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Abstract: Biologically, Lead (Pb) is toxic and harmful metal which reduces the plant growth when
increased in soil, even in very small quantity. Though lead is not an essential element for plants, it get
easily absorbed and accumulated in different plant parts. An experiment was conducted to investigate the
toxic effects of lead on the growth and yield of Rice (Oryza sativa L.). During the study rice seeds
were grown in soil having lead in the concentration of 50 mg/Kg soil and, growth and yield was
compared with those grown in soil without lead. It was observed that lead in 50 mg/kg soil concentration
was deleterious for plant growth in all the stages. Root length, shoot length, their fresh weight and dry
weight decreased in the soil having lead. Similarly number of spikelet and number of seed grain per
plant were also lower in plants which were grown in soil treated with lead. The results confirm the
harmful effect of lead on growth and development of rice.
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INTRODUCTION

Soil is contaminated by heavy metals due to
the results of human activities, unscientific
agriculture and industrial practices. Most of the
heavy metals, such as Cu, Zn, Pb and Ni are
known as essential micronutrients for plants,
but they proved to be toxic to organisms at high
concentrations (Munzuroglu and Geckil, 2002;
Kaur, 2014). Heavy metals may get easily
accumulated in many biological systems and
cause deleterious symptoms. Heavy metals
such as lead (Pb) are of major concern
because of their persistence in the environment
(Melegy, 2010). Lead is ranked the number one
heavy metal pollutant and number two of all
hazardous substances by the Agency for Toxic
Substances and Disease Registry (Gallardo et
al., 2002; ATSDR, 2007). Lead is not
biodegradable and is extremely persistent in
both water and soil; it can be retained in the
environment for 150-5000 years (Saxena et
al., 1999). Lead is easily taken by the plants
from the soil and is accumulated in different

plant tissue. Lead toxicity decreases growth
and yield in plants (Shafiq et al., 2008; Kumar
and Jayaraman, 2014), disruption of mineral
nutrition (Lamhamdi et al., 2013; Naresh kumar
et al., 2014), inhibition of photosynthesis (Tian
et al, 2014), inhibiton of enzyme activity
(Malar et al. 2014), water imbalance and
alterations in membrane permeability (Sharma
and Dubey 2005; Israr and Sahi, 2008). Soil
contaminated with Pb cause sharp decreases
in crop productivity by posing a serious
problem for agriculture (Johnson and Eaton,
1980). Rice is one of the most important staple
foods in Asia. About 90 percent of the total rice
is cultivated in Asia (Salim et al., 2003). In
Asian countries, rice (Oryza sativa) is a food
staple used for daily consumption and provides
over 70% of the energy derived from daily food
intake (Phuong et al., 1999). The objective of
the study is to examine the effect of heavy
metal (lead) on morphological attributes and
biomass of Oryza sativa.
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EXPERIMENTAL

For the present investigation, seeds of Oryza
sativa L., Linn cv. Basmati were procured from
Indian Agriculture Research Institute, New
Delhi. Seeds were thoroughly washed in
double distilled water before sowing. To study
the effect of lead on rice in terms of growth and
yield, seeds were grown in soil without lead
(control set) and with lead concentration (50
mg/kg soil) in polythene bags. Two kg soil was
taken in each bag and irrigated whenever
found necessary. Different morphological
parameters such as root length, Shoot length,
formation of inflorescence and biomass were
investigated during experimental work. The
plants samples were analyzed for vegetative
growth at 40, 80 and 120 days interval after
seedling emergence. 75 to 100% emergence
was considered as the starting day. Five plants
were randomly selected for root and shoot
length and their fresh weight and dry weight
was also calculated at each interval. Yield
parameters such as number of spikelet per
plant, number of seed per spikelet and weight
of spikelet were studied at 120 day of
experiment.

RESULTS AND DISCUSSION

Data obtained clearly indicates that lead had
inhibitory effect on growth parameters of O.
sativa. Table 1 indicates that the general
growth of Oryza sativa L., Cultivar Basmati

declines in the presence of 50 mg/kg lead
abundant soil as compared to control soil. Root
and shoot length increased along with the days
but the higher length was recorded in control
set. Data for root length recorded at 120 day
showed that the root length of control plants
were 25 % more than the plants grown in lead
abundant soil whereas shoot length recorded at
the same time was 22 % more in control set
than in plants grown in lead soil. Similarly lead
toxicity affected the fresh weight and dry weight
of Oryza sativa. Fresh weight and dry weight
significantly decreased under lead treatment.
Fresh weight of root in control was 41% higher
than in plants grown under lead treatment.
Similarly dry weight of root was 7.31+ 0. 46gm
and 5.07£ 0.10gm in control and lead treated
plants respectively. Likewise, fresh weight of
shoot was 49% higher in control plants as
compared to plants grown under lead abundant
soil. Dry weight of plants grown in soil having
lead was 18% less as compared to plants
grown in normal soil. As it is clear from the
table, there was also an inhibition in yield
parameters in the present rice cultivar. Thus, in
50 mg/kg Pb abundant soil, spikelet number
per plant and weight of spikelet was 39% and
25 % respectively less than the control plants.
Thus, in presence of 50 mg/kg Pb abundant
soil, seed number per spikelet was 33% less as
compared to control.

Table 1. Growth characteristics and yield of Oryza sativa I. cv. basmati grown on soil without lead
(control) and with lead (50 mg/kg soil)

Growth Days From Emeregence
Parameters Per 40 Days | 80 Days 120 Days
Plant £SD Control Pb 50mg/Kg Control Pb 50mg/Kg Control Pb 50mg/Kg
soil soil soil
ROOT
Length, cm 2510+ 18.40+1.80 36.40+ 26.40+2.80 37.21+1.08 27.98+0.99
2.00 4.08
Fresh weight, 8.30 £0.46 4.60+ 0.60 18.40+0.60 10.80+0.88 24.0740.62 14.20+0.41
gm
Dry weight. gm | 3.20 £0.20 2.60+0.20 5.60 +0.26 3.80+0.60 7.31£0.46 5.07+0.10
SHOOT
Length, cm 30.80+1.46 26.40+1.80 4410 38.20+1.40 81.14+1.28 64.10+1.06
$1.80
Fresh weight, | 10.25+1.30 8.00+0.46 16.00+ 10.20+0.28 28.2540.61 14.41+0.45
gm 0.47
Dry weight. gm | 3.48+0.44 2.80£0.25 6.00 +£0.25 4.50+0.24 741 £0.31 6.04 £0.11
SPIKELET
Number / Plant | _ | _ | | _ | 10.80£0.38 | 6.60 +0.20
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Weight, gm | _ | _ | | 6.00+046 | 450+0.35
SEED GRAIN
Number/Spikelet _ _ _ _ 9.00 +£0.38 6.00 + 0.36
Weight/ Plant, _ _ _ _ 8.35+0.47 2.69+0.41
gm
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Figure 1. Root length of Oryza sativa in control and lead treatment at 40, 80 and 120 days interval
(Vertical bars are the means of five replications +SD)
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Figure 2. Shoot length of Oryza sativa in control and lead treatment at 40, 80 and 120 days interval
(Vertical bars are the means of five replications +SD)
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Figure 3. Fresh weight and dry weight of Oryza sativa roots in control and lead treatment at 40, 80 and
120 days interval
(Vertical bars are the means of five replications £SD)
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Figure 4. Fresh weight and dry weight of shoot of Oryza sativa in control and lead treatment at 40, 80 and
120 days interval (Vertical bars are the means of five replications +SD)

12 ~

[any
o
I

(o]
1

Spikelet Number/Plant
£ (e}

N
1

Control

Pb treatment

Figure 5. Number of spikelet per plant in Oryza sativa in control and lead Treatment
(Vertical bars are the means of five replications +SD)
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Figure 6. Number of seed per spikelet in Oryza sativa in control and lead treatment
(Vertical bars are the means of five replications £SD)

Lead has gained considerable attention as
a strong heavy metal pollutant due to the
growing  anthropogenic  activity in the
environment. Pb contaminated soils show a
severe decline in crop productivity. It is clear
from the table that the Lead concentration

clearly altered the shoot and root growth. The
results are in accordance with the study of
Awan et al. (2015) in which shoot and root
length of Oryza sativa decreased with
increasing Pb concentration. The principal effect
of Pb toxicity in plants is a rapid inhibition of root
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growth, probably due to the inhibition of cell
division in the root tip (Eun et al., 2000). Lead
inhibits the growth performance of plant by
alteration in enzyme activity and induction of
oxidative stress (Kaur et al., 2012). Similarly
presence of Pb in soil also adversely affected
the fresh weight and dry weight of root as well
as shoot. The decrease in fresh weight and dry
weight due to lead toxicity has been reported in
several studies (Kosobrukhov et al., 2004;
Kibria et al., 2010; Bhatti et al., 2013; Awan et
al., 2015). The observations on the effects of
Lead abundant of soil on growth and yield
revealed that heavy metals are inhibitory at
50mg/kg soil concentration.

CONCLUSION

Present study was conducted to check the
effect of lead abundant soil on growth and yield
of Oryza sativa. It is found that the higher
concentration of lead in soil was inhibitory for
the growth and yield of plant. It is observed that
root and shoot length increased along with the
days but the higher length was recorded in
control set. Due to lead toxicity fresh weight
and dry weight of Oryza sativa also affected.
Results further indicate inhibition in the yield
parameter of Oryza sativa. Thus it is concluded
that 50 mg/kg Pb abundant soil is inhibitory for
root, shoot and yield parameter of rice cultivar.
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