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Abstract- The present investigation was conducted to evaluate 14 rice genotypes for grain arsenic concentration in two seasons (2015 boro and 2016 boro) over three
different locations of Nadia District of West Bengal, India with differential arsenic concentration in soil. Among 14 rice genotypes two genotypes Puspa and Satabdi
showed low grain arsenic concentration, linear response and least deviation from linear regression and the genotypes PNR 546, Khitish and Nayanmoni had highest
grain arsenic concentration with bi values significantly higher than 1.0. There was less variation in mean grain arsenic concentration of genotypes between two seasons
and also between locations. The range of accumulation of arsenic in boro season 2016 was lower than 2015 boro season in every site. The mean grain arsenic
concentration of Puspa and Satabdi was lowest irrespective of location in both the seasons. Hence, Puspaans Satabdi were identified as suitable for growing over
environments with high arsenic concentration under study and can be used for further.
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Introduction

Arsenic (As) is a well-known human carcinogen [1] which has influenced human
history more than any other toxic element or compound [2] causing serious health
hazards, including cancers of the skin, lung, bladder, liver, and kidney as well as
many other cardiovascular, neurological, hematological, renal, and respiratory
diseases [3-6]. Arsenic (As) hazard has become a global concem due to its
increasing contamination of groundwater in many regions in the world including
Argentina, Bangladesh, Bolivia, Brazil, Chile, China, Ghana, Greece, India, Japan,
Korea, Mexico, Mongolia, Nepal, New Zealand, Poland, Taiwan, Vietnam, and the
USA [7-13]. However, the situation is at critical level in Asian region particularly
the Gangetic Delta of Bangladesh and West Bengal in India [14,15]. Drinking As-
contaminated groundwater is likely the major pathway of human exposure.
However, recent studies have revealed that not only drinking water but also staple
food crops, like rice, can accumulate arsenic well in excessive amount and can be
a potential route of human exposure [16-20]. Rice, the principle food crop of more
than 3 billion people of the world, especially in Southeast Asia accumulates much
higher levels of As in the roots, shoots and grains [21] compared to other cereal
crops. Rice has been reported to accumulate as upto 1.8 mg kg-1 in grains and
upto 92 mg kg-1 in straw [22]. Arsenic contamination occurs in paddy fields
through various sources, including metal mining [23-25], pesticides, fertilizer
application [26,27], and irrigation with As-rich groundwater [28,29]. Irrigation with
As-rich groundwater is the most common source, for increased As concentration
in the soil [30-32] and uptake by rice [33,29,16,34]. High accumulation of as in
grains of rice through As contaminated irrigation water is alarming. Different
cultivars have Variation in Arsenic uptake and accumulation in rice grain from
irrigation water may differ depending on cultivars [35]. Some of this variability has

been explained by differences in groundwater irrigation levels of as and soil as
concentrations. Decontamination of arsenic from soil is not a feasible approach.
So to produce arsenic free rice grain without compromising demand of grain
production, development of arsenic tolerant rice cultivars is the best way of
solution. The objective of the present study was to reveal the extent of variation in
total arsenic accumulation in grains of the experimental genotypes and to screen
and identify genotypes with relatively low grain arsenic suitable for cultivation in
boro and kharif season.

Materials & Methods

Field experiment was conducted with fourteen rice genotypes where IR 36 and
IET 21845 were taken as high accumulating and low accumulating check
respectively, at three locations all in farmers field Mitrapur, Dakshin Panchpota
and Nonaghata villages of Nadia district in West Bengal in Boro season in 2015
and Boro season in 2016. The Mitrapur field site had an average soil as content of
28.18 mg Kg-'in boro and 26.89 mg Kg" in kharif season respectively. The field
site at Nonaghata had an average 21.90 mg Kg-1 and 20.84 mg Kg' of total soil
arsenic in boro and kharif season respectively while the Dakshin Panchpota field
site contained 16.12 mg Kg-! soil arsenic in boro and 15.01 mg kg soil arsenic in
boro and kharif seasons respectively. The fourteen rice germplasms were planted
in randomized block design with three replications with spacing of 6m x 15cm

The grain samples were collected from 5 randomly selected plants from each plot
excluding those at the border and appropriately and dried in an air-oven at 105°C
for 24 hours. The dried grain samples were ground and made ready for digestion.
Grain samples were digested with a mixture of acids e.g. HNOs, HCIO4 and H2S04
in a proportion of 10:4:1 (v/v) [36] and filtered by Whatman No. 42 filter
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paper, the filtered solution was ready for analysis and estimations were carried out
as follows: The total arsenic of grain samples was estimated from the above
filtered solution. The filtrate was diluted to 50 ml. 5 ml of the aliquot was taken in
50 ml volumetric flask, 5 ml of concentrated HCl and 1 ml. of mixed reagent [5% K
(wiv) + 5% Ascorbic acid (w/v)] were added to it, kept for 45 minutes to ensure
complete reaction and the volume was made up to 50 ml. The resultant solution
was analyzed in a Perkin-Elmer Atomic Absorption Spectrophotometer with Flow
Injection Analysis System (FIAS 400) @ Xmax=193.7 nm where the carrier
solution was 10% viv HCI, the reducing agent (to ensure all As species be
reduced to AsH3 and to be measured against a calibration with standard As*3
solution) was 0.2% NaBHs, in 0.05% NaOH. Blanks were included for quality
control. The data were subjected to stability analysis of genotypes in total grain As
concentration [37], mean performance of genotypes for grain As concentration in
overall environment for three locations.

Results & Discussion

The analysis for variance for total grain arsenic yield revealed significant
differences among the genotypes and environments [Table-1]. Partitioning of
mean sum of squares in to that of genotypes, environments + (genotypes x
environments) and pooled error revealed that the genotypes were highly
significant for mean squares due to genotype x environment (GXE) interaction
which revealed that the genotypes interacted considerably with environmental
conditions. It indicated that it might be taken into account while breeding for low
accumulating genotype. E (L), G x E (L) and PD also tested significant.

Table-1 ANOVA (pooled) for stability of total grain arsenic concentration as per
Eberhart and Russel (1996) model.

Source of variation | Degrees of freedom  Mean sum of square

G 13 4.16*

E 2 1.66
GxE 26 6.87*
E+GxE 28 757

E(L) 1 3.32+
GxE(L) 13 1.13*

PD 14 2.25*

PE 78 5.86

** significant at 0.01% level
G: Genotype, E: Environment, G x E: Genotype x Environment, E (L): Environment
(Linear), Gx E (L): Genotype x Environment (Linear), PD: Pooled Deviation, PE: Pooled
Error

In the present study S%di values for all genotypes were zero or did not significantly
deviate from zero which indicates that there is genetic stability. The genotypes
Khitish, CNRH 102 and CNRH 103 were found to be suitable for a general
adaptation, i.e. suitable for all environmental conditions as their bi (linear
response) was around 1.0 with least deviation from linearity and above or around
average mean [Table-2]. The genotypes PNR 546, KhitishIR-36 and Nayanmoni
had high grain arsenic concentration compared to the high arsenic accumulating
check variety IR-36, with bi values significantly higher than 1.0 were found to be
suitable for environments with low As levels. The mean of genotypes with total
grain arsenic content ranged from 0.37 mg/kg to 1.87 mg/kg with a population
mean of 0.72 mg/kg. The mean grain arsenic content of genotypes CNRH 103, IR
64 IET 21845, Satabdi, Ajit, GS 3, IET 21261 and Puspa was lower than that of
population mean which is desirable but only Ajit, Satabdi and Puspa had grain
arsenic concentration lower than that of the low accumulating check IET 21845.
Ajit contained 0.52 mg/kg of grain As while Satabdi and Puspa both had 0.37
mglkg of As in their grains which is much lower than that of the low accumulating
check IET 21845. Thus Satabdi and Puspa were the best performing varieties in
this study. These two varieties had bi value less than 1 and s2di value zero or not
significantly deviating from zero. Thus they are stable varieties adapted to soils
with high As levels. Therefore, these genotypes reflect negligible response to the
environmental changes i.. remain steady under poor conditions but cannot
exploit the positive improvement in the environment. In the present study only two
genotypes Satabdi and Puspa fulfilled the conditions for an ideal variety with low
grain arsenic concentration, linear response and least deviation from linear
regression. Hence, these genotypes were identified as suitable for general

adaptation i.e. suitable for growing over environments with high arsenic
concentration under study. The mean of total grain arsenic concentration in all the
rice genotypes per location for boro season in 2015 and 2016 are presented in
[Table-3]. There was less variation in mean grain arsenic concentration of
genotypes between two seasons and also between locations. In the Mitrapur site
mean grain arsenic concentration ranged from 0.35-2.77 mglkg in 2015 while in
2016 it ranged from 0.34-1.46 mg/kg. In Dakshin Panchpota site it ranged from
0.33-1.09 mglkg in 2015 and from 0.32-1.50 mg/kg in 2016 and in the Nonaghata
site the range was from 0.14-1.75 mg/kg in 2015 and from 0.32-1.50 mglkg in
2016. As concentration in rice collected from the Murshidabad District of West
Bengal was reported to be varied from 0.09-0.66 mg/kg in 2002 and 0.08-0.55
mglkg in 2003 [38,39]. As concentrations in rice from Kolkata, West Bengal, was
noted to be ranged between 0.02 and 0.40 mglkg [40]. Though in this study the
minimum and the maximum range of grain arsenic content is much more higher
than the studies which have been done earlier in West Bengal. In 2015 highest
accumulation of grain arsenic was observed in Mitrapur (0.85 mg/kg) and between
sites there was large variation. The results of this study were much more similar to
that of the studies in Bangladesh for grain arsenic concentration in rice genotypes.
The highest level of As, up to 2.05 mg/kg (range, 0.05-2.05 mg/kg), was reported
in the southemn part (Gopalganj, Rajbari and Faridpur) of Bangladesh [41],
whereas it was up to 1.84 mg/kg (range, 0.03-1.84 mg/kg) in western Bangladesh
(Nawabgong and Naogoan) [28]. In boro season 2016 very little variation in mean
grain arsenic accumulation of genotypes between locations are observed.
Accumulation of arsenic in boro season 2016 was lower than 2015 boro season in
every site. The range of mean grain arsenic concentration of different genotypes
in boro 2016 was 0.36-1.79 mg/kg. In boro 2016 the highest grain arsenic
concentration of different genotypes was observed in Mitrapur site followed by
Dakshin Panchpota and Nonaghata. The genotypes IR-36, PNR 546 and Khitish
were observed to have the highest grain arsenic content in three different trial
locations in both the seasons. The genotypes Satabdi and Puspa were observed
to be the least arsenic accumulators as their mean grain arsenic concentration
was lowest irrespective of location in both the seasons. The results of the arsenic
analysis of rice grains of different genotypes grown in different arsenic
contaminated sites suggest that different genotypes have differential reactions
towards uptake and translocation of arsenic into the grains and this differential
reaction is mainly due to the genotypic differences of genotypes under trial. Out of
the fourteen genotypes only two are found to have low level of grain arsenic in all
of the three locations in both the seasons. In future, these low-grain arsenic
varieties (arsenic tolerant varieties) may be utilized as parents in breeding
program for the development of arsenic tolerant high vyielding popular rice
varieties, The ranking of genotypes for low grain As (mg/kg) has been presented
in [Table-4]. Among the fourteen rice genotypes two genotypes Puspa and
Satabdi showed promising result with respect to grain arsenic content.

Table-2 Stability parameters of total grain arsenic concentration
SI. No Variety X ‘ ] sadi

1 Khitish 0.80 1.39 0.01
2 CNRH 103 0.69 1.39 0
3 IR 36 1.87 7.33 0.16
4 IR 64 0.56 0.27 0
5 IET 21845 0.56 013 0
6 Satabdi 0.37 0.52 0
7 Ajit 0.52 -0.92 0
8 CNRH 102 0.80 1.94 0
9 PNR 546 1.03 2.33 0
10 GS3 0.65 -0.18 0
11 IET 21261 0.62 112 0.02
12 Puspa 0.37 -0.13 0.01
13 GS1 0.63 -1.25 0.1
14 Nayanmoni 0.74 2.29 0
Mean 0.72

bi: Regression Coefficient
SE (m): Standard Error of Mean

$%di: Deviation from Regression
SE (b): Standard Error of by
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Table-3 Mean performance of genotypes for total

grain arsenic concentration (mg/kg

over three locations in two season

Genotypes Boro 2015

MP | DP NG
Khitish 097 ) 081 | 080 | 08 | 061 | 074
CNRH103 | 086 | 060 | 059 | 0.69 | 077 | 061 | 064 | 067
IR 36 278 | 109 | 175 | 187 | 241 146 | 150 | 179
IR 64 059 | 054 | 054 | 056 | 058 | 057 | 081 0.65
IET 21845 057 | 053 | 056 | 056 | 050 | 048 | 049 | 049
Satabdi 043 | 033 | 034 | 037 | 041 | 034 | 038 | 038
Ajit 041 | 059 | 057 | 053 | 047 | 051 | 054 | 051
CNRH102 | 1.04 | 067 | 068 | 080 | 090 | 076 | 063 | 077
PNR 546 132 | 082 | 094 | 1.03 | 112 | 097 | 084 | 0.98
GS3 062 | 067 | 064 | 065 | 073 | 071 | 062 | 069
IET 21261 049 | 079 | 059 | 062 | 055 | 057 | 0.61 0.58
Puspa 035 | 043 | 032 | 037 | 034 | 042 | 032 | 036
GS1 049 | 094 | 046 | 063 | 053 | 087 | 079 | 073
Nayanmoni | 1.03 0.59 | 0.60 0.74 0.57 0.62 0.53 0.58
Range 035 | 033 | 032- | 036- | 0.34- | 0.34- | 032- | 0.36-

277 | 109 | 175 | 187 | 241 146 | 150 | 1.79
Mean 085 | 066 | 067 - 077 | 068 | 068 -
CD (5%) 001 | 007 | 0.00 000 | 001 | 003 | 0.01

MP: Mitrapur, DP: Dakshin

Panchpota, NG: Nonaghata

Table-4 Ranking of genotypes for low grain arsenic concentration (mg/kg)
Boro (2015) \

Boro (2016)

Genotype Arsnc;;nc. Rank ‘ Genotype sl

Puspa 1 Puspa )

Satabdi 0.37 2 Satabdi 0.38 2

Ajit 0.53 3 IET 21845 049 3
Conclusion

The present study provided an evaluation of grain arsenic concentration of 14 rice
genotypes over three locations with different range of soil arsenic concentration
for two seasons. Significant differences among the genotypes and environment for
grain arsenic content suggested the presence of wide variability. Both,
components of genotype x environment interaction were significant, indicating
considerable interaction of genotypes with the environment. From the present
investigation it is concluded that among the 14 genotypes Puspa and Satabdi
fulfilled the condition of a stable variety and can be suitable for adaptation over
environments with high arsenic concentration with significantly low level grain
arsenic content irrespective of locations and seasons.

Application of research: These genotypes can be used as donors in future
breeding program for development of arsenic tolerant rice genotypes.
Research Category: Genetics & Plant Breeding

Abbreviations:
GXE: Genotype x Environment

Acknowledgement | Funding: Authors are thankful to Bidhan Chandra Krishi
Viswavidyalaya, Nadia, Mohanpur, 741252, West Bengal

*Major advisor: Dr P.K. Patra

University: Bidhan Chandra Krishi Viswavidyalaya, Nadia, Mohanpur, 741252,
West Bengal

Research project name or number: Nil

Author Contributions: All author equally contributed

Author statement: All authors read, reviewed, agree and approved the final
manuscript

Conflict of Interest: None declared

Ethical approval: This article does not contain any studies with human
participants or animals performed by any of the authors.

References

[1] Abernathy C.0., Liu Y.P., Longfellow D., Aposhian H.V., Beck B., Fowler
B., Goyer R., Menzer R., Rossman T., Thompson C. and Waalkes M.
(1999) Environmental Health Perspectives, 107, 593-597.

Nriagu J.0. (2002) Frankenberger JWT, ed. Environmental chemistry of
arsenic. New York, NY, USA, Marcel Dekker., 1-26.

Ng J.C., Wang J. and Shraim A. (2003) Chemosphere, 52, 1353-1359.
Halim M.A., Majumder R.K., Nessa S.A., Hiroshiro Y., Uddin M.J., Shimada
J.and Jinno K. (2009) Journal of Hazardous Materials, 164, 1335-1345.
Jonhnson M.0., Cohly H.H.P., Isokpehi R.D. and Awofolu O.R. (2010)
International Journal of Environmental Research and Public Health, 7,
1970-1983.

Martinez V.D., Vucic E.A., Becker-Santos D.D., Gil L. and Lam W.L. (2011)
Journal of Toxicology, doi:10.1155/2011/431287.

Aiuppa A., D'Alessandro W., Federico C., Palumbo B. and Valenza M.
(2003) Applied Geochemistry, 18, 1283-1296.

Smedley P. and Kinniburgh D.G. (2005) Selinus, O., Alloway, B., Centeno,
JA., Finkelman, RB., Fuge, R, Lindh, U. and Smedley, P., (eds.),
Essentials of Medical Geology—Impacts of the Natural Environmenton
Public Health. Elsevier-Academic Press, CITY, p: 263-299.

Bibi M.H., Ahmed F. and Ishiga H (2008) Joumal of Geochemical
Exploration, 97, 43-58.

Kim K., Moon J.T., Kim S.H. and Ko K.S. (2009) Chemosphere, 77, 478-
484,

Yoshizuka K., Nishihama S. and Sato H. (2010) Environmental
Geochemistry and Health, 32, 297-302.

Thakur J.K., Thakur R.K., Ramanathan A.L., Kumar M. and Singh SK.
(2011) Water, 3, 1-20.

Casentini B., Hug S.J. and Nikolaidis N.P. (2011) The Science of the Total
Environment, doi. 10.1016/}.scitotenv.2011.07.064.

Anwar HM., Akai J., Mostofa KM.G., Saullah S. and Tareq S.M. (2002)
Environmental International, 27, 597-604.

Das HK., Mitra AK., Sengupta P.K., Hossain A., Islam F. and Rabbani
G.H. (2004) Environmental International, 30, 383-387.

Rahman M.A., Hasegawa H., Rahman M.M., Miah M.A. and Tasmin A.
(2008) Ecotoxicology and Envi 15 environmental Safety, 69, 317-324.

Lee J.S., Lee SW, Chon H.T. and Kim KW. (2008) Journal of

2l

[3]
4]

[5]

[6]
7]
[8]

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 10, Issue 5, 2018

||BioinfoPublications||

5218



[18]
[19]

[20]
[21]
[22]
(23]
[24]
[29]

[26]

[27]
[28]

[29]

[30]
[31]

[32]

[33]
[34]
[35]
[36]

[37]
[38]

[39]

[40]

[41]

Screening & Evaluation on Grain Arsenic Accumulation of Rice (Oryza sativa L.) Genotypes under Alluvial Zone of West Bengal

Geochemical Exploration, 96, 231-235.

Mondal D. and Polya D.A. (2008) Applied Geochemistry, 23, 2987- 2998.
Zavala Y.J. and Duxbury J.M. (2008) Environmental Science & Technology,
42, 3856-3860.

Anirban B., Jayjit M. and Chandra S.S. (2011) International Journal of
Research in chemistry and Environment, 1, 29-34.

Duxbury J.M. and Panaullah G. (2007) Working paper, Water Service,
FAO, Rome.

Abedin M.J., Howells J.C. and Mehrag A.A. (2002) Plant and Soil, 240,
311-319.

Liao X., Chen T., Xie H. and Liu Y. (2005) Environmental International, 31,
791-798.

Liu H., Probst A. and Liao B. (2005) Science of the Total Environment, 339,
153-166.

Zhu Y.G., Williams P.N. and Meharg A.A. (2008) Environmental pollution,
154, 167-171.

Bhattacharyya P., Ghosh A.K., Chakraborty A., Chakrabrti K., Tripathy S.
and Powell M.A. (2003) Communications in Soil Sciences and Plant
Analysis, 34, 2779-2790.

Williams P.N., Raab A, Feldmann J. and Meharg AA. (2007)
Environmental Science and Technology, 41, 2178-2183.

Meharg AA. and Rahman M.D.M. (2003) Environmental Science &
Technology, 3, 229-234.

Williams P.N., Islam M.R., Adomako E.E., Raab A., Hossain S.A., Zhu
Y.G., Feldmann J. and Meharg A.A. (2006) Environmental Science &
Technology, 40, 4903-4908.

Heikens A, Panaullah G.M. and Meharg A.A. (2007) Reviews of
Environmental Contamination & Toxicology, 189, 43-87.

Hossian M.B., Jahiruddin M., Panaullah G.M., Loeppert R.H., Islam M.R.
and Duxbury J.M. (2008) Environmental Pollution, 56, 739-744.

Baig J.A., Kazi T.G., Shah A.Q., Afridi H.I., Kandhro G.A., Khan S., Kolachi
N.F., Wadhwa S.K., Shah F., Arain M.B. and Jamali M.K. (2011) Food and
chemical Toxicology, 49, 265-270.

Duxbury J.M., Mayer A.B., Lauren J.G. and Hassan N. (2003) Journal of
Environmental Science and Health, 38, 61-69.

Rahman M.A. and Hasegawa H. (2011) Science of the Total Environment,
409, 4645-4655.

Xie ZM. and Huang C.Y. (1998) Communications in Soil Science and Plant
Analysis, 29, 2471-2417.

Jackson M.L. (1973) In Soil Chemical Analysis. Prentice-Hall of India, New
Delhi.

Eberhart S.A. and Russell W.A. (1966) Crop Science, 6, 36-40.
Roychowdhury T., Uchino T., Tokunaga H. and Ando M. (2002) Food and
Chemical Toxicology, 40, 1611-1621.

Roychowdhury T., Tokunaga H. and Ando M. (2003) The Science of the
Total Environment, 308, 15-35.

Pal A., Chowdhury UK., Mondal D., Das B., Nayak B., Ghosh A., Maity S.,
and Chakraborti D. (2009) Environmental Science & Technology, 43, 3349~
3355.

Islam M.R., Jahiruddin M. and Islam S. (2004) Asian Journal of Plant
Science, 3, 489-493.

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 10, Issue 5, 2018

||BioinfoPublications||

5279



