yield
parameters i.e., total number of flowers, number of pods, grains
weight (with and without covering) displayed declined values
under NaCl stress as compared to control. These results are in
accordance with past studies in rapeseed (Rameeh, 2012), in canola
(Bandehagh et al., 2021), and in spring canola cultivars
(Tahmasebpour et al., 2018).



Fig. 6. Correlation matrix of different attributes in six Brassica napus cultivars treated with 0, 50, 100, 150 and 200 mM NaCl stress. Vertical Bars indicate Mean ± SE (n = 3),
significant P � 0.05.

Fig. 7. PCA-Biplot of different attributes of six Brassica napus cultivars treated with 0, 50, 100, 150 and 200 mM NaCl stress. Vertical Bars indicate Mean ± SE (n = 3), significant
P � 0.05.
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5. Conclusion

NaCl induced salt stress adversely affected all six cultivars of
canola (Brassica napus). Salinity decreased all morphological and
biochemical parameters. However, among the six cultivars, Super
and Sandal proved to be more tolerant under NaCl salinity stress,
these cultivars showed lesser declination in all parameters,
whereas Punjab canola and AC Excel canola cultivars were least
tolerant to salinity because these displayed greater decline in all
growth and biochemical attributes. However, proline contents tend
to increase under salt stress in all six cultivars. 50 mM and 100 mM
salt stress concentrations were proved to be less harmful for all six
cultivars. Whereas 200 mM and 150 mM concentrations were very
harmful for cultivars. All six varieties showed adverse symptoms
and growth under 200 mM NaCl salt stress. Super canola per-
formed better under control conditions as well as under salinity
environment among all six varieties of Brassica napus.
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