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Table 3- Mean comparison for the effect of different concentrations of Ni(NO3), on morpho-physiological characteristics of radish in aeroponic system

proline fresh weight of aerial part  fresh weight of  leaf number root length aerial length Ni(NOs), in nutrient
(umol/g) (g/plant) root (g/plant) per plant (cm) (cm) solution (mg/L)
12.01 b 22.19 a 145 a 13.20 a 22.10 a 14.10 a 0

17.10 a 13.80 b 1.20 a 10.10 b 15.30 b 10.60 b 3

17.32 a 570 ¢ 0.83b 730¢ 1140 b 7.67 ¢ 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 4- Mean comparison for the effect of different concentrations of Ni(NO3), on morpho-physiological characteristics of radish in aeroponic system

proxidase catalase carotenoid chlorophyllb  chlorophyll a Ni(NO3); in nutrient
(umol g'Fwt min™) (umol g 'Fwt min™) (mg/g Fwt) (mg/g Fwt) (mg/g Fwt) solution (mg/L)
12.12 ¢ 1251 ¢ 1.23 a 0.67 a 1.12 a 0
15.71b 1523 b 091b 053 a 1.00 a 3
18.55 a 18.10 a 0.62 ¢ 031D 0.83b 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 7- Mean comparison for the effect of different concentrations of Ni(NO;), on morpho-physiological characteristics of radish in soil culture

fresh weight of aerial

proline fresh weight of  leaf number  root length aerial length Ni(NO3), in nutrient

(pmol/g) part root (g/plant) per plant (cm) (cm) solution (mg/L)
(g/plant)

17.33 b 19.52 a 123 a 10.24 a 16.22 a 1453 a 0

2332 a 12.54 b 0.84 b 834 b 12.31b 9.71b 3

26.15 a 8.70 ¢ 0.79b 541 c 8.41 c 6.54 ¢ 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 8- Mean comparison for the effect of different concentrations of Ni(NO;), on morpho-physiological characteristics of radish in soil culture

Carotenoid chlorophyll b chlorophyll a proxidase catalase Ni(NOs3); in nutrient
(mg/g Fwt) (mg/g Fwt) (mg/g Fwt) (umol g'let min™) (umol g'let min™) solution (mg/L)
1.38 a 0.61 a 0.74 a 2411 c 26.14 ¢ 0
I.11 b 042 b 053 b 2524 b 2932 b 3
1.09 b 038 b 039 ¢ 29.13 a 3140 a 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Figure 1- Mean comparison for the effect of different concentrations of Ni(NOs), for dry weight of root and aerial part of
radish in aeroponic system
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Figure 2- Mean comparison for the effect of different concentrations of Ni(NO;), for Ni in root and aerial part of radish in
aeroponic system
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Figure 3- Mean comparison for the effect of different concentrations of Ni(NOs), for dry weight of root and aerial part of
radish in soil system
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Figure 4- Mean comparison for the effect of different concentrations of Ni(NO;), for Ni in root and aerial part of radish in
soil system
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Table 11- Mean comparison for the effect of different concentrations of Pb(NO;), on morpho-physiological characteristics of radish in aeroponic system

fresh weight of aerial

proline fresh weight of  leaf number root length aerial length Pb(NO3); in nutrient
(umol/g) (g/ﬁ:ﬂt) root (g/plant) per plant (cm) (cm) solution (mg/L)
12.01b 22.19 a 145a 1321 a 22.12 a 14.12 a 0

21.13 a 17.71 b 1.00 b 9.23b 14.10 b 11.23 b 3

2442 a 9.52¢ 0.82 ¢ 6.34c 13.34 b 10.34 b 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 12- Mean comparison for the effect of different concentrations of Pb(NOs3), on morpho-physiological characteristics of radish in aeroponic system

carotenoid  chlorophyll b  chlorophyll a proxidase catalase Pb(NOs3); in nutrient solution
(mg/g Fwt)  (mg/g Fwt)  (mg/g Fwt) (umol g 'Fwt min™) (umol g 'Fwt min™") (mg/L)

1.23 a 0.67 a 1.12 a 12.13 b 12.51 b 0

0.86 b 0440 1.03 a 15.32 ab 14.23 ab 3

0.58 ¢ 035¢c 0.75b 18.22 a 17.14 a 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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Table 15- Mean comparison for the effect of different concentrations of Pb(NOs), on morpho-physiological characteristics of radish in soil culture

fresh weight of aerial

proline fresh weight of  leaf number root length aerial length Pb(NO3); in nutrient

(umol/g) part root (g/plant) per plant (cm) (cm) solution (mg/L)
(g/plant)

17.33 b 19.55a 1.29 a 10.20 a 16.21 a 14.51 a 0

19.24 b 1523 b 093 b 7.41 ab 11.84 b 10.22 b 3

2471 a 10.71 ¢ 091b 523b 753 ¢ 530c¢ 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
S ClS s 5 s SS ol 3y g0 Slio o Ol 2o Cilises L;ugm;,;u 6“&5“'[-:“ deslie —A J 50>

Table 16- Mean comparison for the effect of different concentrations of Pb(NOs), on morpho-physiological characteristics of radish in soil culture

chlorophyll

Carotenoid chlorophyll b (g proxidase catalase Pb(NO3); in nutrient solution
a(m . - . -
(mg/g Fwt) (mg/g Fwt) . g)g (umol g'Fwt min")  (umol g'Fwt min™) (mg/L)
wt
1.38 a 0.61 a 0.74 a 2412 ¢ 26.11 ¢ 0
1.08 b 0.39b 0410 3224 b 29.63 b 3
1.02b 0.36b 0.38Db 37.63 a 44.24 a 6

Means followed by the same letter(s) are not significantly different at 0.01 level of probability
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ABSTRACT

Introduction: Heavy metal over-dosage is a predominant concern in soil pollution
worldwide due to the high stability of these elements as well as their health side-effects
on many organisms including humans. Heavy metals of the biosphere rise since the
beginning industrial revolution and the toxicity of heavy metals cause to impair the
process of germination and growth of plants(Smialowicz et al., 1984; Smialowicz et 4l.,
1988).In this study, the effects of Pb (NOs)2, and Ni (NOs): on growth in radish in the
aeroponic system and soil culture were investigated .

Materials and methods: In this study, the effects of the different concentration of Pb
(NOs)2 (0, 3 and 6 mg/L) and different concentration of Ni(NOs): (0, 3 and 6 mg/L)
were investigated in the two independent experiments according to a completely
randomized design (CRD) with three replication 1n soil culture and aeroponic system. In
this experiment, after 30 days of plant growth in the aeroponic system and soil culture
the traits including root length, shoot length, fresh weight of shoot, dry weight of shoot,
fresh weight of root, dry weight of root, leaf number, catalase, peroxidase, proline,
chlorophyll a, chlorophyll b, carotenoid, Ni in root and shoot (in the experiment of
Ni(NOs)2) and Pb in root and shoot (in the experiment of Pb (NOs)2) were measured.
Results and Discussion:The results of ANOVA in two experiments indicated a
significant difference between different treatments at a level of 5% for most traits in soil
culture and aeroponic system. The result indicated that with the increase in
concentrations of Pb, leaf number, plant height, root length, fresh weight of shoot, dry
weight of shoot, fresh weight of root, dry weight of root, chlorophyll a, chlorophyll b
and carotenoid showed a downward trend while proline content, catalase, peroxidase, Pb
content in root and Pb content in the shoot were increased.Increasing the concentration
of Ni impairs the growth of root, shoot, fresh weight of shoot, dry weight of shoot, fresh
weight of root, dry weight of root, chlorophyll a, chlorophyll b, and carotenoidof
radish. Also, the result indicated that with the increase in concentrations of Ni, proline
content, catalase, peroxidase, Ni content in the root, and Ni content in the shoot were
increased in aeroponic system and soil culture.

Conclusion:In general, the results of this study showed that Ni and Pb may give to
plants allows growth, but increased in their concentration impaired some growth indices
of radish. This study has examined Pb (NO:)2 and Ni(NOs): effects on radish
performance in an aeroponic system for the first time. The aeroponic method can be
used in studies related to mineral nutrition, the study of water efficiency, the study of
nitrification, plant disease studies, the examination of materials released by plants, the
examination of temperature effect, selection of mutant roots, plant organ and tissue
culture, and the study of gravitation effects on plant growth. The system is suggested in
the studies of the effects of nutritive elements on root growth where the direct effects of
elements on roots can be monitored in a controlled environment.

Keywords: Pb (NOs)2, Ni(NO:3)2, Soilless culture, Biochemical response, Morphological
traits
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