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INFLUENCE OF Pb AND Cu TOXICITY ON LETTUCE PHOTOSYNTETIC PIGMENTS AND DRY MATTER ACCUMULATION
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Abstract
The uptake of copper and lead supplied in nutrient solution (500 μM) and their detrimental impact on photosynthetic pigments concentration and dry matter accumulation in three lettuce cultivars were investigated. The concentration of copper and lead in lettuce leaf ranged from 8.62 to 14.20 mg kg-1 leaf dry weight for copper, and from 1.97 to 4.05 mg kg-1 leaf dry weight for lead, after two days of exposure. In copper and lead treated plants significant differences in leaf and root dry weight accumulation were not established, but concentrations of chlorophyll b and carotenoids showed significant reduction in cultivar Triatlon. In other words, tolerant genotype (cultivar Nadine) accumulated less copper and lead in leaves, the edible parts of lettuce, therefore such genotypes could be recommended for planting on potentially polluted soils.
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Introduction

Vegetables are very important source of beneficial organic compounds and minerals in human diet. When they are planted on urban and suburban contaminated soils, they can be potentially dangerous carriers of heavy metals, like cooper and lead, in to the food chain. In the research of Hibben et al. (1984), lettuce planted in contaminated soils accumulated more lead than other vegetables. High heavy metals uptake causes oxidative stress in plants which is manifested through induction of peroxidases (POX or POD; EC 1.11.1.7, Singh et al., 1997). In the research of El-Tayeb (2006), oxidative stress can also cause decrease of photosynthetic pigments concentration (chl a, chl b, carotenoids) in wheat under drought conditions. Toxicity of heavy metals in plant organism can cause damage of photosynthetic pigments that according to Veres et al. (2007) induce remission of dry matter production, which is very important in agronomy. Kisić et al. (2007), reported that air and water pollution have been broadly addressed and included in teaching curriculum and science researches, while the heavy metal soil contamination has been highly neglected. Bálint et al. (2007) stated that it would be recommendable to avoid planting on heavy metal contaminated soils. The aim of the research presented here is to evaluate short term copper and lead toxicity in lettuce using photosynthetic pigments concentration as well as dry matter accumulation as stress parameters. 
Material and methods

Seeds of three lettuce (Lactuca sativa L.) cultivars were planted for three weeks in glasshouse conditions in commercial substrate, till the four to five leaf stages. After washing thoroughly with running deionised water they were fixed on perforated polystyrene fasteners of glass pots containing nutrient solution for leafy vegetables after Lee and Park (2001). The nutrient medium was renewed every 3 days and aerated for one hour each day. The experiment was settled in four replicates and each replicate contained four plantlets. The pots were kept for three weeks in a growth chamber at 20oC, with 70% relative humidity and 12-h photoperiod. The fluorescent lamps were used to provide the photosynthetic photon flux density 120 μmol/m2/s at the leaf level. Subsequently, the plantlets were treated with 500 µM Cu(SO4) or Pb(NO3)2 (final concentration) in nutrient solution for 2 days.

Thereafter, plantlets were divided in roots and leaves. The amount of tissue dry weight was determined by drying at 70oC for 24 h. Dry samples of leaves were subtracted to wet digestion using of 4% HClO4 acid in concentrated H2SO4, with addition of H2O2. Copper and lead concentration was measured by ICP-AAS.

Leaf chloroplast pigments were extracted from the most developed leaf using 100% acetone. The absorbance of the extracts was measured spectrophotometrycally (Wettstein, 1957). The individual levels of chlorophyll a (Chl a), chlorophyll b (Chl b), total chlorophylls (Chl a+b) and total carotenoids (Car) were calculated. The results of plant analysis were statistically analysed using ANOVA with F-test for the evaluation of significance of the applied treatments, as well as t-test in single regression analyses for the evaluation of the significance of established correlations among tested parameters (* P≤0.05; ** P≤0.01).
Results and discussion
The chlorophyll content of the leaves can influence on dry matter incorporation, which affects on yield factors (Széles, 2007). Higher chlorophyll contents may enhance photosynthesis and result in higher amount of dry matter (Veres et al., 2007). As stated by Vassilev et al. (2007) at low degree of metal contamination the visible symptoms, such as chlorosis, necrosis of leaf tips, etc. are less pronounced or even could be absent, although some reduction of plant quality as well as biomass inhibition persist. Here, copper treatment slightly reduced fresh weight and dry weight of the leaf in all three tested cultivars (Table 1) while plantlets treated with lead showed appreciable higher values concerning control plants. The influence of heavy metals on root dry weight was diverse, regarding cultivars. Significant decline in root dry weight was observed in cooper treated Marcord, whereas root dry weight was higher in copper-treated Nadine and lead-treated Triatlon (P≤0.05).
The applied copper and lead concentration in nutrient solution, although the exposure lasted only two days, resulted with their mostly significant accumulation in the leaves of lettuce. Heavy metal content was in the range from 12.77 (Nadine) to 15.22 mg kg-1 DW leaf (Triatlon) for copper and from 1.97 (Nadine) to 4.58 mg kg-1 DW leaf (Triatlon) for lead (Table 1.). The results showed significant remission of chlorophyll a (data not shown) and b under treatment with 500 μM Pb in cultivar Triatlon. Treatment with copper had not been statistically justified for chlorophyll a, carotenoids and total chlorophylls, but chlorophyll b was notably reduced in all cultivars.
Regarding the ratios of chl a/chl b as well as chl/car, the influence of the applied heavy metal stress was not significant, except in chl a/chl b in cultivar Triatlon, where it was lowered by copper treatment (P≤0.05). 
Table 1. The impact of lead and cooper treatments (48 h) on concentration and ratios of photosynthetic pigments as well as the accumulation of dry matter and heavy metals in lettuce grown in nutrient solution
(data are means of four replicates; the concentration of lead (Pb) and cooper (Cu) in nutrient solution 500 µM Cu(SO4) or Pb(NO3)2  and control; chl b - chlorophyll b; chl a- chlorophyll a; car - carotenoids; FW fresh weight; DW dry weight).
	Cultivar
	Heavy metal treatment
	chl b
	car
	chl a/

chl b
	chl/
car
	DW 
root
	DW 
leaf
	Cu 
leaf
	Pb 
leaf

	
	
	mg g-1 FW
	mg g-1 FW
	mg plant-1
	mg kg-1 DW

	Triatlon
	control
	0.123
	0.100
	2.0
	3.5
	24
	276
	8.30
	1.88

	
	Cu
	0.083
	0.095
	3.0
	3.1
	25
	260
	15.22
	-

	
	Pb
	0.079
	0.080
	2.8
	3.4
	29
	292
	-
	4.58

	Marcord
	control
	0.109
	0.092
	2.2
	3.5
	24
	232
	8.50
	2.55

	
	Cu
	0.097
	0.086
	2.1
	3.3
	19
	189
	14.63
	-

	
	Pb
	0.088
	0.095
	2.4
	2.5
	22
	257
	-
	3.92

	Nadine
	control
	0.114
	0.104
	2.0
	3.2
	32
	288
	9.05
	1.78

	
	Cu
	0.116
	0.126
	1.9
	2.7
	38
	278
	12.77
	-

	
	Pb
	0.171
	0.106
	1.1
	3.6
	34
	288
	-
	3.65

	mean
	control
	0.115
	0.099
	2.1
	3.4
	27
	265
	8.62
	1.97

	
	Cu
	0.099
	0.103
	2.4
	3.0
	28
	242
	14.20
	-

	
	Pb
	0.113
	0.094
	2.1
	3.2
	29
	279
	-
	4.05

	LSDP≤0.05
	0.033
	0.019
	1.0
	0.7
	4.2
	49.6
	2.21
	1.76

	LSDP≤0.01
	0.045
	0.026
	1.4
	1.0
	5.8
	67.9
	3.18
	2.52
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	Figure 1. The correlation between carotenoids concentration and leaf fresh weight in lettuce cultivars without heavy metal treatment (** P≤0.01)
	Figure 2. The differences in correlations among chlorophylls and carotenoids concentrations in control (y1), copper (y2) and lead (3) treated lettuce (* P≤0.05, ** P≤0.01)


With an increase of carotenoids concentration, fresh weight content was very significantly increased in control plants, as shown in Figure 1 (r = 0.861**). In all treatments, highly significant correlations between total chlorophylls and carotenoids concentration were established. The highest correlation coefficient was obtained in control treatment (r = 0.831**, y1), where mostly higher concentrations of chlorophyll and carotenoids were observed. Excessive lead supply also gave high correlation between chlorophyll and carotenoids content in lettuce leaves (r = 0.785**, y3), while in copper stressed plants the lowest significant correlation was obtained (r = 0.634*, y2), that started from lowest level of photosynthetic pigments concentration.
Conclusions

The accumulation of Cu and Pb in lettuce was accompanied with the reduction of photosynthetic pigments concentration in general. A short term treatment with high concentration of the applied heavy metals in nutrient solution resulted with non significant differences between cultivars in accumulation of dry weight, though some genotypes showed higher tolerance on particular heavy metal accumulation in leaves. The observed diversity of lettuce genotypes regarding their tolerance to heavy metal stress and accumulation in leaves, imply the possibility to grow particular genotypes in areas like urban gardens, roadsides and potentially polluted agricultural areas. 
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