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Abstract
Arsenic contamination in rice would be a seriousbpgm for human health. A screening
program was conducted at germination and earlylisgestageof rice cultivars which were
grown under plate culture and hydroponic culturendition. Five different
concentrations of arsenate viz.Lppm), T (3ppm), & (6ppm), T,(9ppm), T (12ppm)
and distilled water (control) were applied on sewartivars of ricesuch asBR-26,
BRRI-28, BRRI-29, BRRI-45, BRRI-50, BR-3 and BR-The germination percentage and
tolerant percentage, root length and shoot lengthkdomass or seedling dry weight decreased
significantly with the increase of arsenic levaisiong seven cultivars, BRRI-29 showed
the maximum percentage of germinati@nd tolerant percentage, BR-26 produced the

highest root length and shoot lengih highest arsenic concentratioh2(ppm) whereas
maximum biomass was obtained for BR-14.

Key words: Sodium arsenate, rice cultivars, germinationt tength, biomass, seedling
stage

INTRODUCTION

Arsenic contamination of groundwater is a sevebl@m in Bangladesh and this has
affected at least 25 million people (Ravenscebfil., 2005). Next to drinking water, rice
could be a potential source of arsenic exposuthenpeople living in the arsenic affected
areas of Bangladesh (Hossatmal., 2008, Panaullalet al., 2009, Williamet al., 2009).
Robertset al.(2007) estimated that over 1000 tons of arsenichimie transferred to
arable land each year from arsenic contaminatedingiwater irrigation, creating a
potential risk for future agricultural sustainatyiliand food security of the country.
Arsenic may enter into human body directly throutdffinking water and indirectly
through foods, chiefly rice for Bangladeshi peoptéce covers about 75% of the total
cropped areas in the country. Many areas havedrigindwater and soil arsenic contents
which are likely to be taken up by plants througlots and transported to the aerial
portion. The concentration of arsenic in grounewérom the affected areas have very
large range from <0.5 to >3200ug/L (Smedley & Kilirgh, 2002). In Bangladesh, large
numbers of shallow tube wells and deep tubewebshaing used to irrigate about 4.3
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million hac. which contribute significantly to tlmeuntry’s food grain production (Rashid
et al., 2004). As-contaminated groundwater is used fagatron as well as for drinking.
The World Health Organization provisional guidelinglue for drinking water is 0.01
mg/kg. There are concerns that arsenic may be labddry plants, particularly cereals,
entering the grains and thus the food chain. Theeedirsenic poisoning of human beings
and livestock occur frequently (Chun-ti al., 2006). Arsenic (As) toxicity to rice can
threaten food security in countries such as Bamgladvhere rice is the major staple food
and arsenic contamination of irrigation waters and is widespread (Panaulla al.,
2013).The concentration levels of different arsespecies in rice heavily depends on
environmental conditions and to a lesser extendemotype of the rice plants (EVISA,
2013).

Plants can develop toxicity symptoms while they exposed to excess arsenic either in
soil or in solution culture such as: inhibition sded germination (Abedin and Meharg,
2002); decrease in plant height (Maghal., 1992; Carbonel-Barraching al., 1995;
Abedin et al., 2002b; Jaharet al., 2003a) ); reduction in root growth (Carbonel-
Barrachinaet al., 1998; Abedinet al.,2002); decrease in shoot growth (Gehxal., 1996;
Carbonel-Barrachinat al.,1998); sometimes leading to death (Baéteal., 1976; Marin

et a., 1992). In hyper accumulator species, arsenic asgg antioxidant mechanisms,
both enzymatic and non-enzymatic, leading to itexécation and subsequent hyper
accumulation in the tissue (Srivastaal., 2005; Singtet al., 2006). In contrast, in hon-
hypera ccumulators, arsenic induces an oxidatikesstresulting in cellular damage in
terms of enhanced lipid peroxidation,® accumulation and up-regulation of several
scavenging enzymes (Hartley-Whitaletral., 2001; Mascheegt al., 2002).Germination
energy, germination percentage, germination ing#ality index, length and biomass of
root and shoot all displayed decreasing trend witheasing concentrations of arsenic.
Reduced root length growth in response to arsexposire has been reported by a
number of investigators in other plants (Hartleyitaker et al., 2001 and Carbonell-
Barrachinaet al., 1998).

Germination and early seedling stage of rice isemeensitive than that of any other
growth stages. Therefore an attempt has been taketudy the effect of arsenate on
germination of seeds, and early growth of seedlorgseven rice cultivars.

MATERIALSAND METHODS

Rice Cultivars: Seven cultivars of ricdBR-26, BRRI-28, BRRI-29, BRRI-45,
BRRI-50, BR-3 and BR-14) were collected frdRRI, Gazipur, Dhaka, Bangladesh.

Treatmeants. Following the previous research information (CasdbBarrachina and
Burlé-Carbonell,1997) five concentrations of arsenic (As) (souN&HASsO,.7H,0)

solution, T=1ppm, B=3ppm, E=6ppm, T=9ppm and §=12ppm As and F distilled

water were used as control treatment.
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Both germination experiment andiydroponic culture were carried out in the
Laboratory of Plant Physiology and Plant Biochergidtab. of Botany Department,
Jahangirnagar University, during November, 2018gadl, 2011.

Germination Test: For germination experiment 20 seeds of each cultvere placed
separately on a blotter paper in a 9cm diameteri Hethe covered with a lid. The
Petri dishes were kept under laboratory conditiomere temperature fluctuated
between 32+ZC. Petri dishes and blotter papers were soaked 20timl arsenate
solution of different concentrations (mentioned time section treatments) and
distilled water (as control) separately. The numlnér germinated seeds was
recorded when both plumule and radical extendedentban 2mm from the seed
coat. Germinated seeds were counted on the 2ndodlagermination and the
results were expressed as percentage over comiagh treatment was replicated
three times.The tolerance percentage was calculated aftel §j@amination with the
following equation:

Germination % in each treatment x 100
Germination % in the control

Tolerance percentage =

Hydroponic culture for seedling growth: The seedling growth experiment was
conducted by hydroponics culture under laboratargdition. Several plastic pots
were taken and filled with 250 ml of nutrient soart containing 5mM Ca(Ng),,
5mM KNO; 5mM K,;SO, and 5mM KHPGQ, in distilled water (Abbaset al.,
2008). Five germinated seeds were placed in the bbbplastic nets attached with
cork sheets and were then placed on the mouthaxtigl pots. The outside of the
plastic pots were painted with black colour. Deegoared plastic beads were
placed on the upper part of plastic net of each mwtprevent light from
penetrating the solution.

Then thedistilled water anddifferent concentrations ofrsenatg1, 3, 6, 9 and12
ppm As)were added to thautrient solution. The pH was adjusted to 5. Fochea
treatment three replications were used. The plaptits with germinated rice
seedlings were then placed at room temperature 323 for 10 days. Root
length and shoot length of ten days old seedlingeewneasured and biomass (dry
weight/ten seedlings) of whole seedlings was mesdafter drying for 72 hours
at 70°C.

Statistical Analysis: Completely randomized design (CRD) was used for the
experiment with three replications having six tmeahts and six cultivars.
Recorded data of different parameters were statil}i analyzed with the help of
Microsoft Excel 2003 and Duncan’s multiple rangestt¢DMRT) was done by
using SPSS Program 16. The mean treatment diffecemere evaluated by least
significant difference test at 5% level of signdrece (Gomez & Gomez,1984).
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RESULTSAND DISCUSSION

The effects of arsenate on germination percentadgrance percentage, root and shoot
growth, and biomass of rice cultivars obtained fithiis experiment are described below
under following heads:

Germination percentage and tolerance percentage: The mean values of germination
percentages and tolerance percentage of sevetiesuoérice are presented in Tableland
2. The results show a decreasing tendency of thmigation percentage and tolerance
percentage with the increase of concentration séraate (Tablel and 2). Among seven
varieties of rice, BD-29 showed highest germinapencentage for all treatments. At the
highest arsenate level {912 ppm) germination Percentages of BRRI-29, BREXR;3,
BRRI-28, BRRI-45, BRRI-50 and BR-14 were 82.22,883.57.78, 71.11, 74.44, 76.67
and 76.67 respectively while their tolerance petages were 87.06, 72.95, 63.42, 78.05,
85.89, 85.19 and 84.15 respectively. Therefore, BERshowdthe highest germination
and tolerant percentage, while BR-14, BRRI-50, BRRIand BRRI-28 showed
moderate results and the lowest rate of germinatiwhtolerant percentages were found
in BR-3 and BR-26 respectively for the highest featment. From the CV % (Tablel) it
can be showed that the Germination Percentage e2BR more homogeneous and
germination percentage of BR-3 is more scatterederfic is not essential for plants but
higher concentrations of arsenic interfered withtahelic processes and inhibited seed
germination, plant growth and development througieric induced phytotoxicity (Marin
et al., 1993a, Abedin & Meharg, 2002).They also reporteat germination and early
seedling growth of rice decreased significantlyhwitcreasing concentrations of arsenic.
Seed germination and the early seedling growthnaoee sensitive to metal pollution
because some of the defense mechanisms have relbpled such as, starch, storage
energy of germinating seeds does not degrade piedotly via the amylolytic pathway
(Swain & Dekker, 1966a)

Root and Shoot growth: Root length was recorded 10 days after the gerioimaif
seeds. It was measured up to 12 ppm of arsenatengat and found that the root length
was decreased from 107.74 mm for the control td&@m for the 12 ppm arsenate
treatment (Table 3). The reduction of root lengthd hstarted from arsenate 1ppm
treatment (Table 3). At the highest level of arsemg@atment (12ppm) the average values
for root lengths found to be 60.7, 90.30, 61.60,08361.80, 60.10 and 75.7mm for
BRRI-29, BR-26, BR-3, BRRI-28, BRRI-45, BRRI-50 aB&-14 respectively. Thus BR-
26 had relatively the longest root followed by BRI, while BRRI-50 had the shortest
root. From the CV (%) (Table 3) it can be seen thatroot lengths of BR-3 are more
scattered compare to other cultivars and that dRBEB are more homogeneous.

Shoot length was recorded after 10 days of emeggehadicals. Almost all the varieties
show healthy seedlings but with the increase ierate concentration the mean shoot
length of all rice cultivars decreased significgnfTable 4). Seedling heights or shoot
lengths were recorded upto arsenate 12ppm. Focah&ol (Oppm) BRRI-28 produced
the longest plants followed by BR-26. For the highéevel of arsenate (12ppm)
concentration the mean values for seedling heigkte 53 mm for BRRI-29, 80.75 mm
for BRRI-26, 51.90 mm for BR-3, 66.70 mm for BRR3;59.75 mm for BRRI-45, 60.10
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mm for BRRI-50 and 64.35 mm for BR-14. BR-26 progldiche longest seedling while

BR-3 produced the shortest for 12 ppm As. Arsedaizreased the shoot length from
98.64 mm (control) to 61.85 mm for 12 ppm arsetr@a@tment. It can be seen that among
all cultivars for all treatments the mean (Cultivaean) shoot length of BRRI-29 is the

shortest (68.60 mm) and the longest is for BR-269@ mm). From the CV (%) (Table 4)

it can be seen that the shoot lengths of BR-3 wagsenscattered than that of other
cultivars and the shoot lengths of BRRI-28 and BRRWwere more homogeneous.

Table 1. Effect of different levels of arsenate on germination percentage of seven rice
cultivars

Treat- Cultivars Treat
ments ment

mean

BRRI -29] BR-26 BR-3 BRRI-28| BRR|-45 BRRI-%SO BR-14

TO 94.44+ 94.44+ 91.11+ 91.11+ 86.67+ 90.00+ 91.11+ 91.27
2.94c 2.94c 1.11b 2.94c 3.33b 1.95b 1.11d
T1 88.89+ 78.89+ 86.67+ 88.89+ 78.89+ 88.89+ 84.44+ 85.08
2.94abc  2.94bc 3.33b 78.89bc 1.11ab 1.11b 4.48cd
T2 91.11+ 73.33% 86.67+ 85.56+ 82.22+ 86.67+ 81.1+ 83.81
2.22bc 1.92ab 3.45b 1.11bc 4.84ab 1.95ab 1.11bc
T3 84.44+ 75.55+ 82.22+ 78.89+ 77.78% 83.33% 76.67+ 79.84
1.11ab 1.11ab 1.11b 2.9ab 2.94ab 5.09ab 1.92bc
T4 83.33+ 68.89+ 78.89+ 78.89+ 75.56+ 80.00+ 80.00+ 77.14
1.93a 2.94 a 1.11b 6.19ab 4.01ab 3.85ab 3.58 ab
T5 82.22+ 68.89+ 57.78+ 71.11+ 74.44+ 76.67+ 76.67+ 70.48
1.11a 2.94 a 13.92a 2.94a 222 a 3.85a 3.85a
Cultivar  87.41 76.67 80.56 82.41 79.26 84.26 78.33
Mean

LSD

(p<0.0 3.22 3.79 9.02 4.93 4.88 4.83 4.48
5)

CV% 6.35 12.65 17.74 10.36 8.10 8.12 13.08

In a column followed by common small letters do differ significantly at 5% level.

Carbonell-Barrachineat al. (1998) showed that the growth of root and shaa imhibited
by high concentrations (5-20mg/kg) arsenic treatm€ne inhibition was stronger in the
roots than in the shoots when treated with ars@fianget al., 2002). The reasons are
that the plant roots are the first point of contmt these toxic arsenic species in the
nutrient media (Abedin & Meharg, 2002) and the ketaf nutrition is inhibited in roots,
as a result the growth of the whole plant is cemséd (Mitchell & Barr, 1995).

Biomass: At the low level of arsenate (F1ppm), BR-26, BR-3, BRRI-45, BRRI-50 and
BR-14 cultivars were started to decrease the bisméseedlings. With the increase of
arsenate levels the biomass decreased from 0.0v@8rgseedlings for the control and
reduced to 0.0594 gm/ten seedlings with 12ppRr) @Fsenate. The mean biomass at
12ppm () arsenate was 0.044 gm for BRRI-29, 0.0595 gmBigr26, 0.0665 gm for
BR-3, 0.0665 gm for BRRI-28, 0.063 gm for BRRI-450445 gm for BRRI-50 and
0.0705 gm for BR-14 (Figure 1). Therefore BR-14 haghest biomass followed by BR-
3, while BRRI-29 had the lowest biomass followed BiRRI-50. The result, however,
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that BR-14 had the highest biomass for the arsetpgem (E) treatment and BRRI-29
had the lowest. In this experiment, rice plantsjetted to higher arsenate treatment
produced lower biomass. There are number of repérteduced shoot biomass/growth
(Milam et al., 1988 and Marimt al.1993a) and root biomass (Abediral., 2002) in rice.
However the result of the present study agreestiéhesults of those researchers.

Table 2. Effect of different levels of arsenate on tolerant per centage of seven rice cultivars

Cultivars | Parameters Treatments Cultivar
To Tl T2 T3 T4 T5 mean
Tolerance 100 94.12 97.47 89.41 88.24 87.06 92.55
Percentage
BRRI-2¢ STDEV 2357 7.071 0.00 2357 2357 2357
SE +1.667 +5.00  +0.00  +1.667 +1.667 +1.667
Tolerance 55 gaoa 7665 78.00 72.95 72.95 81.18
Percentage
BR-26  STDEV 236 4.71 2.36 236 471  7.07
SE +1.67 +3.33  +1.67 +1.67 +3.33 +5.00
Tolerance 55 o593 9513 90.24 8659 63.42 88.42
Percentage
BR-3 STDEV 236  5.05 0.00 707 000 471
SE +1.67 +5.00  +0.00 +500 +0.00 +3.33
Tolerance 5, 9756 9301 8659 86.59 78.05 90.45
Percentage
BRRI-2¢ STDEV 236 471 2.36 471 000 236
SE +1.67 +3.33  +1.67 +3.33  +0.00 +1.67
Tolerance 55 o155 9487 89.74 87.18 85.89 91.45
Percentage
BRRI-4: STDEV 236  2.36 7.07 471 236 236
SE +1.67 +1.67  +5.00 +3.33 +1.67 +1.67
Tolerance 55 9577 gg30 9259 8889 8519 93.62
Percentage
BRRI-5( STDEV 236 471 2.36 236 471  7.07
SE +1.67 +3.33  +1.67 +1.67 +3.33 +5.00
Tolerance 55 o565  gg01 84.15 87.81 84.15 89.63
Percentage
BR-14 STDEV 236 505 0.00 707 000 471
| SE +1.67 +5.00 +0.00 +5.00 +0.00 #3.33 |

Note: STDEV means Standard Deviation and SE metami&rd Error

Therefore, it can be concluded from the resultthefpresent study that arsenic is highly
toxic and very sensitive at germination and segdijrowth stage of rice when they are
exposed to arsenic. But the severity of arseniacityxdepends on rice genotypes or
cultivars and in various concentrations of arsefltthe rice cultivars used in this study

showed decreasing germination percentage, tolenpa®ntage, root and shoot length
and dry weight with increasing concentration okars level. Therefore BRRI-29, BR-26

and BR-14 rice cultivars may be selected as ardefécant rice regarding germination

and tolerant percentage, root and shoot lengttbamdass of seedlings respectively.
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Table 3. Effect of different labels of arsenate on root length (mm) of seven rice cultivars
Treatm- Cultivars Treat
ents ment

mean

BRRI -29? BR-26 ‘ BR-3 | BRRI -zq BRRI-45 | BRRI-50| BR-14

TO 114.6+ 120.9+ 98.75+ 107.15+ 124.8+ 83.40+ 104.55+ 107.74
3.09c 2.66¢c 452c 2.15d 3.45d 4.42d 3.06¢c

T1 110.8+ 118.65+ 82.10+ 104.25+ 101.90+ 79.05+ 97.75+ 99.21
3.60c  3.25c 411b  3.39d 5.09c 3.20bc  4.68bc

T2 104.65+ 117.05+ 80.45+ 99.55+ 98.45+ 69.65+ 95.95+ 95.11
2.0c 2.58¢ 5.07b  3.52cd 4.96¢c 4.35ab  4.35bc

T3 86.3+ 108.3t 78.7+ 9455+ 9450+ 67.45+ 89.9+ 88.53
5.22b 4.36bc 6.96b 2.32bc 2.70bc  4.50a 4.85b

T4 82.5+ 102.65+ 77.00+ 86.05+ 84.60+ 62.40+ 86.9+ 83.56
4.32b  5.09b 3.49b 2.43ab 3.99b 3.05a 5.59ab

T5 60.7+ 90.30+ 61.60+ 83.00+ 61.80+ 60.10+ 75.7+ 70.46
5.22a 6.0la 3.69a 4.3la 5.03a 2.30a 4.19a

Mean 93.26 109.64  79.77 95.76 94.34 70.34 91.79

LSD(p< 5.35 5.54 6.27 4.09 5.64 4.90 5.92

0.05)

CV% 27.8 19.5 29.6 17.05 28.4 26.2 23.8

In a column followed by common small letters do differ significantly at 5% level.

Table 4. Effect of different levels of arsenate on Shoot length (mm) of seven rice cultivars
Treat Cultivars Treatme
ments "BRRI- | BR-26 | BR3 | BRRI- | BRRI- | BRRI50| BR14 |

29 28 45

TO 8790+ 11190+ 9155+ 12440+ 9555+ 83.40+ 98.90+ 98.64
4.74c 540b 6.80c 4.86d 4.27c 4.42d 5.07c

Tl 8480+ 9835+ 7225+ 100.00+ 90.15% 79.05+ 84.60+ 86.41
3.73c 6.61lab 7.10b 3.99c¢ 6.50bc 3.20bc  7.64bc

T2 6985+ 96.40+ 6855+ 96.55+ 88.35% 69.65+ 83.00+ 80.84
3.83b 6.50ab 5.54ab 4.26bc  4.10bc 4.35ab  3.93bc

T3 59.20+ 92.15+ 67.65+ 9475+ 82.80% 67.45+ 8215+ 76.72
2.46bc 3.88ab 6.33ab 4.10bc  2.53bc 4.50a 8.89hc

T4 5680+ 8985+ 6385+ 8405+ 77.35% 62.40+ 7190+ 71.62
4.87a 7.37a 462ab 4.28b 5.03b 3.05a 4.48ab

T5 53.00+ 80.75+ 5190+ 66.70+ 59.75% 60.10+ 64.35+ 61.85
5.61a 10.00a 4.73a 6.10a 4.43a 230a 5.25a

Cultivar 68.60 94.90 69.29 94.40 82.33 70.34 80.82
Mean
LSD 5.67 9.03 7.78 6.11 6.07 4.90 8.05
(p<0.

05)
CV% 34.02 33.3 41.2 28.4 28.4 26.2 35.9

In a column followed by common small letters do differ significantly at 5% level.
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Fig. 1. Effect of different levels of arsenate on biomass or dry weight (g)/ ten seedlings of
seven rice cultivars
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