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ARTICLE INFO ABSTRACT

Soil, polluted with heavy metals is a worldwide problem seriously reducing the global crop’s quality
and quantity. Experiment were carried out to find out the effect of different levels of Barium (Ba)
element commonly used in the fireworks – cottage industries of this area on growth, biochemical
and enzymatic characteristics of Helianthus annuus L. seedlings, an oil crop widely cultivated.
Exposure of Helianthus annuus L. to barium caused the contents of chl. a, b, total chlorophyll,
carotenoids, soluble sugar, and protein significantly reduced though concentration dependent. The
activity of antioxidative enzymes such as catalase and peroxidase  got significantly increased at high
concentration of Ba, while the in vivo nitrate reductase enzyme activity got significantly decreased.
Based on this, it is concluded that the higher level of barium inhibits the growth, photosynthetic
pigment contents and biochemical of Helainthus annuus L. of concentration exceeds 10mM. Thus it
is inferred that H. annuus L has been affected adversely by metal stress due to barium and at the
same time the plant adopts mechanisms accumulating anthocyanin and enhancing the activities of
antioxidant enzymes to overcome the ill effects of the metal ions.

INTRODUCTION

Heavy metals pollution in the soil is a major threat to the
ecosystem leading to deterioration of plant health by producing
reactive oxygen species which are highly reactive and
potentially toxic (Gjorgieva et al 2013). Heavy metals are
detrimental because of their non biodegradable nature, long
biological half-life and their potential to accumulate in different
body parts (Pattnaik et al 2012; Mohanty and Patra, 2013).
Heavy metals decrease growth rate of plants affecting their
metabolism, mineral uptake and membrane function (Mansour,
2013; Chen et al 2014). Barium is phytotoxic to plants at
submillimolar (or) mllimolar levels and is thought to act
through inhibition of K uptake by the roots (Suwa et al 2008).
Pb treatment caused a significant decrease in roots and shoots,
dry weight, leaf chlorophyll, catalase activity and K+, Ca2+

amounts. In contrast, a significant increase in proline content
and peroxidase activity in the leaves of Helianthus annuus L.
(Azad et al 2011). The toxic effects of excess Cu on growth of
two maize cultivars were observed after 15 days of exposure to
100 μM Cu level with a significant reduction in shoot length

and number of roots per plant (Aly and Mohamed, 2012).
Likewise, root and shoot length of wheat got significantly
reduced to 72 and 31%, respectively, over control at 50ppm Cu
concentration in nutrient medium for 6 days (Gang et al 2013).
Pb induced toxicity in plants in terms of their growth,
development, and biochemical attributes. Primary effects of Pb
toxicity in plants include stunted root growth, probably due to
inhibition of cell division in root tips. Secondarily, it induces
oxidative stress via reactive oxygen species generation and
results in cellular damage (Kaur, 2014). Farrag et al 2014
notice the stress of heavy metals on some physiological
parameters of Amaranthus hybridus, Chenopodium
ambrosioides, Mentha longifolia and Typha domingensis. The
expression of proteins in stressed plant was significantly
decreased at all the levels compared to unstressed plant
samples. Heavy metals contaminate plant samples, increase
activities of catalase, glutathione peroxidase and glutathione
reductase. The study also measured pigments in stressed and
unstressed plant samples and found a decrease in the total
chlorophyll and xanthophylls in the latter. Tandon and Vikram
(2014) reported that the growth and water content of rice plants
were found to be decreased with increasing levels of
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chromium.  Photosynthetic pigments viz. chlorophyll a, b and
carotenoids and contents of protein and sugar were found to be
decreased with increasing doses of chromium. Lower doses of
chromium caused the stimulation of catalase activity while
higher doses of this metal were proved to be toxic. The activity
of another anti oxidative enzyme i.e. peroxidase was found to
be dose dependent. Sahoo et al (2014) reported that the heavy
metals in high concentrations inhibit the activity of enzymes
secreting flora and fauna in soil, as excessive amounts of heavy
metals disrupt the homeostasis of soil by interfering with the
control mechanisms at genetic level.

Therefore, it is highly essential to take immediate remediation
measure in order to protect the health of soil flora and fauna.
Recently Muradoglu et al (2015) reported that the excessive Cd
reduced chlorophyll contents, increased antioxidant enzyme
activities and change plant nutrition concentrations in both
roots and leaves. The higher concentration of Cd has negative
effect on chlorophyll content and nearly decreased 30% of
plant growth in strawberry. The present experiment was
undertaken to investigate a change in the level of growth, and
biochemical aspects, enzymatic characters in Helianthus
annuus L. treated with Ba in order to contribute to an
understanding of Helianthus annuus L. adaptation to
environmental stress. This crop may further be useful in soil
reclamation through the process of phytoremediation.
However, selection of Helianthus annuus L. would be of great
importance to reclaim the soil with lesser impact on plant
metabolism and hence the yield. In the present day context our
study is very crucial because the soil in our area remains highly
polluted due to barium indiscriminately used in fireworks
industries which effects most commonly cultivated Helianthus
annuus L. - the chief crop of oil source of the locals. Thus there
is an urgent necessity to understand the ill effects of barium on
the crop mentioned and the necessary steps to taken to
overcome the problem.

MATERIALS AND METHODS

Plant material

Helainthus annuus L. was selected for present study for its
economic importance and cultivated in large scale in
Virudhunagar district, Tamildnadu, India, where it is also
commonly known as sunflower.

Experimental design

Healthy viable and uniform sized seeds of Helianthus annuus
L. were selected and were surface sterilized for 20 min with 1%
(v/v) sodium hypochlorite, and then washed several times with
distilled water. Both control and experimental plants were
allowed to grow in the soil. After seven days of growth, they
were treated with various concentration of barium chloride
(2mM, 4mM, 6mM, 8mM,10mM v/v) for seven days and the
growth parameters such as root length, shoot length, leaf area,
fresh weight and dry were analyzed. The various biochemical
and enzyme activities were estimated following the methods
proposed by those mentioned within the bracket. chlorophyll
and carotenoids levels (Wellbum and Lichtenthalar 1984),

Anthocyanin (Mancinelli et al (1973), Total soluble sugar
(Jeyaraman, 1981), Protein content (Lowry et al 1951), amino
acid content (Jeyaraman, 1981), Proline (Bates et al 1973), leaf
nitrate (Cataldo et al 1978) in vivo nitrate reductase activity
(Jaworski 1971), peroxidase and catalase activity (Kar and
Mishra, 1976) were analysed adapting the methods proposed
by those given within parenthesis.

Statistics analysis

The Growth parameters were determined with ten independent
replicates. Biochemical characters and enzymatic assay were
carried out for five times. The data reported as mean ± SE and
with in parentheses represent the per cent activity. Statistical
analysis (One way ANOVA – Tukey test) was applied using
the statistical package, SPSS 16.0.

RESULTS AND DISCUSSION

Effect of Barium on plant growth

Helianthus annuus L. seedlings grown in different
concentration of Ba exhibited inhibition in root and shoot
length, leaf area, fresh weight, dry weight, with shoot being
affected more than root length. After 7 days of treatment, the
significantly reduction was 48% and 57% at 10mM in root and
shoot length respectively (Figure. 1 & Table 1). The plants do
not show any visible toxicity symptoms up to 6mM Ba
treatment. However, Ba treatment at 10mM concentration
showed toxic symptoms like chlorosis and drying edges in
seedling. This may be due to heavy metal toxicity and
accumulation of Ba content in their leaves.

Fig. 1 Effect of the various concentration of barium on the morphometric
characters of Helianthus annuus L.

Fig. 2 Effect of the various concentration of barium on the photosynthetic
pigment contents of Helianthus annuus L.
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Similarly leaf area, fresh weight and dry weight also
significantly decreased to tune of 61%, 84%; 86% respectively
at and 10mM concentration. This is in agreement with the
findings of Soleimani et al (2009) who made similar
observation in Cynodon dactylon due to Pb. Chlorophyll and
carotenoid pigments got reduced significantly in the stressed
leaves for their adaptation in CoCl2 stressed condition
(Gurusaravanan et al 2012). The same trend was observed
earlier by other workers (Akinci and Akinci, 2010; Vinod et al
2012; Tandon and Vikram, 2014). Accumulation of Pb was
high in root than in shoot tissues (Malar et al 2014). Similar
changes in the content by various metal treatments were
recorded by Muradoglu et al (2015) with cadmium.

Effect of Barium on photosynthetic pigment contents

The effect of different concentration of Ba (2mM to 10mM) on
photosynthetic pigments is depicted in (Figure. 2 and Table. 2)
photosynthetic pigments were significantly decreased with
increasing level of Ba. The reduction of chlorophyll a, b, total
chlorophyll and carotenoids was 46%, 78%, 60%, 89%
respectively at 10mM Ba treatment compared to the control. In
contrary, the anthocyanin was significantly increased at 10mM
level. Similarly, reduction in the level of photosynthetic
pigments, including chl a, b, total chl and carotenoids after
exposure to heavy metals, including Pb has been observed in
many plants species (Piotrowska et al 2009; Singh et al 2010;
Vinod et al 2012; Gautam et al 2015). The findings of the
present study agreed with the findings of Bonnet et al (2000)
who reported a net decline in the capacities of photochemical
efficiency of photosystem II and in the quantum yield of
electron flow throughout PS II in the leaves of rye grass.

Table-1 Impact of various concentration of barium on the morphometric characteristics of Helianthus annuus (L.)

Growth
Parameters

Control 2mM 4mM 6mM 8Mm 10mM

Root length (cm)
8.5 ± 0.057

(100)
7.6 ± 0.080 a*

(90)
7.03 ± 0.03 a*

(82)
6.4 ± 0.11 a*

(75)
5.6 ± 0.057 a*

(66)
4.3 ± 0.057 a*

(52)

Shoot length(cm)
34 ± 1.154

(100)
27.66 ± 0.600 a*

(81)
26.3 ± 0.185 a*

(78)
19.3 ± 0.176 a*

(57)
18 ± 0.115 a*

(51)
15 ± 0.057 a*

(43)

Leaf Area (cm2)
8.8 ± 0.014

(100)
7.7 ± 0.029 a*

(87)
6.5 ± 0.090 a*

(74)
5.5 ± 0.072 a*

(62)
4.6 ± 0.01 a*

(53)
3.43 ± 0.008 a*

(39)

Fresh Weight (gm)
3.63 ± 0.088

(100)
2.63 ± 0.088 a*

(78)
1.75 ± 0.015 a*

(59)
0.92 ± 0.020 a*

(41)
0.85 ± 0.013 a*

(18)
0.72 ± 0.008 a*

(16)

Dry Weight (gm)
0.50 ± 0.005

(100)
0.43 ± 0.003 a*

(86)
0.27 ± 0.01 a*

(53)
0.21 ± 0.088 a*

(43)
0.11 ± 0.088 a*

(22)
0.08 ± 0.01 a*

(16)

Values in parameters indicate percent activity; values are represents means of five observation. Values in parentheses are activity with respect to control. Mean (±) SE.
a - refers to values compared with control in various concentrations of metals, a* - refers to significant (P ≤ 0.05 – Turkey test). a# - refers to non – significant.

Table-2 Impact of various concentration of barium on the photosynthetic pigments of Helianthus annuus (L.)

Growth Parameters Control 2mM 4mM 6mM 8mM 10mM

Chlorophyll .a
(mg/gLFW)

25.1 ± 0.87
(100)

22.1 ± 0.784
a* (88)

17.5 ± 0.024 a*
(70)

16.8 ± 0.006 a*
(67)

16.2 ± 0.039 a*
(64)

13.6 ± 0.129 a*
(54)

Chlorophyll .b
(mg/gLFW)

18.6 ± 0.207
(100)

16.9 ± 0.209 a*
(88)

14.3 ± 0.118 a*
(75)

11.5 ± 0.210 a*
(61)

11.5 ± 0.061 a*
(41)

4.11 ± 0.132 a*
(22)

Total.
Chlorophyll
(mg/gLFW)

43.0 ± 0.767
(100)

38.8 ± 0.709 a*
(88)

31.8 ± 0.117 a*
(72)

28.3 ± 0.203 a*
(64)

23.8 ± 0.100 a*
(54)

17.8 ± 0.092 a*
(40)

Carotenoids
(mg/gLFW)

3.76 ± 0.175
(100)

2.29 ± 0.227 a*
(83)

2.172 ± 0.088 a*
(79)

1.80 ± 0.106 a*
(65)

1.45 ± 0.138 a*
(53)

0.31 ± 0.048 a*
(11)

Anthocyanin
(µg/gLFW)

6.38 ± 0.013
(100)

7.10 ± 0.035 a*
(111)

8.03 ± 0.013 a*
(125)

9.53 ± 0.075 a*
(149)

11.28 ± 0.048 a*
(176)

12.69 ± 0.048 a*
(198)

Values in parameters indicate percent activity; values are represents means of five observation. Values in parentheses are activity with respect to control. Mean (±) SE.
a - refers to values compared with control in various concentrations of metals, a* - refers to significant (P ≤ 0.05 – Turkey test). a# - refers to non – significant.

Fig. 3 Effect of the various concentration of barium on the biochemical
characters of Helianthus annuus L.

Fig.4 Effect of the various concentration of barium on the enzymatic
characters of Helianthus annuus L.
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It has also been reported that alterations in photosynthetic
activity and the absorption and disturbance of essential
nutrients lead to reduced plant growth.

The reduction of chlorophyll was more than overall content.
This can be associated with the alterations in pigment
composition of photosynthetic approach that possesses lower
level of light harvest chlorophyll proteins (LHCPS) (Gill et al
2012) and similar changes was reported by Gautam et al (2015)
under Zn. According to Zhang et al (2011) Photosynthetic
pigments present in the photosystems are believed to be
damaged by stress factors resulting in a reduced light-absorbing
efficiency of both photosystems (PSI and PSII) and hence a
reduced photosynthetic capacity. Reduction in photosynthetic
pigments, such as Chl a and b has been reported in some earlier
studies on Heliantus annuus (Akram and Ashraf 2011). Similar
changes in the content after Pb treatments were recorded by
Malar et al (2014) on water hyacinths. According to Chaudhary
(2014) Cadmium alters photosynthetic apparatus including
chloroplast structure, photosynthetic pigments, Chl-protein
complexes and photosystems resulting in overall decrease in
efficiency of carbon assimilation pathway and modify the
antioxidant enzymes.

Effect of Ba on Biochemical characters

Effect of Ba on total soluble sugar

Heavy metals also modified the total soluble sugar content in
Helainthus annuus L. leaves (Figure. 3 & Table. 3). At 10mM
Ba concentration significantly decreased the total soluble sugar
levels. Our results of decreased total sugar content go along
with the findings of Singh et al (2007) in their work with Cu.
Sarma et al (2009) reported that the reduction of sugar content
may be the result of the minimum uptake of phosphate.

Manivasagaperumal et al (2011) reported that sugar and starch
content showed a decreasing trend with progressive increase in
zinc content in cluster bean. Vinod et al (2012) reported that
there was significant reduction in total sugar content in
Triticum aestivum L. under Cu and Zn treatment these findings
strongly supported our study. Similar results have been noticed
by (Gautam et al 2015) under Zn treatment on Spinacea
oleracea L.

Effect of Ba on protein contents

Our results indicate that protein got significantly decrease by
Ba treatment at rage of 83% at 10mM (Figure. 3 & Table. 3).
Our results favoured the results of Manivasagaperumal et al
(2011) who found that amino acid and protein content were
high at lower concentrations of zinc (10 and 25 mgl-L) further
the values decreased with an increase in Zn level. The zinc ions
inhibit amino acid and protein formation by binding with the
sulfhydryl group of protein and causing deleterious effect on
the normal protein form. Decline in protein content under metal
stress can be related to the inhibition of protein synthesis or
increase in protein degradation (Wang et al 2009). Reduction
protein level in the protein level observed in the study may be
attributed to the decrease in protein synthesis or due to the
denature of the enzymes involved in the synthesis of protein
(Aldesuquy, 1998). The reduction in protein due to Cu and Zn
(Vinod et al 2012) Zn (Gautam et al 2015) copper, nickel and
zinc (Rastgoo et al 2014) was observed. Bhupendra et al
(2014) also observed the ill effect of arsenic, and chromium on
in vitro seed germination of black gram (Vigna mungo L.) and
green gram (Vigna radiata L.) reduction in protein content.
Moreover, Shalini Sharma (2009) in his study on
Brachythecium populeum, proved the impact of heavy metals
on some physiological parameters like total chlorophyll, sugar,
protein content.

Table-3 Impact of various concentration of barium on the biochemical characteristics of Helianthus annuus (L.)

Growth Parameters Control 2mM 4mM 6mM 8mM 10mM
Total Soluble sugar

(mg/gLFW)
12.7 ± 0.052

(100)
11.12 ± 0.060 a*

(87)
9.92 ± 0.029 a*

(77)
8.83 ± 0.014 a*

(69)
7.76 ± 0.033 a*

(60)
6.91 ± 0.016 a*

(47.8)
Total Soluble Protein

(mg/gLFW)
5.29 ± 0.016

(100)
4.72 ± 0.025 a*

(89)
3.94 ± 0.017 a*

(74)
2.48 ± 0.033 a*

(47)
1.60 ± 0.011 a*

(30)
0.93 ± 0.017 a*

(17)
Amino acid

(µ mole/g LFW)
5.07 ± 0.075

(100)
5.56 ± 0.190 a*

(109)
6.18 ± 0.227 a*

(122)
7.53 ± 0.269 a*

(148)
9.02 ± 0.175 a*

(178)
9.49 ± 0.175 a*

(188)
Proline

(µ mole/g LFW)
3.62 ± 0.036

(100)
4.17 ± 0.008 a*

(115)
4.81 ± 0.036 a*

(132)
5.63 ± 0.011 a*

(155)
6.26 ± 0.028 a*

(173)
7.87 ± 0.011 a*

(217)
Leaf Nitrate
(µg/gLFW)

0.82 ± 0.000
(100)

0.128 ± 0.018 a*
(156)

1.91 ± 0.020 a*
(233)

2.25 ± 0.001 a*
(274)

3.29 ± 0.349 a*
(310)

4.32 ± 0.001 a*
(362)

Values in parameters indicate percent activity; values are represents means of five observation. Values in parentheses are activity with respect to control. Mean
(±) SE.
a - refers to values compared with control in various concentrations of metals, a* - refers to significant (P ≤ 0.05 – Turkey test). a# - refers to non – significant.

Table-4 Impact of various concentration of barium on the enzyme activity of Helianthus annuus (L.)

Parameters Control 2mM 4mM 6mM 8mM 10mM
Nitrate Reductase
(µ mole/g LFW)

20.37 ± 0.454
(100)

17.81 ± 0.254 a*
(87.4)

14.99 ± 0.273 a*
(73.6)

11.81 ± 0.066 a*
(58)

9.57 ± 0.149 a*
(47)

7.74 ± 0.103 a*
(38)

Catalase activity
(µ mole/g LFW)

4.62 ± 0.013
(100)

3.73 ± 0.019 a*
(80)

2.84 ± 0.016 a*
(61)

2.31 ± 0.211 a*
(49)

1.68 ± 0.008 a*
(36)

0.86 ± 0.029 a*
(19)

Peroxidase activity
(µ mole/g LFW)

2.22 ± 0.014
(100)

3.17 ± 0.016 a*
(142)

3.96 ± 0.049 a*
(178)

4.79 ± 0.023 a*
(215)

5.60 ± 0.018 a*
(251)

6.40 ± 0.017 a*
(287)

Values in parameters indicate percent activity; values are represents means of five observation. Values in parentheses are activity with respect to control. Mean (±) SE.
a - refers to values compared with control in various concentrations of metals, a* - refers to significant (P ≤ 0.05 – Turkey test). a# - refers to non – significant.
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Effect of Ba on free amino acids, proline and leaf nitrate
contents

As shown in Table (Figure. 3 & Table. 3) the free amino acids,
proline and leaf nitrate contents in Helianthus annuus L.
significantly increase with increasing concentration of Ba.
Metal exposure has caused an accumulation of leaf nitrate
content with the increase in the concentration of heavy metal
than the control. The application of 4mM Ba causes significant
increase in the free amino acid and proline contents 22% and
32% respectively. Leaf nitrate content was significantly
increased to 133%. As a result of protein degradation during
heavy metal condition, the availability of free amino acid is
significantly high. It may be due to destruction of protein or
due to the biosynthesis of amino acid from the nitrate sources
which were not utilized in the protein synthesis (Rastgoo et al
2014). The results of the present study was confirmed by
Ravikumar and Thamizhiniyzn (2014) who observed that the
proline changes in black gram seedlings by increase in Pb.
High level of proline, especially in roots, can eliminate
hydroxyl radicals, maintain osmoregulation, prevent enzyme
destruction (Kuznetsov 1997) and decrease toxicity of heavy
metals (Alia and Saradhi, 1991). Similarly increase in leaf
nitrate content with increased concentration of cadmium on
Vigna radiata has been reported earlier (Jayakumar and
Ramasubramanian, 2009). These results support our study.

Effect of Ba exposure on antioxidant enzyme activities

The result of the present study shows that, in vivo NR activity
of the leaves was significantly inhibited to 62% at 10mM
concentration of Ba. There was a dramatic rise in catalase and
peroxidase activity with significant increase in different Ba
treatments (Figure. 4 & Table. 4). Catalase activity was found
significantly increased in all the experiment plants than the
control plants. The increase was about 78% at 6mM.
Peroxidase activity was significant increased in all treatments.
It has been shown lead can cause oxidative stress in plants
(Verma and Dubey, 2012). Plant cells are equipped with a
protective system including antioxidant enzymes like catalase
and peroxidase which can flush free radicals (Cho and Park,
2000). Reduction in in vivo NR activity with increased
concentration of cadmium on Vigna radiata has been reported
earlier (Jayakumar and Ramasubramanian, 2009). Shalini
Sharma (2009) in his study on Brachythecium populeum,
proved that the under the heavy metal stress, catalase and
peroxidase enzymes activities were significantly high. In
addition, certain changes was observed earlier under cadmium
on strawberry (Muradoglu et al 2015). Results of previous
study by Farrag et al (2014) on heavy metal contaminated plant
support our results. They observed an increase in catalase,
peroxidase enzyme activity with increasing heavy metal
concentration. Recently Malar et al (2014) reported that the
catalase, peroxidase enzyme activities was increased under
high concentration of Pd treatment.

CONCLUSION

Conclusively, our results show that Ba at high concentration
decreased the growth, chlorophyll content, protein and sugar
content but increased the content of proline, free amino acid &

leaf nitrate. Our result suggest that the presence of Ba in low
concentration is good for Helianthus annuus (L.) growth but in
high concentration Ba makes the soil toxic to the crop plants
and resulted in growth inhibition, structural damage, decline in
physiological and biochemical activities of crop plants.
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