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Introduction

Cadmium contamination in soil has turned into a
potential agricultural and environmental issue worldwide.
Cadmium is one of the most toxic heavy metals in plants and
animals. It is a pollutant and potential toxin that has
no known function in any biological organism.
Anthropogenic activities such as non-ferrous metal industry,
mining, production and application of pesticides and
phosphate fertilizers lead to dispersion of Cd (Biasioli .,
2007). Among the various toxic metals, Cd is of particular
concern, because although it is not an essential element, it is
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readily absorbed and accumulated in plants, thus increasing
the potential for contamination of the food chain. The uptake
of heavy metals in vegetables is much higher than cereals and
pulses resulting in their accumulation in human body. The
passive uptake of cadmium in vegetables leads to its entry
into food chain, posing a serious threat to human health
(Cheng and Huang, 2006).

The chemical composition of soil influences various
morphological, physiological and biochemical parameters of
the plants. The dose-response relationships established in
plant bioassays for the evaluation of metal contaminated soils
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Cadmium (Cd) raises serious concerns as its accumulation in the plant not only affect the growth
and quality of plant but also threaten the health of consumers. In this research, two vegetables, i.e.,
radish ( L.) and lettuce ( L), were planted in pots having soil
treated with Cd as Cd (NO ) at different doses (25, 50, 100 and 200 mg Cd kg soil ) to investigate
the influence of cadmium on their growth, photosynthetic attributes and quality. Cadmium
retarded plant growth as dry weight of radish roots decline by 87% and leaves by 83% following
200 mg Cd kg soil application and the corresponding values for lettuce were 64 and 69%
respectively. Significant reductions in various photosynthetic parameters viz., leaf area per plant,
total chlorophyll, Chl a and Chl b content were also recorded with Cd applications. The Cd
treatments resulted in loss of membrane integrity as revealed by significant increase in electrolyte
leakage in leaves of both vegetables. There was significant increase in Cd accumulation in radish
and lettuce with all applications but no visual symptoms of Cd toxicity were noticed with 25 and 50
mg Cd kg soil application except for yield differences, illustrating that Cd accumulate in this crop
without visual evidence of its presence. However, toxicity symptoms in the form of interveinal
chlorosis of the leaf lamina, followed by necrosis and leaf rolling, were clearly evident with 100
and 200 mg Cd kg soil application. Apparently, Cd causes harm due to its phytotoxic effects and
high accumulation in edible parts of radish and lettuce without any visible symptoms that
constitutes a substantial hazard to human health.
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are mainly based on visual symptoms such as chlorosis,
necrosis, leaf epinasty, red-brownish discoloration, biomass
reduction, yield decrease and change in mineral composition
(Jhanji and Khurana, 2014). However, these type of
symptoms mostly characterize high levels of phytotoxicity.
A better understanding of the Cd effects on plants needs to
concern much more sensitive parameters such as
photosynthesis, respiration, water relations and gas
exchange. Cd promotes generation of active oxygen species
(AOS) and lipid peroxidation thus leading to oxidative stress
in plant tissues. The most apparent symptom of Cd toxicity is
chlorosis of leaves which is closely related to inhibition of
chlorophyll synthesis and light harvesting Chl a / Chl b
protein complex (Jhanji 2012). Determination of
chlorophyll characters can indicate severity of Cd toxicity,
and is used as a sensitive marker in selecting plants
tolerant/susceptible to this metal (Zhang 2003).
Changes in cellular metabolism can be observed even at low
Cd level, before visual symptoms become evident.

present study was undertaken to monitor
the effect of Cd toxicity on photosynthetic parameters and
electrolyte leakage and to determine the Cd accumulation in
edible parts of radish and lettuce.

The present studies were carried out to examine the
effects of cadmium toxicity in radish ( L.
var. Mino early) and lettuce ( L. var. Iceberg).
The seeds were procured from Department of Vegetable
Science, Punjab Agricultural University, Ludhiana and
plants were raised in earthern pots (25 cm diameter)
containing 8 kg of thoroughly mixed air dried soil. Cadmium
was applied as cadmium nitrate{ Cd(NO ) } at four levels
(25, 50, 100 and 200 mg Cd kg soil). Three seeds of radish
were sown in pots and after germination were thinned to one
plant per pot. Seeds of lettuce were grown in nursery and then
40-day-old seedlings were transplanted to the pots and were
arranged in a completely randomized design with ten
replicates.

Data on leaf number and leaf area per plant was
measured 40 days after sowing in radish and 40 days after
transplanting in lettuce from three pots of each treatment.
Three fully mature leaves per plant from three pots of each
treatment were harvested and analyzed for total chlorophyll
content (Anderson and Boardman, 1964) and electrolyte
leakage (Fletcher and Drexlure, 1980). Three plants of radish
and lettuce were also uprooted and separated into leaves and
roots. These samples were dried in air and then at 65˚C in hot
air oven. Dried samples were weighed, grounded and then
digested in di-acid mixture of HNO and HClO in 3:1 ratio.
The digests were analysed for total cadmium by atomic
absorption spectroscopy (Isaac and Kerber, 1971) ( Model A
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A 240 F S, Company Varian, Germany) . The data on various
parameters were subjected to analysis of variance and
Duncan's multiple range test was used to compare the
treatment means (Singh 2001).

The plant growth was severely hampered with all Cd
treatments in both radish and lettuce. The dry matter
accumulated in leaves and roots of radish and lettuce
decreased significantly with increasing Cd concentration. As
compared to control, 200 mg Cd kg soil reduced the dry
weight of radish roots by 87 %, leaves by 83 % whereas
corresponding values for lettuce roots and leaves were 64 and
69 %, respectively (Tables 1). The reduced accumulation of
dry matter in response to Cd application is in accordance with
the effects of Cd in (Jhanji ., 2012), maize, raya,
berseem and spinach (Khurana and Jhanji , 2014) , bean
(Ismail, 2008) and many other plant species. Cadmium
causes several morphological, physiological and
biochemical changes in plants such as growth inhibition, and
water imbalance (Benavides ., 2005: Farouk 2011).
Reduction in both shoot and root system under Cd stress may
be attributed in part to inhibition of mitosis, reduced
synthesis of cell-wall components, and changes in
polysaccharides metabolism (Punz and Sieghardt, 1993).

Dry matter production is intimately linked with
photosynthetic efficiency of plants. The photosynthetic
efficiency depends upon the area of photosynthetic tissue,
mainly leaves and chlorophyll content in leaves. The number
of leaves per plant reduced to 50% following the treatment of
200 mg Cd kg soil in radish, whereas in lettuce plants leaf
number per plant was not significantly affected following
different Cd treatments (Tables 2 and 3). All the Cd
treatments significantly suppressed leaf area per plant.
Radish plants retained 75% of maximum leaf area per plant
due to application of 50 mg Cd kg soil, but only 13% of
maximum leaf area per plant following treatment of 200 mg
Cd kg soil, whereas the corresponding values for lettuce
plants were 57% and 21% respectively. Barlya . (2001)
also reported reduction in leaf number and area per plant in
response to Cd treatment and attributed this decrease to
suppressed cell divisional activity of leaf meristems.

Cadmium induced decrease in leaf number and leaf
area was accompanied with reduced chlorophyll content in
both radish and lettuce. The photosynthetic machinery is
known to be extremely sensitive to Cd and the use of
chlorophyll content has been shown to be highly reliable and
fairly sensitive measure of Cd stress in various crop species
(Zhang , 2003; Brito 2003). A considerable
decrease in total chlorophyll, Chl a and Chl b content
occurred in leaves of Cd treated radish and lettuce, while an
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Table 3:

Treatment Leaf No. Leaf area Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll Electrolyte

per plant per plant (cm ) (mg g f.wt.) (mg g f.wt.) (mg g f.wt.) a/b ratio leakage (%)

Effect of soil cadmium on some photosynthetic parameters and electrolyte leakage of lettuce leaves at 40 days after transplanting (DAT)

Control 9.7±1.12 a 628.6±84.97 a 0.554±0.01 a 0.235±0.02 a 0.789±0.09 a 2.36±0.07 a 34.9±3.56 a
25 mg Cd kg soil 10.7±2.44 a 415.6±39.49 b 0.508±0.04 b 0.203±0.05 b 0.716±0.11 b 2.50±0.08 b 38.6±3.14 b
50 mg Cd kg soil 10.3±1.11 a 356.6±96.25 c 0.473±0.03 c 0.194±0.05 c 0.668±0.12 c 2.44±0.09 b 39.7±2.37 b
100 mg Cd kg soil 10.0±2.33 a 206.0±23.96 d 0.406±0.04 d 0.149±0.03 d 0.570±0.08 d 2.72±0.06 c 43.4±4.14 c
200 mg Cd kg soil 9.3±1.11 a 133.5±21.40 e 0.246±0.05 e 0.091±0.01 e 0.353±0.07 e 2.70±0.05 c 46.2±3.8 d
LSD NS 101.79 0.05 0.02 0.08 0.10 2.76

Means with the same letter are not significantly different on the basis of LSD at p=0.05

2 -1 -1 -1

-1
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-1

-1

0.05

Table 2 :

Treatment Leaf No. Leaf area per Chlorophyll a Chlorophyll b Total chlorophyll Chlorophyll Electrolyte

per plant plant (mg g f.wt.) (mg g f.wt.) (mg g f.wt.) a/b ratio leakage (%)

Effect of soil cadmium on some photosynthetic parameters and electrolyte leakage of radish leaves at 40 days after sowing (DAS)

Control 8.0±0.33 a 294.9±46.21 a 0.905±0.09 a 0.511±0.04 a 1.42±0.08 a 1.77±0.08 a 32.5±3.37 a
25 mg Cd kg soil 8.0±0.78 a 254.5±26.45 b 0.864±0.08 b 0.432±0.09 b 1.296±0.12 b 2.03±0.11 b 45.9±6.23 b
50 mg Cd kg soil 7.0±1.0 a 219.4±28.33 c 0.558±0.03 c 0.261±0.05 c 0.818±0.10 c 2.20±0.07 b 48.6±6.03 b
100 mg Cd kg soil 6.0±0.33 b 92.9±18.78 d 0.443±0.07 d 0.181±0.05 d 0.623±0.08 d 2.44±0.06 c 58.6±7.64 c
200 mg Cd kg soil 4.0±0.9 c 38.5±10.90 e 0.376±0.06 e 0.142±0.04 e 0.518±0.09 e 2.61±0.004 d 77.9±9.44 d
LSD 1.80 26.45 0.09 0.07 0.12 0.5 10.31

Means with the same letter are not significantly different on the basis of LSD at p=0.05

(cm )
2 -1 -1 -1

-1

-1

-1

-1

0.05

Table 1 :

Treatment Radish Lettuce

Leaves Roots Leaves Roots

Effect of soil cadmium on dry weight (g) of leaves and roots of radish (40 DAS) and lettuce (40 DAT)

Control 2.18±0.09 a 2.02±0.07 a 3.56±0.13 a 0.31±0.02 a
25 mg Cd kg soil 2.08±0.04 a 1.89±0.12 a 3.06±0.11 b 0.21±0.05 b
50 mg Cd kg soil 1.88±0.03 b 1.18±0.09 b 2.72±0.07 c 0.17±0.02 c
100 mg Cd kg soil 0.71±0.08 c 0.73±0.03 c 1.51±0.09 d 0.13±0.01 d
200 mg Cd kg soil 0.37±0.02 d 0.26±0.01 d 1.09±0.09 e 0.11±0.02 d
LSD 0.45 0.41 0.36 0.05

Means with the same letter are not significantly different on the basis of LSD at p=0.05
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0.05
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increase was observed in Chl a/Chl b ratio ( Fig. 1 and Table 2
and 3). Total chlorophyll content of radish and lettuce leaves
decreased by 63 and 57 % as compared to controls following
the application of 200 mg Cd kg soil. The increase observed
in Chla/Chlb ratio could have been due to either faster
breakdown or decreased synthesis of Chl b as compared to
Chl a, although Chl a content also decreased due to Cd
treatments.

Abdel-Latif (2008) and Jhanji (2012) also
reported reduction in chlorophyll content by cadmium. The
decreased chlorophyll content associated with Cd stress
might be the attributed to inhibition of enzymes responsible
for chlorophyll biosynthesis 5-aminolaevulinic acid
dehydratase and protochlorophyllide reductase (Lanaras

., 1993) or inducing its degradation due to formation of free

-1
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radicals of polyunsaturated fatty acids resulting from
enhanced lipoxygenase activity (Sandalio ., 2001). In
addition, cadmium-induced reduction in chlorophyll content
was attributed to impairment in the supply of magnesium and
iron to the leaves (Greger and Ogren, 1991). Alternatively,
cadmium may substitute magnesium in chlorophyll
molecules (Kupper ., 1998). The reduction in Chl b was
more which resulted in higher Chl a : b ratio as the
concentration of Cd increased in the soil (Tables 2 and 3). At
200 mg Cd kg soil, the Chl b declined by 72% and chl a by
58% as compared to control in radish plants whereas in
lettuce the corresponding values were 56 and 61%
respectively. The increase in the ratio of Chl a:b have been
linked with the change in pigment composition of
photosynthetic apparatus which possesses lower level of
light harvesting chlorophyll proteins (LHCPs) (Loggini

et al

et al

et
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al

et al

., 1999). The reduction in LHCPs content is an adaptive
defense mechanism of chloroplasts, leaves and plants which
allows them to endure the adverse conditions (Asada .,
1998). Cadmium treatments also resulted in loss of
membrane integrity as indicated by increased membrane
leakage (Tables 2 and 3). However, the loss in membrane
integrity was comparatively less in leaves of lettuce as
compared to radish. The electolyte leakage increased by only
32 per cent in lettuce leaves as compared to 140 per cent
increase in radish leaves in response to 200 mg Cd kg soil.
Cadmium produces alterations in the functionality of

-1

membranes by inducing lipid peroxidation, disturbances in
chloroplast metabolism by inhibiting chlorophyll
biosynthesis and reducing the activity of enzymes involved in
CO fixation (Benavides 2005).

Cd concentration increased in edible parts of radish
(roots) and lettuce (leaves) with increase in applied Cd
concentration. In control treatment, Cd concentration in
radish roots was 29.5 μg g and 9.0 μg g in lettuce leaves.
The application of 200 mg Cd kg soil increased the Cd
concentration to 191.5 and 186 μg g dry weights of radish
roots and lettuce leaves, respectively (Table 4). However, no
phytotoxic symptoms due to Cd application were observed at
25 and 50 mg Cd kg soil, but 100 and 200 mg Cd kg soil
produced phytotoxic symptoms in the form of chlorosis on
leaves. This demonstrates the substantial accumulation of Cd
by the radish and lettuce plants. Apparently, Cd can be
harmful not because of its phytotoxic effects, but because of
the fact that radish and lettuce can accumulate high
concentrations of Cd without any visible plant symptom and
this accumulation can constitute a substantial health hazard to
human health. Azevedo (2005) reported that most of the
Cd taken up by sunflower plants was retained in the root, but
the portion of Cd that was translocated to shoot increased
with increase in Cd concentration in the medium. The
capacity for Cd translocation to different parts of the plant
also depends on the species/genotype and environmental
conditions.

Authors are thankful to the Head, Department of
Botany, Punjab Agricultural University, Ludhiana, for
providing research facilities.
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Fig. 1 : Effect of soil cadmium on chlorophyll content (Chl a and Chl b) and
chl a/b ratio on radish (A) and lettuce (B) leaves at 40 days after sowing
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