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Abstract

Heavy metal (HM) stress has adverse effects on growth of plant and biochemical parameters. The foliar spray of plant
growth regulators is a renowned approach to alleviate the negative effects of HM on plants. It is considered that the influence
of HM on plant physiological phenomenon can be overcome by the use of amino acids. Therefore, the major objective of
present study was to find the role of 5-aminolevulinic acid (ALA) in alleviating the Heavy metals stress in two varieties i.e.
Super canola-2018 (V1) & Super Raya-2016 (V2) of mustard. A pot experiment was conducted in Botanical Garden,
Department of Botany, University of Gujrat, Gujrat, Pakistan. Total ten treatments were used and each treatment was
replicated four times. A Completely Randomized Design (CRD) was used for this experiment. Pb (100uM) and Cd (100uM)
were applied in the form of PbCI2 and CdCI2 at the time of sowing to induce heavy metal stress. After two weeks of
germination, 5-ALA (50mg/L& 100mg/L) was foliarlly applied. Results showed that HMs stress reduced germination by 44%,
fresh & dry biomass of root 77% & 73% and fresh & dry biomass of shoot 80% & 79% respectively. Similar trend was also
observed for length of shoot (46%) and root (71%). Biochemical parameters like carbohydrates and proteins were reduced by
29% & 33% respectively. However, the foliar spray of 5-ALA (100 mg/L) improved morphological, biochemical and
physiological parameters under HMs stress. Biochemical parameters including chl-a 41%, chl-b 13% & carotenoids 27%
soluble protein contents by 34% were increased under stressed environment. Antioxidant enzymes activities was higher under
HMs stress which was decreased (CAT 76%, POD 40%, SOD 38%) by foliar application of 5-ALA. Adverse effects of HMs
were more severe in variety Super canola-2018 than variety Super Raya-2016. It was concluded that 5- Aminolevulinic Acid
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could be useful to reduce the effect of HM from mustard.
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Introduction

Heavy metals contamination in the soil has gained
increasing attention in recent years due to the toxic effects of
metals on plants on the environment (Krystofova et al.,
2012). Sewage from industrialized water sources and surface
are the main sources of heavy metals and trace element
(Kurniawan et al., 2006). Overall, the problem of heavy
metal contamination is of great concern because of its
harmful effects on plants (Chen et al., 2005; Khan et al.,
2011). Cd negatively affects yield, growth and development
of plants. The harmful indications of Cd on plants includes
decreased growth, slowdown of photosynthetic mechanism,
negative effects on stomatal apparatus, decline in enzymatic
actions, protein degradation and disturbed membrane
passage of ions. Lead is harmful as it reduces plants growth,
alteration of cell parts, distort ions flow, reductions in
chlorophyll, decrease in hormonal biosynthesis and increase
of ROS (Shahid et al., 2011; Kumar et al., 2012). Pb by ROS
production causes oxidative stress in plant (Singh et al.,
2010). Lead pollution is harmful to plants and lead also
persists in the environment for long time (Piechalak et al.,
2003). Negative effect of Pb to plants is less in root biomass
as compared to leaves (Siedlecka and Krupa, 2002)
reductions in chlorophyll and less seed sprouting rate
(Moustakas et al., 1994).

According to the Indo-Europeans histories about 300
BC, Mustard was documented as one of the first crops that
was cultivated as food and oldest spices. Genus Brassica
(Brassicaceae) comprises of more than 30 species (Rakow,

2004). Among these are several important animal fodder,
agricultural species, human consumption, condiments,
biofuel and oil production, (Bancroft & Schmidt, 2010).
Brassica are the source of carbohydrates and tocopherols
(Guzman et al., 2012). Mustard is one of the most important
oil plants in the world, widely cultivated not only for oil but
also as leafy vegetables, although it is used as an international
herb (Sood, 2010). For vegetable purposes this plant is widely
grown in urban areas where sewage is widely used for
irrigation. Wild water can easily transfer nutrients to the soil
and eventually to plants (Dai et al., 2006). As well as it is an
important crop for nutrition and oil in many countries. Plant
may face heavy metals stress at any stage of life cycle that
can affect its physiology and many other developmental
processes. Due to heavy metals the growth rate of Mustard
varieties was badly affected. It reduced the production and
quality of Mustard. Physiological, morphological and
biochemical processes were also adversely affected under
heavy metals stress (Ali et al., 2015).

Plant growth regulators (PGRs) are used to enhance
the tolerance ability in plants against heavy metals stress
(Ali et al., 2018). PGRs can improve plant production by
regulating physiological processes. Among many
renowned plant hormones, 5-Aminolevulinic acid (ALA)
is considered to be very active against the several abiotic
stresses in plants. In several studies it has been stated that
ALA has been involved in regulating the growth and
development of the plant, and has an important role in
growth regulation (Akram & Ashraf, 2013). ALA has been
well known as growth enhancing and stress-tolerant
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regulator (Ahmad et al., 2018; Bali et al., 2018; Jan et al.,
2018; Handa et al., 2018). Foliar application of 5-ALA
under heavy metal stress increased plant growth attributes
and wheat yield (Al-Thabet, 2006). Foliar spray of 5-
Amino-levulinic acid improved plant biomass, green
pigment, antioxidant (SOD) and proline contents in pepper
under cold stress (Hegedus et al., 2001). According to
Wang et al., (2004), 5-ALA prompted tolerance of chilling
stress by enhancing photosynthetic rate in Cucumis melo.
Similarly, 5-Amion-levulinic acid under heat stress has
improved plant growth characters by reducing
Malondihyde content, superoxide radicals (O2—), and H,0;
in cucumber (Zhen et al., 2012). Under Salt stress
antioxidant enzyme activities and photosynthetic traits has
been increased in spinach by foliar application of 5-ALA
(Nishihara et al., 2003).

Al-Thabet (2006) applied 5-ALA to wheat plants and
noted that it enhanced grain harvest of wheat. Similarly, in
barley applications of 5-ALA helped to overcome the effects
drought stress (Al-Khateeb et al., 2006). Foliar spray of 5-
ALA in various crops helped to cope the adverse effects of
stresses as, in date palm improved the growth of plants under
salt stress (Youssef & Awad, 2008), oil contents in rape seed
(Naeem et al., 2010), tubers in potato (Zhang et al., 2006)
and number of leaves in spinach (Nishihara et al., 2003).
Applications of 5-ALA undergoes numerous physiological
changes in plants against salts stress by improving seed
sprouting, photosynthetic process and uptake of minerals
(Hotta et al., 1997; Youssef & Awad, 2008).

In the light of above mentioned literature, it was found
that the efficacy of amino acids especially 5-ALA in
Mustard (Brassica campestris) under heavy metal stress
has not been evaluated. That’s why, this study was
designed to evaluate the role of 5-ALA in Mustard under
heavy metal stress in relation to morpho-physiological
attributes that can effects crop productivity.

Material and Methods

Field experiments were performed to assess the impact
of foliar spray of 5-Aminolevulinic acid (5-ALA) against
the Pb and Cd heavy metals stress in Mustard. Experiments
were carried out in the Department of Botany, University
of Gujrat, Gujrat, Pakistan during 2021-22. Seeds of two
varieties of Mustard (Super Canola-2018 and Super Raya-
2016) were obtained from the Punjab Seed Corporation
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Gujranwala, Punjab, Pakistan. Seeds were sown in plastic
pots filled with 5 kg sandy loam soil. Eight (8) seeds were
sown in each plastic pot and kept 4 plants per pots after
germination. Heavy metals treatments were applied at the
time of sowing to induce heavy metal stress. Pb and Cd
were applied in the form of PbCl, and CdCly, respectively.
Completely Randomized Design (CRD) was used with
four replicates for each treatment. Treatments of the 5-
Aminolevulinic acid were applied after two weeks of
germination. There were following were the treatments:

TO = Control

T1=Pb (100uM)

T2 = Cd (100pM)

T3 =Pb (100uM) + Cd (100uM)

T4=Pb (100uM) + 50mg/L ALA

T5 = Cd (100uM) + 50mg/L ALA

T6 = Pb (100uM) + Cd (100uM) +50mg/L ALA
T7 = Pb (100uM) + 100mg/L ALA

T8= Cd (100uM) + 100mg/L ALA

T9 =Pb (100uM) + Cd (100uM) +100mg/L ALA

Heavy metals treatments were applied at the time of
sowing and 5-ALA treatments were applied after two
weeks of germination.

After 50-60 days of sowing (at vegetative stage)
samples of the plants were collected for morphological
parameters from each pot and separated into roots and shoots
after washing with distilled water. For taking fresh biomass
of root and shoot electrical balance was used. For dry
weights, samples of root and shoot were kept in the oven at
65°C for three days. Dry biomass was measured by using
electrical balance. Root and shoot lengths were measured
using a scale. Leaf from each plant was removed and located
on a grid paper. The leaf outline was drawn with a pencil on
a grid paper. Finally, the leaf area was measured by counting
the leaf-covered grids. One of the plants from each replicate
was selected and its number of leaves was counted.

The leaf Glycine-betaine contents were determined
according to Dustgeer et al., (2021). To determine the
chlorophyll contents (chlorophyll a, b and carotenoids) Arnon
(1949) method was followed. Anthocyanin contents were
estimated by the method of Krizek et al., (1998). The lipid per
oxidation level was found in terms of thiobarbituric acid-
reactive substances (TBARS) concentration as defined by
Cakmak and Horst (1991) with slight changes.

Malondialdehyde per oxidation level (nmol) = A (A 532nm-A 600nm)/1.56x105

The upper 3" leaf from each replicate was used for
determination and extraction of leaf proline in accordance
with Bates et al., (1973). Superoxide Dismutase (SOD)
activity was determined by following the method of
Giannopolitis and Ries, (1977). Method of Chance &
Maehly (1955) was used to measure the activities of
catalase (CAT) and peroxidase (POD).

Statistical analysis
Data for each parameter was analyzed with the help of

Analysis of Variance (ANOVA) using Minitab Computer
Program to compare mean values. Tukey’s test was used to

compare mean values for 0 and 5 mg/L of 5-ALA on
morphology, biochemical and yield attributes of mustard
under Pb and Cd toxicity.

Results
Following results were obtained from this study.

Morphological parameters: Heavy metal stress showed
significant results for all the morphological attributes of
mustard (Table 1). HM severely decreased the
germination rate and maximum decrease was observed in
T3 (Pb (100uM) + Cd (100uM) and it was 44 % less than
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control. Highest germination rate (87.5) was observed in
T8 (Cd (100uM) + 100mg/L ALA) that was 11% higher
than control (77.5). Heavy metal stress severely
decreased the shoot fresh weight and maximum decrease
was observed in T3 (Pb (100uM) + Cd (100uM) that was
77% less as compared to control. Highest shoot fresh
weight (3.43g) was noted at T8 (Cd (100uM) + 100mg/L
ALA) in Super Raya-2016. Foliar application of 5-ALA
showed positive effect against Pb and Cd stress and
increased the root fresh weight. Maximum increase
(0.963g) was observed in T8 (Cd (100uM) + 100mg/L
ALA) of Super Raya-2016 and it was 26% higher than
control (Fig. 1). With the applications of heavy metals (Pb
and Cd) root fresh weight was badly decreased and this
decrease was 77% in Super Raya-2016 and 80% in Super
canola-2018 as compared to controls. Heavy metal stress
decreased the shoot dry weight and maximum (0.1019)
decrease was observed in T3 (Pb (100uM) + Cd (100uM)
that was 73% compared to control. Maximum shoot dry
weight (0.39g) was noted under foliar application of 5-
ALA in T8 (Cd (100uM) + 100mg/L ALA) of Super
Raya-2016 that was 55% higher. A continuous decreasing
trend T5>T4>T3 was observed in shoot dry weight with
50mg/L applications of ALA and T8>T7>T6 with
100mg/L of 5-ALA (Fig. 1). It was noted 5-ALA showed
positive response against Pb and Cd stress for root dry
weight. Maximum root dry weight (0.494¢g) was observed
in T8 (Cd (100uM) + 100mg/L ALA)of Super Raya-2016
that was 50 % higher than control. Due to heavy metals
Pb and Cd stress root dry weight severely decreased and
this decrease was 81% in Super Raya-2016 and 80 % in
Super canola-2018 as compared to their controls (Fig. 1).

Root length was significantly affected by the
applications of HM and 5-ALA (Table 1). It was found
maximum root length (12.25g) was present in Super Raya-
2016 with T8 treatment (Cd (100uM) + 100mg/L ALA).
Addition of Lead and Cadmium soil medium decreased the
root length in both varieties of mustard. It was noted that
shoot length of mustard was also significantly affected by
HM (Table 1). Maximum shoot length (16.75cm) was
observed in T8 (Cd (100uM) + 100mg/L ALA) of Super
Raya-2016 as compared to other treatments. It was found
that foliar application of 5-ALA showed progressive
effects and shoot length was increased in Brassica plants
under Pb and Cd stress (Fig. 1). Heavy metal (Pb and Cd)
stress severely reduced the shoot length (5.55g) in T3 (Pb
(100uM) + Cd (100uM) as compared to control. Number
of leaves was also affected by HM applications in mustard.
Higher number of leaves was counted in T8 (Cd (100puM)
+ 100mg/L ALA) of Super Raya-2016. Heavy metal (Pb
and Cd) stress severely had deceased the number of leaves
with all the treatments of Pb and Cd. Analysis of Variance
(ANOVA) depicted that interaction among treatments and
varieties was non-significant (p>0.005) for most of the
morphological attributes (Table 1).

Biochemical parameters: It was noted that biochemical
parameters of mustard were significantly affected by heavy
metals as well as 5-ALA treatments (Table 2). Different
treatments of 5-ALA alleviated the toxic effects of Lead

and Cadmium and enhanced the glycine betaine (GB)
contents. Higher contents of GB was noted with 100mg/L
of 5-ALA as compared to 50mg/L (Fig. 2). It was noted
that T5 and T6 treatments had highest value of GB in both
Mustard varieties but Super Raya-2016 was superior over
Super canola-2018. Analysis of variance (ANOVA)
depicted that interaction among treatments and varieties
was highly significant (p<0.005) for both varieties showed
the positive response towards different levels of heavy
metals and 5-ALA (Table 2). Heavy metal stress severely
decreased the carotenoids contents and maximum
decreased was observed in T3 (Pb (100uM) + Cd (100uM)
that was 5% as compared to control.

Photosynthetic pigments (chl-a,b and carotenoids)
were also adversely affected by HM applications (Table 2).
Highest Chl-a contents was calculated at T8 (Cd (100uM)
+ 100mg/L ALA) of Super Raya-2016 as compared to
other treatments. Higher level of 5-ALA (100mg/L) in T7,
T8 and T9 showed higher chl-a compared to (50mg/L) of
5-ALA (Fig. 2). Different levels of 5-ALA increased the
chlorophyll “b” contents under Pb and Cd stress.
Maximum decrease in chl-b was noted in T3 (Pb (100uM)
+ Cd (100uM) of Super canola-2018 as compared to non-
stressed plants. Heavy metal stress severely decreased the
anthocyanin contents and maximum decrease was
observed in T3 (Pb (100uM) + Cd (100uM) that was 77%
less as compared to control. Results showed a non-
significant (p>0.05) difference between the mean values of
anthocyanin for all the treatments of both varieties under
stress and 5-ALA applications (Table 2). The highest
concentration (33.14) of MDA was observed in T6 of
Super canola-2018 which was 57% higher than control
(Fig. 2). It was found that foliar application of 5-ALA
decreased the MDA contents in Brassica plants under Pb
and Cd stress. An increasing trend was observed for MDA
contents for 5-ALA as compared to 100mg/L foliar
application of ALA. A significant (p<0.05) difference
between the mean values of MDA for all treatments of both
varieties under stress and non- stressed conditions was
observed. It was found that T8 treatment (Cd (100uM) +
100mg/L ALA) in Super Raya-2016 had the highest
carbohydrates contents as compared to all other treatments
for both varieties (Fig. 2). Analysis of Variance (ANOVA)
depicted that interaction among treatments and varieties
was highly significant (p<0.005) and both varieties showed
the positive response towards different levels of 5-ALA
and negative towards heavy metals (Table 2). It was
observed that T8 (Cd (100uM) + 100mg/L ALA) of Super
Raya-2016 had the highest protein contents as compared to
all other treatments in both varieties. Heavy metal stress
(Pb and Cd) treatment ((Pb (100uM) + Cd (100pM)
reduced the protein contents upto 0.22mg/ml for Super
canola-2018 and 0.24mg/ml for Super Raya-2016. It was
found that T3 (Pb (100uM) + Cd (100uM) for Super Raya-
2016 had the highest proline contents as compared to all
other treatments of both varieties. Combined applications
of lead and cadmium significantly increased the proline
contents in Super Raya-2016. It was observed that under
stress conditions proline contents were increased in both
mustard varieties (Fig. 2).
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Fig. 1. Effect of different levels of 5-Amino-levulinic acid on germination rate, shoot and root fresh and dry weight, length of root and
shoot and No. of leaves/plant of two mustard varieties grown under HM stress.



EFFECTS OF HEAVY METALS BY TRIGGERING ANTIOXIDANT SYSTEM IN TWO VARIETIES OF MUSTARD 881

0.6 i BV1-SUPER CANOLA @V2-SUPER RAYA j  B@V1(Super Canola -2018) @V2 (Super Raya -2016)
' ~ 0.0200 a
051 et doefa® —cdecinn R of? z
g5 0441 i fg fgc eefg gitge o F € "\5, 0.0150
gz " - 2
[} o S
2203 2 00100
— O —
ES \% 0.2 2
o S 0.0050
0.1 s
o E ] T © 0.0000
TO T1 T2 T3 T4 T5 T6 T7 T8 T9
Treatments Treatments
= 0.0350 k @V1 (Super Canola-2018) BV2 (Super Raya -2016) | @V1 (Super Canola -2018) @V2 (Super Raya -2016)
< 0. 1 = 0.055
2 a g
 0.0300 1 f ad 5 0.054
<)) i o . > =
e w = mr | é ) n
= 0.0250 1 I = 0053 -
S = = o B OEE 2 0052 441 a -
- | [m] | ] | = = . s m dn_| |
3. 0.0200 . = A ER R R = - ' - =
£ . o EE R £ 0051 {ER 5 " -
o
5 0010 . o R 5 o00s fif - -
- [} | || || u nJ - [ | n u
Q 0.0100 + SAn ] o ) ' o " fal 6 0.049 \:l u l:\ l:
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 TO T1 T2 T3 T4 T5 T6 T7 T8 T9
Treatments Treatments
M @Vv1=SUPER CANOLA-2018 BV2=SUPER RAYA -2016 n BV1-SUPER CANOLA-2018 ®V2-SUPER RAYA-2016
~ 0.008
H
© 0.006 -
j=)) "I =
E I;I o
= 1S P
g 0.004 ::: :-: ::: :; = i.ll
S = ! = - S =
a |.| IlI |.| l. 2 l.l
P: 0.002 |:| :I: |:| l: I:I
S LeRIEECE LR R R A LELHIHE]
TO T1 T2 T3 T4 T5 T6 T7 T8 9 TO T1 T2 T3 T4 T5 T6 T7 T8 T9
Treatments Treatments
0 BV1 (Super Canola -2018) BV2 (Super Raya -2016) 0.6 P BOV1-SUPER CANOLA B8V2-SUPER RAYA
~ 4 .
-
= b
£ 05 Q.
g3 E 04 g
8, £ o3 {FH
£ W £ -
1 . . g 0214
= u =~ ]
3 . & 01 N
5 0 : 0 ;: B i I B ; B
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 TO T1 T2 T3 T4 T5 T6 T7 T8 T9
Treatments Treatments

V1 (Super Canola -2018) @V2 (Super Raya -2016
003+ 9d d( per G4 ) (Super Ray: )

0.025
0.02

0.015

0.01

Proline (umol/g f.wt.)

0.005

o
=

Treatments

Fig. 2. Effect of different levels of 5-Amino-levulinic acid on activity of GB, photosynthetic pigments, Anthocyanin, MDA,
carbohydrates, protein and proline of two mustard varieties grown under HM stress conditions.



882

Table 1. Mean squares (MS) of ANOVA for various morpho
subjected to different levels of 5-Amino- |
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logical of two varieties of mustard (Brassica campestris L.) when
evulinic acid under lead and cadmium stress.

Sources df Shoo'F fresh Root'fresh Shoo_t dry Roo_t dry Root Shoot Leaf No. of

weight weight weight weight length length area leaves/ Plant
Variety 1 2.2465*** 4.4462*** (0.047483*** (0.010695*** 57.3927*** 296.065*** 24.8645*** 49.6125***
Treatments 9  6.1969*** 25.429*** (.048553*** 0.174586*** 29.7288*** 35.946*** 72.4254*** 13.1236***
VarxTreat 9 0.2572ns  0.4160*** 0.001941ns  0.000457ns 0.9778ns 6.005ns 0.7197* 0.5569ns
Total 60 0.1840 0.0435 0.002621 0.000389 3.9887 9.593 1.9857 0.8042
Error 79

Table 2. Mean squares (MS) of ANOVA for various biochemical parameters of two varieties of mustard (Brassica campestris L.)

when subjected to different levels of 5-Amin

o- levulinic acid under lead and cadmium stress.

Sources df (Slyc_me Carotenoids Chl-a Ch-b Antho- MDA Carbo-

etaine cyanin hydrates
Variety 1 0.022278***  0.000042***  0.000000 ns  0.000030*** 1.253ns 892.525***  2.37852***
Treatments 9 0.012727***  0.000052***  0.000000***  0.000011*** 533.899***  52910***  7.66198***
Var x Treat 9 0.000347***  0.000003***  0.000000ns 0.000000ns 8.028ns 11.956* 0.25187***
Total 60 0.000023 0.000001 0.000000 0.000389 6.659 4.453 0.00447
Error 79

Table 3. Mean squares (MS) of ANOVA for the data of

proteins, CAT, POD, SOD, electrolyte leakage and proline

of two varieties of mustard (Brassica campestris L.) when subjected to different levels of
5-Amino-levulinic acid under lead and cadmium stress.

Sources df Proteins CAT POD SOD Electrolyte leakage Proline
Variety 1 0.022680*** 0.001496*** 0.011435***  (0.012532*** 1393.6*** 0.000020***
Treatments 9 0.067190*** 0.179577*** 0.081210*** 0.083675*** 21582.5%** 0.000116***
Var x Treat 9 0.000301*** 0.000251*** 0.000715*** 0.001980ns 50.7*** 0.000091***
Total 60 0.000010 0.000029 0.000124 0.001408 185 0.000000
Error 79

Antioxidant activities: Heavy metal stress had highly
significant effect in mustard plants (Table 3). It was noted
that HM stress increased the CAT, POD and SOD activities
and maximum increase was observed in combined
treatment of Pb (100uM) + Cd (100uM). Lowest vales for
antioxidant activities were observed under foliar
application of 5-ALA in T8 (Cd (100uM) + 100mg/L
ALA) of Super Raya-2016 (Fig. 3). A continuous
increasing trend T1<T2<T3 of CAT activity with 50mg/L
of 5-ALA was observed. Results showed significant
(p<0.05) changes between the mean values of CAT activity
of all treatments in both varieties under stress and non-
stressed conditions (Table 3). Heavy metal stress increased
the POD activities and maximum increase was observed in
T3 (Pb (100uM) + Cd (100pM) that was 65% higher as
compared to control. Heavy metal stress increased the SOD
activities and maximum (0.461) increase was observed in
T3 (Pb (100puM) + Cd (100puM) which was 71% higher as
compared to control. It was observed that foliar application
of 5-ALA under heavy metal stress decreased the SOD
activity in Brassica plants (Fig. 3).

Discussion

In the present study, foliar application of 5-ALA
enhanced the morphological and biochemical attributes of
mustard under HM stress. These findings are in line with
previous studies as Naeem et al., (2010) observed foliar
application of 5-ALA enhanced growth and physiological
parameters in oilseed rape. Similarly, Al-Thabet (2006)

observed that foliar spray of 5-aminolevulinic acid showed
remarkable results to enhance the growth characteristics of
wheat when applied under stress conditions.

Results exhibited that Pb and Cd toxicity
significantly reduced the morphological parameters of
Brassica plants that probably was due to the imbalance
created in the water level and lead to disturbed uptake of
the nutrients which in return inhibits the cell division of
the root tip cells (Sharma & Dubey, 2005). Reduction in
morphological parameters has been found in various
crops under Cd stress as in Juncus effuses by Rivetta et
al., (1997) and radish by Najeeb et al., (2011). However,
when plants were treated with foliar application of 5-
Amino-levulinic acid, it expressively improved the
morphology of root and shoot of Brassica plants under
the Pb and Cd stress. Development in morphology of
Brassica with 5-amino-levulinic acid might be due to the
fact that ALA is a key precursor in the biosynthesis of
porphyrins as in chlorophyll and activation of antioxidant
systems (APX, POD and CAT) to scavenge the reactive
oxygen species like H20, (Ali et al., 2013). It is well
studied that 5-ALA played vital role to cope the plant
under various stresses in different crops (Kosar et al.,
2015; Ahmad et al., 2017; Air et al., 2018).

Higher accumulation of Glycine betaine (GB) and
proline during this study in mustard plants under HMs
stress was due to its significant role in protecting
membranes and proteins, along with various important
stress resistant enzymes (Banu et al., 2010). There are
many reports in the literature about the role of 5-ALA as
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osmoprotectants including proline and glycine contents
under the stress conditions. In contrast, Akram et al.,
(2012) noted that there was no significant results of foliar
application of 5- ALA on proline and GB concentration
in the sunflower under saline environment. It was noted
that heavy metal stress decreased the physiological
parameters (chl-a, chl-b & carotenoids). The decrease in
photosynthetic characteristics might be due to damage of
functional units of photosynthesis and lower efficiency of
transportation of water from roots to shoots of plants due
to heavy metal toxicity that damaged the chloroplast and
protein complex and inhibit the electron transport chain
(Mohanty et al., 1989; Vassilev et al., 1995; Shakoor et
al., 2014 ). Furthermore, breakdown of chlorophyll might
be due to an increase in chlorphyllase activity under HMs
stress (Farid et al., 2018).
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Fig. 3. Effect of different levels of 5-Amino-levulinic acid on the
activity of Antioxidant activity of two mustard varieties grown
under HM stress conditions.

MDA contents under Cd and Pb stress was higher as
compared to non-stressed plants. Higher MDA
concentration indicates the level of membrane lipid
peroxidation that is an important physiological indicator
(Noctor et al., 2015). HM stress can cause production of
ROS in plants that directly indicate stress levels (Gill &
Tuteja, 2010). Plants increase the levels of their
endogenous enzymes (SOD, POD and CAT) to deal with
the oxidative damage under stress. Treatments with 5-ALA
reduced the MDA contents, indicating that 5-ALA might
control the reactive oxygen species production that can
prevent membrane lipid peroxidation under stressed
conditions. Application of 5-ALA with 100 and 400 uM
concentrations of Pb decreased reactive oxygen species
contents in roots and leaves of Brassica napus (Ali et al.,
2014). 1t was found that heavy metal stress decreased the
carbohydrates contents that might be due to some
metabolic changes of carbohydrate synthesis that inhibit
hexokinase and phosphofructokinase, because of their high
affinity for the free electron pairs in cysteine -SH groups,
which are essential in enzyme function (Maria et al., 2013).
Foliar spray of 5-ALA in response to HM stress increased
carbohydrates contents might be by sustaining enzyme
functioning (Hotta et al., 1998).

High level of Pb and Cd caused severe reduction in
soluble protein contents probably was due to manufacturing
disorder of protein machinery or might be some enzyme has
been stopped working under stress and it can stimulate
enzyme activity of plant cells that results in breakdown of the
protein (Cobbett & Goldsborough, 2002). It might also be due
to decrease in the production of new proteins due to lethal
effects on enzymes and organelles associated with protein
synthesis (Hall, 2002; John et al., 2009). While the plants with
foliar spray of 5-ALA, protein concentrations increased as
compared to stress plants and due to detoxification
mechanism in response to stress destroying. Exogenous 5-
ALA applications improved the soluble proteins, perhaps
ABA stimulated the expression of genes encoding stress-
responsive genes. During the HM stress in plants, the
expression of Cd-binding protein can be persuaded
consequential to minimize Cd toxicity (Cobbett &
Goldsborough, 2002; Hall, 2002).

Conclusion

It was concluded from the above studies that 5-
Aminolevulinic Acid can be useful to minimize the
effects of heavy metal stress from mustard. Application
of that 5-Aminolevulinic Acid helped to enhance the
morphological and physiological attributes in mustard
under stress conditions.
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