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ABSTRACT

An experiment was conducted to study the response of four rice varieties (Richharia, Svarna-SQubl, Rajendra
masuri and Rajendra suvasini) to various levels of arsenic concentration (0, 5, 10, 15, 20, 25, 30 ppm) on
different germination parameters. The germination study was conducted on moist filter paper placed in Petri
plates under laboratory conditions with 70% relative humidity. The seeds were surface sterilized with 0.1%
mercuric chloride solution and thoroughly washed with distilled water. The germination count was done on 7th
day. Percent germination, germination index and relative germination rate decreased significantly over control
with increasing concentration of arsenic. None of the varieties recorded germination at 30 ppm concentration.
The arsenic - induced injury was higher in Richharia. Rajendra masuri, Swvarna-Sub 1 and Rajendra suvasini
recorded more than 50% reduction over control at 10 ppm. Swarna-Sub 1 recorded germination upto 25 ppm.
Richharia and Rajendra suvasini were found susceptible after 20 ppm, while Rajendra masuri recorded
germination only upto 15 ppm arsenic concentration. Among four varieties, Svarna-Sub 1 was comparatively

more tolerant to arsenic injury.
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The problem of water pollution is getting greater
dimensionday by day in India. Water ismostly polluted
by the industrial wastewater released from various
industries. Since heavy metal s are the main constituent
of many industrial effluents, therefore, the industrial,
agricultural and municipal wastes are the key sources
of these toxic heavy metals in the wastewater
(Kirupalakshmi 2004). Groundwater contaminationwith
arsenic is reported from many parts of the world, the
extent of severity being higher in Bangladesh, West
Bengal of India, China and Taiwan (WHO 2001). In
Bihar, groundwater of 15 districts is reported to be
contaminated with arsenic (CGWB, Ministry of water
Resources, GOI, 2010). One of the mgjor concernsis
the accumulation of arsenic in edible parts of crops
creating hazardsto animal and human health. InAsian
countries, the people consuming and using arsenic
contaminated drinking water and groundwater for

irrigation purposes suffer from arsenicosis (Chakravarty
and Das 1997). In recent times, theimpact of irrigation
with high arsenic contaminated groundwater on soil and
crop has now drawn more attention dueto transfer of
arsenic to the food chain via groundwater-plant-soil
system (Das et al. 2004 and Rahaman et al. 2008).
Thebioaccumulation of arsenicin different crop plants
including cered's, beans, vegetablesand fruits hashuge
negativeimpact for public health bothin rural and urban
population (Katz and Salem 2005) and thisis of great
environmental concern.

Presence of arsenic in irrigation water or in
soil at an elevated level could hamper normal growth
and development of plants. Plants can devel op toxicity
symptomssuch as, inhibition of seed germination (Liebig
1966) and reductioninroot and shoot growth (Carbonell
-Barrachina et al. 1998). Hence, the present
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investigation was conducted to find out the effect of
different concentration of arsenic on seedling
emergence of different rice cultivars.

MATERIALS AND METHODS

The effect of different concentrations of arsenic on
seedling emergence of rice varieties was evaluated.
Theexperiment was conducted during two consecutive
kharif seasons 2011 and 2012 in three replicates at
70% relative humidity in Petri plates. The treatment
comprised of six arsenic concentrations i e., control
(No arsenic), 5, 10, 15, 20, 25 and 30 ppm, and four
rice varieties i.e., Rgendra masuri, Swarna sub-1,
Rajendra suvasini and Richharia popularly grown in
Bihar. Healthy and uniform-sized seeds of these
varieties having 96% germination were used. Arsenic
1000 ppm solution was used as arsenic source for
present study. From this standard solution, different
concentrations (5, 10, 15, 20, 25 and 30 ppm) were
prepared and used for germination studies. Prior to
germination, all seeds were surface sterilized with
0.1% mercuric chloride solution for 60 seconds and
washed thoroughly with tap water and then by distilled
water for 30 minutes. The seeds were placed
equispacially in sterilized petri-plateslined withfilter
paper (Whatman No.1). Two pieces of filter paper (9.0
cm disks) were placed on 10 mm dia Petri plate and
moi stened with aqueous solution (10 ml) of different
concentrations of Arsenic. The seeds moistened with
distilled water were treated as control. Twenty five
seeds of each variety was placed in each Petri plate,
covered by thelid, and incubated at room temperature
(28 = 2°C) under diffused sunlight. The number of
germinated seeds in each treatment was counted and
calculated on 7 days after sowing. Seeds were
considered germinated when both the plumule and
radical were extended to more than 2mm from their
junction. Germination percent, germination index,
relativegermination rate and relative arsenicinjury rate
were determined using following formulaof Li (2008)
with some maodificationsfor the present materials:

Germination percentage= No.of et germi natgd —*100
No.of seedstaken for germination

Total no.of germinated seed

Germination index(Gl)= — -
(D Total no.of germination days required

Total no.of germinated seed

G ination index(Gl)=
ermination index(G1) Total no.of germination days required
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Relaivearsenicinjury rate=

(Gemi nation percentagein controle - Ger mingtion percentagein arsenic treammt)

Germination percentagein controle

The tolerance to arsenic was determined by cal culating arsenic
response index (ARI) = [(value from salt treatment) / (value from
control)] x 100 for each treatment.

RESULTS AND DISCUSSION

The germination percent varied significantly from
93.18% to 6.67% at different arsenic concentrations
from 0 to 25 ppm (Table 1). Germination percent of
rice varietieswasthe highest under control (no arsenic)
and it decreased with increasing concentration of
arsenic. Among the four varieties, Rajendra suvasini
recorded significantly higher germination percent
(93.18%) under control followed by Rajendra masuri
(85.26%) whereas, Swarna-Sub 1 (80.19%) and
Richharia (80.34%) were at par to each other. Asthe
arsenic concentration increased from0to 5 ppm, variety
Richharia recorded a sharp decline (66.7%) in
germination whereas, the other three varieties Rgjendra
masuri, Swarna-Subl and Rajendra suvasini also
recorded similar reduction (>50%) at 10 ppm arsenic
concentration as compared to control and were at par
to each other. At 5 ppm concentration the performance
of Rgjendrasuvasini wassignificantly superior followed
by Rajendra masuri & Swarna-Sub 1 which were at
par to each other. Ascompared to control, the maximum
declinein germination percent wasrecorded at10 ppm
by Richharia (86.2%) followed by Rajendra masuri
(70.6%), Rgjendrasuvasini (64.2%) and Swarna-Subl
(56.3%). The germination percent of Richharia
recorded at 10, 15 and 20 ppm arsenic concentration
werestatistically at par to each other and lowest among
all varieties. All the varieties recorded a gradual
decrease in germination percent as the concentration
Table 1. Effect of arsenic concentration on germination
percent of different varieties of rice

As Conc. Germination Percentage

(ppm) Rgendra  Swarna Rajendra Richharia
Masuri sub-1 Suvasini

Control  85.26° 80.19 93.18? 80.34%¢

5 75.14¢ 65.09¢ 80.80 26.71e"

10 25.02¢h 35.03¢ 33.38¢ 11.12i

15 20.02¢ 15.0191 30.11°9 8.891

20 0.00 15.0091 20.07" 6.67'

25 0.00 11.671 0.00 0.00

CD 6.35

Means with the same I etter are not significantly different



increased from 10 to 15 ppm. Among four varieties,
Swarna-Sub 1 was found to be comparatively more
tolerant to increasing concentration of arsenic. At 20
ppm arsenic concentration only three varieties i.e.,
Swarna-Subl, Rajendra suvasini and Richharia
recorded germination which were at par to each other.
Among the four rice varieties, only Swarna-Subl
recorded 11.67% germination at 25 ppm arsenic
concentration. On the other hand, none of the varieties
recorded germination at 30 ppm arsenic concentration.
Theinhibition of germination at higher concentration of
arsenic was also reported in wheat (Panda and Patra
1997), pea (Chugh and Sawhney 1996), T. foenum-
graecum and L. sativus (Mumthas et al. 2010). The
reduction in germination percentage may be attributed
totheinterference of metabolic process of germination
by arsenic (Sankar Ganesh 2008).

The germination index (Gl) of rice varieties
varied significantly at different arsenic concentrations
(Table 2). The GI was highest under control which
decreased with increasing concentration of arsenic. The
lowest Gl was recorded for variety Richharia at 15
ppm arsenic concentration. The performance of
Rajendramasuri and Swarna-Sub 1 was comparatively
better than Rajendra suvasini and Richharia. Among
the four rice varieties, Richharia recorded more than
50% reduction in Gl as the arsenic concentration
increased from 0 to 5 ppm, while the other varieties
recorded similar reduction at 10 ppm arsenic
concentration. The decrease in Gl was very sharp for
Rajendramasuri, Swarna-Sub 1 and Rgjendrasuvasini
as the arsenic concentration increased from 5 to 10
ppm. The GI of Swarna-Subl was significantly higher
over al other varieties at 10 ppm concentration, while
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Gl of Rajendra masuri, Swarna-Sub 1 and Rajendra
suvasini were at par to each other at 15 ppm. Thedata
of Gl at 15 ppm arsenic concentration revealed a
percent reduction of 89.0, 81.2, 76.3 and 66.6 for
Richharia, Swarna-Sub 1, Rgjendramasuri and Rajendra
suvasini, respectively. Arsenic-induced toxicity in
leguminous plants also led to similar results (Talukdar
2011).

Similarly, therelative germination rate (RGR)
was maximumin control and it decreased significantly
withincreasing concentration of arsenicin all thefour
varieties (Table 2). At 5 ppm arsenic concentration,
the RGR of Rajendra masuri, Swarna-Sub 1 and
Rajendrasuvasini werestatistically similar. At 10 ppm
concentration, except Richhariaal the three varieties
recorded more than 50% reduction in RGR whereas,
Richhariarecorded same reduction at 5 ppm. Further,
in comparison to other varieties Richharia recorded
maximum reduction at all concentrations of arsenic
from 5 to 15 ppm. At 15 ppm the RGR of Richharia
was at par to Swarna-Sub 1 which was at par to
Rajendra masuri. Rajendra suvasini recorded
significantly higher RGR at 15 ppm arsenic
concentration indicating better tolerance as compared
to other varieties. RGR has been reported to reduce
withincreasing concentration of arsenicin Green gram
(Mumthas et al. 2010). Smith et al. (1998) reported
that rice, bean and oats exhibit phytotoxic symptoms at
20 ppmin soil, while maize and radish at 100 ppm.

Relative arsenic injury rate calculated on the
basis of germination percentage in each of the four
varieties was zero in control, but the rate of injury
increased significantly with increasing concentration of
arsenicinall thefour varieties (Table 2). In comparison

Table 2. Effect of arsenic concentration on germination index (Gl), relative germination rate (RGR) and rel ative arsenic injury

rate (RAIR)
Varieties Germination Index (GI) Relative Germination Rate (RGR) Relative Arsenic Injury Rate (RAIR)
Arsenic concentration (in ppm)

Control 5 10 15 Control 5 10 15 Control 5 10 15
Rajendra 2.83a 2500 0.83f 0.67fg 1.00a 0.88b 0.29¢f 0.23fg 0.00h  012g 0.71cd 0.76bc
Masuri
Swarna 2.67ab 2.17c 117e 050gh  1.00a 0.81b 0.43c 0.19gh 0.00h 0199 0.56f 0.81ab
Sub-1
Rajendra 1.50d 1.33de 056g 050gh 1.00a 0.89b 0.38cd  0.33de 0.00h  011g 0.62¢f 0.67de
Suvasini
Richharia 2.00c  0.67fg 0.28hi 0.22i 1.00a 0.33de 0.14h 0.11h 0.00h  0.67de 0.86a 0.89a
CD 0.13 0.04 0.04

Means with the same letter are not significantly different
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to control, theinjury rateincreased marginally at 5 ppm
arsenic concentration except in Richharia which
recorded a higher injury at same concentration.
However, theinjury level wassignificantly highfor all
thefour varietiesat 10 ppm arsenic concentration which
further increased at 15 ppm. The maximuminjury was
recorded in variety Richhariaat all concentrations. In
addition, the tolerance to arsenic injury at 10 ppm
concentration was comparatively higher in variety
Swarna-Sub 1 whereas, Rajendra suvasini was more
tolerant at 15 ppm arsenic concentration. The injury
caused due to 5ppm arsenic was statistically similar
for Rajendra masuri, Swarna-Sub 1 and Rajendra
Suvasini whereas, Richhariarecorded highest injury at
this concentration. Except Richharia, all the three
varietiesrecorded asharpincreaseininjury level (more
than 50%) at 10 ppm arsenic concentration, whereas,
similar injury was recorded in Richharia at 5 ppm
arsenic concentration. Talukdar (2011) has also
reported similar results on leguminous plants.

The cumulative effect of arsenic treatment at
different concentrations on germination percentagewas
manifested by arsenic induced injury rate. The severe
effect of arsenic concentration wasrecorded at 10 ppm
for all the three varieties except Richharia which
recorded severe effect at 5 ppm arsenic concentration.
Significant increase in injury level at 10 ppm arsenic
concentration was mainly due to decrease in seed
germination percentage. However, thevaues of arsenic
injury rate showed that Ragjendra masuri, Swarna-Sub
1 and Rgjendrasuvasini weretolerant at lower arsenic
concentration whereas, Richharia was the most
susceptible variety as it recorded significantly higher
arsenic induced injury at all concentrations. The
increaseininjury level at 15 ppm arsenic concentration
was marginal in all varieties except Swarna-Sub 1
indicating that it washighly susceptibleto arsenicinjury
at higher concentrations. The result was in
corroboration with Talukdar (2011). Relative arsenic
injury rate was 0 in control, but the value increased
with increase in concentration. The injury rate was
marginal at low concentration but increased significantly
at higher concentration (Mumthas et al. 2010.)

The root and shoot length (Table 3) was
maximum under control and decreased with increasing
concentration of arsenic for al varieties. However, there
was a sharp decrease in root length (more than 50%)
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a 5 ppm arsenic concentration. The maximum reduction
(80%) was recorded in variety Rajendra suvasini
followed by Rajendra masuri (58.74%) and Swarna-
Subl (57.57%). The percent reduction in root length of
Richhariawith increasing concentration of arsenic was
less as compared to other varieties under study.

Reduced root length growth in response to
arsenic exposure has been reported by a number of
investigators (Snellar et al. 1999; Hartley- Whitaker et
al. 2001). The decrease in root length (Table 3) from
0-10 ppm arsenic concentration was morethan 80%in
al varieties except Richhariawhich recorded just more
than 50% reduction. The reduction in root length due
to increase in concentration from 5 to 10 ppm was
maximum (73.0%) in Rajendra masuri whereas,
Rajendra suvasini recorded minimum reduction
(25.2%). At 15 ppm arsenic concentrati on thereduction
inroot lengthwasmarginal inal varieties. Inhibitionin
root elongation is one of the frequently observed
symptoms of metal toxicity (Wang et al. 2003). The
finding isin accordance with the report of significant
reduction of root length in arsenic-treated different rice
varieties (Dasgupta et al. 2004). Theinhibitioninroot
growth noticed at higher concentration of arsenic was
aso reported in wheat (Sankar 2008). The possible
reduction in root growth might be due to accumulation
of arsenic in tissues and its interaction with their
minerals (Banu et al. 1997). In general, root length of
wet season varieties of rice were adversely affected
by arsenic at higher concentration range (Abedin and
Meharg 2002). Significant reduction of root lengthwith
increasing concentration of arsenic may be due to the
fact that plant roots were the first point of contact for
thetoxic arsenic speciesin nutrient media. This might
lead to lower mitotic activity in the root meristematic
zone or to an inhibition of cell enlargement in the
elongation zone as aconsequence of decreased cellular
turgor (Gabbrielli et al. 1990)

The Root tolerance Index (RTI) of different
varieties decreased with increasing concentration of
arsenic. All varietiesrecorded minimumRTI (Fig.1) at
15 ppm arsenic concentration. However, among the
four varieties, Richharia showed better tolerance at all
concentration of arsenic while, Swarna-Sub 1 and
Rajendra masuri were medium tolerant, and Rajendra
suvasini was least tolerant. The Relative shoot height
(RSH) (Fig.2) also decreased with increasing
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Table 3. Effect of arsenic conc. on root length, shoot length and root-shoot length ratio

Varieties Root Length Shoot Length Root-Shoot Length Ratio
Arsenic concentration (in ppm)

Control 5 10 15 Control 5 10 15 Control 5 10 15
Rajendra 4.63b 191de 047 0.27i 4.61a 31lc 236ef 2039 1.00b 0.61d 0.20ij 0.13]
Masuri
Swarna  3.30c 1.40f 0.51hi 0.26i 4.25b 226efg 1.42hi  1.26i 0.77c 0.62d 0.36fg 0.20ij
Rajendra 5.37a 1.07g 0.80gh  0.50i 4.70a 242e 210fg 1.67h 1.14a 0.44ef  0.38fg  0.30gh
Suvasini
Richharia 2.12d 1.66ef  0.90g 0.50i 3.36c 320c 2.80d 220efg  0.63d 0.51e 0.32g 0.23hi
CD 0.15 0.15 0.04

M eans with the same letter are not significantly different
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Fig.1. Effect of arsenic concentration on root tolerance
index
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Fig. 2. Effect of arsenic concentration on relative shoot
height

concentration of arsenic. Among the four varieties,
Richharia recorded higher values of RSH at all
concentration of arsenic i.e., its shoot length was less
affected dueto arsenic, whilethe shoot height recorded
for other three varieties indicated less tolerance to

arsenic. Similarly, significant reduction in RSH was
observed by Abedin and Meharg (2002) dueto increase
in arsenic concentrations.

The data of shoot length recorded (Table 3)
showed a decrease with increasing concentration of
arsenic asin case of root length. The percent decrease
in shoot length was higher with increasing concentration
of arsenic, though the decrease in shoot length was
variablefor different varieties. Among thefour varieties,
Richhariarecorded minimum decreasein shoot length
withincreasing concentration of arsenic. The maximum
percent decrease in shoot length was recorded for
variety Swarna-Subl followed by Rg endrasuvasini and
Rajendramasuri. Thesefindingsarewell supported by
RTI and RSH (Fig.2). The root tolerance index of
Richharia was comparatively higher at all
concentrations of arsenic compared to Rgjendramasuri,
Swarna-Sub 1 and Rgjendra shuvasini. The relative
shoot height was also higher for variety Richharia
compared to other varieties. The higher RTI and RSH
for variety Richhariaindicated its capacity to tolerate
toxicity to increasing concentration of arsenic after
germination. Significant reductionin rice shoot length
with increasing arsenic concentration suggest that rice
shoot length can aso be used as good indicator for
arsenictoxicity. Reduced shoot height dueto application
of arsenicin thisstudy also corroborateswith the result
of Marin et al. (1992). The reduction of shoot height
due to arsenic exposure can be an important
consideration for rice cultivation asreduced shoot height
will decreasericeleaf area, net photosynthesis (Marin
et al. 1993), and ultimately riceyield.

The root-shoot length ratio of all the four
varieties (Table 3) differed significantly withincreasing
concentration of arsenic. Rajendra suvasini recorded
significantly higher root-shoot length ratio followed by
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Rajendramasuri, Swarna-Sub 1 and Richharia
at 0 ppm concentration. The performance of Richharia
in control was statistically at par to Rajendra masuri
and Swarna-Sub 1 at 5 ppm concentration. Only
Rajendra suvasini recorded more than 50% reduction
compared to control in root-shoot length ratio at 5 ppm
concentration whereas, the other varieties recorded the
same reduction in root-shoot length ratio at 10 ppm
arsenic concentration. All the varieties except
Richhariarecorded asharp declinein root-shoot length
ratio with increasing arsenic concentration indicating a
relatively higher tolerance of variety Richhariaat higher
concentration compared to others.

The present study revea ed that the phytotoxic
effect of arsenic manifested significant reduction in
germination of al the varieties. Considering the 50%
reduction in values as compared to control with
increasi ng concentration of arsenic, Richhariawas most
susceptible to arsenic injury. However, the other three
varieties showed better tolerance. The level of 5 ppm
was concluded astoxic to Richhariawhilethelimit was
10 ppm for Raendra masuri, Swarna-Subl and
Rajendra suvasini. The root and shoot length, as well
as RTIl and RSH revealed that variety Swarna-Sub 1
was comparatively more tolerant among the three
varieties. It isalsoworth mentioning that only Swarna-
Sub 1 seeds recorded germination upto 25 ppm arsenic
concentration.

Since, the presence of arsenic in water causes
many variationsin germination, growth, biochemical and
cytological behaviour, hence it may be concluded that
arsenic contaminated irrigation water aretoxic to crops
and should betreated for removal beforeitsapplication
tofield crops.
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