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ABSTRACT: The present study was undertaken to assess the effect of mercury on seed germination, growth
and expression of antioxidant enzyme defense system in Sorghum vulgare var. SG-1000 seedlings. Seed
germination and seedling growth of Sorghum vulgare was reduced by exposure of mercury chloride of
different concentrations, however, no effect was observed by 5 mgL "' mercury treatment. Root length, shoot
length, fresh weight and dry weight of seedlings were reduced. The water retention capacity of seedlings was
reduced. EDTA partially offsets the adverse effects on germination and growth of seedlings due to mercury
treatment. Protein content of seedlings was reduced by mercury exposure. SOD activity was also reduced by
mercury exposure, however SOD activity increased by 5 mgL” mercury treatment. Proline content of
seedlings increased with increase in mercury concentration. The proline content further increased when the
seedlings were exposed to mercury and EDTA simultaneously.
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I. INTRODUCTION

Heavy metal pollution is serious environmental
problem all over world affecting adversely soil fertility,
limiting crop yield and lowering crop quality [1,2,3]
and is health hazard to animals and human population
[4]. Heavy industrialization and modern agriculture
practices and other anthropogenic activities have caused
heavy metal contamination [5]. Heavy metals occur
naturally in earth’s crust, however their release in
excess due to anthropogenic activities have
contaminated arable land worldwide. Heavy metal
contaminants in soil inhibits seed germination and
adversely effects growth, mineral nutrition, water
relations and metabolism in plants [6,7,8].

Mercury is highly toxic heavy metal that reduces soil
fertility and inhibits plant growth. Mercury occurs
naturally throughout the world and is also released into
environment through human activities. Anthropogenic
emission sources of mercury are coal and oil
combustion, solid waste incineration, metallurgical
processes of metals, urban and industrial waste
discharge [9]. In the past pesticides and fungicides
containing mercury were used in agriculture which
resulted in mercury contamination in arable lands.
Mercury contamination of soil also occurs due to
addition of heavy metal contaminated sludge and
manures [10]. Mercury has strong persistence in soil,

therefore mercury contamination in soils lasts for pretty
long time [11].

High concentration of heavy metals causes stress in
plants, which results in oxidative damage to plant cells
triggering the formation of increased level of reactive
oxygen species (ROS) such as superoxide radical (O5),
singlet oxygen ('O,), hydroxyl radical (-OH) and
hydrogen peroxide (H,O,). ROS causes damage to
membrane lipids, proteins, nucleic acids, chlorophyll
and enzymes [12]. To neutralize oxidative damage plant
cells have a complex antioxidant system capable of
scavenging ROS by redox homeostasis. Defense against
ROS occurs through enzymatic and non enzymatic
antioxidants [13] and they play a key role in antioxidant
buffers [14], enzymatic antioxidants include superoxide
dismutases (SOD, ECI1.15.1.1), Catalase (CAT
1.11.1.6), ascorbate peroxidase (APX 1.11.1.11),
glutathione peroxidase (GPX1.11.1.9), and
peroxiredoxin (Prxs 1.11.1.5). These enzymes are
present in almost all sub cellular compartments. Non-
enzymatic oxidants include tocopherol, flavonoids,
phenols and carotenoids [15].

Proteins are important constituents of plant cells and are
effected by heavy metals. Heavy metal toxicity causes
changes in soluble protein content in plants which
reflects defense mechanism in response to oxidative
stress [8].
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Protein has protective effect on plants against metal
toxicity stress, salinity stress, drought stress etc. Proline
content accumulation occurs with increase in
concentration of heavy metals. Proline protects plants
against damage by ROS. Proline plays role in
osmoregulation [16], inhibition of lipid peroxidation
[17], protection of enzymes [18], scavenging of free
radicals [19] and singlet oxygen quenching [20].
Synthetic chelates have been widely used to enhance
phytoextraction of heavy metals from contaminated
soils [21] and commonly used chelate is ethyldiamine
tetraacetic acid (EDTA). Chelates induce plants to take
up more heavy metal than they normally accumulate
[22]. Most species differ in tolerance, uptake,
translocation and accumulation of mercury in different
parts of plants. Several researchers have studied effect
of mercury on growth, physiology and metabolism of
several plant species including Triticum aestivum [23],
Medicago sativa [24], Sesbania drummondi [25], Pteris
vittata and Nephrolepsis exaltata [26], Oryza sativa
[27], Brassica oleraceae, Brassica campestris, Brassica
rapa and Spinacia oleraceae [28], Jatropha cureas [29]
, Lycopersicon esculentum[30], Mentha arvensis [31],
Patanus occidentalis, Pinus echinata and Pinus taeda
[32], Vigna radiata [33], Sesbania grandiflora [34],
Albizzia lebbeck [35]. The present study was
undertaken to assess the effect of mercury on seed
germination, growth and expression of antioxidant
enzyme defense system in Sorghum vulgare var. SG-
1000 seedlings.

II. MATERIALS AND METHODS

A. Seed germination and growth of seedlings
Seed germination was conducted on filter papers in
glass petridishes. Twenty seeds were placed in each
petridish. Filter papers were moistened with aqueous
mercury chloride solution while controls were
moistened with deionized water. Petridishes were
incubated at 30'C + 1°C. Experiment was run for 7
days. Counting of germinated seeds and measurement
of growth parameters of seedlings such as root length,
shoot length and biomass was done on 7" day. Radicale
and plumule emergence was taken as criterion of seed
germination. Results are based on five replicates.
Determination of root and shoot length: Seedlings
were removed from filter paper with the help of
foreceps on 7" day of treatment. The length of root and
shoot of each seedling was measured with the help of
scale. Growth inhibitory rate (GIR) of roots and shoots
was calculated using the formula:

GIR (%) = (X-Y) x 100

Y

Where X was average length in the control i.e. without
mercury metal treatment and Y was average length in
tested mercury metal concentration [36].
Determination of biomass: Fresh weight (FW) of
seedlings was determined on 7" day of treatment. For
determination of dry weight (DW) plant samples were
kept in petridishes and placed in hot air oven at 70'C for
48 hours, and then weighed.

RWC was calculated as per formula [26].

RWC (%) = [(FW-DW/FW)] x 100

Extraction of protein and enzymes: About 200 mg of
fresh seedlings were homogenized in pre chilled pestle
and mortar under ice-cold condition with 5.0 ml of
extraction buffer (100mM k- Phosphate buffer, pH7.8),
0.1 mM EDTA, 0.1% (v/v)Triton X-100 and 2% w/v)
polyvinyl pyrrolidone (PVP). The homogenate was
centrifuged at 10,000 rpm for 15 minutes at 4°C. The
supernatant was used for protein estimation and enzyme
assays.

Total soluble protein: The protein content was
estimated according to the Lowry’s method [38] using
bovine serum albumin (BSA) as standard.

SOD assay: The measurement of activity of superoxide
dismutase was done according to method suggested by
[39]. The SOD activity was estimated by measuring its
ability to inhibit the photochemical reduction of
nitrobluetetrazolium (NBT). The activity was measured
at 560 nm by UV- visible Spectrophotometer (Perkin-
Elmer).

Proline estimation: The measurement of proline was
done according to method suggested by [40]. Activity
was measured at 420 nm by UV spectrophotometer
(Perkin- Elmer).

III. RESULTS AND DISCUSSION

Seed germination and seedling growth was reduced by
exposure to mercury chloride of different
concentrations, however no effect was observed by 5
mg L treatment of mercury chloride (Table 1). Seed
germination is the most important phase in the life
cycle of a plant and is highly responsive to heavy metal
toxicity [37]. Higher doses effected both germination of
seeds and seedling growth. The germination was 50.5
% and 10.4 % by mercury treatment of 25 mgL" and
100 mgL™" respectively. Root length and shoot length
was reduced by 76.4% and 37.90 % by 25 mgL’
treatment. Seedling biomass, fresh weight and dry
weight were also reduced. The fresh weight and dry
weight of seedling was 5.5 mg and 0.66 mg
respectively at 25 mgL"' mercury treatment.
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Table 1: Effect of heavy metal mercury on seed germination and seedling growth of Sorghum vulgare var.

SG-1000.
Treatment (Germination | Root length | Shoot Biomass of seedling Growth inhibition | Relative
Hg (%) (mm) length (%) water
(conc. mg LY (mm) content of
Fresh Dry Root Shoot seedling
weight weight length length (%)
. (mg) (mg)
Control 90.2 +3.1° 56.4+5.0° 52.5+4.5% 53.6+40" 5.36+0.7" 0 0 90.0°
5 90.1+3.4* 56.2+3.8*° 52.4+3.8*" 53.6+4.1° 5.36+4.1% 0 0 90.0°
10 753428 | 345+49° | 412445 37.5¢3.7° | 4.32+433° | 385 21.50 88.4°
25 50.5+£2.7° 11.33 £0.5° 32.6£2.0° 5.5+04°¢ 0.66+0.04 © 76.41 37.90 88.0°
50 30.8+1.6° |10.7+0.3° 22.9+1.5°¢ 4.1+0.3¢ 0.54+0.03% ] 81.02 | 56.38 87.1¢
75 20.6+1.2° | 07.240.5° 10.4+1.0° 3.3+0.2°¢ 0.47+0.02° 87.23 80.19 86.21
100 104+1.1" [053+02" 7.2+02" 2.240.17 0.33£0.017 | 90.60 86.30 85.4°¢

Values represent mean + standard error, (n=3). Means with different letters within a column are significant at P < 0.05 level.

Table 2: Effect of heavy metal mercury and EDTA (50 mg L™) on seed germination and seedling growth of
Sorghum vulgare var. SG-1000.

Hg EDTA Germination | Root Shoot Biomass of seedlings Growth inhibitory | Relative
(mgL'l) (mgL'l) (%) length length rate water
(mm) (mm) GIR (%) content
Fresh Dry weight Root Shoot (RWCO)
weight (mg) length Length of
(mg) seedling
(%)
Control 90.2 +3.1* 56.4+5.0% 52.5+4.5" [53.61+40*° 5.36+0.7% 0 0 90.0*
5 50 90.0+3.5% 56.3+£4.9% 52.3+£3.8* [53.6+3.1° 5.35+0.6° 0 0 90.0*
10 50 82.0+3.7° 413+£5.1° | 47.2+2.6° K2.5+29° | 4.78+3.0° 26.64 10.9 88.7°
25 50 70.343.6°¢ 20.442.0° 39.6+1.1°  6.50+£0.3° |0.72+0.04 ¢ 63.82 24.57 88.9°
50 50 60.7 +2.99 19.4+1.87 | 27.6x1.07 [B.12+027 {0.62+0.03¢ 65.60 47.42 88.0°
75 50 50.9 +2.8° 15.3x1.4°¢ 15.2+0.9° U¥.34+0.1° [0.56+0.02° 72.87 71.04 87.1°¢
100 50 40.2 +1.8" 12.5¢1.07 | 13.420.7" B.2120.17  [0.44+0.01° 77.82 74.47 86.5¢

Values represent mean + standard error, (n=3). Means with different letters within a column are significant at P < 0.05 level.

Water retention of seedlings was 85.4% by 100 mgL
mercury treatment in comparison to control where water
retention was 90%. The combined treatment of mercury
and EDTA (50 mgL’l) (Table 2), resulted in moderation
of effect of mercury in all mercury concentrations with
reference to germination, root and shoot length,
biomass and water retention by seedlings. The
germination was 40.2% and inhibition of root and shoot
length was 77.82% and 74.47% respectively by 100
mgL" mercury + EDTA treatment, while germination
was 10.4% and inhibition of root and shoot length was
90.65% and 86.30% respectively by 100 mgL™" mercury
treatment alone. Several studies have reported similar
findings on growth reduction on Hg* exposure [41, 42].
Several authors have reported that water deficiency in
seedlings due to Hg" toxicity. [29, 34]. In this study
gradual decrease in RWC of seedlings occurred with

increase in Hg" concentration. About 4-5% reduction in
water retention capacity was observed (Table 1, 2).
Biochemical changes in seedlings occurred upon
exposure to different concentration of mercury. Protein,
proline and SOD content of seedlings did not change on
exposure of seedling to Hg* concentration of 5 mgL™".
Changes occurred when concentration of Hg" was
above 5 mgL™".

Protein content started decreasing at 10 mgL™' Hg"
exposure, protein content was reduced by 57% at this
concentration and by 100 mg L™ Hg* treatment, protein
content was reduced by 80% in comparison to control
(Fig. 1). EDTA had slightly moderating effect and at 10
mgL"' Hg" + EDTA (50 mgL™") the reduction was 46%
in comparison to control, while reduction was 57%
without EDTA. Synthetic chelates such as EDTA have
been widely used to enhance phytoremediation of
heavy metals [21].
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On heavy metal exposure, the protein pool has shown
increase in many plants [41] and many have reported
decrease in protein content. Decrease in protein content
is the result of several effects, oxidative stress, protein
utilization for detoxification and increased ribonuclease
activity.

The SOD activity increased by 5 mgL"' mercury
treatment. SOD activity of seedlings decreased on
exposure to mercury concentrations above 5 mgL'1
(Fig. 2). This may be due to enzyme damage from the
excess production of free radicals. In most of research
studies several authors have reported increase in SOD
content on exposure to heavy metals [34, 41]. The SOD
is considered as a first line of defense against oxidative
damage.

Proline content of seedlings increased on exposure to
mercury chloride exposure (Fig. 3). At 50 mg L'
mercury concentration the proline content increased by
50%. The proline content further increased when the
Sorghum seedlings were exposed to mercury and
EDTA simultaneously. Many authors have reported
increase in proline content in response to stress to
heavy metals [43, 44]. Under stress condition many
plant species accumulate proline as an adaptive
response to adverse stress condition to contain stress
injury and also proline plays a role in protein synthesis.
Proline is an excellent osmolyte, plays three major roles
during stress as a metal chelator, an oxidative defense
molecule and a signaling molecule [44].
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Protein content mg/g DW
O N & OO

Control 5 10

M Hg treated
m Hg+EDTA 50 mg/L

Concentration of Hg (mg/L)

25 50 75 100

Fig. 1. Effect of mercury (Hg) metal stress and mercury + EDTA on protein content in Sorghum vulgare var SG-
1000 seedlings. The values represent (mean + standard error, n=3). “Significant at P <0.05 level.

SOD activity ( U/mg protein)
N
o

Control 5 10

M Hg treated
B Hg treated+EDTA 50 mg/L

25 50 75 100
Concentration of mercury (mg/L)

Fig. 2. Effect of mercury (Hg) metal stress and mercury + EDTA on SOD activity in Sorghum vulgare var SG- 1000
seedlings. The values represent (mean + standard error, n=3). " Significant at P <0.05 level.
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M Hg treated
B Hg+EDTA treated 50 mg/L

Proline content(ug/gFW)

Control 5 10

Concentration of mercury (mg/L)

25 50 75 100

Fig. 3. Effect of mercury (Hg) metal stress and mercury +EDTA on proline content in Sorghum vulgare var SG-
1000 seedlings. The values represent (mean + standard error, n=3). “Significant at P <0.05 level.
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