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Cadmium (Cd) and lead (Pb) are ubiquitous and potentially
hazardous contaminants in the biosphere. These metals tend to
accumulate in the soil plow layers. In addition, lead is tightly
bound in most soils (Kabata-Pendias and Pendias 1989; Kumar et
al. 1995). It is important to study the chemical forms, mobility,
and distribution of these toxic metals in contaminated soils since
these metals may eventually be translocated to plant tissues
(Brown et al. 1996; Dudka et al. 1996) and may pose a threat to
human health.

Various analytical methods are used to detect the existence of
toxic metals in soil. However, these chemical measurements may
not provide an actual measure of toxicity under field conditions
(Cheung et al. 1989). Chemical doses can be translated into a
quantifiable biological response by using bioassays (Cheung et al.
1989). The use of biological organisms as indicators of metal
toxicity has been considered a relatively inexpensive, simple, and
reliable alternative to chemical analyses (Hernandez et al. 1987).

The radish is considered to be a model crop (Kostka-Rick and
Manning 1993) that is easily grown under a wide range of climates.
The radish has been widely used as an indicator plant (Davies
1993) in experiments involving acid rain (Olson et al. 1987;
Jacobson et al. 1988) ozone (Miyake et al. 1989) sulfur dioxide
(Coleman et al. 1990), carbon dioxide (Idso et al. 1988), and heavy
metal pollution (Khan and Frankland 1983). The objectives of this
study were to evaluate the responses and tolerance of radish plants
to various soil Cd and Pb levels, and to assess if the radish can be
used as a biomonitor of Cd and Pb contamination of the
environment.

MATERIALS AND METHODS
Experiments were conducted on Scarlet White Tip, a spring variety

radish (Raphanus sativus L.). Seeds were purchased from a local
seed store. Spring radishes have an exceptionally short growth
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cycle (25-28 days) and can be grown under a wide range of climatic
conditions (Kostka-Rick and Manning 1993).

Plants were grown on Memphis silt loam soil collected from an
undisturbed, uncultivated forest area of Claiborne county in
southeast Mississippi. This is a well characterized soil containing
about 70% silt, 20% clay, 9% sand, and 1% organic matter with a
pH of 6.9 (Panicker 1992).

Radish seeds were sown in plastic planters with four small holes at
the bottom. Each planter contained 145 g of soil (dry weight).
Approximately a 2-cm depression was made in the middle of the
soil, and one pregerminated seed (radicle length about 3 mm) was
placed into each depression. The seeds were covered with just
enough soil to make them no longer visible. Twelve planters were
placed in a 16 x 12 x 1 in. reservoir tray. Distilled water and
nutrient solution were added to the reservoir tray throughout the
study period. Water was added every other day or as needed. Once
a week, full strength Hoagland solution (Hoagland and Arnon
1950) was added to the reservoir tray. Separate trays were
maintained for different treatment groups. The plants were
maintained in a glasshouse at 22.8 + 1.2° C day time temperature,
and 49.7 £ 2.6% relative humidity.

In experiment 1, plants were divided into one control group, three
Cd treated groups (soil containing 100 ppm, 500 ppm, and 1000
ppm Cd), and three Pb treated groups (soil containing 100 ppm,
500 ppm, and 1000 ppm Pb). In experiment 2, plants were divided
into one control group, three Cd treated groups (soil containing 50
ppm, 100 ppm and 500 ppm Cd), and four Pb treated groups (soil
containing 100 ppm, 500 ppm, 1000 ppm and 2000 ppm Pb). In
experiment 3, plants were divided into one control group, three Cd
treated groups (soil containing 50 ppm, 100 ppm and 500 ppm Cd),
and two Pb treated groups (soil containing 100 ppm and 500 ppm
Pb). Cadmium or Pb was mixed with the soil in the form of
Cd(NO.),or Pb(NO,),(Fisher Scientific, Fair Lawn, New Jersey,
USA). In all experiments, each group consisted of 12 plants and a
separate planter was used for each plant.

Plants were harvested on day 30 of the experiment. The hypocotyls
and shoots were completely dehydrated at 70° C for 7 days. Dry
weights of plant parts (hypocotyl and shoot) and the total plant for
each group were determined. On the basis of the currently accepted
protocol for phytotoxicity testing (Leita et al. 1993), the Grade of
Growth Inhibition (GGI) was evaluated. All treatments were
compared to the control group (control GGI = 0, i.e., 100% growth).

GGl = [ (C-T) / C] x 100 where C and T represent the dry weight of
tissues of control (C) and metal-treated plants (T).
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Chlorophyll concentration was determined in experiment 3 using
the methods of Einhellig and Rasmussen (1979). Following
harvesting, leaves from an individual plant were immersed in 30 ml
of 95% ethanol for 24 hr in a test tube. Ethanol-chlorophyll
solution was decanted to a second container, and leaves were
soaked for a second 24 hr period. Ethanol-chlorophyll solutions
were pooled from each extraction. Extracted leaves were dried at
70° C for 96 h to determine dry weight. Test tubes were sealed with
parafilm and ethanol-chlorophyll solutions were stored in darkness
at room temperature. The absorbance (A) of the extract was
determined at 665 and 649 nm on a spectrophotometer (Perkin-
Elmer, Lambda 3A, UV/VIS spectrophotometer). Chlorophyll
concentrations (ug chlorophyll/mg dry weight of leaf) and total
chlorophyll content of each plant were calculated using the
following equations (Einhellig and Rasmussen 1979):

pHg chlorophyll a/mL solution = (13.70) (Ays ) - (5.76) (Age o)
Hg chlorophyll b/mL solution = (25.80) (A ..) - (7-60) (A o)

Data obtained in this study were analyzed using one-way ANOVA
and Tukey test. All values are reported as mean * SEM.

RESULTS AND DISCUSSION

In experiment 1, plants treated with 500 ppm Cd and 1000 ppm Cd
did not survive the toxicity, and therefore, they could not be used
for statistical evaluation.

Table 1. The Grade of Growth Inhibition (GGI) of radish plants
grown in soil containing varying concentrations of Cd or Pb for 30
days - experiment 1

Treatment Hypocotyl Shoot Whole Plant
(mean + SEM) (mean + SEM) (mean + SEM)
100 ppm Pb 42.6 + 9.2¢ 5.4 +9.8b 10.3 + 9.1b.c
500 ppm Pb 60.9 + 5.0b.c 2.0 +9.7b 23.6 + 6.6a.c
1000 ppm Pb 70.9 £ 5.4b 20.8 + 8.4b 39.1 +7.1a
100 ppm Cd 92.7 + 0.8a 73.9 £ 4.7a 81.3 +4.1d
500 ppm Cd Plants did not survive
1000 ppm Cd Plants did not survive

Means followed by the same letter between the treatment groups
are not significantly different at the p < 0.05 level: Tukey test.

A significant shoot GGI was observed in plants treated with 100
ppm Cd and 1000 ppm Pb. A significant hypocotyl GGI was
observed in all Cd and Pb treated groups. A significant total plant
(shoot plus hypocotyl) GGl was observed in plants treated with 500
ppm Pb, 1000 ppm Pb, and 100 ppm Cd. These effects were dose
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related and the Cd induced more growth inhibition compared to Pb
(Table 1).

In experiment 2, a significant shoot, hypocotyl, and total plant
(shoot plus hypocotyl) GGI were observed in all Cd and Pb treated
groups (Table 2).

Table 2. The Grade of Growth Inhibition (GGI) of radish plants
grown in soil containing varying concentrations of Cd or Pb for 30
days - experiment 2

Treatment Hypocotyl Shoot Whole Plant
(mean + SEM) (mean +* SEM) (mean + SEM)

100 ppm Pb 45.1 +12.5¢ 49.9 + 5.2b 48.5 + 6.9a.e
500 ppm Pb 81.9+ 4.5d 67.4 + 4.1d 71.8 + 4.0d
1000 ppm Pb 79.8 + 4.3d4,b 66.6 + 4.6 70.6 + 4.0d
2000 ppm Pb 89.1 + 1.4a 81.4 +3.3 83.8 + 2.7b

50 ppm Cd 51.2 + 4.8c.e 32.0 + 6.9¢ 37.8 + 5.0c.e
100 ppm Cd 68.9 + 6.2b.e 51 6 +5.7 56.9 + 5.5a
500 ppm Cd 94.3+ 1.12 1.2 +5.4 85.2 + 4.0

Means followed by the same letter between the treatment groups
are not significantly different at the p < 0.05 level: Tukey test.

Table 3. Chlorophyll concentration (ug chlorophyll/mg leaf dry wt)
of radish plants grown in soil containing varying concentrations of
Cd or Pb for 30 days - experiment 3

Treatment Chl. a Chl. b Total Chl. (a+b)
(mean + SEM) (mean + SEM) (mean + SEM)
Control 6.7 £ 0.2¢ 4.0 + 0.1b.d 10.7 £+ 0.2b
500 ppm Pb 5.9 + 0.1b 3.3 £ 0.0d.e 9.2 + 0. le
1000 ppm Pb 5.3 + 0.1b 3.1 +0.2¢c 8.4 + 0.3a,
50 ppm Cd 6.3 £ 0.3¢c 3.3 £ 0.2¢c.e 9.6 + 0.5b,
100 ppm Cd 5.8 + 0.2b 3.1 £0.1¢c 8.8 + 0.24d
500 ppm Cd 1.0 + 0.4 1.5 + 0.5a 2.5 £+ 0.2¢

Means followed by the same letter between the treatment groups
are not significantly different at the p < 0.05 level: Tukey test.

Chlorophyll concentration (ug chlorophyll/mg leaf dry wt) was
found to be significantly reduced in most metal treated groups.
Significant differences of chlorophyll a, chlorophyll b, and
chlorophyll a+b concentrations between different treatment groups
are presented in Table 3.

Chlorophyll content (total chlorophyll in pg) was found to be

reduced in all Cd treated plants. No significant reduction in total
chlorophyll content was observed in Pb treated plants (Table 4).
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The chlorophyll a+b content of 500 ppm Cd treated plants was
significantly lower than all other groups. The chlorophyll a+b
content of 100 ppm Cd treated plants was significantly lower than
that of the control, 500 ppm Pb, and 1000 ppm Pb treated plants.
The chlorophyll a+b of 50 ppm Cd treated plants was significantly
lower than that of the control, 500 ppm Pb, and 1000 ppm Pb
treated plants (Table 4).

Table 4. Total chlorophyll content (ug) of radish plants grown in
soil containing varying concentrations of Cd or Pb for 30 days -
experiment 3

Treatment Chl. a Chl. b Total Chl. (a+b)
(mean + SEM) (mean * SEM) (mean + SEM)
Control 755 + 33.1¢ 449 + 33.0c 1200 + 65.9¢
500 ppm Pb 672 + 19.3¢c.d 383 + 14.6¢ 1050 + 33.2¢
1000 ppm Pb 753 + 39.9¢ 441 + 43.9¢c 1190 + 83.5¢
50 ppm Cd 234 + 20.1d 122 + 10.3b 356 + 30.3b
100 ppm Cd 336 + 43.3b 175 + 18.4b 511 + 61.3b
500 ppm Cd 3.1+ 1.22 2.8+ 0.ba 59+ 0.7a

Means followed by the same letter between the treatment groups
are not significantly different at the p < 0.05 level: Tukey test.

In experiment 1, plants treated with 500 and 1000 ppm Cd did not
survive. In experiment 2, although the 500 ppm Cd treated plants
did survive, the plant growth was inhibited about 85 percent
(Tables 1 and 2). The shoot GGI of 100 and 500 ppm Pb treated
groups was statistically significant in experiment 2, but not in
experiment 1 (Tables 1 and 2). A similar situation was also
observed when whole plant GC1 of 100 ppm Pb treated groups in
experiments 1 and 2 (Tables 1 and 2) were considered. All other
comparisons in plant growth were statistically significant both in
experiments 1 and 2 (Tables 1 and 2).

Begonia (1997) reported that presence of Pb in artificial soil media
produced dose-related biomass inhibition in several plant species.
The present series of experiments demonstrate that the presence of
Cd or Pb in soils produces dose-related growth inhibition in radish
plants. These experiments also indicate that Cd and Pb affect the
development of radish plants to different degrees. Plant growth
was more inhibited in the Cd contaminated soils than in the Pb
contaminated soils probably for the following reasons: (1) Pb is
more bound to the soil particles (Kabata-Pendias and Pendias
1989; Kumar et al. 1995), and therefore, less available to plant
tissue, or (2) Cd is more mobile than Pb within the plant tissues
(Khan and Frankland 1983; Dushenkov et al. 1995), and therefore,
is capable of exerting more toxic effects. Further experiments are
required to address these issues.
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Plants that demonstrated growth inhibition, also demonstrated
low chlorophyll concentration/content in the leaf tissue. Since
there is a correlation between chlorophyll content and leaf area
photosynthetic rate (Buttery and Buzzell 1977), it is possible that
reduction in chlorophyll in treated plants caused an overall
inhibition in plant growth due to inadequate photosynthesis.

Since the Scarlet White Tip radish demonstrates different levels of
sensitivity in response to various concentrations of Cd or Pb in
soils, it is suggested that these plants may be used as
biomonitors/biocindicators for Cd and Pb assessments in metal
polluted soils. Moreover, since this variety of radish has the
potential to survive in Cd and Pb contaminated soils, it is possible
that these plants may be able to absorb such metals from soil and
thus may be used in phytoremediation. The determination of plant
tissue metal content will establish the correlation between metal
concentration in soil and the optimum bioaccumulation of these
metals in plant tissue. To explore these possibilities, this study
must be extended using larger plant samples and soils with various
metal concentrations. Further studies may be conducted to
identify other metal-tolerant varieties of radish which might be
more suitable for biomonitoring and phytoremediation studies.
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