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ABSTRACT                        Nickel is considered to be an essential micronutrient for many plants; however, 
it is very toxic at excess concentration. In this investigation the interaction between L-histidine 
(His) and calcium on improvements of growth and K+ nutrition was studied under Ni2+ stress 
in hydroponic media in 3 tomato cultivars (Cal-J N3, Early Urbana Y and Petoearly CH) from 
Iran. The treatments contained Ca2+ (400 and 700 µM), L-histidine (0 and 300µM) and NiSO4 (0, 
150 and 300 µM). The following parameters were determined: root and shoot length, fresh 
weight, pigment concentration, leaf area index, K+ accumulation, reducing sugars, proline, free 
amino acids (FAA) and leaf relative water content (RWC). The results showed that Ni2+ treat-
ments significantly decreased the shoot and root length, the pigment content of leafs and the 
K+ content of root and shoot in all cultivars, whilst application of Ca2+ and His elevated these 
growth and nutritional parameters irrespectively of the presence of Ni. The effect of Ca2+ on 
increasing of leaf area and other parameters in Early Urbana Y and Cal-J N3 cultivars was more 
pronounced than in Petoearly CH cultivar. Therefore, application both Ca2+ and His can affect 
on nutrition improvement and increasing of the tolerance and growth of agronomic plants 
under Ni2+ stress. Acta Biol Szeged 57(2):131-144 (2013)
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Figure 1. The mean of shoot and root length (A-F) determined and three-way ANOVA with multiple but equal number of observations per 
test tube for the effects of individual treatments and their interactive effects on the growth prarmeter changes in the tomato cultivars treated 
with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four 
replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments.



Figure 2. The mean of shoot and root fresh weight (A-F) determined and three-way ANOVA with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on fresh weight changes in the tomato cultivars treated with 
a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replica-
tions ± SE (n=4). Different letters indicate significantly different values among the experimental treatments.



Figure 3. The mean of leaf RWC (A-C) and leaf area (D-F) determined and three-way ANOVA with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on the leaf parameters changes in the tomato cultivars treated 
with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four 
replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments.



Figure 4. The mean of leaf total chlorophyll (A-C) and carotenoids (D-F) determined and three-way ANOVA with multiple but equal number of 
observations per test tube for the effects of individual treatments and their interactive effects on the leaf parameters changes in the tomato 
cultivars treated with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the 
mean of four replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments.



Figure 5. The mean of shoot and root reduced sugars (A-F) determined and three-way ANOVA with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on reduced sugars content changes in the tomato cultivars of 
treated with a nutrient solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean 
of four replications ± SE (n=4). Different letters indicate significantly different values among the experimental treatments.



Figure 6. The mean of shoot and root proline (A-F) determined and three-way ANOVA with multiple but equal number of observations per test 
tube for the effects of individual treatments and their interactive effects on proline content changes in the tomato cultivars treated with a nutri-
ent solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replications±SE 
(n=4). Different letters indicate significantly different values among the experimental treatments.



Figure 7. The mean of shoot and root FAA (A-F) determined and three-way ANOVA with multiple but equal number of observations per test 
tube for the effects of individual treatments and their interactive effects on FAA content changes in the tomato cultivar treated with a nutrient 
solution containing different concentrations of nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replications ± SE 
(n=4). Different letters indicate significantly different values among the experimental treatments.



Discussion

Figure 8. The mean of shoot and root K accumulation (A-F) determined and three-way ANOVA with multiple but equal number of observations 
per test tube for the effects of individual treatments and their interactive effects on K content changes in the tomato cultivars treated with a 
nutrient solution containing different concentrations of Nickel, calcium and histidine (P<0.05). Vertical bars indicate the mean of four replica-
tions ± SE (n=4). Different letters indicate significantly different values among the experimental treatments.
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