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The present study demonstrated the effect of jasmonic acid (JA) on pigments and vitamins involved in
photosynthesis or other metabolic activities during salt stress in Brassica napus L. Exposure to
different concentrations of NaCl decreased pigments such as total chlorophyll, B-carotene, and
lycopene to significant low levels but interestingly salinity increased total protein of B. napus L.
seedlings, which was further ameliorated via JA supplementation. Importantly, JA alone and in
combination with different concentrations of NaCl enhanced growth, pigments, vitamins over control
and salt-alone treatment groups. The observations suggested that JA induced salinity tolerance in B.
napus L. seedlings by improving the biosynthetic level of various pigments and vitamins.
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INTRODUCTION

Salt accumulation in agricultural soil is increasing day by
day due to modern agricultural practices through artificial
irrigation. Now a days, about 23% of total irrigated land
have been damaged by high salts accumulation (Jouyban,
2012). The detrimental effect of high salinity on plants is
the consequences of both drought and water logging
conditions. Salinity stress results in ionization of Na" and
CI" ions during water logging conditions. There after it
induces wide variety of physiological and biochemical
changes in plants that inhibit or reduced plant growth and
development (Taffouo et al., 2010; Le Rudulier, 2005;
Singha and Choudhuri, 1990). Growth inhibition in plants
exposed to high salinity stress is associated with over

production of reactive oxygen species (ROS) that hasten
disintegration of plasma membrane and cell metabolites
such as pigments and vitamins. Salinity shows high
accumulation of superoxide radicals and H,O, in Oryza
sativa which consequently reduced growth
(Chattopadhayay et al., 2002). Plant can tolerate high
level of stress by controlling free radicals and ROS
through their antioxidant defense system which consists
of various enzymatic and non-enzymatic components
(Sairam and Srivastava, 2002; Bor et al., 2003).

Many strategies have been considered or employed to
maximize plant growth and productivity under various
stresses. A fundamental approach is to develop salt-
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tolerant varieties through use of plant growth regulators.

Jasmonic acid is an important plant growth regulator
involved in plant responses to biotic and abiotic stresses
as well as in development. Recently, Wasternack and
Hause (2013) reviewed the latest breakthrough in JA
regulated processes such as seed germination, seedling
development, root growth, flower development, seed
development, tuber formation and senescence. JA is also
involved in induction of anthocyanin formation by
regulation of transcription factors (TFs) such as PAP,
EGL 3, EL 3, MYB 75 and TTS which are involved in
anthocyanin biosynthesis and trichome development (Qi
et al.,, 2011). JA signaling regulated cellular network
involved in biosynthesis of secondary metabolites (Chena
et al., 2006).

This experiment was planned with an aim to relate a
change in the level of pigments and vitamins, in salt
stressed seedlings of B. napus with the induced
resistance and to neutralize the effects of stress by the
application of jasmonic acid. The hypothesis that the
application of jasmonic acid will mitigate the toxic effect of
salt on the growth of B. napus seedlings was tested.

MATERIALS AND METHODS

Seeds of Brassica napusL.cv. ‘GSC 6’ (certified) were procured
from Department of Plant Breeding, Punjab Agriculture University,
Ludhiana, India. Seeds were surface sterilized with 0.5% sodium
hypochlorite for 15 min, followed by repeated rinses in sterile
distilled water. The sterilized seeds were presoaked in different
concentrations of jasmonic acid (0, 10°, 10°, and 10™ M) for 8 h
and then germinated on Whatman No. 1 filter paper containing (O,
80, 100 and 120 mM NaCl) alone or in combination for 12 days.
The experiment was conducted under controlled conditions
(25+2°C, 16 h photoperiod) and repeated thrice with three
replications for each treatment.

Growth analysis

Twelve days old seedlings (DAS) were harvested and their root and
shoot length were recorded. Percentage germination was recorded
at 3rd DAS. Twenty seedlings per Petri dish were used for the
determination of morphological parameters.

Biochemical analysis

Total soluble protein content was estimated by homogenizing 1 g
fresh seedling tissue in 3 ml of 100 mM phosphate buffer (pH 7.0)
by following the method described by Lowry et al. (1951) using
bovine serum albumin as a standard. Chlorophyll and carotenoids
were extracted according to Arnon (1949). Brassica shoot tissue
(0.5 g) was ground using mortar and pestle in 5 ml of 80% acetone
and then the developed colour was measured at 470, 645, and 663
nm. The amount of pigments was calculated as described by
Lichtenthaler (1987). For [B-carotene and lycopene estimation,
seedlings were crushed in acetone-hexane (4:6) mixture and
absorbance was measured at 453, 645, 505, and 663 nm by
following Nagata and Yamashita (1992). Anthocyanin content was
extracted in 300 yl methanol (1% HCI) and the absorbance was
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read spectrophotometrically at 530 and 657 nm according to
Michael et al. (1998).

Vitamin A content was estimated by using the method of Bayfield
and Cole (1980) with slight modification, 3 ml reaction mixture
contained 1 ml of chloroform and 2 ml of trichloroacetic acid
solution. The absorbance was recorded at 620 nm. Vitamin C
content was determined spectrophotometrically by following the
method of Chinoy et al. (1976). Standard curve was prepared by
using grades of ascorbic acid (10 to 100 ug). Vitamin E content was
estimated following the method described by Rosenberg (1992).

Statistical analysis

All analysis was done on a completely randomized design. All data
obtained was subjected to a two-way analysis of variance (ANOVA)
and the mean differences were compared by Tukey’s test using
prism software 5.5. Each data was the mean of three replicates
(n=3) except for shoot and root length of B. napus L. seedlings
(n=5); and comparisons of p-values <0.05 were considered
significant and different from control.

RESULTS
Morphological parameters

Jasmonic acid treated seeds resulted in decreased
percentage germination, root and shoot length (Table 1)
of Brassica napus as compared to control. Maximum
decrease in germination rate (40%) was observed in
seedlings treated with 120 mM NaCl concentrations.
Interestingly, seeds grown in presence of 100 mM salt
after treatment with different concentrations of JA showed
increase in germination rate (63%) as compared to
control distilled water seeds.

Seedling growth in terms of root and shoot lengths also
showed synergistic mechanism of positive effect on
growth particularly on root lengths. Shoot lengths were
also affected positively in the presence of JA alone. In the
presence of different concentrations of NaCl solutions, an
increase in seedling growth was observed (Table 1).
Maximum shoot lengths (20%) and root lengths (49%)
was found in 10° M JA+100 mM NaCl. Overall, JA
showed positive effect on seedling growth in the
presence or absence of NaCl.

Biochemical parameters

The significant effect of JA was observed on the
biochemical parameters in Brassica napus seedlings.
Total soluble protein content was increased with
decreased concentrations of NaCl stress (Figure 1A).
Seedlings treated with 120 mM NaCl showed (75%)
decrease in total soluble protein content as compared to
control. Seedlings treated with JA alone showed
significant increase in total protein content (Figure 1A) in
comparison to untreated seedlings. The soluble protein
content was significantly higher in the seedlings treated
with NaCl supplemented with JA than NaCl alone.
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Table 1. Influence of pre-treatment of jasmonic acid (JA) on germination, shoot length and root

length under NaCl stress.

Treatments Germination (%) Shoot lengths (cm) Root lengths (cm)
Control 60 + 0.33* 4,97 £0.02 4,11 +0.04
10°M JA 64 + 0.33* 4.28 + 0.06* 4.27 £0.03*
10°M JA 72+ 0.57* 457 £0.17 4,90 + 0.05*
102 M JA 63+ 1.20* 458 +0.47 4.19 +0.04
80 mM NacCl 56 +1.15* 4.81 + 0.05* 3.16 +£ 0.02*
100 mM NacCl 48 + 0.88* 4.03 £0.03* 4.05 +0.07*
120 mM NacCl 36 + 1.45* 3.06 + 0.08* 2.60 £ 0.02*
10°M JA+ 80 mM NacCl 76+ 0.88* 4,97 £0.01 4,27 £0.03
10®M JA+ 100 mM NaCl 92+ 2.02 5.05 + 0.08* 4.88 + 0.05*
10®M JA+ 120 mM NaCl 66+ 1.52*% 4,96+ 0.03* 4.49 +0.01*
10°M JA+ 80 mM NaCl 92+2.64 5.99+0.08* 4.60+0.01
10° M JA+ 100 mM NaCl 98+2.33 5.55+0.03* 6.16+£0.02
10°M JA+ 120 mM NaCl 76+1.76* 5.01+0.11* 4.95+0.03*
102 M JA+ 80 mM NaCl 86+1.15* 4.99+0.12 4,40+0.04*
10**M JA+ 100 mM NaCl 90+1.45 5.00+0.09 4.91+0.01*
102 M JA+ 120 mM NaCl 82+1.11* 4.61+0.06* 4.05+0.02*

Values are the mean of three replicates measurements, *Indicate significant difference compared to the

control at p < 0.05.
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Figure 1. Effect of JA on protein content (A) and total Chl content (B) on 12-days old seedlings of
B. napus L. plants under NacCl stress [Bars represent the SE (n=3)].

Total chlorophyll content was decreased with increased
concentrations of NaCl as compared to control (Figure
1B) where it was (15%) lower as compared to control.
Applications of different concentrations of JA under salt
stress enhance chlorophyll content to significant high
level. Maximum total chlorophyll content was observed in
case of seedlings treated with 100 mM NaCl
supplemented with 10°M JA which was (43%) high as

compared to control.

Similar trend was observed when effect of JA was
studied on the contents of total carotenoids and
anthocyanin under NaCl stress (Figure 2). Carotenoids
content (Figure 2A) was (40%) lower in 100 mM NaCl
and anthocyanin (Figure 2B) was 53% lower in 120 mM
NaCl as compared to control. Carotenoid and anthocyanin
content were (160%) higher in seedlings treated with 10
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Figure 2. Effect of JA on carotenoid (A), anthocyanin (B), B- carotene (C), lycopene content (D) on 12-days old
seedlings of B. napus L. plants under NaCl stress [Bars represent the SE (n=3)].

M JA supplemented with 100 mM of NacCl.

B-Carotene and lycpene content (Figure 2) decreased
significantly under 120 mM of NaCl (44%) and (78%) as
compared to the control. JA alone was not able to
alleviate the decreased contents of B-carotene and
lycopene but in the presence of NaCl, an increase level
of B-carotene and lycopene contents was observed
(Figure 2C and D). p-carotene and lycopene contents
were reported to be maximum in case of seedlings

treated with 10° M JA supplemented with 100 mM NaCl
which was 39 and 148%, respectively.

Conversely, vitamin A, C and E contents declined
under NaCl stress and were found to increase
significantly by application of different concentrations of
JA under NaCl stress (Figure 3). Vitamin A content
(Figure 3A) decreased significantly under 120 mM NacCl
stress (32%) and the decrease was maximum (40%) in
seedlings treated with 10° M JA supplemented with 100
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Figure 3. Effect of JA on vitamin A (A), ascorbic acid (B) and a-tocopherol content (E) on 12-days old seedlings of B.

napus L. under NaCl stress [Bars represent the SE (n=3)].

mM of NaCl. Vitamin C content (Figure 3B) decreased
under NaCl stress up to 120 mM (80%) and was not
significantly improved when supplemented with JA.
Vitamin E content (Figure 3C) was decreased (53%) in
120 mM of NaCl, when compared with control.
Applications of JA improved vitamin E content
significantly in the presence of 100 mM NaCl stress and
maximum content was found (139%) in 10° M JA. It was
observed that Jasmonic acid helped in mitigating the
NacCl stress in Brassica napus by regulating the levels of
photosynthetic pigments and non-enzymatic antioxidants

but in dose dependent manner.

DISCUSSION

Salinity is the substantial cause of reduction in growth
yield and productivity in plants (Munns, 2005). Stress
caused as a result of high salt concentration alters the
internal metabolic machinery of the plant which modulates
the physiology and biochemistry of plants thereby
adversely affecting growth and productivity of plants



(Raza et al.,, 2007). JA is an oxylipin which is well
established as a plant growth regulator and protects
plants from biotic and abiotic stresses. The present study
is an attempt to demonstrate the ameliorative role of JA
in mitigating detrimental effect of salinity on physiology
and biochemistry of plants. Detrimental effect of all
concentrations of salt was observed on the studied
morphological parameters (Table 1). Priming treatment of
different concentrations of JA in seedlings exposed to
different saline treatments mitigated the detrimental effect
of salt stress via improvement in percentage germination
compared to control (untreated group) though significant
only to that of saline treated seeds. JA treatment also
enhanced root: shoot content. JA is a signaling molecule
which regulates signal pathway responsible for various
gene expression involved in plant growth and
development. Exogenous application of JA to seedlings
exposed to different saline conditions might overcome the
suppression of COI1/JAZ/IMYC2 gene expression which
is involved in plant growth through mitotic cell division
control (Rymen and Sugimoto, 2012; Zhang and Turner,
2008).

In the present study, 80 mM NacCl increased protein
content significantly to that of control, followed by 100
mM NacCl concentration (Figure 1A), but 120 mM NaCl
treatment decreased total protein content of B. napus L.
seedlings. High amount of total soluble proteins enable
plants to respond favourably to high salinity and survive;
this further improves in the presence of exogenous JA. It
is proposed that JA induced changes that are mediated
through jasmonates-induced stress proteins (Rakwl and
Komatsu, 2001). Similarly in our results, it might be the
case that JA application induced stress proteins, which
were involved in various growth-related processes.

The obtained results for chlorophyll accumulation in JA
treated seedlings exposed to various salinity conditions
presented antagonistic data from that obtained in
literature (Figure 1B). From a previous study, it was
reported that JA induced two key enzymes which are
involved in chlorophyll degradation in which gene
encoding the chlorophyllase 1 is strongly induced by JA
(Tsuchiya et al., 1999). In the present study, JA
application induced high accumulation of total chlorophyll
in simple distilled water seedlings. These results
suggested that JA has great potential in protecting B.
napus L. plants against salinity stress. JA induced higher
accumulation of carotenoids, B-carotene, anthocyanin
and lycopene along with vitamins A, C and E under
normal as well as high salinity condition in plants of B.
napus (Figures 2A to D and 3A to C). Accumulation of
various pigments and vitamins decreased with increase
in salinity stress in B. napus plants. These results are in
accordance with Verma and Mishra (2005) who reported
that high salinity decreased pigment accumulation in B.
juncea seedlings. The degradation in pigments and
vitamins accumulation observed may be due to production
of more free radicals under salinity stress which caused
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secondary metabolites deterioration. JA regulated the
level of all pigments and vitamins which suggested that
JA might be activating and/or be involved synthesis of
transcription factors (TFs) involved in formation of these
pigments and vitamins. The regulatory role of JA in TFs-
mediated metabolism of secondary metabolites has been
reviewed recently by Memelink (2009) and Geyter et al.
(2012). Qi et al. (2011) provided biochemical and genetic
evidences of involvement of transcription factors (TFs) in
anthocyanin biosynthesis through targeting of JAZs, an
inhibitor of JA signaling. The present findings reveal that
JA treated B. napus plants had high ability to deal with
oxidative stress that might govern their sensitivity to salt
stress status.

Conclusions

The influence of JA on pigments, vitamins and seedling
growth was more prominent under NaCl stress,
suggesting that JA treated seedlings were less affected
by NaCl than the untreated seedlings. Also, JA induced
accumulation levels of proteins, which increased the
tolerance of Brassica napus seedlings to NaCl stress.
However, further studies at molecular level are needed to
elucidate the complete mechanism involved in JA
inducing salt tolerance in plants.
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