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Table 1. Analysis of vriance of heavy metals on germination indices and seed vigor index of radish

(Raphanussativus L.).
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i @l - o Sl cs . i
ool i4le <idle FEN
Source of af Germination Germination Mean germination Seed vigor
variation ) percent rate time index
oo slazls - - - -
23 1002.88 107.89 1.69 72.56
Heavy metals
(127
48 2711 0.71 0.10 0.87
Error

** significant at 1% probability level.
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Figure 1. Effect of heavy metals on germination percent and rate of radish (Raphanus sativus L.).
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Figure 2. Effect of heavy metals on mean germination time of radish (Raphanus sativus L.).
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Figure 3. Effect of heavy metals on seed vigor index of radish (Raphanus sativus L.).
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Table 2. Analysis of variance of heavy metals effect on growth indices in Radish seedling

(Raphanus sativus L.).

— 4,0 Jsb Jeb OSSOy SAS 0y SS9
ool azady, axdle azady, azadle S
Source of Root Shoot . Root dry Shoot dry Total dry
variations df length length R/S ratio weight weight weight
'M’ " Lb JuE *% *% *% *% e S
B leshd 23 27.35 12.81 0.04 0.00018 0.00168 0.00250
Heavy metals
s
48 0.83 0.41 0.59 0.00002 0.00034 0.00041
Error

** significant at 1% probability level.
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Table 3. Effect of heavy metals on growth indices of radish (Raphanus sativus L.) seedling.

8 edate ey Jeb Jeb Azady) Comd  SLS 03y SAS gy SS9

azady;  (holleazasle azdley azady;  (pS)azddle (5SS

(o Hlw) (r5
Concentration Metal Root Shoot length Root to Root dry Shoot Total
type length (cm) shoot weight dry dry
(cm) length (gr) weight weight
ratio (gr) (gr)

Pb 6.03e-g 5.18d-f 1.16b-d 0.018bc 0.062ab 0.080a-c
0 Ni 6.30ef 5.30c-f 1.19b-d 0.016b-e 0.050a-c 0.066bc
Cd 5.96e-g 4.96¢f 1.20b-d 0.014b-f 0.053ab 0.067bc
Co 5.84e-g 5.20d-f 1.12¢d 0.016b-e 0.054ab 0.070a-c
Pb 6.20ef 5.82b-e 1.07¢c-e 0.020b 0.073ab 0.930ab
50 Ni 6.41ef 5.88b-e 1.17b-d 0.016b-e 0.063ab 0.075a-c
Cd 6.54d-f 5.30c-f 1.24b-d 0.014b-f 0.059ab 0.073a-c
Co 6.49ef 5.98a-e 1.12¢d 0.0071-i 0.063ab 0.071a-c
Pb 9.64a 5.76b-e 1.67a 0.035a 0.065ab 0.100a
100 Ni 8.88ab 6.09a-d 1.47ab 0.018bc 0.065ab 0.083a-c
Cd 2.36i 5.12d-f 0.461-h 0.002i 0.056ab 0.058¢
Co 4.60gh 6.16a-d 0.75ef 0.005hi 0.068ab 0.072a-c
Pb 8.12bc 5.79b-e 1.42a-c 0.013b-g 0.074ab 0.087a-c
200 Ni 8.68ab 6.60ab 1.31b-d 0.011c-h 0.073ab 0.084a-c
Cd 0.23j 1.61gh 0.15h 0.002i 0.021c-e 0.023d
Co 3.42hi 6.09a-d 0.55fg 0.006gi 0.060ab 0.066bc
Pb 6.37ef 6.34a-c 1.01de 0.009e-i 0.081a 0.090a-c
400 Ni 8.00b-d 7.04a 1.15b-d 0.011c-h 0.079a 0.090a-c
Cd 0.15j 0.49i 0.31gh 0.001i 0.006e 0.007d
Co 0.64) 1.91¢g 0.32gh 0.001i 0.018de 0.020d
Pb 5.541fg 4.39f 1.25b-d 0.010d-h 0.048b-d 0.058¢
Ni 7.10c-e 5.80b-e 1.25b-d 0.011c-h 0.065ab 0.077a-c
800 Cd 0.08j 0.30i 0.26gh 0.001i 0.003e 0.005d
Co 0.18j 0.61hi 0.28gh 0.001i 0.006e 0.007d

5,0 gl cime AW K0S, LLSD (aesl b 5 5 0o y0 i Jladsl s [0 S e gy gl )l (sloyaSils

Means with same letters are not significantly different at 0=0.05 by LSD Test.
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Abstract

Introduction:Uptake of heavy metals by plants can result in harmful effects to plants and the plants are an
important part of the food chain constitute, so a great danger for humans and other members of the food chain
can have. Germination is the first stage of the plant life and is one of the most sensitive physiological processes
that affected by hormonal and environmental factors (biotic and abiotic stresses). Heavy metals affect the
germination of two ways; through general toxicity and inhibiting the absorption of water. Radish is an annual
plant with the scientific name Raphanussativus belongs to the Brassicaceae family. The root is edible parts of
this plant, which is in direct contact with soil and heavy metals can enter into the roots and stored along with the
photosynthetic material. Among the studied plants, radish has ability to absorb and accumulate heavy metals and
have been proposed for phytoremediation. However, there is no exhaustive research that showed the impact of
the heavy metals Cadmium, Lead, Nickel and Cadmium on the germination and seedling growth of radish.
Therefore, this research aimed to investigate the effect of different concentrations of heavy metals Cadmium,
Lead, Nickel and Cobalt on germination and seedling growth of radish was conducted.

Materials and methods: This experiment was conducted based on completely randomized design with three
replications in Research Laboratory, Department of Horticulture Science, Faculty of Agriculture, and University
of Birjand in 2015. Treatments included heavy metals Lead, Nickel, Cadmium and Cobalt with concentrations of
0 (control), 50, 100, 200, 400 and 800 mg/l. The measured traits were germination percent, germination rate,
mean germination time, seed vigor index, root length, shoot length, root to shoot length ratio and dry weight of
root, shoot and total.

Results and discussion: The results showed that the effect of heavy metals on seed germination characteristics
and seedling growth of radish was significant at the 1% level. The impact of low levels of heavy metals on seed
germination (percentage and rate of germination) were not significant, but have the positive effects on growth
traits (e.g., length of root and shoot and dry weight of root, shoot and total) and increased them. Among the
metals studied the toxicity of Cadmium was higher than the other metals and Cobalt in ranked next after that.
Seed germination percent were decreased with concentration of 800 mg/l of Lead, Nickel, Cadmium and Cobalt
by 2, 4, 60 and 70 percent as compared to the control, respectively. The lowest and the highest germination rate
were obtained from metals Cobalt and Lead with concentrations of 800 and 50 mg per liter, respectively.
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It is reported that heavy metals physiologically inhibit water uptake by seeds and plants and thereby prevents
seed germination. It has been suggested that high concentrations of heavy metals cause damage to the embryo or
even death it. Moreover, reduction of germination due to heavy metals could be due to its accumulation in the
cell and thus its affinity with proteins which reduced the synthesis and production of structural proteins required
for cell division and growth and germination processes. The highest root length (9.64 cm) and shoot length (7.04
cm) were obtained from metals Lead and Nickel with concentrations of 100 and 400 mg per liter, respectively.
Metals Lead, Nickel, Cadmium and Cobalt with concentration of 800 mg/l were decreased root dry weight by
42, 28, 88 and 90 percent as compared to the control, respectively. The highest total dry weight (0.10 g) was
obtained from Lead at concentration of 100 mg/l. Heavy metals by preventing mitotic divisions and cell
elongation reduced growth of root and shoot. The results indicate that germination and seedling growth of radish
is possible in areas contaminated by heavy metals.
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