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Abstract

Arsenic (As) is a rising threat for plant life and in the current work impacts of arsenate (AsV) on growth, lipid peroxidation
and plasma membrane integrity have been evaluated. It was found that AsV deleteriously affected the growth, increased the
lipid peroxidation and damage of membrane in Pisum sativum L. seedlings. Although, application of silicon (Si) ameliorates
AsV toxicity by restoring growth as well as by decreasing membrane lipid peroxidation and damage.
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Introduction

Arsenic (As) is a metalloid comprising the intermediate
characteristics of nonmetals and metals (Zhao et al., 2010)
91 Numerous anthropogenic activities like irrigation with
contaminated water, exploration of groundwater having high
quantity of As, improper mining, and mishandling of
agrochemicals having As contribute to a rise in As
concentration in agricultural soils (Van Geen et al., 2006;
Lee et al., 2008) 22, The two forms of As mainly found in
soil are arsenate (AsV) and arsenite (Aslll) (Singh et al.,
2018) B8, From contaminated soil, As accumulates into the
food and fodder crops which ultimately affecting the life of
animals as well as human beings (Bakhat et al., 2017).
Arsenic seriously affecting plants’ life by obstructing plant
growth, reducing transpiration intensity and by harming
plant fertility and productivity (Stoeva and Bineva, 2003)
1 Being a redox active metalloid, As enhances the
oxidative stress by generating several reactive oxygen
species (ROS) (Tripathi et al., 2012). Drastic impacts of
AsV include inhibition in seed germination and growth
(Requejo and Tena, 2012) B4, AsV exposure is also
responsible for reduced photosynthesis and modification in
carbohydrate and protein metabolisms (Mishra and Dubey,
2006; Srivastava et al., 2013) 5 40 To survive under
oxidative stress, plants consist antioxidant defence system
(Liu et al., 2007) %1, Various approaches have been used to
decrease the uptake and toxicity of heavy metals in plants,
which are humid substances (Noman et al., 2015) [,
osmoprotectants (Ali et al., 2015), soil amendments
(Rehman et al., 2015) B3, and silicon (Rizwan et al., 2012)
31, Silicon (Si) stands second in the list of most prevalent
element of the earth’s crust after oxygen (Epstein and
Bloom, 2005) I, Plants uptake monosilicic acid from soil
via the help of specific transporter (Epstein, 2009) [€1. After
uptake when Si reaches to shoot, it concentrates and
polymerizes into silica gel (SiO2-nH.0) due to the process
of transpiration (Yoshida et al., 1962). Silicon positively
affected the plant growth and development (Frew et al.,
2018). It was reported by various studies that Si improve the
tolerance ability of many plants during heavy metal toxicity
(Rizwan et al., 2012; Bharwana et al., 2013; Kim et al.,
2014) B3 Diverse responses were shown by leguminous
plants exposed to heavy metals, among all few of the

leguminous species such as pea (Paivoke, 2003) 2, [entil
(Ahmed et al., 2006) M, lupines (Vazquez et al., 2008) 1“4,
Vigna (Mandal et al., 2008) and chickpea (Gunes et al.,
2009) [ show drastic impacts on biomass, nutrient
allocation and oxidative status under As stress. The
information related to As stress in pea plant is inadequate.
However, the current study was designed to examine the
toxicity caused by As in P. sativum at morphological and
histochemical aspects and here the detoxification agent
applied is Si.

Materials and Methods

Plant material and growth conditions

Seeds of Pea (Pisum sativum L.) var. Aparna were procured
from a registered supplier near Alopibagh, Prayagraj, Uttar
Pradesh, India. Surface sterilization of seeds were done by
using 2% of sodium hypochlorite solution only for 10
minutes. Later, washing of seeds were done by using
distilled water and then the seeds were soaked overnight
under dark conditions. Afterwards, seeds were covered in
muslin cloth wetted by using half strength Hoagland’s
nutrient solution (Hoagland and Arnon, 1950) 71 and kept it
in dark for 3 days in order to germinate. After germination,
seeds were sown in properly sterilized sand and kept it in
plant growth chamber having the photon flux density (PFD)
of 250 pmol photons m? s, relative humidity of 50-60%
and a light/dark cycle of 12/12 h at 25+2°C for 15 days.
After 15 days of the growth, pea seedlings containing
secondary leaves were uprooted and acclimatized in
Hogland’s solution.

Treatment with AsV and Si

Healthy and uniform sized seedlings were treated with AsV
and Si. The combinations were prepared as follows control
(only half strength of Hoagland’s nutrient solution), AsV
(50uM), Si (10uM), AsV+Si (50uM+10uM). Treatment of
seedlings were done for seven days and in each day
solutions were aerated. Afterwards, control and treated
seedlings were harvested and a variety of parameters were
performed.

Growth parameters

To assess the changes in growth, plant height, root-shoot dry
weight and root volume were measured. Plant height was
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measured by using centimeter scale. For dry weight, first
root and shoot were cut and then dried by using oven at 65-
75 °C for 48 h and then measured by using the digital
weighing balance. Root volume was monitored by using
water displacement method as described by Pang et al.
(2011).

In vivo determination of lipid peroxidation and plasma
membrane damage

In vivo examination of lipid peroxidation and plasma
membrane damage was done by using Schiff’s reagent and
Evans blue as mentioned by Pompella et al. (1987) B2 and
Yamamoto et al. (2001) 181, respectively. First of all, roots
were stained with respective dyes and photographed by
using Olympus compound dark-field microscope attached
with a digital camera.

Statistical analysis

Three experiments were performed independently to get the
mean values as well as each of the experiment consists two
replicates (n=6). Analysis of all obtained values were done
with the help of one-way analysis of variance (ANOVA) to
determine their significance. By using Duncan's multiple
range test (DMRT) multiple comparison of mean values of
control and treatment were performed at p < 0.05.

Results

Determination of growth

To observe the impacts of different treatments on growth of
P. sativum seedlings various parameters viz; height, dry
weight of root and shoot and root volume were measured
(Figure 1-4). The results recommended that exposure of
AsV at 50 uM concentration decreased the plant height by
31%. It was reported that dry weight of both root and shoot
decreased at 50uM of AsV by 34 and 15% respectively. Si
individual application enhanced the height by 15% and dry
weight of root and shoot by 23 and 22%. However the
exogenous supplementation of Si alleviates AsV induced
toxicity in P. sativum seedlings. The combined AsV+Si
treatment restored the plant height by 10% as well as dry
weight of both root and shoot by 19 and 6% respectively.
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Fig 1: Impact of AsV and Si on height of Pisum sativum seedlings.
Data are means + standard error of three duplicates. Bars having
different letters display significant differences (P<0.05) between

treatments according to the Duncan’s multiple range test.
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Fig 2: Impact of AsV and Si on dry weight of root of Pisum
sativum seedlings. Data are means * standard error of three
duplicates. Bars having different letters display significant
differences (P<0.05) between treatments according to the Duncan’s
multiple range test.
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Fig 3: Impact of AsV and Si on dry weight of shoot of Pisum
sativum seedlings. Data are means +standard error of three
duplicates. Bars having different letters display significant

differences (P<0.05) between treatments according to the Duncan’s
multiple range test.

Application of AsV on pea seedlings declined the level of
root volume by 11%. Si individual treatment increased the
root volume by 6%. AsV+Si combination restored the root
volume by 4% (Figure 4).
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Fig 4: Impact of AsV and Si on root volume of Pisum sativum
seedlings. Data are means * standard error of three duplicates. Bars
having different letters display significant differences (P<0.05)
between treatments according to the Duncan’s multiple range test.
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In vivo determination of lipid peroxidation and plasma
membrane damage

Lipid peroxidation and plasma membrane damage were
assayed by using Schiff’s reagent and Evans blue dye
respectively. Schiff’s reagent reacts with aldehyde group i.e.
malondialdehyde (MDA), a product of lipid peroxidation
and gives pink colour. Evans blue is an azo dye which
penetrates the plasma membrane of only dead and damage
cell. Pink colour deposition were appear more during AsV
treatment. Least appearance were observed in Si solely
treatment whilst in AsVV+Si combination less accumulation
were found. Blue colour deposits were observed more in
AsV treatment. Minimum accumulation were observed in Si
and in AsV+Si deposition were less (Figure 5-6).

"

Fig 5: Detection of lipid peroxidation under AsV and Si treatments
in roots of Pisum sativum seedlings by Schiff’s staining. a-
Control, b- AsV, c- Si, d- AsV+Si

A

Fig 6: Detection of membrane damage under AsV and Si
treatments in roots of Pisum sativum seedlings by Evans staining.
a- Control, b- AsV, c- Si, d- AsV+Si

Discussion

Heavy metals affect the entire physiology and biochemistry
of plant (Hossain and Komatsu, 2013) 281, Arsenic is a toxic
heavy metal for each forms of life including plants (Sil et
al., 2019). Exposure of As causes reduction in root-shoot
growth, chlorosis in leaves, necrosis in aerial organs of plant
and also elevated the oxidative stress (Shri et al., 2009;
Choudhury et al., 2011; Moreno-Jiménez et al., 2012; Hu et
al., 2013). Exogenous supplementation of silicon could be
an approach for providing enhanced tolerance to plants
under unfavourable conditions. In this study, AsV at 50uM
concentration causes reduction in height and dry weight of
both root and shoot of P. sativum seedlings. The reduction
in growth parameters might be correlated with increased
accumulation of As. This kind of response due to AsV
toxicity is well documented (Pandey and Gupta, 2015; Dixit
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et al., 2016). Exogenous supplementation of Si alleviates the
toxicity of AsV resulting in improved growth because Si
addition restricts the entry of As via roots and it also inhibits
translocation of As from root to shoot (Guo et al., 2005,
2007). Similar to our findings, Gong et al. (2003) U
reported the positive effects of Si on height of wheat plant
during drought conditions. In a previous study, it was
reported that supplementation of Si restored the dry weight
under drought stress (Hattori et al., 2005) 1161, AsV exposure
in pea seedlings resulted in reduced root volume. Heavy
metals treatment usually slow down root development and
suppression in root elongation is the first indication of any
unfavorable conditions (Munzuroglu and Geckil, 2002).
Likewise, Zhang et al. (2020) ™8 observed that As
application declined the root volume. However Si alone or
along with AsV improved the root volume than AsV alone.
Similarly, Kafi and Rahimi (2011) 2% observed that addition
of Si in the medium induced the root volume and Hattori
and co-workers in 2003 also noticed that Si application
promoted the root elongation in sorghum. Induction in root
elongation might be due to enhancement in cell wall
extensibility in growing area of the roots caused by Si
supplementation (Kafi and Rahimi, 2011) 291, Staining with
Schiff’s reagent is for examination of lipid peroxidation
whereas Evans blue staining detects plasma membrane
damage. Roots of pea seedlings exposed to AsV showed
high intensity of pink and blue coloured accumulation
means more lipid peroxidation as well as membrane damage
were noticed in AsV treatment. Although application of Si
alone or in combination with AsV showed less intense pink
and blue deposition i.e. less lipid peroxidation and
membrane damage than AsV individual treatment. As
stressed root tips of Cajanus cajan showed more intense
pink staining than control (Yadu et al., 2019) 1. Andrade et
al. (2016) I observed that root tips of Eichhornia crassipes
treated with As had more blue colour accumulation. Root
tips of rice had less blue and pink colour staining exposed to
Si (Song et al., 2011) [,

Conclusions

AsV, a toxic form of arsenic is a critical problem for all the
living beings, particularly plants. Our study also proved that
how toxic AsV is for plants. AsV causes severe impacts on
plant height, dry weight of root and shoot, root volume,
enhanced lipid peroxidation as well as negatively affected
plasma membrane integrity. The toxic behavior of AsV is
here ameliorated by Si via improving the parameters related
to growth and histochemistry of P. sativum seedlings. By
restricting the entrance and translocation of heavy metals, Si
help plants to recover and survive.
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