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(Partitioning of lead accumulation in rice plant)
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Abstract

A greenhouse study was conducted to examine the lead accumulation in various rice plant
parts such as root, stem and leaf and grain for two consecutive years. Rice cv. ‘Prathum Thani 1’ used
in this study because it has been widely grown in Kamphang Saen district, Nakhon Pathom province.
Lead subacetate was supplied as a solution in distilled water at the concentration of 0, 2,500, 5,000,
7,500 and 10,000 mg of Pb L" until the rice plant reached tillering stage. The result from the
preliminary test indicated that the concentration at 2,500 mg Pb L" allowed highest lead accumulation
and this chosen as the reference concentration for the batch study. The batch study comprised two
concentrations of 1,500 and 3,000 mg Pb L_l, and applied once in the soil at tillering stage. The result
of the batch study revealed that lead accumulation was the highest in root (400.48 mg kg_l), stem and
leaf (127.68 mg kg ), bran (5.3 mg kg') and husk (0.19 mg kg ), respectively. White rice has no
detectable lead accumulation. The grains from the batch study were sown in the soil without lead
solution in a pot study. The result showed that lead translocation from the batch study to the pot study
was noticeable root, stem and leaf, and bran, but not in husk for pot study. White rice had not found in
both the batch and pot studies. The bran with highest lead accumulation from the batch study was
checked on the transmission electron microscope which revealed lead accumulation in vacuole,
endoplasmic reticulum and cytoplasm. From this study, the concentration of lead in rice grain did not
exceed the food hygiene concentration limit (1.0 mg of Pb kg1 DW per 1.0 kg food weight). Thus, it
is unlikely that lead can be accumulated to the toxic level in rice grain. However, the result from pot
study showed that the concentrations of lead accumulated in stem and leaves (2.95 mg kg'l) as well as
root (23.85 mg kg_l) was rather high for using as animal feed. Although rice plants can accumulate

some amount of lead, it is not suitable for use in cleaning up lead in soil.

Key words: lead accumulation, Oryza sativa, rice, grain
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Introduction

Lead is a heavy metal considered highly toxic to human
and animals. Rice may be contaminated by lead. So far, there

was no report regarding the harm of lead contaminated rice to
consumers, but this does not mean that there is no lead
contamination in rice. A basic knowledge in lead accumulation
in rice would be beneficial and essential to rice marketing in the
future. The knowledge can help monitoring lead contamination
in the paddy fields in Thailand. Thus, this experiment is aiming
to study lead accumulation in roots, shoots and seeds in rice and
its ability to remove lead from contaminated soils.

Materials and Methods

1. Plant and soil preparation

Rice seed cv. ‘Pathum Thani 1’ was obtained from the Rice
Research Institute, Bangkok. The soil used was air—dried for 2
days, mixed and placed in buckets. A total of 10 kg dry soil was
put in with each bucket, added with tap water and mixed well
until muddy. Altogether 25 buckets were prepared, each sown
with 1 rice plant.

Table 1. Physical and chemical characteristics of the experimental soil.

Soil properties Analytical results
Texture Loamy clay
Soil pH 7.07
Organic matter (%) 243
CEC (cmol/kg) 19.43
EC (Ds/m) 0.46
Total soil Pb (mg kg1) 0.17

2. Lead concentrations

The concentrations of lead subacetate solution used were
2500, 5000, 75000, and 10000 mgL".

3. Plant organ analysis

Plants were morphologically divided into 4 parts of roots,
stems and leaves, husk; and brown rice. Each part was cut,
ground and dried for 2 days at 80" C. Lead concentrations in
samples were determined with a flame atomic absorption
spectrophotometer (FAAS).

4. Phytoextraction coefficients

The amount of metal extractable from plant tissue was
reported as phytoextraction coefficient, i.e., the ratio of metal
concentration in the tissue (g metal/g dry weight of tissue) to
the initial soil concentration of the metal (g metal/ g dry weight
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Conclusions

The highest lead accumulation was found in husk and
brown rice at the concentration of lead subacetate 2500 mgL:'.
Most of rice plants still showed normal growth. Although some

plants died prematurely. It was probably resulted from certain
rice diseases.

Results and Discussion

1. Lead accumulation

The rice seeds were analyzed prior to sowing which showed
a small degree of lead contamination at 29.79 mg Pb kg'l. Among
different concentrations of lead, there were difference in lead
accumulation in stems and leaves, roots and brown rice, but not
in husk. The data were further analyzed by contrast coefficients
and showed that the 2500 mgL! lead subacetate treatment gave
the highest accumulation of lead in rice seed. Thus, the 2500
mgL! concentration was chosen for further study on lead
accumulation in various parts of rice plant.

In the soil, there was significant difference (p < 0.05) in lead

concentration, although the coefficient of variation (cv) was
rather high at 48 %.

Table 2. the average lead concentration (mg kg') in various parts of the
rice plants and in the soils.

Pb
concentration Pb accumulation in mg kg! dry weight
(mgL™)
Roots Stems and Husk Brown rice Soil
leaves
0 13.98+3.64 | 5.60+2.04 | 14.73+3.2 13.32+ 0.23+0.21
1.82
2500 97.03+26.73 | 13.58 £4.13 |20.44 £ 4.42| 27.83+ 7.52+3.07
5.13
5000 112.87 £ 9.77 | 65.14 £ 26.25| 14.88 + 2.74| 16.51+ |48.04+6.49
4.18
* VaBees are|puaamsf5oms) peplicationy with the.stasdadxrrqr. 51.38 +
11.88
000 43,35 +94.42] 39.59+3.51 |18.86+6.37| 10.25%+ |67.51%5.44
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Most rice plants were still green and grew well. Lead
toxicity did not cause death to the treated rice plants. Although
certain rice diseases caused some rice plants to die. Likewise,
Panich-pat et al. (2004) showed that lead phytotoxicity did not
cause any visible symptoms to treated T. angustifolia plants,
caused the treatment difference while nitrogen limitation.

3. Phytoextraction coefficient

Table 3. Phytoextraction coefficients on parts of rice plants. ‘
Pb concentration " .
(mgL-) Phytoextraction coefficients
Roots Stems and Husk Brown rice
leaves
0 60.78 24.35 64.04 57.91
2500 12.90 1.81 277 3.70
5000 2.35 1.36 0.35 0.39
7500 4.69 0.62 0.39 0.17
10000 3.60 0.59 0.29 0.16
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Abstract

A greenhouse study was conducted to examine the lead accumulation in various rice plant
parts such as root, stem and leaf and grain for two consecutive years. Rice cv. ‘Prathum Thani 1’ used
in this study because it has been widely grown in Kamphang Saen district, Nakhon Pathom province.
Lead subacetate was supplied as a solution in distilled water at the concentration of 0, 2,500, 5,000,
7,500 and 10,000 mg of Pb L" until the rice plant reached tillering stage. The result from the
preliminary test indicated that the concentration at 2,500 mg Pb L" allowed highest lead accumulation
and this chosen as the reference concentration for the batch study. The batch study comprised two
concentrations of 1,500 and 3,000 mg Pb L-l, and applied once in the soil at tillering stage. The result
of the batch study revealed that lead accumulation was the highest in root (400.48 mg kg-l), stem and
leaf (127.68 mg kg ), bran (5.3 mg kg ) and husk (0.19 mg kg ), respectively. White rice has no
detectable lead accumulation. The grains from the batch study were sown in the soil without lead
solution in a pot study. The result showed that lead translocation from the batch study to the pot study
was noticeable root, stem and leaf, and bran, but not in husk for pot study. White rice had not found in
both the batch and pot studies. The bran with highest lead accumulation from the batch study was
checked on the transmission electron microscope which revealed lead accumulation in vacuole,
endoplasmic reticulum and cytoplasm. From this study, the concentration of lead in rice grain did not
exceed the food hygiene concentration limit (1.0 mg of Pb kg_1 DW per 1.0 kg food weight). Thus, it
is unlikely that lead can be accumulated to the toxic level in rice grain. However, the result from pot

study showed that the concentrations of lead accumulated in stem and leaves (2.95 mg kg_l) as well as



root (23.85 mg kg_l) was rather high for using as animal feed. Although rice plants can accumulate

some amount of lead, it is not suitable for use in cleaning up lead in soil.
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