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Abstract: The solubility of cadmium compounds in agricultural soils made it to be more readily available and
easily taken up by plants and induces toxicity to growth, physiological, phytochemical and morphological
attributes in many species of plants. Response of Lactuca sativa L. to calcium treatment in Nutrient Film
Technique System (NFT) for alleviation of Cd toxicity was studied. Calcium treatment alleviated toxic effect of
cadmium in lettuce subjected to CdCl and CaCl  salts combinations of Ca0+Cd0, Ca0+Cd6, Ca0+Cd9, Ca6+Cd6,2 2

Ca6+Cd9, Ca9+Cd6 and Ca9+Cd9 mg/L in a hydroponic system. Treatment with Cd alone of 6 and 9 mg/L
significantly affected morphological and physiological characteristics of lettuce; however, with the introduction
of Ca, all parameters tested were enhanced with more effectiveness at Ca6+Cd6 and Ca9+Cd6 Ca/Cd
combinations. This study indicated that application of Ca  had significant and antagonistic effect on Cd by2+

improving plant growth and development.
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INTRODUCTION ultimately causing chlorosis of organs, growth inhibition,

Industrial processes and frequent use of phosphate both quality and yield [7,8]. According to Nawrot et al. [9]
fertilizers are some of the major sources of highly toxic exposure to Cd is associated with cancers of the prostate,
cadmium (Cd) pollution in the environment [1]. In a report lungs and testes, kidney tubule damages, rhinitis,
of Morel [2] Cd stands 7th out of the 20 toxins of the emphysema, osteomalacia and bone fractures in humans.
world and has no known biological function except in Lettuce is one of most freshly consumed vegetables,
Marine diatoms. Its continuous addition to the  arable at the same time, one of the high Cd-accumulating plants
land make it to reach high levels in the soil and is easily and therefore, became of particular concern in human
accumulated in plants; resulting in many toxic symptoms dietary uptake [10, 11]. Iron and phosphorus in addition
such as inhibition of growth and photosynthesis, to vitamins A and C are some of the important minerals
inhibition or activation of enzymes, disturbances in plant- found in lettuce. Lettuce, spinach, cereals and cabbage
water relations and ion metabolism and formation of free accumulates high content of heavy metals more than
radicals [3]. In a report of Sandalio et al. [4] macro and tomatoes, corn or sweet pea [12]. In the work of El-Beltagi
microelements uptake and distribution in plants is and Mohamed [13] and Radetski et al. [14] explained that
disturbed due to Cd toxicity. Among the effects of Cd plants are affected by Cd toxicity through oxidative
toxicity in plants [5] is the reduction in size and number of damage caused by reactive oxygen species (ROS).
xylem vessels due to induced effect on hormone balance According to Cho and Seo [15] environmental stresses
and water movement in addition to the differential effect can increase ROS generation in plants, resulting in
in the concentration of betaine, putrecine and spermine, oxidative stress disturbing the balance between ROS
suggesting a protection against metal-induced oxidative generation and its removal. However, Wu et al. [16] stated
stress by polyamines [6]. Toxic effect of Cd influences cell that Cd-induced ROS can be scavenged by anti-oxidative
division and various metabolic activities in crops, enzymes such as superoxide dismutase (SOD), catalase

among other injuries, resulting finally in the decline of
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(CAT) and peroxidase (POD); even though Cd can different combinations of Ca suppliment Ca/Cd (Ca0+Cd0,
obstruct the activities of these anti-oxidative enzymes and Ca0+Cd6, Ca0+Cd9, Ca6+Cd6, Ca6+Cd9, Ca9+Cd6 and
increase the malondialdehyde (MDA) content in plant Ca9+Cd9 mg/L) supplied in the form of CaCl  and CdCl
cells. after 9 days of transplanting. This factorial experiment was

Calcium is a multifunctional nutrient in physiology of arranged in a Randomized Complete Block Design (RCBD)
crop plants, which in soluble form influences availability with three replications under a netted rain shelter with a
and uptake. It was reported by El-Beltagi and Mohamed temperature range of 24 - 38 C and relative humidity of 52
[13] and Hepler [17] that Ca is a central regulator of plant to 94 % under light intensity of 300 mol m s . Fully
growth and development playing a crucial role in the expanded leaves were counted at maturity after 8 weeks,
adaptation to stress environments. According to Hall [18] while plant height was measured using meter rule from the
and Ismai [19], calcium plays major role in signal base of each plant to its leaf tip. Total leaf area (cm ) and
transduction during environmental stress. Plasma root analysis, were recorded at maturity stage after 8
membrane as the first target of heavy metal toxicity in weeks using total leaf area LI-COR (LI-3100 C Area Meter,
plant cells serves as an important stress indicator that its Inc. USA) and WinRhizo Inc., respectively. Six plants per
disturbance alters normal Ca signal transferring system replication per variety were randomly selected. Weight of
[20]. Amelioration of heavy metal toxicity can be achieved plant samples were determined by weighing above root
by application of moderate amount of exogenous Ca to level of the plants using sensitive digital balance and dry
increase the stability of plasma membrane and restoring weights were recorded after oven drying the plant
Ca signal transferring system [21]. Calcium ameliorated Cd samples at 65 – 70 C for 3 days until a constant weight
toxicity in Trifolium repens [22] and in oilseed rape [21]. was obtained.
Calcium (Ca) was found to inhibit the toxic effects of Chlorophyll  content  was estimated using the
abiotic stress through the regulation of antioxidant method of Witham et al. [27]. Three one cm  discs of leaf
metabolism and water relation [23,24]. Due to Ca and Cd tissue were obtained from a third fresh leaf sampled
similarities in ionic radius, Ca  can compete with Cd  for randomly each from six different plants per replication2+ 2+

absorption by plant roots and Ca  suppliment in the using a cork borer. Samples were soaked in 20 mL of 80%2+

growth medium can reduce the damage caused to plants acetone wrapped with aluminium foil and placed in the
by excess Cd [25]. This work was conducted to find out dark for 3-5 days to ensure maximum chlorophyll
whether fertilization with Ca can alleviate the toxic effect extraction from the tissues. Samples were then analyzed
of Cd on morphological and physiological characteristics for chlorophyll using a spectrophotometer (Model UV-
of lettuce. 3101PC, UV-VIS NIR) at 663 and 645 nm. Chlorophyll

Materials and Methods sample. Measurement of net rate of photosynthesis (Pa,

Seedlings of two weeks old lettuce Bonbilasta (BBL) conductance (g ) was taken using calibrated portable
were transplanted into a trough measuring 240 cm (8 ft.) in photosynthesis system (LI-6400; LI-COR, Inc.; Lincoln,
length, 30 cm (1 ft.) wide and 6 cm deep. The holes for NE) on a third fully expanded leaf of similar age, between
seedlings on sterol foams cover were alternately arranged 9-11 am. Carbon dioxide was provided steadily from an
with a distance of 26 cm between holes and a half inch external source (LI-COR Inc.) maintained at 400 L L
PVC water pipe running on top of the sterol foams cover within the leaf chamber throughout the measurement.
connected to a submersible pump in a 50 liters bucket Photosynthetically active radiation (PAR) of 1200 mol m
(reservoir tank) containing Cooper’s Nutrient Formulation
solution [26] of (mgL ): 236 N, 60 P, 300 K, 185 Ca, 50 Mg,-l

68 S, 12 Fe (EDTA), 2.0 Mn, 0.1 Zn, 0.1 Cu, 0.3 B and 0.2
Mo, using a Nutrient Film Technique System (NFT). The
nutrient solution was in continuous circulation from the
reservoir (buckets) through the troughs and back into
buckets; pH was maintained at 5.5 to 6.5 and nutrient
strength (E.C) 1.5 - 2.5 dS/m. All buckets (reservoirs) were
covered with sheets of black polythene to prevent algal
growth in the nutrient solution. Plants were subjected to
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content was estimated and expressed as mg cm  of-2

in mol m  s ), transpiration (mL/cm ) and stomatal-2 -1 2

s

-1

-

 s  was supplied by the 6400-02 LED (LI-COR) light2 -1

source in the leaf chamber. 

Statistical Analysis: Two-way analysis of variance was
calculated following the general linear model (GLM)
procedure using statistical software package (SAS
version 9.2, SAS Institute Incorporated, Cary, North
Carolina, USA), taking the significance at 5% level of
probability. Means were separated using Duncan’s
multiple range test (DMRT) procedure.
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RESULTS AND DISCUSSIONS The negative effect displayed on lettuce growth by

Cadmium had been described to have negative effect by inhibiting chlorophyll and photosystem II responsible
on plant biomass which is regarded as one of the most of the photochemical efficiency of the plant. A similar
important parameters indicating the stress level in plants trend was observed of inhibited plant growth and cell
[28]. Exposure to increasing Cd concentrations resulted in death [29]. Morphological and physiological
both roots and aerial plant growth retardation (Table 1). characteristics of two lettuce varieties were significantly
Number of leaves in lettuce was reduced to 28% at the affected by Cd concentrations of 3, 6, 9 and 12 mg/l [30].
highest Cd concentration when compared with untreated Negative effect was recorded in terms of number of
control. A decrease of 47 and 45% was obtained  in  fresh leaves, fresh and dry leaf weights and dry root weight in
leaf and root weights; while 39 and 41% reduction was the varieties. Romero-Puertas et al. [31], who found the
seen in dry leaves and root weights at the highest Cd same negative effect of Cd on the leaves surface area of
concentration of 9 mg/L compared with the control. peas plants cultivated for 15 days with a 2.7-fold
Assessment of the overall health of plants is achieved by reduction in dry weight and surface area in comparison
measuring root/shoot ratio and comparing the result with with peas cultivated without Cd was also reported. 
the control group. A decrease of 47% in root/shoot ratio Application of 6 and 9 mg/l Ca to Cd-stressed plants
was obtained at the highest Cd level of 9 mg/L in improved the performance of lettuce in all parameters
comparison with the untreated control plants, which is an tested. Number of leaves was increased by 19%, while
indication of change in the health of lettuce due to Cd fresh leaves and dry root weights were increased by 52
toxicity (Table 1). and 39%, respectively; dry leaves and root weights

Strong positive correlations with respect to all appreciated to 27 and 56% respectively, with an increase
morphological parameters tested was found (Table 2), of 29 and 52% obtained in leaf area and root/shoot ratio,
indicating the adverse effect of Cd on plant growth. when   compared    with    untreated   control    at   highest

Cd could be attributed to the inhibition of photosynthesis

Table 1: Effect of calcium supplement on morphological characteristics of lettuce grown in solution containing cadmium

Fresh weight (g) Dry weight (g)
-------------------------------- -------------------------------

Treatment No. of leaves Leaf Root Leaf Root Leaf area (cm ) Root: shoot2

Cadmium rate (mg/l)
0 25.30a 157.48a 32.15a 26.23a 8.34a 3487.64a 0.43a
6 22.84b 124.22b 26.44b 21.94b 6.82b 2929.04b 0.34b
9 18.14c 83.89c 17.59c 15.92c 4.88c 1433.11c 0.23c
Significance ** ** ** ** ** ** **

Calcium rate (mg/l)
0 19.79c 89.53c 19.93c 17.47b 4.98c 2086.16c 0.25c
6 20.96b 120.34b 24.43b 21.55a 6.48b 2456.20b 0.32b
9 23.48a 136.27a 27.79a 22.13a 7.78a 2701.60a 0.38a
Significance ** ** ** ** ** ** **

Interaction
Ca x Cd ** ** ns ns ** ** **

*, **, ns, denotes significant at 5% and not significant, respectively. Means followed by same letters are not significantly different by LSD test.z

Table 2: Pearson’s correlation matrix of morphological attributes of lettuce subjected to different cadmium and calcium concentrations in the solution medium.

Variables Leaf Area Fresh leaf weight Fresh Root weight Dry leaf weight Dry root weight Root: Shoot

Leaf Area 1
Fresh leaf weight 0.922** 1
Fresh root weight 0.932** 0.965** 1
Dry leaf weight 0.942** 0.968** 0.949** 1
Dry root weight 0.840** 0.954** 0.935** 0.924** 1
Root: Shoot 0.920** 0.985** 0.958** 0.954** 0.954** 1

highly significant at 1% by Pearson’s correlation test.**
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Fig. 1: Interaction  effect  in:  A  -   dry   leaves   weight, indicating that Chl. b was more affected than Chl. a.
B -  dry  root weight and C - total leaf area of However, application of Ca suppliment of 6 and 9 mM
lettuce treated with calcium and cadmium improved the content of the pigments in lettuce, where
combinations. increase of 50% was found in Chl. a, 67% in Chl. b and

concentration level of 9 mg/l Ca (Table 1). Increase in highest concentration level of 9 Mm (Table 3). The decline
root/shoot ratio indicated healthier plant that resulted in chlorophyll content in lettuce exposed to Cd toxicity
from greater root size as a result of Ca alleviation of toxic might be associated to impairment in the supply of
effect caused by Cd at the root surface. The first barrier important mineral elements such as Mg , Fe , Zn  and
preventing entry of Cd into the root is the wall of Mn  that are required for the synthesis of chlorophyll or
epidermal cells, consequent of which many more metal alternatively, due to the inhibition of synthesis of
ions accumulate in the root than the shoot [32]; causing important enzymes, such as ä-aminolevulinic acid
significant inhibition of root growth and cell division [33]. dehydratase and protochlorophillide reductase, which are
Sarwat et al. [34] reported that among the range of involved in chlorophyll biosynthesis [37]. Total
activities  Ca regulates within the cell includes cell chlorophyll content in the leaves of Mungbean seedlings
division and elongation, cytoplasmic streaming, treated with 60 M Cd decreased significantly to 69% of
photomorphogenesis and plant defense against both Chl. a and Chl. b. In the report of Rascio et al. [38]
environmental stresses. Changing their conformation in and Goncalves et al. [39] in addition to inhibition of
response to Ca-binding, calmodulin proteins regulate a chlorophyll biosynthesis by Cd, chlorophyll degradation,
variety of mechanisms, including ion transport, gene disorganization of chloroplasts, a decreased number of
regulation, cell motility, growth, proliferation, apoptosis photosynthetic membranes and oxidative stress can be
and stress tolerance [35]. Significant interactions were the reasons for reduced chlorophyll content. 

observed  in  leaf  and  root   dry   weights   with  respect
to the Ca and Cd combinations. Increase in Cd
concentration  suppressed  lettuce  biomass,  but  this
was overcome with Ca suppliment in the medium
providing positive effect commensurate to the untreated
control. Similar trend was observed in total leaf area,
where levels of Ca used improved lettuce leaf structure by
refining the leaf surface area for photosynthetic activity
(Table 1).

In  this  study, application of Ca was found to
alleviate the toxic effect of Cd on morphological
characteristics of lettuce, with interactions in all
morphological  parameters  tested  except  dry  root and
leaf mass (Fig. 1), which concur with the findings of Wan
et al. [21] that application of moderate amount of
exogenous Ca can ameliorate heavy metal toxicity by
increasing the stability of plasma membrane and restoring
calcium signal transferring system. The role of Ca in
alleviating Cd induced toxicity possibly by restoring
uptake of water through vascular tissues, chlorophyll
biosynthesis and accumulation of biomass in mungbean
seedlings [36]. 

Lettuce pigments were adversely affected by Cd
toxicity as shown in Table 3. Chlorophyll a content was
decreased by 34%, Chl. b by 40% and total chl. decreased
by 19% when stressed at the highest Cd concentration of
9 mg/L, respectively, compared with the untreated control;

total Chl. 59% compared with the untreated control at the

2+ 2+ 2+

2+
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Table 3: Effect of calcium supplement on physiological characteristics of lettuce grown in solution containing cadmium 

Treatment Chl a mg g  FW Chl b mg g  FW Total Chl mg g  FW P  mol m- s- G mmol m- s- E mol m- s--1 -1 -1 2 1 2 1 2 1
n s

Cadmium rate (mg/l)

0 5.60a 6.64a 12.25a 21.16a 1.98a 9.22a

6 4.89b 5.38b 10.27b 18.96b 1.59b 8.34b

9 3.73c 3.98c 7.72c 13.98c 0.92c 6.23c

Significance ** ** ** ** ** **

Calcium rate (mg/l)

0 3.96c 4.46c 8.43c 15.97c 1.29b 6.98b

6 4.63b 5.13b 9.77b 17.48b 1.37a 7.28b

9 5.17a 5.54a 10.70a 18.55a 1.45a 8.71a

Significance ** ** ** ** ** **

Interaction

 Ca x Cd ns ** ** ** ** **

*, **, ns, denotes significant at 5% and not significant, respectively. Means followed by same letters are not significantly different by LSD test. Chl az

Chlorophyll a; Chl chlorophyll b; P _Net photosynthetic rate; G  Stomatal conductance; E Transpiration rate.n s

Fig. 2: Interaction effect of calcium and cadmium increase  the  tolerance   of   plants   against   abiotic
combinations on: stress [42,43, 44]. Strong positive correlations in all
A - stomatal conductance, B - transpiration and C physiological attributes tested in lettuce were found
- photosynthesis in lettuce (Table 4).

Photosynthetic  efficiency  of  lettuce  was  reduced
to  34%,  stomatal  conductance  to 54% and transpiration
to 32%  when  treated  with  Cd at a higher concentration
of 9 mg/L compared with untreated ones (Table 3),
significant  interactions  in  most  of   the  parameters
tested  were  found  (Fig.  2).  Cadmium  stress
significantly depressed seedling growth and reduced
photosynthetic rate, stomatal conductivity and
transpiration rate [21]. In addition to the above, Cd
toxicity  markedly   decreased   the   electron   transport
rate of photosystem II, effective quantum yield of
photochemical  energy conversion in PS II,
photosynthetic active radiation, coefficient of
photochemical   quenching  and  chlorophyll fluorescence
decrease ratio. 

Supplementation  with Ca in the medium improved
photosynthesis  to  16%,  stomatal  conductance  to 12%
and transpiration to 25% compared with the control.
Calcium   brought   about   reduction   of   the  toxicity
effect  of  Cd  in  lettuce by antagonizing the toxicity
effects of  all  the  parameters  tested.  The  efficiency  of
Ca   was  more  at  higher  dose  of  9  mM  CaCl  used  in2+

2

the solution (Tables 1 and 3). According to Wang et al.
[40] and Wang and Wang [41] calcium regulates the
activities of target proteins directly or via Ca-binding
proteins,   such as    calmodulin,   which   after  binding
to  Ca ,  activates  a  number  of  protein  kinases  and2+

other proteins in plant cells. Calcium was shown to
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Table 4: Pearson’s correlation matrix of physiological attributes of lettuce subjected to different cadmium and calcium concentrations in the solution medium.

Variables P G E Chl. a Chl. b Total chl.n s

Photosynthesis 1

Stomatal cond 0.830** 1

Transpiration 0.892** 0.856** 1

Chlorophyll a 0.915** 0.819** 0.898** 1

Chlorophyll b 0.962** 0.833** 0.879** 0.935** 1

Total chlorophyll 0.956** 0.840** 0.902** 0.981** 0.986** 1

Chl a Chlorophyll a; Chl chlorophyll b; P _Net photosynthetic rate; G  Stomataln s

conductance; E Transpiration rate

CONCLUSION 7. Bisova,   K.,    J.  Hendrychova,    V.    Cepak    and

Cadmium toxicity has negative effects on plant processes are differentially sensitive to cadmium in
growth and development with ultimate consequence to Scenedesmus quadricauda. Folia Microbiol (Praha),
human health. Fertilization with Ca in the growth medium 48: 805-816.
alleviated Cd toxicity stress and restores the 8. Unyayar, S., A. Celik, F.O. Cekic and A. Gozel, 2006.
morphological and physiological attributes in lettuce and Cadmium-induced genotoxicity, cytotoxicity and lipid
increased plant biomass. It can therefore be recommended peroxidation in Allium sativum and Vicia faba.
for the utilization of Ca  in growth medium as a strategy Mutagenesis, 21: 77-81. 2+

to alleviate the harmful effects of heavy metals, 9. Nawrot,  T.S.,   V.E.   Hecke,   L.   Thijs,   T.   Richart,
particularly Cd to enhance plant metabolism and perform T. Kuznestova, Y. Jin, J. Vangronsveld, H.A. Roels
better in Cd polluted environments. and J.A. Staessen, 2006. Environmental exposure to
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