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Abstract

A study was made on the effect of arsenic (As) and As X P interaction in Boro rice and its residual effect
in succeeding T. Aman rice. Arsenic was added to soil (having 2.6 ppm initial As) @ 0, 15 and 30 mg As
kg " from NazHAsO4.7H,0 and phosphorus @ 0, 20, 40, 60 and 80 mg P kg‘l from KH,PO,. Each pot
had received 100 ppm N, 40 ppm K and 25 ppm S from urea, MoP and gypsum, respectively. The grain
yield of Boro rice was reduced by 20.6 % for 15 ppm As treatment and 63.8 % due to 30 ppm As. Such
reductions for straw yield were 21.0 and 65.2 % with these two As treatments, respectively. Residual
effect of arsenic was also significant and negative in T. Aman rice. The grain-As concentration in all
cases was below 1 ppm, and the straw-As content was well above 1 ppm. The arsenic concentrations
of both grain and straw were lower in T. Aman rice than in Boro rice. The adverse effect of arsenic was
further enhanced by P addition. This reaction has an implication to P fertilizer management in rice.
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Introduction

Arsenic (As) contamination of groundwater is a severe problem in Bangladesh and this has
affected at least 25 million people (Ravenscroft et al., 2005). Next to drinking water, rice
could be a potential source of As exposure of the people living in the As affected areas of
Bangladesh (Hossain et al., 2008). Roberts et al. (2007) estimated that over 1000 tons of As
might be transferred to arable land each year from As contaminated groundwater irrigation,
creating a potential risk for future food (rice) production.

Arsenic may enter into human body directly through drinking water and indirectly through
foods, chiefly rice for Bangladeshi people. Rice covers about 75% of the total cropped areas
in this country. Many areas have high groundwater and soil arsenic contents which is likely to
be taken up by plants through roots and transported to the aerial parts (Jahiruddin et al.,
2000; Hugq et al., 2006; Williams et al., 2006). Islam et al. (2005) reported 12.3 ppm mean As
over 456 soil samples across the country. Phosphorus fertilization is common in rice
cultivation which might interact with arsenic uptake since phosphate is an analogue of
arsenate (Beever and Burns, 1980) and compete for the same sorption sites (Qafoku et al.,
1999). Considering the above point in view, the present study was made to evaluate the
effect of arsenic and its interaction with P on yield loss and arsenic accumulation in rice. The
experiment was conducted with varying doses of arsenic addition to soil having low arsenic
content in order to understand the situation in high arsenic soil. The effect of added arsenic
was monitored first on Boro rice and then its residual effect on the following T. Aman rice.

Materials and Methods

A pot-culture experiment was set up during Boro season of 2004 with BAU farm soil having
low arsenic content (2.6 ppm) in a net-house of the Department of Soil Science of
Bangladesh Agricultural University (BAU), Mymensingh. Texturally the soil was silt loam with
6.7 pH, 2.28% organic carbon, 0.28% total N, 9.8 ppm available P, 14 ppm available S, 0.7
ppm available Zn and 0.11 ¢ mol kg exchangeable K. The size of each pot was 43 cm in
diameter and 40 cm in height. There were 15 treatments consisting of three doses of As
(0,15 and 30 ppm) and five doses of P (0, 20, 40, 60 and 80 ppm), their sources being
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Na,HAsO,7H,0 and KH,PO,, respectively. It's a two factor experiment arranged in a
completely randomized design with three replications. The seedlings (cv. BRRI dhan29) were
transplanted in the pots on 26 January 2004. After harvest, the T. Aman rice (cv. BRRI
dhan33) was transplanted in the same pots on 31 July 2004 to see the residual effect of
previously added arsenic. For both crops, every pot had received 100 ppm N from urea, 40
ppm K from MoP and 25 ppm S from gypsum. Nitrogen was added in three splits, the first
split during final land preparation and the remaining splits at 35 days and 60 days after
transplanting. Intercultural operations such as weeding and irrigation were done whenever
required. The crops were harvested at maturity and the data on yield and yield parameters
were recorded. Plants of all three hills from each pot were measured and averaged to record
the yield contributing characters. The grain and straw samples were analyzed for N, P and As
contents. All the plants data were statistically analyzed following F-test and the difference
between treatment means was adjudged by Duncan’s Multiple Range Test (DMRT).

Results and Discussion

The effects of arsenic and its interaction with phosphorus on the yield, yield components,
arsenic accumulation, and N and P concentrations in rice (Boro and T. Aman rice) are
described below under various sub-heads. The data are shown in Tables 1-4.

Effects of As and As X P interaction on Boro rice
Effect on yield

Both grain and straw yields were significantly reduced due to arsenic toxicity. The grain yields
due to three arsenic treatments (0, 15 and 30 ppm As) were 74.17, 58.86 and 26.84 g pot™
and the corresponding straw yields were 86.00, 67.94 and 29.94 g pot™, all were significantly
different from each other (Table 1). Compared to the control pot, the yield reductions were
20.6 and 63.8 % in grain, and 21.0 and 65.2 % in straw, for the As;s and Asz, treatments,
respectively. It appeared that the toxic effect of added arsenic on grain and straw yields were
deteriorated due to added P showing a negative interaction (Fig. 1). For example, the grain
yields due to Aszo treatment with different doses of P viz. Py, Pyg, Pso, Peo, & Pgo Wwere 35.55,
23.22, 19.96, 29.20 and 26.28 g per pot, respectively. The highest yield in both cases was
observed with PgyAs, treatment and the lowest yields with PgoAss.

Table 1. Effects of arsenic and phosphorus on the yield and yield components of Boro
rice (cv. BRRI dhan?29)

Treatment Effective tillers Filled grains 1000-grain Grain yield Straw yield
(As or P) pot™ panicle™ weight (g) (g pot™) (g pot™)
As (ppm)
0 33.60% 96.72°% 24.53% 74.17°% 86.00%
15 31.33° 92.14% 24.94° 58.86" 67.94°
30 23.40° 49.57° 21.11° 23.81° 29.94°
S.E. (¥) 0.89 4.55 0.42 2.98 1.98
P (ppm)
0 29.67 82.15 22.58 58.95 64.91
20 29.44 77.38 22.75 54.09 66.62
40 32.00 71.97 23.52 48.37 57.51
60 27.89 79.43 24.49 50.92 58.51
80 28.22 86.41 24.28 49.06 58.92
S.E. () NS NS NS NS NS
S.E. = Standard error of means NS = Treatment effect not significant

In a column, the figures having same letter do not differ significantly at 5% level by DMRT.
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Fig. 1. Interaction effect of arsenic and phosphorus on the yield, arsenic and
nitrogen concentrations of rice (Legend same for all graphs)
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Effect on yield parameters

Addition of arsenic at 30 ppm rate produced a highly significant toxic effect on the effective
tillers pot™, filled grains panicle™ and 1000-grain weight (Table 1). However, the toxic effect
due to 15 ppm arsenic treatment was not significant. The number of effective tillers pot™ for
0, 15 and 30 ppm arsenic treatments were 33.60, 31.33 and 23.40, respectively. The
corresponding values for the number of filled grains panicle™ were 96.72, 92.14 and 49.57.
The 1000-grain weights for the arsenic treatments followed the order of 24.53, 24.94 and
21.11 g. There was no significant interaction of As and P on these three characters.

Effect on As, N and P concentrations

Arsenic concentrations of both grain and straw had increased as the dose of arsenic
increased, the range being 0.214 — 0.507 ppm As for grain and 2.55 — 8.27 ppm As for straw
(Table 2). The treatment with 15 ppm As had a grain-As concentration of 0.376 ppm and
straw-As of 6.01 ppm. The As content also varied with the P doses with a result of 0.339 —
0.442 % in grain and 4.84 -7.47 % in straw. The As X P interaction was significant showing
the maximum As concentration (0.75 ppm in grain and 10.17 ppm in straw) for PgyAssg
treatment in both grain and straw (Fig. 1, straw data not shown).

Table 2. Effects of arsenic and phosphorus on the As, N and P concentrations in Boro
rice (cv. BRRI dhan29)

Treatment N conc. (%) P conc. (%) As conc. (ppm)
(As or P) Grain | Straw Grain | Straw Grain | Straw
As (ppm)
0 1.264° 0.572" 0.301° 0.107° 0.214° 2.55°
15 1.441° 0.800° 0.345° 0.076" 0.376° 6.01°
30 1.520% 0.839% 0.410% 0.085° 0.507% 8.27%
S.E. (+) 0.012 0.027 0.009 0.005 0.012 0.20
P (ppm)
0 1.291° 0.796° 0.291° 0.065° 0.43% 5.03
20 1.284° 0.588" 0.353" 0.071° 0.35° 5.27°
40 1.524° 0.773% 0.339"° 0.094° 0.44° 4.84°
60 1.298° 0.844% 0.367% 0.118° 0.34° 5.46°
80 1.644% 0.684%" 0.410% 0.099° 0.37%° 7.47°
S.E. () 0.016 0.035 0.011 0.006 0.016 0.26

S.E. = Standard error of means
In a column, the figures having same letter do not differ significantly at 5% level by DMRT.

Similar to arsenic, the N content in grain and straw increased with increasing addition of
arsenic. The grain-N varied from 1.264 -1.520% and the straw-N from 0.572 - 0.839%
(Table 2). There was a significant As x P interaction for grain-N content while the straw N-
content remained unaffected. The highest N concentration in grain (1.82%) was noted in
PgoAsys treatment (Fig. 1).

The P content of rice grain also increased with arsenic doses but the reverse was true for
straw-P content (Table 2). Thus, the highest grain-P concentration (0.41%) was recorded by
the 30 ppm As treatment while for the straw-P (0.107%) the highest record was obtained with
the As control. The As-P interaction was found significant with the maximum grain-P
concentration (0.437%) in PgAsz, and the maximum straw-P content (0.151%) in P,,As
treatments (Fig. 1, straw data not shown).
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Residual effect of As and As x P interaction on T. Aman rice
Effect on yield

There was a remarkable residual effect of arsenic on grain yield of T. Aman rice. Similar to
the direct effect, the grain yield gradually decreased corresponding to the doses of arsenic
increased, the yield range being 6.58 — 31.50 g pot™ (Table 3). The adverse effect of arsenic
was further deteriorated due to P application. For instance, the grain yields due to 30 ppm As
along with 0, 20, 40, 60 and 80 ppm P were 30.01, 13.25, 6.68, 6.40, and 4.70 g pot™,
respectively (Fig. 1). On the contrary, the straw yield was not affected by residual arsenic
showing a narrow range of 17.5-20.0 g pot™.

Table 3. Effects of arsenic and phosphorus on the yield and yield components of T.
Aman rice (cv. BRRI dhan33)

Treatment Effective tillers Filled grains 1000-grain Grain yield Straw yield
(As or P) pot™ panicle™ weight (g) (g pot™) (g pot™)
As (ppm)
0 21.67°% 55.93% 23.63% 31.50% 38.76°
15 12.40° 30.42° 23.02% 8.56° 10.57°
30 10.20° 21.75° 21.93° 6.58" 7.89°
S.E. (¥) 1.97 474 0.36 1.74 2.13
P (ppm)
0 15.33 38.10 22.94 14.20 17.47
20 14.44 36.10 23.08 15.81 19.50
40 13.67 37.46 22.64 15.45 18.67
60 15.56 34.39 23.11 16.26 20.00
80 14.78 34.20 22.54 16.01 19.73
S.E. (£) NS NS NS NS NS

S.E. = Standard error of means NS = Not significant
In a column, the figures having same letter do not differ significantly at 5% level by DMRT.

Effect on yield parameters

Application of arsenic to the previous crop (Boro rice) had significantly affected the number of
effective tillers pot™ (Table 3) and thus, the As control performed the highest result (21.67)
and the 30 ppm As did the lowest (10.20). Similar residual effect of arsenic was noticed in
case of grains panicle™ indicating that As control treatment demonstrated the best result
(55.9 grains panicle™) and the 30 ppm As had the worst result (21.8 grains panicle™). The
grains panicle™ due to 15 and 30 ppm As treatments was identical. Concerning 1000-grain
weight, the As control performed the best result (23.63 g) which was statistically similar to
that obtained with 15 ppm As, but differed significantly with 30 ppm As result (21.93 g). The
interaction effect of As and P on the yield parameters was not significant.

Effect on As, N and P concentrations

Arsenic had significant residual effect on the As, N and P concentrations of rice. Arsenic
concentrations of both grain and straw showed an increasing trend with arsenic doses, the
range being 0.185- 0.210 ppm grain-As and 2.88 — 3.55 ppm straw-As (Table 4). The P
effect was also significant on the As content, the grain-As ranged from 0.095-0.290 ppm and
the straw-As from 1.65 — 4.43 ppm. The As X P interaction was also significant with the
highest grain-As concentration (0.315 ppm) recorded with PgiAssg (Fig. 1) and 4.81 ppm
straw-As with PgyAs;s. Significant effect of residual As was also observed in P concentration
of rice grain which varied between 0.30 and 0.38%. The straw-P content varied within a
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narrow range, 0.15-0.17%. The As-P interaction on P concentration in both grain and straw
was significant. The maximum grain-P concentration (0.48%) was found with PgoAS;s
treatment while the highest straw-P concentration (0.23%) was recorded with PgyASzg
treatment.

Table 4. Effects of arsenic and phosphorus on the As, N and P concentrations in T.
Aman rice (cv. BRRI dhan33)

Treatment N conc. (%) P conc. (%) As conc. (ppm)
(As or P) Grain |  Straw Grain |  Straw Grain |  Straw
As (ppm)
0 1.14° 0.71° 0.30° 0.15° 0.185° 2.88°
15 1.18° 0.75° 0.31° 0.15° 0.200° 3.21°
30 1.12° 0.73° 0.38% 0.17% 0.210° 3.55%
S.E. (3) 0.03 0.01 0.04 0.01 0.006 0.04
P (ppm)
0 1.10° 0.67° 0.33 0.17ab 0.095° 1.65°
20 1.13° 0.80° 0.34 0.13c 0.120° 2.39°
40 1.14° 0.85° 0.38 0.16b 0.265" 3.65°
60 1.17% 0.69° 0.31 0.16b 0.225° 4.43%
80 1.19% 0.64° 0.28 0.18a 0.290% 417
S.E. (1) 0.02 0.01 NS 0.01 0.004 0.03
S.E. = Standard error of means NS = Not significant

In a column, the figures having same letter do not differ significantly at 5% level by DMRT.

The study reveals that the grain yield was drastically reduced due to arsenic addition and it
was associated with reduction in tillers and grain set, as evidenced in both Boro and T. Aman
rice. The toxic effect of arsenic was further deteriorated for P supplement to soil (Fig. 1). This
result can be interpreted that added phosphate displaced sorbed arsenate from exchange
sites, and therefore, increased the concentration of arsenic in the rhizosphere soil solution for
subsequent uptake by rice roots (Peryea and Kammereck, 1997; Qafoku et al., 1999; Abedin,
2002).

The grain arsenic concentration for all arsenic treatments was below 1 pg g™, the maximum
permissible limit (NFA, 1993) according to Australian Food Standard, however this
concentration can not be ignored as because, the majority people of Bangladeshi eat rice at
least twice a day. Again, the straw arsenic concentration in most cases far exceeded the 1 ug
g limit which also deserves attention since rice straw is a common feed for cattle.

Many workers at home and abroad have reported low concentration of arsenic in rice grain
(Abedin, 2002; Panaullah et al., 2003; Williams et al., 2006) and elevated concentration in
rice straw (Marin et al., 1992; Marin et al.,, 1993; Xie and Huang, 1998) for arsenic
contamination of nutrient media or soil. Jahiruddin et al. (2003) reported a 40% grain yield
reduction for 10 mg kg™ arsenic addition to BAU farm soil. Islam et al. (2004) observed an
adverse effect of arsenic contamination on the N and P concentrations of rice grain. Hossain
et al. (2008) observed the addition of P resulted in higher As concentrations in both grain and
straw and lower grain yields.

Again, the forms of arsenic in rice grain is important since inorganic arsenic species (As" &
As") are believed to be more toxic than organic arsenic (MMA & DMA), however arsenic
speciation has not been done in the present study. Williams et al. (2005) observed that 64%
of European, 80% of Bangladeshi and 81% of Indian rice arsenic were inorganic, with As(lll)
predominating.
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Conclusions

The addition of arsenic markedly increased the arsenic concentration of grain and straw, with
a concomitant reduction in grain and straw yields of rice. The situation was further
deteriorated for P application to soil, probably due to displacement of arsenic from adsorption
sites in the bulk soil, with an increased concentration of arsenic in the rhizosphere soil
solution for subsequent uptake by rice roots. Rice straw can be a potential exposure of
arsenic to cattle. Future research needs to be carried out on arsenic speciation and also to
determine the maximum acceptable limit of arsenic in irrigation water, rice grain and straw
under Bangladesh situation.
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