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ABSTRACT

This experiment was carried out to determine the critical toxicity level (CTL) of arsenic (As) in rice
(Oryza sativa L. cv. Akitakomachi) treated with elevated concentrations of the element.  The treatments were
0, 6.7, 13.4 and 26.8 µM As for 14 days in the greenhouse. Arsenic and iron (Fe) were used in the form
sodium meta-arsenite (Na2AsO2) and Fe3+-citrate, respectively. Shoot dry weight (DW) decreased by 1.75, 16.2
and 40.1% for 6.7, 13.4 and 26.8 µM As treatments, respectively. The calculated CTL of As in shoot was 40.2
µg g-1 DW and in root the value was 577 µg g-1 DW, indicating that the shoot of rice was more sensitive to
As than the root. Arsenic induced whitish chlorosis in the fully developed young leaves at 13.4 and 26.8 µM
treatments by decreasing chlorophyll index. Among the elements, Fe concentration, accumulation and
translocation decreased the most at 6.7, 13.4 and 26.8 µM As treatments as compared to control. We proposed
that the chlorosis was due to As-induced Fe-deficiency rather than heavy metal induced Fe-deficiency. The
roots were about 6-14 times higher in As concentration than the shoots. Iron was also mostly concentrated in
the roots of the rice seedlings suggesting co-existence with As.
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Introduction

Since 1884, arsenic (As) has been known to as
a phytotoxic agent [64,63]. Arsenic toxicity in plants
was described as consisting of root plasmolysis [32]
and leaf wilting followed by root discoloration and
necrosis of leaf tips and margins [57]. Plants can
develop toxicity symptoms when they are exposed to
excess As either in solution or in soil culture.
Arsenic toxicity symptoms include inhibition of seed
germination [22,69,30]; decrease in plant height
[59,22,33,67], reduction in root growth [59,65],
wilting of leaves [60,22,58,41], reduction in leaf area
[57], photosynthesis [49,28,34]; decrease in shoot
growth [65] and reduce fruit and grain yield [67].

Arsenic has probably influenced human history
more than any other elements or toxic compounds.

Albertus Magnus (1193-1280) is credited with the
isolation of As by heating auripigment (As2S3) with
soap [18]. Although As is common in nature, it is
considered as a trace element in terms of its natural
abundance [43]. In the Periodic Table, it shares many
chemical and biochemical properties with neighboring
phosphorus (P) and nitrogen (N) [43]. At present, As
is commonly detected in groundwater.

Arsenic was first identified in the groundwater of
West Bengal, India in 1983 following a medical
diagnosis of As poisoning [54,55,37]. Investigations
in India in the 1980s and early 1990s progressively
identified the extent of As pollution prevailing in the
country (PHED, Government of West Bengal, [46,13]
Unfortunately, Bangladesh did not get this
information until the early 1990s. The earliest known
analyses of As in groundwater in Bangladesh was
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reported by Dhaka Water and Sewerage Authority
from three municipal supply wells in Dhaka City
[17]. All the As levels from the three wells were
below the analytical method detection limit (10µgL-1)
and therefore attracted no attention. Arsenic
contamination in groundwater in Bangladesh was
detected in December 1993 by the DPHE [3], but the
result was not made public until 1996 [14].
Nevertheless, credit goes to the Chemistry Division
of the Atomic Energy Centre, Dhaka (AECD) for
being the first to detect As-contamination in
groundwater in Bangladesh at the Barogharia village,
Chapainawabganj District, Rajshahi Division [5,6]. A
series of survey conducted from 1995 to 1998
revealed the high level of As contamination in
Bangladesh [40,27,16]. Arsenic contaminates
groundwater across much of southern, central and
eastern Bangladesh. Arsenic concentration in
groundwater from the Holocene alluvium of the
Ganges, Brahmaputra and Meghna rivers locally
exceeds the World Health Organization (WHO)
critical value for drinking water of 10 µg L-1 of As
by about 200 times. Approximately 25% of the wells
in Bangladesh exceed the national standard of 50 µg
L-1 As and adversely affecting at least 25 million
people. Arsenic enters groundwater by reductive
dissolution of ferric oxyhydroxides onto which As
adsorbs during fluvial transport [50].

Bangladesh is a major rice growing country and
the crop is the staple food [49]. Most of the rice
fields are irrigated with underground water highly
contaminated with As. Some experimental data have
already been published regarding plant response at
high As level in, for example, rice [21,49,1], arum
[21], cowpea [22], water spinach [60], Japanese
Mustard spinach [59], bush bean [68] and tomato
[72]. However, there is very little information on
CTL of As in hydroponic rice. An experiment was
therefore, conducted to determine the CTL of As in
Akitakomachi rice variety at elevated concentration
of the element in the presence of Fe3+-citrate.
Akitakomachi rice variety is very popular in Japan
and Fe3+-citrate is the popular source of Fe in
hydroponic system.

Materials and methods

Seed Germination and Plant Culture:

Rice (Oryza sativa L. cv. Akitakomachi) seeds
were surface sterilized with 2% chlorinated lime
[Ca(OCl)2] for 45 minutes and washed with tap water
for 1 hour. After being washed, seeds were wrapped
between moistened towels and kept in an incubator
at 25 ± 2<C for 72 hours. Germinated seeds were
transferred onto a net in a box containing the
solution of 2% CaCl2 for 7 days. Then the seedlings
were transferred into half-strength nutrient solution

for another 7 days (2 times) in the greenhouse of
Iwate University, Japan. Twenty one days after
germination (at 4-5th leaf stage of the seedlings),
seedlings were transplanted in groups of five
(referred to as a hill) in one bunch and each bucket
(10 liter) containing 16 bunches. Treatments were
started with full-strength nutrient solution. Arsenic
treatments were 0, 6.7, 13.4 and 26.8 µM (0, 0.5, 1.0
and 2.0 mg As L-1) for 14 days. Arsenic and Fe were
added as sodium meta-arsenite (NaAsO2) and Fe3+-
citrate, respectively. The pH (pH 5.5) of the nutrient
solution was adjusted daily with a digital pH meter
(Horiba Korea, Seoul, Korea) and with 1 M HCl
and/or 1 M NaOH at around 4 p.m. during the
experiment (June-July, 2005). The solution was
renewed every week but was not aerated. The
detailed methodology had been described earlier [57].

Determination of Critical Toxicity Level (CTL):

A two-order polynomial growth curve between
DW and As concentration was set up and the
following equation was used to calculate the CTL of
As in this experiment.
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Number (1) equation has an intercept on the Y
axis. Here “c” (constant; value of y) is the intercept
in every equation in this report. The reduction of
10% DW was calculated from the intercept point.  

Chlorophyll index (SPAD value):

Chlorophyll index of fully developed (fifth leaf)
new leaves was measured on 14 DAT using a
SPAD-502 chlorophyll meter (Minolta Camera
Company, Tokyo, Japan). In each leaf, SPAD values
of 3 points were measured and the average was
calculated. Means of each bunch were obtained.
Average of the data of 3 bunches was calculated.

Analysis of Plant Samples:

Rice seedlings were collected and washed with
deionized water. Shoots and roots were separated
with stainless steel scissors and dried at 60 ± 5<C for
48 hours. Oven dried samples were digested with a
nitric acid-perchloric acid mixture [47] and analyzed.
The amounts of K, Ca, Mg, Fe, Mn, Zn and Cu
were determined with atomic absorption spectroscopy
(AAS). Phosphorus was determined colorimetrically
using a UV-visible Spectrophotometer (model UV
mini 1240, Shimadzu Corporation, Kyoto, Japan) at
420 nm wavelengths after developing the yellow
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color with vanadomolybdate as described by Barton
[8] and Jackson [24].

Measurement of arsenic:

Arsenic was measured by Hydride Generation
Atomic Absorption Spectrophotometric (HGAAS)
technique by using the instrument, Hitachi HFS-3.
Nitric-perchloric acids mixture was used to digest the
samples and the volume of the digested solution was
around 5 mL. The volume of the solution was again
made up to 50 mL with MQ water (18.2 MΩ cm-1),
purified by Milli-RO 60 (Millipore Corporation,
USA). The samples were further diluted up to 100-
2000 times. As a result, the interference of nitrate on
As determination was minimized. It was mentioned
that reduced nitrogen oxides (resulting from HNO3

digestion) and nitrite could suppress instrumental
response for As [19].

Experimental design:

The pots were arranged in randomized blocks
with 3 replications. Data were subjected to an
analysis of variance by the computer “sas” at Iwate
University. Differences between means were
evaluated by using the Ryan-Einot-Gabriel-Welsch
multiple range test (p < 0.05).

Grade of the reagents:

Reagents used were of analytical grade. The
solutions were prepared with MQ water. Stock
solution of As was prepared by dissolving NaAsO2

(Kanto Chemical Company, Tokyo, Japan) in MQ
water and was kept at room temperature 25 ± 2<C in
acid washed reagent bottle. 

Used Terminologists:

Concentration of the elements in shoot and root
was expressed in mg or µg of element g-1 DW;
accumulation in mg or µg of element plant-1 shoot or
root; and translocation (%) in nutrient was
determined as accumulation in shoot/ total
accumulation (shoot + root) × 100.

Results and discussion

Visible symptoms:

Arsenic induced little interveinal chlorosis in the
old leaves and whitish chlorosis in the fully
developed young leaves on 14 DAT at 13.4 and 26.8
µM levels (Fig. 1).  Chlorosis was more pronounced
at 26.8 µM As levels. Necrosis (burning of leaf tip)
was also observed in the old leaves. At the early
stage of As treatment, leaves showed a curling

symptom during day time and the youngest leaves
failed to unfold. However, this symptom was not
found in control plants. The most common visible
symptom was growth reduction in both shoots and
roots in higher As treated plants. Reduction in shoot
height and root length due to As-toxicity could be
termed “little shoots or little roots”. A reddish color
was found along the root length which felt slippery
to the touch due to As-toxicity and these symptoms
were prominent at 26.8 µM level. Arsenic toxicity
was found to be responsible for shorter plant height,
thinner leaf-coloring, faster root-coloring to yellowish
brown or brown and curled leaves under sunlight in
plants [58].

Chlorophyll index (SPAD value):

Chlorophyll index in the fully developed fifth
young leaves decreased at 13.4 and 26.8 µM As
treatments as compared to the control (Fig. 2a). The
smallest chlorophyll index was recorded at 26.8 µM
As treatment.

Leaf Number, Width of Leaf Blade and Tiller
Number:

Leaf number decreased at 13.4 and 26.8 µM As
treatments while width of leaf blade decreased at
26.8 µM As treatment (Figs. 2bc). Width of leaf
blade was determined at the middle position of the
fifth leaves of the seedlings. Tiller number decreased
significantly with increasing As in nutrient solution
(Fig. 2d). It has been reported that for duration of 35
days Akihikari rice variety did not produce any new
tiller even in control plants [57]. 

Dry Weight (DW), Shoot Height and Root Length:

Shoot DW was not affected at all at 6.7 µM As
treatment but decreased at 13.4 and 26.8 µM As
treatments as compared to the control (Fig. 3a).
Similar results were obtained in the case of shoot
height and root length (Fig. 3b). Shoot height
decreased by 6.56, 16.8 and 34.4%, while the values
for root length were 1.42, 7.51 and 42.3% for 6.7,
13.4 and 26.8 µM As treatments, respectively. 

Critical Toxicity Level (CTL) of Arsenic:

Typical polynomial two order growth curves of
rice to As-toxicity were presented in Figs. 4ab. The
CTL of As in shoots and in roots of hydroponic rice
was calculated from the growth curves considering
10% DW reduction [42]. The calculated CTL of As
in shoots was 40.2 µg g-1 DW and the value in roots
was 577 µg g-1 DW.
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Fig. 1: Photograph of rice seedlings (Oryza sativa L. cv. Akitakomachi) grown under elevated concentrations
of As. Seedlings showing whitish chlorosis in the fully developed young leaves at 13.4 and 26.8 µM
As treatments. This picture was taken after 14 days of As treatments.

Fig. 2: (a) SPAD value, (b) leaf number, (c) width of leaf blade and (d) tiller number of rice seedlings with
different levels of As. Bars with different letters are significantly different (p  0.05) according to a
Ryan-Einot-Gabriel-Welsch multiple range test.
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Fig. 3: (a) Dry weight (DW) and (b) shoot height and root length of rice seedlings with different levels of
As. Bars with different letters are significantly different (p<0.05) according to a
Ryan-Einot-Gabriel-Welsch multiple range test.

Fig. 4: Two order polynomial growth curve (a) shoots and (b) roots of rice seedlings containing different
concentration of As in plant tissues.

Macro and Micronutrients:

We observed that the concentration of P
increased in shoots at 6.7, 13.4 and 26.8 µM As
treatments as compared to the control (Table 1).

Accumulation in shoots and translocation of P from
roots to the shoots were not very much affected by
the As-toxicity though it decreased at higher As
treatments (Tables 2 & 3). The polynomial two order
relationship between P and As concentration in plant
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tissues was significantly related with R2 = 0.9814 for
shoots and R2 = 0.5088 for roots (Figs. 5a,b),
although the effect of As on P concentration in roots
did not appear to be much affected.

Concentration of K was not very much affected
in shoots by the As treatments; but concentration in
roots decreased with increasing As levels (Table 1).
Accumulation of K decreased in shoots at 13.4 and
26.8 µM As treatments (Table 2), but translocation
(%) was not markedly affected (Table 3).

In the shoots, Ca concentration was almost
constant in the range 0 and 13.4 µM As, but
decreased significantly at 26.8 µM As treatment as
compared to the control. Similar results were found
in the roots at 26.8 µM As treatment (Table 1).
Calcium accumulation in the shoots decreased with
increasing As (Table 2) but translocation (%) was not
much affected (Table 3). It was clear that Mg
concentration in shoots was similar in the range 0
and 13.4 µM As treatments but decreased
significantly at 26.8 µM As treatment as compared
to other treatments (Table 1). Similar result was
obtained in roots at 26.8 µM As treatment.
Accumulation of Mg in shoots was also negatively
influenced with increasing As concentration (Table
2). We observed that the translocation (%) of Mg
was not influenced by As concentration (Table 3).

In shoots, Fe concentration decreased in As-
treated plants as compared to control (Table 1).
However, Fe concentration increased in roots with
increasing As in the solution and the highest value
was for 26.8 µM As treatment (Table 1). Our result
showed that Fe was mostly concentrated in roots of
As treated seedling. The two order polynomial
relationship between Fe and As concentration was
correlated with R2 = 0.8656 for shoots and R2 =
0.8244 for roots, respectively (Figs. 6a,b). The
relationships were exactly opposite for the two
organs. Manganese concentration increased in shoots
with increasing As and the highest value was at 26.8
µM As treatment (Table 1). Similar to shoots, Mn
concentration was also increased in roots of As
treated plants as compared to the control (Table 1).
We found that Mn accumulation decreased in shoots
at 26.8 µM As treatment (Table 2) but translocation
(%) was not much affected by the applied As
treatments (Table 3). 

Zinc concentration was minimally affected in the
shoots by the As treatments, but increased in the
roots of all the As treated plants as compared to the
control (Table 1). Zinc accumulation decreased in the
shoots at 26.8 µM As treatment as compared to the
control but increased in the roots resulting in lower
translocation (Tables 2 & 3). Copper concentration
increased both in the shoots and in the roots at 26.8
µM As treatment as compared to the control (Table
1). However, accumulation and translocation (%) of
Cu was not very much affected though it showed

decreasing tendency in the shoots at 26.8 µM As
treatment (Tables 2 & 3).

Arsenic:

Arsenic concentration increased both in the
shoots and in the roots with increasing As in the
medium (Table 1). Arsenic concentration in the roots
were 6.44, 10.2 and 13.7 times higher than that of
the shoots at 6.7, 13.4 and 26.8 µM As treatments,
respectively, indicating that As was mostly
concentrated in the roots. Arsenic accumulation was
only slightly affected in the shoots although it
increased in the roots with increasing As in the
medium (Table 2).  We found that As translocation
decreased at 13.4 and 26.8 µM As treatments as
compared to 6.7 µM As treatment (Table 3). 

Discussion:

We assumed that the chlorotic symptom induced
by As in rice was most probably Fe-chlorosis
because the symptom was observed in the young
leaves [39]. Iron is not a component of the
chlorophyll molecule, but it is essential for the
synthesis of chlorophyll [70]. Chlorosis may be
caused by Fe-deficiency or Mg-deficiency [70]. If the
chlorotic symptom was found in the old leaves, it
would be Mg-chlorosis [36]. We found that the
chlorophyll index was the lowest in the chlorotic
leaves (Fig. 2a). In the present experiment, the
chlorotic symptom was pronounced at 13.4 and 26.8
µM As treatments which might be due to the fact
that during this season (June-July, 2005; at Iwate
prefecture in Japan), the growth might have been at
optimum and the Fe concentration might have been
diluted in the young leaves resulting in the whitish
chlorosis symptom. In another experiment, we found
that the chlorotic symptom was more pronounced in
the 13.4 µM As treatment during the cold season. It
was, therefore, suggested that the visible symptom
was very much dependent on temperature and season.
The visible symptom was also prominent in As-
treated roots as a reddish color. The depth of reddish
coloration increased with increasing As concentration
in the medium. The reddish color of the roots may
be due to the formation of Fe precipitates or Fe-
plaque on the root surface of rice [10].

Shoot DW decreased by 1.75, 16.2 and 40.1% at
6.7, 13.4 and 26.8 µM As treatments, respectively, it
while increased by 11.3% and decreased by 1.33 and
20.2% in roots for the same treatments, respectively.
This result indicated that As caused greater reduction
of shoot DW than root DW. Reduction in leaf
number, width of leaf blade and tiller number were
most probably responsible for the reduction of DW
(Fig. 3a).  Abedin  et  al. [1]  found lower number
of tiller  in  rice  at 8 mg As L-1 treatment in their 
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Fig. 5: Polynomial two order correlation between As and P content (a) in shoots and (b) in roots varies with
the As treatments in rice seedlings. 

Fig. 6: Polynomial two order correlation between As and Fe content (a) in shoots and (b) in roots varies with
As treatments in rice seedlings. 

Table 1. Concentrations of elements in shoots and roots of rice seedlings grown in nutrient solution with different levels of As.
--------------------mg g-1 DW ----------------------- ------------------------------µg g-1 DW -----------------------------------

Treatment (µM As) P K Ca Mg Fe Mn Zn Cu As
Concentrations in shoots

0 5.90c 47.9a 2.64a 3.93a 101.1a 671b 101a 26.8b nd
6.7 7.62b 50.8a 2.45a 3.96a 81.2b 692b 87a 26.9b 36.0c
13.4 8.27b 50.0a 2.38ab 3.48a 72.3b 812a 111a 30.1a 43.2b
26.8 9.07a 46.4a 2.17b 2.90b 83.4b 855a 109a 32.9a 53.4a

Concentrations in roots
0 6.19a 51.4a 0.71a 1.80a 2088b 74.9b 56.8b 241b nd
6.7 6.34a 41.4b 0.73a 2.19a 2156b 120.5a 120a 240b 232c
13.4 6.60a 40.4b 0.75a 1.73a 2378a 114.1a 113a 260ab 439b
26.8 6.72a 32.4c 0.62b 1.26b 2506a 109.0a 102a 278a 731a
Means followed by different letters in each column are significantly different (p= 0.05) according to a Ryan-Einot-Gabriel-Welsch multiple
range test. DW = dry weight, nd = not detected.
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Table 2: Accumulation of elements in shoots and roots of rice seedlings grown in nutrient solution with different levels of As.
-----------------------mg plant-1 ---------------------- ------------------------------µg plant-1 ----------------------------------

Treatment(µM As) P K Ca Mg Fe Mn Zn Cu As
Accumulation in shoot

0 0.98ab 7.94a 0.44a 0.65a 16.8a 111.3a 16.7a 4.46a nd
6.7 1.24a 8.28a 0.40a 0.64a 13.2b 112.7a 14.2a 4.39a 5.85a
13.4 1.15a 6.95b 0.33b 0.48b 10.1c 113.0a 15.4a 4.19a 6.01a
26.8 0.90b 4.60c 0.22c 0.29c 8.25d 84.7b 10.8b 3.27b 5.29a

Accumulation in root
0 0.28b 2.32a 0.032a 0.081b 94.1b 3.37b 2.56c 10.9a nd
6.7 0.32a 2.10ab 0.037a 0.110a 108.3a 6.05a 5.98a 12.0a 11.7c
13.4 0.29b 1.81b 0.033a 0.077b 105.7a 5.07a 5.06a 11.6a 19.6b
26.8 0.24c 1.16c 0.022b 0.045c 90.2b 3.91b 3.65b 10.0a 26.4a
Means followed by different letters in each column are significantly different (p= 0.05) according to a Ryan-Einot-Gabriel-Welsch multiple
range test. DW = dry weight, nd = not detected.

Table 3: Translocation (%) of elements from roots to shoots in rice seedlings grown in nutrient solution with different levels of As.
Treatment (µM As) P K Ca Mg Fe Mn Zn Cu As
0 78a 77a 93a 89a 15a 97a 87a 29a nd
6.7 80a 80a 92a 85a 11b 95a 70b 27ab 33a
13.4 80a 79a 91a 86a 9c 96a 75b 27ab 24b
26.8 79a 80a 91a 86a 8c 96a 75b 25b 17c
Means followed by the different letters in each column are significantly different (p= 0.05) according to Ryan-Einot-Gabriel-Welsch
multiple range test. nd = not detected.

greenhouse pot experiment. Marin et al. [34] reported
that rice leaf area decreased at 0.8 and 1.6 mg As
(dimethylarsinic acid; DMAA) L-1 treatments.
Significant reduction of root length and DW with
increasing As concentration was most probably due
to the fact that plant roots are the first point of
contact for As in the nutrient solution [69]. Arsenite
has a high toxicity for radicular membranes [53],
because As (III) reacts with sulfhydryl groups found
in some enzymes and tissue proteins [62], causing
disruption of root functions [61,44,23] and cellular
death [61]. Arsenite and arsenate decreased shoot
height and root length of rice seedlings in a
greenhouse pot experiment [1,2]. Tsutsumi [67]
observed no reduction of plant height up to 125 mg
As kg-1 in rice but observed 63% reduction at 312.5
mg As kg-1 dry soil treatment. Low concentrations of
As have been reported to increase the growth of
Japanese mustard spinach [59], maize [71] and
potatoes [25]. Dry matter production of corn
decreased significantly in sand and silt loam soil at
80 ppm As level where sandy soil showed severe
toxic effect [25]. Arsenate is a well-known decoupler
of phosphorylation in mitochondria [66] and can
inhibit leaf uptake of other chemicals [56], which
may cause ultimate decrease in plant growth.

Our result suggested that the threshold value of
As sensitivity in hydroponic rice was between 0 and
13.4 µM (1 mg L-1) in shoots, considering that the
elemental concentration inducing >10% reduction of
DW is CTL [42]. These calculated values of CTL of
As in rice may be used to estimate the CTL of other
elements in other plants. It was reported that the
CTL of As was 21.0 µg g-1 DW in shoots and 325
µg As g-1 DW in roots of Akihikari rice variety [58].
It seemed that Akitakomachi rice variety was more
resistant to As-toxicity than Akihikari rice, but
experimental evidence is needed to confirm this.
These differences of CTL were most probably due to

the differences in rice variety, the environment and
experimental methods. It was suggested that the CTL
may be very much dependent on the source of Fe,
amount of mineral nutrients in growth medium,
species of the plants and also the species of As used.
Recently, it was reported that the CTL of As in
sorghum was 11.7 µg g-1 DW in shoots and 367 µg
As g-1 DW in roots [58]. In barley, the CTL of As
was 1.20 µg g-1 DW in shoots and 75.3 µg As g-1

DW in roots that could reduce 10% DW [58].
The CDL of Fe is almost similar for C3 and C4

plants and ranging from 66 to 72 µg g-1 DW [35].
We found that plants treated with As contained Fe
concentration slightly higher than the deficient level
(Table 1). This may be because we digested the
green old leaves together with chlorotic new leaves
to determine the Fe concentration. In this experiment,
As concentrated Fe in roots (Table 1) and blocked Fe
translocation from roots to the shoots (Table 3). Iron
translocation (%) was the most reduced among the
metal micronutrients by As (Table 3), suggesting that
Fe may be inactivated by As in or at the root
surface. The relationships between Fe and As showed
that As might play a role in the uptake and
translocation of Fe in rice at elevated As
concentration in the medium. Similar relationships
have also been reported by Porter and Peterson [48],
DeKoe et al., [15] and Shaibur et al. [58].

The ratios (%) of Fe:P concentrations in the
shoots were 1.71, 1.07, 0.87 and 0.92 at 0, 6.7, 13.4
and 26.8 µM As treatments, respectively (from Table
1). Thus, Fe concentrations decreased much more
than the P concentrations in the shoot tissues. The
higher reduction of Fe concentrations was mostly
responsible for the lower chlorophyll index (Fig. 2a),
resulting in a whitish chlorotic symptom in the young
leaves. It was reported that the lower the Fe:P
values, the lower the chlorophyll indices would be
[29].



1419Adv. Environ. Biol., 5(6): 1411-1422, 2011

The CTL of Mn in plants is between 200-5300
µg g-1 DW in fully expanded leaves (Mingle and
Kirkby, 2001). Our experimental plants contained 671
to 855 µg Mn g-1 DW in the shoots (Table 1). It
seemed that the control plants and the other plants
were Mn-toxic. It has also been shown that Mn-
toxicity induced Fe-deficiency in hydroponic rice at
a concentration of 9181 µg Mn g-1 DW [4]. It,
therefore, seemed that our experimental plants might
not be Mn-toxic to the level that could have induced
Fe-deficiency. It could, therefore, be suggested that
the whitish chlorosis observed in this experiment,
could not be attributed to Mn.

In leaves, the CDL of Zn is reported to be
below 15-20 µg g-1 DW [35]. It has also been shown
that Zn-toxicity leads to chlorosis in young leaves
[35]. The CTL of Zn in crop plants is from 100 to
> 300 µg Zn g-1 DW [52], where values around the
upper limit seem to be more typical [35]. Our data
were within normal range, 87 to 111 µg Zn g-1 DW
(Table 1). Thus, chlorosis in this experiment could
not be attributed to Zn-toxicity. Our experimental
plants contained 26.8 to 32.9 µg g-1 DW Cu (Table
1) which fell within the range of CTL. For most
crop species, the CTL of Cu in leaves is above 20-
30 µg g-1 DW [51]. It meant that even the control
plants contained higher amount of Cu in shoot
tissues. Judging from this result, we thought that Cu
concentration in shoots might also not have been
involved in leaves becoming chlorotic.

Some anions are strongly adsorbed to the
membrane surface of roots. Arsenic anions (arsenite
and arsenate) may be rapidly adsorbed onto the root
surface, leading to high As concentration, especially
in hydroponic culture [69]. That could be the reason
why the highest levels of As are found in roots.
Formation of Fe-plaque in roots might also be
invo lv e d .  I ron -p laque ,  coa t ing  o f  Fe
hydroxides/oxides is commonly formed on the roots
of rice. It is the consequence of oxidation of roots by
release of oxygen and oxidants into the root
rhizosphere [11,7]. There may be two pathways by
which arsenite enters into rice roots. Basically, part
of arsenite may be oxidized to arsenate in the root
rhizosphere, which has high affinity for Fe-plaque,
co-precipitate with Fe3+ and adsorb onto the plaque
[45]. At the root-plaque interface, siderophores
produced by microbes or PS exuded by rice roots,
may form complex with Fe3+, mobilize Fe-bound
arsenate, and taken up through phosphate co-
transporters [31]. This might have stimulated uptake
of Fe and arsenate on the root surface and caused
increase As and Fe concentration in arsenite treated
plants in the present experiment. The second possible
pathway could be arsenite may accumulate on the
Fe-plaque in the form of H3AsO3

0 and then
transported into rice roots via aquaporins [38]. In our
experiment, we found that in the presence of higher

As concentration, As accumulation was higher in
roots but lower in shoots (Table 2). This could be
due to the fact that Fe-plaque can act as a barrier to
the uptake of toxic metals [9,12] into the roots. We
found that As translocation decreased at 13.4 and
26.8 µM As treatments as compared to 6.7 µM
(Table 3), suggesting that toxicity was very severe
and reduced the translocation (%) of As. It has
already been reported that arsenite translocation from
roots to the shoots is limited by its high toxicity to
root membranes [53] Liu et al. [31] concluded that
the main barrier to uptake and translocation of As,
fed in the form of arsenite, might be the root tissue
rather than Fe-plaque.

Conclusions:

The CTL of As in this rice variety was 40.2 µg
g-1 DW in shoots and 577 µg g-1 DW in roots.
Arsenic induced whitish chlorotic symptom in the
fully developed young leaves. Concentration and
accumulation of Fe in shoots and its translocation
were the most affected among the metal
micronutrients. It was therefore proposed that the
chlorosis observed was most probably Fe-chlorosis,
caused by Fe deficiency induced by As rather than
by heavy metals. This chlorosis symptom could be
due to an Fe-translocation problem from roots to
shoots. Arsenic and Fe were mostly concentrated in
or on the roots of rice.

Abbreviations

AECD (Atomic Energy Centre, Dhaka); CDL
(critical deficient level); CTL (critical toxic level);
DCH (Dhaka Community Hospital); DAT (days after
treatments); DW (dry weight); PHED (Public Health
Engineering Department); DWASA (Dhaka Water
and Sewerage Authority).
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