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Abstract: The aim of this study was to understand some mechanisms on the variations between rice cultivars in lead
(Pb) tolerance. Pot soil experiments were conducted with two rice cultivars under different soil Pb levels and the
relationships between Pb phytotoxicity, uptake and iron plaque formation on roots were investigated. The results
showed that the rice cultivar with indica consanguinity (Shanyou 63) were more sensitive to soil Pb stress than the
cultivar with japonica consanguinity (Wuyunjing 7), particularly for the roots. Pb concentrations and distribution
ratios in root tissues were higher for Shan you 63 than for Wuyunjing 7, but those in the plaques showed a reverse
order. Fe distribution ratios in plaques were also larger for Wuyunjing 7 than for Shanyou 63, but the ratios in root
tissues showed a reverse order. The results indicate that iron plaque formation on rice roots can provide a barrier to
soil Pb stress in Pb-contaminated soils. The plaque will increase the sequestration of Pb on root surface, providing a
means of external exclusion of soil Pb. But the function of the plaque is limited, only effective in relatively lower or

moderate levels of soil Pb contamination.
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INTRODUCTION

The formation of iron plaque on rice root is
common due to the release of oxygen and oxidants
from root in anaerobic conditions and the subsequent
oxidation of ferrous to ferric iron with the precipitation
of iron oxide or hydroxide in the rhizosphere. In nature,
the plaque contains many metal elements, but the
dominant component is Fe (Crowder and Coltman,
1993). The plaque may sequester a wide range of
metals by adsorption or co-precipitation with the
functional groups in iron hydroxides and thus interferes
with the availability of metals in the rhizosphere. So the
toxicity, uptake and distribution of heavy metals in rice
plant may be influenced by iron plaque (Liu et al.,
2007).

On the relationships between iron plaque formation
and metal uptake, some studies were conducted in
wetland plants, but the results were inconsistent with
each other. Some results indicated that the formation of
the plaque may provide a means of attenuation and
external exclusion to heavy metals (Hansel et al.,
2002). But others reported no difference between the
presence and absence of iron plaque in plant Cu and Zn
uptake (Ye et al., 1998).

Lead (Pb) is the metal pollutant with the widest
distribution in the world. With rapid development in
industry, agriculture and population expansion, Pb

pollution in agricultural soils have become increasingly
serious in China (Li et al., 2000). It is toxic to many
organ systems of human body (Silbergeld et al., 2000).
Rice is one of the most important crops in the
world and the first food in China. However, limited
information is available on the relationship between
plant Pb uptake, tolerance and Fe plaque formation on
roots. To investigate the relations and understand some
mechanisms causing the variation between rice
cultivars with regard to Pb tolerance and uptake, the
present research was conducted with typical rice
cultivars of high or low Pb accumulation abilities based
on the results of our previous studies (Liu et al., 2003).

MATERIALS AND METHODS

This study was performed as a pot trial at
Changzhou (30°41'N, 119°50'E) in 2010. The soils for
the pot experiments were collected from
uncontaminated fields (0-20 cm). The properties of the
soil used in this experiment are shown in Table 1. Four
kilogram of soil was placed in each pot (18 cm in
diameter and 20 cm in height). Pb in the form of PbCl,
was added to the soil to obtain Pb levels of 800 and
2000 mg/kg (dry weight).

Based on our previous studies (Liu et al., 2003),
two rice cultivars with high (Shanyou 63) and low
(Wuyunjing 7) Pb uptake abilities were used in this
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Table 1: Selected properties of the soil used in this experiment (n = 3)
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Particle size (%)

Soil oM* CEC" Total N Total Fe Total Pb
Soil type  texture Sand Silt Clay pH (g/kg) (cmol/kg) (g/kg) (mg/kg) (mg/kg)
Paddy Silty 18.4 42.7 38.9 4.71 26.2 15.9 1.25 10024.46 34.05
soil loam
% Organic matter; : Cation exchange capacity
Table 2: Effects of soil lead treatments on plant biomasses of two rice cultivars
Root Shoot Total
Cultivars Soil Pb treatments Dry weight (g/pot) RC (%) © Dry weight (g/pot) RC (%) Dry weight (g/pot) RC (%)
Shanyou 63 Control 433 9.49 13.82
800° 2.69%* -37.88 6.81%* -28.24 9.50%** -31.26
2000° 2.14%* -50.58 5.38%* -43.31 7.52%% -45.59
Wuyunjing 7 Control 1.49 3.84 5.33
800 1.18** -20.81 2.85%* -25.78 4.03** -24.39
2000 0.96%* -35.57 2.43%* -36.72 3.39%* -36.40

% The treatment with 800 mg/kg Pb in soil (dry weight); *: The treatment with 2000 mg/kg Pb in soil (dry weight); ©: Relative changes under soil
Pb treatment compared to the control. RC (+ %) = ((weight of Pb treatment-weight of control) /weight of control) x100; **: Significant difference

between the Pb treatment and the control at the po; level

Table 3: Lead concentrations in rice plants and distribution in the roots

Root tissue Plaque * Total Pb Pb
concentration concentration

Cultivars Soil Pb treatments Pb concentration (ng/g) (%) Pb concentration (ug/g) (%) of root (nug/g) in shoot (ng/g)
Shanyou 63  Control 9.17** 2635 25.630%* 73.65 34.80 7.3000%*

800 4929.940%* 93.03 369.15%* 6.970 5299.090** 163.04*

2000 14200.60 95.06 737.40%* 4.940 14938.00 341.20
Wuyunjing 7 Control 3.09 9.140  30.720 90.86 33.81 4.2800

800 2893.200 82.51 613.23 17.49 3506.430 152.62

2000 13738.21 90.24  1486.33 9.760 15224.54 330.03

* Pb concentrations in plaque is also based on root dry weights; **, *: Significant difference between the two cultivars in the same treatment at

the Poo1, Poos level, respectively

experiment. The experiments were carried out in a
greenhouse, with a 16-hr light period and a day/night
temperature of (32-35)°C/ (23-25)°C. The pots were
arranged in a randomized complete block design with
three replicates.

One entire plant (including shoot and root) was
sampled from each pot at day 40 after seedling
transplant. The plant samples were washed thoroughly
with tap water and de-ionized water and then separated
into roots and shoots. Iron and manganese plaque on the
roots were extracted using a modified cold Dithionite-
Citrate-Bicarbonate (DCB) method (Liu et al., 2008).
After DCB extraction, the roots and shoots were oven-
dried at 70°C to a constant weight. The oven-dried
samples were ground with a stainless steel grinder to
pass through a 100-mesh sieve. Pb and Fe
concentrations of the samples were determined with
AAS.

RESULTS

Growth of rice plant: The effects of soil Pb treatments
on rice growth differed with rice cultivars, soil Pb
levels and plant organs (Table 2). In general, Shanyou
63 were more sensitive to soil Pb stress than Wuyunjing
7. As compared to the control, root and shoot weights
of the two cultivars decreased significantly (p<0.01)
under soil Pb stress. However, the magnitudes of
decreases were larger for Shanyou 63 than for

161

Wuyunjing 7. Under soil Pb treatment of 800 mg/kg,
the biomass of Shan you 63 decreased by more than
30%, but the biomass of Wuyunjing 7 only decreased
by about 24%. Under soil Pb treatments of 2000 mg/kg,
the biomasses were reduced about 45 and 36% for
Shanyou 63 and Wuyunjing 7, respectively.

Under soil Pb stress, the decreasing rates of root
dry weights were higher than those of shoot dry weights
for Shanyou 63, but this didn’t happen for Wuyunjing?7.

Lead concentrations, accumulations and
distributions in rice plants: The differences between
the rice cultivars in plant Pb concentrations,
accumulations and distributions varied with soil Pb
levels (Table 3 and 4).

Pb concentrations and accumulations in root tissues

and the plaques of soil Pb treatments were greatly
higher than those of the control, but the magnitudes of
the differences were significantly higher in root tissues
than in the plaques.
At all Pb levels, Pb concentrations in root tissues and
shoots of Shanyou 63 were higher than those of
Wuyunjing 7 and the differences between the cultivars
were significant (p<0.01 or 0.05) for the control and Pb
treatment of 800 mg/kg (Table 3). But Pb
concentrations in the plaques showed a reverse order.
They were significantly higher for Wuyunjing 7 than
for Shanyou 63 (p<0.01).
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Table 4: Lead accumulations and distributions in different parts of the rice plants

Root tissue Plaque Shoot Total Pb
accumulation

Soil Pb Pb accumulation Pb accumulation Pb accumulation in rice plant
Cultivars treatments  (ug/pot) (%) (ng/pot) (%) (ng/pot) (%) (ng/pot)
Shanyou 63 Control 39.71%* 18.05 110.98** 50.45 69.2800** 31.50 219.9700**

800 13261.54** 86.31 993.01** 6.460 1110.30%* 7.230 15364.85%*

2000 30389.28%** 89.90 1578.04* 4.670 1835.66%* 5.430 33802.98**
Wuyunjing 7 Control 4.60 6.890 45.7700 68.51 16.4400 24.61 66.81000

800 3413.980 74.66 723.610 15.83 434.970 9.510 4572.560

2000 13188.68 85.54 1426.88 9.250 801.970 5.200 15417.53
Table 5: Fe concentrations and distributions in different parts of the rice plants

Root tissue Plaque® Fe
Total Fe concentration

Soil Pb Fe concentration Fe concentration concentration of in shoot
Cultivars treatments  (ug/g) (%) (png/g) (%) root (ng/g) (png/g)
Shanyou 63 Control 804.030** 1.45 54631.84** 98.55 55435.87** 245.33%*

800 831.450** 1.59 51349.33** 98.41 52180.79** 193.94**

2000 989.300 1.38 70850.17 98.62 71839.47 365.03%*
Wuyunjing 7 Control 976.010 1.25 77047.67 98.75 78023.68 195.31

800 1182.21 1.36 85784.53 98.64 86966.73 241.21

2000 1014.11 1.31 76546.78 98.69 77560.90 413.84

With regard to Pb distributions in the roots
(between root tissues and the plaques), Pb distribution
ratios in root tissues were much higher for soil Pb
treatments (800 and 2000 mg/kg) than for the control,
but the ratios in the plaques were much lower for soil
Pb treatments than for the control. With the increase of
soil Pb levels, Pb distribution ratios increased in root
tissues, but decreased in plaques. On the differences
between the rice cultivars in Pb distribution, Pb
distribution ratios in root tissues of Shanyou 63 were
larger than those of Wuyunjing 7. But the ratios in
plaques were higher for Wuyunjing 7 than for Shanyou
63.

With respect to Pb accumulations in rice plants
(Table 4), Shanyou 63 was significantly higher than
Wuyunjing 7 (p<0.01 or 0.05), irrespective of in root
tissues, plaques or shoots. The differences between the
cultivars were very enormous in root tissues and shoots.

Pb distributions in different parts of rice plants
varied with rice cultivars, soil Pb levels. For the control,
Pb distribution ratios in different parts of rice plants
were in the order: plaque>shoot>root tissue, a half or
more of the Pb taken up by rice plant was stored in
plaques. But for soil Pb treatments, most of the Pb was
accumulated in root tissues (from about 75 to 90%). Pb
distribution ratios in the plaques dropped sharply with
the increase of soil Pb levels. Under soil Pb treatment
of 2000 mg/kg, only less than 10% for Wuyunjing 7
and less than 5% for Shanyou 63 of Pb absorbed by rice
plants was restrained in the plaque. Concerning the
differences between rice cultivars in Pb distributions,
the distribution ratios in root tissues were higher for
Shanyou 63 than for Wuyunjing 7. But the ratios in the
plaques showed a reverse order and they were larger for
Wuyunjing 7 than for Shanyou 63.

Iron concentrations in rice plants and distribution in
the roots: The differences between the rice cultivars in
plant Fe concentrations varied greatly with soil Pb
levels (Table 5). For the control and 800 mg/kg Pb
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treatment, Fe concentrations in root tissues and plaques
of Wuyunjing 7 were significantly higher than that of
Shanyou 63 (p<0.01). But under 2000 mg/kg Pb
treatment, the differences between the cultivars were
insignificant (p>0.05).

The differences between the cultivars in shoot Fe
concentrations also varied with soil Pb levels. For the
control, shoot Fe concentrations of Shanyou 63 were
significantly (p<0.01) higher than those of Wuyunjing
7. But under 800 and 2000 mg/kg Pb treatment, shoot
Fe concentration of Shanyou 63 was significantly
(p<0.01) lower than that of Wuyunjing 7.

On Fe distribution in rice roots, absolute majority
of Fe was accumulated in plaques (more than 98.4%)
and only less than 1.6% was transferred into root
tissues. Fe distribution ratios in iron plaques of
Wuyunjing 7 were higher than those of Shanyou 63, but
the ratios in root tissues showed a reverse order,
irrespective of soil Pb levels. Nevertheless, the
magnitudes of the differences between the cultivars
were small.

DISCUSSION AND CONCLUSION

Some researches showed that deposition of iron
oxide plaque or coating on rice root ameliorated the
toxic effects of Cu, Ni and Cu + Ni on plant growth
(Greipsson, 1994). But others reported no differences in
root and shoot dry weights and leaf elongation between
presence and absence of the plaque, when wetland
plants were exposed to Cu or Ni pollutions (Ye et al.,
1997).

Our present research presented that effects of soil
PDb stress on rice biomasses varied largely with soil Pb
levels and cultivars. In general, Shanyou 63 was more
sensitive to soil Pb stress than Wuyunjing 7. Under soil
Pb stress, the root and shoot weights of the rice
cultivars all decreased significantly (p<0.01). However,
the magnitudes of decreases were larger for Shanyou 63
than for Wuyunjing 7, particularly in root dry weights.
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Under soil Pb stress, the decreasing rates of root dry
weights were higher than those of shoot dry weights for
Shanyou 63, but this phenomenon did not happen for
Wuyunjing 7. So the root of Shanyou 63 were much
more  sensitive to soil Pb stress than that of
Wuyunjing 7.

Our research demonstrated that Fe concentrations
in the plaques of Wuyunjing 7 were higher than those
of Shanyou 63 and the differences were significant for
most treatments (p<0.01, or <0.05). So the formations
of iron plaques on rice roots may provide a barrier to
soil Pb toxicity.

It was reported that iron plaque on roots inhibited
uptake of heavy metals by plants (Batty et al., 2000).
However, Liu et al. (2008) reported that iron plaque on
rice root surface is of little significance in affecting
uptake and accumulation of Cd by rice plant.

In our present research, there were significant or
obvious differences between two rice cultivars in plant
Pb concentrations and accumulations. Pb concentrations
in root tissues and shoots of Shanyou 63 were higher
than those of Wuyunjing 7, but Pb concentrations in
plaques showed a reverse order. They were
significantly higher for Wuyunjing 7 than for Shanyou
63 (p<0.01).

In respect of Pb distributions in roots (between root
tissues and the plaques), Pb distribution ratios increased
with the increase of soil Pb levels in root tissues, but
decreased with the increase of soil Pb levels in plaques.
Pb distribution ratios in root tissues were in the order:
Shan you 63>Wuyunjing 7. But Pb distribution ratios in
plaques showed a reverse order. Meanwhile, Fe
concentrations in root tissues and in plaques were
significantly or obviously higher for Wuyunjing 7 than
for Shanyou 63. The distribution ratios of Fe in iron
plaques were also larger for Wuyunjing 7 than for
Shanyou 63, but the ratios in root tissues showed a
reverse order.

So the formation of iron plaque can increase the
sequestration of Pb on rice root surface and in the
rhizosphere, providing a means of external exclusion of
soil Pb stress. But this function of the plaque was
limited, only effective in lower or moderate Pb-
contaminated soil, because Pb distribution ratios in the
plaques dropped sharply with the increase of soil Pb
levels. Under soil Pb level of 2000 mg/kg, only less
than 10% (or much less) of Pb taken up by rice plants
was stored in the plaque.

It can be concluded that the formation of iron
plaque on rice root can act as a barrier to soil Pb
toxicity and may be a “buffer” or a “reservoir” which
can reduce Pb uptake into rice plant. But the functions
of iron plaque are limited, only effective in relatively
lower or moderate Pb-contaminated soil (for example
less than 800 mg/kg), because Pb distribution ratios in
the plaques dropped sharply with the increase of soil Pb
levels. In soil Pb treatment of 2000 mg/kg, the Pb
stored in iron plaque occupied only a very small
proportion of the Pb taken up by rice plant, e.g., less
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than 10% for Wuyunjing 7 and less than 5% for
Shanyou 63.
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