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Abstract

Heavy metals are major environmental pollutants when present in high concentration in soil and have toxic effects
on growth and development of plants. Experiment were carried out to find out the effect of different levels of strontium
element commonly used in the fireworks — cottage industries of this area and the predominant pollutant on growth,
biochemical and enzymatic characteristics of Amaranthus caudatus Linn. widely cultivated in this area. This study is
aimed at assessing the stress tolerant ability of Amaranthus caudatus Linn. The seedlings of Amanranthus caudatus
L. were treated with various concentration of strontium (2 mM, 4 mM, 6 mM, 8 mM, 10 mM) for ten days and its effect
on the morphometric, biochemical and enzymatic characters were analyzed. After ten days of treatment, the growth
parameters such as leaf area, fresh weight, dry weight, shoot and root length were found decreased than in the control.
Biochemical characteristics such as the content of chlorophyll, carotenoid, soluble sugar and protein also decreased
with the increase in the concentration of strontium. In contrary, the content of free amino acid, proline, leaf nitrate and
the activities of anti-oxidative enzymes such as catalase and peroxidase were found increased with the increase in
the concentration of strontium while the activity of nitrate reductase was found decreased. The result suggest that
Amaranthus caudatus Linn. has been affected adversely by metal stress due to strontium but at the same time the plant
adopts mechanisms such as accumulation of anthocyanin and enhanced activities of antioxidant enzymes to overcome

the ill effects of the metal ions.
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Introduction

Heavy metals are defined as group of elements that have specific
weights higher than about 5 g/cm®. Iron, Mn, Mo, Ni, Zn and Cu are
essential micronutrients required for normal growth and metabolic
processes in plants [1]. Cd, Pb, Cr and Hg are nonessential and highly
toxic to plants [2]. Heavy metals inhibit physiological processes such
as respiration, photosynthesis, cell elongation and affect plant water
relationship as well as mineral nutrition [3]. The most common
heavy metal contaminants are Cd, Cr, Cu, As, Hg, Pb and Ni. Other
naturally occurring metallic elements with high molecular weight
are also considered as important pollutants. These elements occur
either naturally in soil or get deposited through the use of agricultural
chemicals, urban waste and polluted water [4]. As metals cannot be
broken down, when concentrations within the plant exceed optimal
levels, they adversely affect the plant both directly and indirectly. Some
of the direct toxic effects caused by high metal concentration include
inhibition of cytoplasmic enzymes and damage to cell structures
due to oxidative stress [5]. Heavy metal toxicity is known to injure
cell membranes, reduces transpiration, causes the breakdown of the
protein synthesis, damages the photosynthesis apparatus, inhibits
the photosynthetic rate, and affects the activity of several enzymes
[6]. Heavy metals are known to interfere with chlorophyll synthesis
either through direct inhibition of an enzymatic step or by inducing
deficiency of an essential nutrient [7]. Reactive oxygen species (ROS)
are continuously produced at low level during normal metabolic
processes [8]. But in biological systems, increasing the synthesis of ROS
is one of the initial responses to different stress factors [9]. ROS induce
damage to the biomolecules through peroxidation of membrane
lipids, alteration of protein functions, DNA mutation, damage to
chlorophyll and disruption of metabolic pathways (electron transport
chain and ATP production) [10]. Therefore the tolerance of plants to
stress conditions depends on their ability to make balance between the
production of toxic oxygen derivatives and capacity of antioxidative

defense systems. Therefore, plants have complex ROS scavenging
mechanisms at the molecular and cellular levels. These mechanisms
with inhibition or slowing the oxidation of biomolecules and oxidative
chain reactions [11] decrease the cellular oxidative damage and increase
resistance to heavy metals. Pb induces 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 [12]. Farrag et al. [13] noticed 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
increase the activities of catalase, glutathione peroxidase and
glutathione reductase. Recently Muradoglu et al. [14] 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 the
changes in the level of growth, biochemical aspects, and enzymatic
characteristics in Amaranthus caudatus Linn. treated with strontium
and to assess its stress tolerating efficacy. This crop may further be
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useful in soil reclamation through the process of phytoremediation.
In the present day context our study is very crucial because the soil
in our area remains highly polluted due to strontium indiscriminately
used in fireworks industries which effects most commonly cultivated
Amaranthus caudatus Linn. - the chief crop of vegetable source of the
locals. Thus there is an urgent necessity to understand the ill effects of
strontium on the crop mentioned and the necessary steps to taken to
overcome the problem.

Materials and Methods
Plant material

Amaranthus caudatus Linn. was selected for present study
for its economic importance since it is cultivated in large scale in
Virudhunagar district, Tamil Nadu, India.

Experimental design

Healthy viable and uniform sized seeds of Amaranthus caudatus
Linn. 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 ten days of growth, they were treated with various
concentration of strontium (2 mM, 4 mM, 6 mM, 8 mM,10 mM 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
[15], Anthocyanin [16], Total soluble sugar [17], Protein content [18],
amino acid content [17], Proline [19], leaf nitrate [20] in vivo nitrate
reductase activity [21], peroxidase and catalase activity [22].

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 within 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

The results obtained have been summarized and discussed as
follows.

Effect of strontium on plant growth

Amaranthus caudatus Linn. seedling exposed to different
concentration of strontium exhibited inhibition of morphometric
characters such as root length, shoot length, leaf area, fresh weight and
dry weight compared to the control. The reduction of seedling growth
was 41%, 69%, 35%, 30% and 23% respectively at 10mM concentration
compared to the control (Figure 1 and Table 1). Reduced root length is
due to reductions in both new cell formation and cell elongation in the
extension region of the root [23]. The reduced root length of plants on
metal treatments could be due to the reduction in mitotic cell division
in meristematic zone [24]. This is in agreement with the findings of
Soleimani et al. [25] who stated that the amount of accumulated Pb in
tall fescue and Bermude grass (Cynodon dactylon) were higher in roots
compared to the shoots. Likewise, similar response to lead treatment
was previously noticed in water hyacinths. The plant growth was
significantly inhibited (50%) at 1000 mg/L Pb concentration. Similar
observations were also recorded under Mentha arvensis [26]. The same
trend was observed earlier by other workers [27-30]. Accumulation of

Pb was high in root than in shoot tissues [31]. Similar changes in the
content by various metal treatments were recorded by Muradoglu et al.
[14] with cadmium.

Effect of strontium on photosynthetic pigments

Chlorophyll is the important photosynthetic pigment which plays
a vital role in the photosynthetic process. A significant decrease in
Chlorophyll a, b and total chlorophyll contents was observed in the
range of 64%, 74%, 43%, respectively at the maximum concentration
(Figure 2 and Table 2). Similarly, carotenoids content also got
significantly decreased to the range of 62% (Figure 2 and Table 2). But in
case of anthocyanin it was significantly increased. This reduction in the
growth and photosynthetic pigments could be due to the disturbance
in photosystem I and induced activity of chlorophyllase enzyme [32].
The protective function of anthocyanin against the stress conations
is fairly clears [33]. Similarly, observations have been made in many
plants species [34-36]. Other results that support what has been shown
here, are those by Kapoor et al. [37] with his study on Brassica juncea
L. under Cd stress, Rastgoo et al. [38] with their study on Aeluropus
littoralis under copper, nickel and zinc. It has been proposed that Cu at
toxic concentration interferes with enzymes associated with chlorophyll
biosynthesis and protein composition of photosynthetic membranes
[39]. Many studies have shown the decrease of photosynthetic pigments
under high concentration of metals [40-47].

Effect of strontium on biochemical characters

The total soluble sugar and protein contents got significantly
decreased with increasing concentration of strontium. At 10 mM
concentration thelevels of reduction was 63% and 71% respectively while
leaf nitrate, free amino acids, proline (Figure 3 and Table 3) contents
was significantly increased with the increasing metal concentration.
Under the heavy metal treatment, there was a considerable reduction
in the growth and photosynthetic pigments, which could be due to the
disturbance in photosystem I and induced activity of chlorophyllase
enzyme. This disturbance paralleled with the reduction in sugar
content that could be attributed to reduction in chlorophyll contents
of the leaf and also a decline in protein. This change might have
already affected the photosynthetic activity in the plant and hence
the reduction in carbohydrate contents [32]. Similar observation was
reported by Somashekaraiah et al. [48] in Phaseolus vulgaris and Neelu
et al. (2000) in Vicia faba treated with Cd. A reduction in leaf protein
indicated the reduction in RUBACase, which caused a reduction in
photosynthetic activity, which in turn, affects the total soluble sugar
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Figure 1: Effect of the various concentration of strontium on the morphometric
characters of Amaranthus caudatus Linn.
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Growth Parameters Control 2mM 4 mM 6 mM 8 mM 10 mM

Root length (em) 11.33+0.176 10.43 £0.088a* 9.56 + 0.084 a* 8.46 + 0.066 a* 7.26 + 0.054 a* 5.06 + 0.145 a*
9 (100) (92) (78) (69) (59) (@1)

Shoot length(cm) 15.46 + 0.240 14.70 £ 0.057 a* 13.66 + 0.066a* 12.76 £0.088a* 11.76 + 0.088a* 10.60 £ 0.057a*
9 (100) (95) (88) (83) (76.) (69)

6.88 + 0.026 4.93 £ 0.026a* 3.84 + 0.023a* 3.23 + 0.003a* 2.38 + 0.293a*

2 *

Leaf Area (cm?) 100) 5.89 + 0.038a* (86) 72) (56) ) (35)

Fresh Waeight (am) 1.99 £ 0.052 1.77 £0.098 a* 1.33£0.294 a* 0.87 + 0.005 a* 0.81 £ 0.046 a* 0.59 + 0.008 a*
gntg (100) (89) (70) (44) (1) (30)

Dry Weight (gm) 0.38 £ 0.014 0.24  0.008 a* 0.20 + 0.008 a* 0.18 + 0.003 a* 0.15 + 0.005 a* 0.086 + 0.003 a*
ry Welght (g (100) (64) (54) (48) (39) (23)

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 — Tukey test)

a* - refers to non — significant

Table 1: Impact of various concentration of strontium on the morphometric characteristics of Amaranthus caudatus Linn.
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Figure 2: Effect of the various concentration of strontium on the photosynthetic pigment contents of Amaranthus caudatus Linn.

Growth Parameters Control 2mM 4 mM 6 mM 8 mM 10 mM
Chlorophyll .a 15.28 + 0.199 13.38+0.122 a* 11.97 + 0.063a* 9.69 + 0.053a* 7.81 £0.143a* 5.55 + 0.048 a*
(mg/gLFW) (100) (88) (63) (51) (36)
Chlorophyll .b 10.23 +0.104 8.81+0.010 a* 7.35+0.121 a* 6.30 £ 0.122a* 4.42 +0.072a* 2.67 £0.257 a*
(mg/gLFW) (100) 87) 61) (43) (26)
Total.Chlorophyll 25.51+0.271 23.03+0.132 a* 20.34 £ 0.074 * 19.3 £ 0.254a* 17.76 + 0.056 a* 14.56 + 0.070 a*
(mg/gLFW) (100) 91) (76) (64) (57)
Carotenoids 7.85+1.722 6.04 +0.276 a* 5.39 £ 0.289 a* 5.27 £ 0.037a* 4.82 + 0.003a* 3.75+0.003 a*
(mg/gLFW) (100) 77) (54) (46) (38)
Anthocyanin 2.22 +0.058 2.62 +0.045 a* 3.71 £ 0.213a* 4.63 £0.029 a* 4.86 £ 0.016 a* 5.68 £0.023 a*
(ug/gLFW) (100) (118) (167) (208) (219) (256)

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 — Tukey test). a - refers to non — significant

Table 2: Impact of various concentration of strontium on the pigments characteristics of Amaranthus caudatus Linn.

level [49]. As a result of protein degradation during stress 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
[50]. Accumulation of proline has been frequently used as biochemical
marker for water stress in plants [51]. The free proline has been shown
to protect plants against free radicle induced damage by quenching of
singlet oxygen [52]. The results of the present study were confirmed
by Vinod et al. [29] who noticed similar reduction in protein due to
Cu and Zn. Gautam et al. [36] with their study on Spinacea oleracea L.
under Zinc treatment, Rastgoo et al. [38] by their study on Aeluropus
littoralis under copper, nickel and zinc, Muradoglu et al. [14] by their
study on strawberry under Cd. Bhupendra et al. [53] 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.) reducing
protein content. The results of the present study was confirmed by
Ravikumar and Thamizhiniyzn [54] who observed proline changes
in black gram seedlings by under in Pb stress. Moreover, Sharma [55]
in his study on Brachythecium populeum proved the impact of heavy
metals on some physiological parameters like total chlorophyll, sugar,
protein content and confirmed the inhibitory effect of heavy metal on
biochemical contents.

Effect of strontium exposure on antioxidant enzyme activities

The notable decrease in in vivo nitrate reductase activity of 63% at 10
mM concentration of strontium was noticed. There is a dramatic rise in
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Figure 3: Effect of the various concentration of strontium on the biochemical characters of Amaranthus caudatus Linn.
Growth Parameters Control 2mM 4 mM 6 mM 8 mM 10 mM
Total Soluble sugar 7.77 £0.030 6.90 + 0.032a* 5.92 +0.017a* 492 +0.020 a* 3.83£0.085 a* 2.92+0.017 a*
(mg/gLFW) (100) (89) (76) (63) (49) (37)
Total Soluble Protein 4.85 +0.049 4.35 + 0.033a* N 2.75% 0.047a* 2.02 £0.030 a* 1.41+0.012 a*
(mg/gLFW) (100) (90) 3.41+0.088a" (70) (57) (42) (29)
Amino acid 237 ?18'02)04 a 2.68 ?1(1);)91 a 3'07(’-'13'3(;57"‘ 3.32£0.128a" 4.31+0.147a" 4.75+0.017
(M mole/g LFW) (135) (148) (165)
Proline 3.27 £0.025 3.84 £ 0.008a* 4.505 + 0.035a* 5.43 £ 0.001a* 5.83 £ 0.003 a* 7.44 £ 0.005 a*
(1 mole/g LFW) (100) (117) (121) (128) (142) (152)
Leaf Nitrate 5.34 +2.100 5.84 + 0.026a* 6.44 £ 0.057a* 6.75 £ 4.150a* 7.77 £0.033 a* 8.44 £0.103 a*
(H/gLFW) (100) (107) (118) (124) (143) (155)

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 — Tukey test). a* - refers to non—significant

Table 3: Impact of various concentration of strontium on the biochemical characteristics of Amaranthus caudatus (L.)
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Figure 4: Effect of the various concentration of strontium on the enzymatic characters of Amaranthus caudatus Linn.
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catalase and peroxidase activities after exposure to metal stress (Figure
4 and Table 4). Catalase activity was found significantly increased in
all the experiment plants than the control plants. The increase was
about 35% at 6 mM. Peroxidase activity was significant increased in
all treatments. The increase was about 33% at 6 mM. Plant cells are
equipped with a protective system including antioxidant enzymes like

catalase and peroxidase which can flush free radicals [56]. Reduction
in in vivo NR activity with increased concentration of cadmium on
Vigna radiata has been reported earlier [57]. Catalase is an antioxidant
and scavenging enzyme and it is activity was found increased with
the increasing concentration of strontium. Catalase is special type of
peroixdase enzyme which catalase the degradation of H,O,, which
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Parameters Control 2mM 4 mM 6 mM 8 mM 10 mM
Nitrate Reductase 9.60 + 0.274 8.16 + 0.059 a* 7.46 £ 0.148a* 6.49 £ 0.105 a* 5.69 + 0.016a* 3.51+0.038 a*
(1 mole/g LFW) (100) (85) (68) (60) (37)
Catalase activity 3.80 + 0.005 4.08 £ 0.003 a* . 5.14 £ 0.033 a* 6.91 £ 0.020a* 7.76 £ 0.041 a*
(4 molelg LFW) (100) (107) 4.46 £0.035a" (117) (135) (152) (166)
Peroxidase activity 2.57 £0.023 2.88 +0.039 a* 3.16 £ 0.009a* 3.406 + 0.018a* 4.38 + 0.023a* 5.23+0.021 a*
(u mole/g LFW) (100) (111) (128) (132) (154) (170)

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 — Tukey test). a* - refers to non — significant

Table 4: Impact of various concentration of strontium on the enzyme activity characteristics of Amaranthus caudatus (L.)

is a natural metabolite toxic to plants [58]. Sharma [55] 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 [14]. Results of the study by Farrag et al. [13] on heavy
metal analysis with an increase in catalase, peroxidase enzyme activity
with increasing heavy metal concentration supporting our findings.
Recently Malar et al. [31] reported that catalase, peroxidase enzyme
activities were increased under high concentration of Pd treatment.

Conclusion

The present study provides data on the toxicity of strontium on
morphological, biochemical parameters and antioxidant enzymes of
Amaranthus caudatus Linn. Our data suggest that the toxic effects of
strontium invokes a strong inhibition of root length, shoot length, leaf
area, fresh weight, dry weight, photosynthetic pigments (Chlorophyll
a, b, total chlorophyll and carotenoids), protein but a significant
enhancement of anthocyanin, proline, free amino acids, leaf nitrate.
Likewise the activity of nitrate reductase got significantly reduced
while activity of catalase and peroxidase were increased [59]. Our
result suggest that strontium in high concentration makes the soil
toxic to the plants and results in growth inhibition, structural damage,
decline in physiological and biochemical activities of plants. As the
same time plants adopt certain damage controlling mechanisms such
as increasing the activity of antioxidant enzymes and accumulation of
anthocyanin as a protective measure helping them to overcome the ill
effect of the metal stress.
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