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Table 1- Analysis of soil used before cultivation
HB) SB uedls BB ol B i , a Cola
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. ) i Percent organic pH -
Soil cadmium (ave)  Soil texture K (ave) P (ave) matter EC
(mg kg ) (mg kg ) (ds/m)
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Table 2- Analysis of variance effect cadmium for vegetative traits

(MS) Slayyo (il
P o PO SWs 559 e ” : Slaxs
ot el S, SO gele)
Sl &35l a s o o o »r 0N : Sy
Sources  Degrees of o s o s imoiw;  Leaffresh S (@2
h Fg 4 0325 0325 M35 ht Leafdry  Leaf area Leaf
change reedoM  Rootfresh Rootfresh ~ Rootdry W'Y © weight (g) (cm?) numb
weight (g)  weight (g)  weight (g) er
;’i 2 0.48" 048"  00012% 0417 000031  3gi7e 009
0
*
MJK 2 52.16** 52.16** 0.18** 3.16** 0.071** 7435.4** 4'38
Cadmium
‘?L’} 1 13.71** 13.71** 0.024** 0.19m 0.0014* 2.6m™ 1.38*
Time
A 0.055
Cadmium 2 10.39** 10.39** 0.014* 0.06™ 0.0004 ™ 264.8** "ns
Time x
. 10 0.44 0.44 0.0019 0.04 0.00028 23.26 0.18
Error
K 17
Total
e ys)CV
11.12 11.12 9.52 8.84 8.1 4.7 9.9
(] s

and ns means significant at 1%, 5% and non-significant respectively ss s
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Table 3- Analysis of variance effect cadmium on vegetative and physiological traits

(MS) Slay o (ke
Ao Jj-" .
" i Spd s, R Rk aa
geve iy Y %) LTS I)_:’eafsb SruerE (e bW) Clg oSl s S Cagh
Sources Degrees of lenath Leaf width Root Electrolyte o el
change Freedom g (cm) lenath leakage Relative
(cm) g humidity
(cm)
Sk 2 0.13™ 0.0038 " 0.58" 1.52m 18.2m
Blok
iy
s 2 3.9** 4.13** 31** 255.3** 142.32**
Cadmium
ot
o 1 0.4 0.43** 2.5* 43.43" 21.29m™
Time
OleXeaedls
Cadmium 2 0.21ms 0.2* 1.99* 14.7m 15m
Time x
e 10 0.21 0.03 0.46 12.62 7.1
Error
£ 17
Total
o ps)CV
r2) . 10 6.14 75 18.8 34
(el
M ize il g LN D o )3 45 dme i 4 NS g s
and ns means significant at 1%, 5% and non-significant respectively s
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Table 4- Analysis of variance effect cadmium on biochemical traits
(MS) &layyo (il
&b @2 . . Jedg S - oy e R HB ppod
.. sl Jdglsa Uiy lsb 5 Mg, ey S . o PR
e Chlorophy  Chlorop Cartono  Prolin o ’ S0 ) Sy o
Degrees )
Sources of la hyll b Chlorop eid e Vitamin <le Cd root Soil Cd
change Freedom hyll total C Cd shoot (ave)
;;ll"( 2 0.02"™ 0.02"™ 0.015™ 0.06™ 1.95m 2.5 6.36™ 6.7 0.14"
el 2 24.60%%  398%  4g4%x 1630 29007 grepex 32436k YREEERY  300.45%
Cadmium
“'_’L”. 1 0.07™ 0.03™ 0.21m™ 0.19" 171m 0.01m™ 1.61™ 1.42m™ 1.11**
Time
Lo X pso3lS’
O_ 2 0.2" 0.22™ 0.83* 0.29" 12.5%* 3.6™ YAIYA* YEIFO** 0.96**
Cadmium
xTime
s 10 0.12 0.1 0.18 0.11 15 1.97 7.01 1.72 0.056
Error
S 17
Total
CV uy)
8.98 244 8.27 26.7 45 7.2 54 3.7 2.72
(s

o gize il g LN i o )3 4> dme a3 4 NS g s
and ns means significant at 1%, 5% and non-significant respectively ss s



1FAY a3 e — 310 30 « Yo lods MY ol (S g Of &y i

oYy

tlomdion 9 (S 5olg 8 (obgy Dlho i 0uedlS 1 (ke dumnlio -0 Jgua
Table 5- The Average comparison of the effect of cadmium on vegetative, physiological and biochemical traits

(SB 0,55kS 15 0,5 o) puodls’ il
Soil cadmium (ave)
(mg kg )
i) 0
60 (22L3)
(Control)
Gy o) Culldg gl Cudlipgley  SRroll Sl gy s ead 8 ojlul lie
o9 J! o9 ..Jg‘ 093 Js! Measured traits
Second harvest  Firth harvest Second Firth Second Firth
- . : harvest harvest .
time time harvest time . - harvest time
time time
3.56d 3.54d 5.33c 4.89¢ 11.64a 6.87b (p25) renines 55 5 s
Fresh weights (g)
0.3la 0.28 0.44a 0.43a 0.74a 0.55a (p)5) crivnins i S5 i
Dry weights (g)
2.06¢ 1.90¢ 2.25 2.23¢c 3.56a 3.13b (p5) S 5 wig
Leaf fresh weight (g)
0.137cd 0.130d 0.166¢ 0.156¢d 0.353a 0.316b (p)5) S S5 09
Leaf dry weight (g)
70.26¢ 80.33d 83.85¢cd 90.53¢ 148562 134.12h (e2n fasile) S o
Leaf area (cm?)
4.0cd 3.3 4.30c 4.0cd 5.6a 5.0ab S
Leaf number
4.0c 3.9¢ 4.3bc 4.2¢ 5.92 5.1ab (ecsil) Sz Jobo
Length leaf (cm)
2.4c 2.3 25¢ 2.4c 42a 3:5b (Rt} S 020
Width leaf (cm)
7.0d 6.9d 8.6¢ 8.4c 12.5a 10.4b (Focstle) a) Job
Root length (cm)
28.2a 2150 20.6b 18.6bc 12.2¢d 1154 gyl i ey
Electrolyte leakage (%)
71.80c 74.30c 75.70c 76.70bc 81.15ab 84.16a e wﬁb) d‘?“-’_‘*" o))
Relative humidity (%)
$2.27¢ 2.700¢ 2.80bc 3.03b 6.34 6.05a (5 p S uske) B 5
Chlorophyll a (mg/g)
0.5¢ 0.9bc 0.9bc 1.2b 2.4a 2.0a (p)5 2 p.5 k) DS
Chlorophyll b (mg/g)
2.82¢ 357bc 3.70b 4.24b 8.77a 8.14a el
Chlorophyll total
0.84¢ 1.15bc 0.67c 1.26bc 2.02a 1.75ab (P25 22 .5 ) 25555
Cartonoeid (mg/g)
4838 47.3a 29.80 26.8¢c 5.7¢ 8.3d (p5 2 p ko) oo
Proline (mg/g)
15.9¢ 17.0bc 18.6b 19.2b 24.0a 22.2a (F5V++ 2 ps5 o) s gt & pmolisg
7157a 68.08ab 65.92b 64.92b 8.37d 14.66¢ Vitamin C (mg/100 g)
(MQ/KQ) olon (is ) auedls clale
Cd of aerial part
52.9a 52.7a 42.4b 37.5¢ 115¢e 15.0d (mgrka)
(MOTKG) ioosye5 i > weodls clale
Cd of underground part
(mg/kg)
(MO/KY) cuiS il day S ppodl§ cdale
15.38b 16.8a 10.28¢c 10.34c 0.15d 0.16d Soil Cd after cultivation

(mg/kg)
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Rows with the non-same letters have significance difference at the five percent probability level
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Introduction: Among wide variety of soil pollutants including heavy metals, acidic precipitation and other
toxicants, the importance of heavy metals due to their pollution capacity has received growing attention in recent
years. Heavy metals are important environmental pollutants and their toxicity is a problem of increasing
significance for ecological, evolutionary, nutritional, and environmental reasons. Of all non-essential heavy
metals, cadmium (Cd) is perhaps the metal that has attracted the most attention in soil science and plant nutrition
due to its potential toxicity to humans, and also its relative mobility in the soil-plant system. The uptake of ions
takes place in competition with that of elements such as Zn, P, Cl-, Ca, and Cu. Soil, environmental, and
management factors impact the amount of Cd accumulated in plants (Hart et al., 1998). Much of the Cd taken up
by plants is retained in the roots, but a portion is translocated to the aerial portions of the plant and into the seed.
The amount of Cd accumulated and translocated in plants varies with species and with cultivars within species.
Cd toxicity causes inhibition and abnormalities of general growth in many plant species. After long-term exposure
to Cd, roots are mucilaginous, browning, and decomposing; reduction of shoots and root elongation, rolling of
leaves, and chlorosis can occur. Cd was found to inhibit lateral root formation while the main root became brown,
rigid, and twisted. The changes in the leaf included alterations in chloroplast ultrastructure, low contents of
chlorophylls, which caused chlorosis, and restricted activity of photosynthesis. Radish (Raphanus sativus) is a root
vegetable grown and consumed all over the world and is considered as a part of the human diet, even though it is
not common among some populations. Usually, people eat radishes raw as a crunchy vegetable, mainly in salad,
while it also appears in many European dishes. Some people, at least in the Middle East, prefer to drink its juice
in pursuit of certain health benefits. Radishes have different skin colors (red, purple, black, yellow, and white
through pink), while its flesh is typically white. In addition, the edible root of radish varies in its flavor, size, and
length throughout the world.

Materials and Methods: In this study, we investigated the influence of Cd application rates on vegetative
parameters, and physiological and biological indexes of radish. The experimental design was a factorial with
randomized block with two treatments and three replications carried out at the Research Farm of College of
Agriculture, Shahid Chamran University. Treatments included three rates of Cd application of 0 (control), 30 and
60 mg kg'*, and two harvesting dates of commercial maturity (CM) and a week after CM, hereafter referred to as
1%t and 2" harvesting dates. Measurements included vegetative parameters such as wet and dry weights, leaf area,
length and width of leaves, leaf numbers and root length. Physiological indexes of electrolyte leakage and relative
humidity, and biochemical indexes of chlorophyll a, b and total, Cartonoeid, Proline and vitamin C were also
determined.

Results and Discussion: The results indicated that the Cd application reduced all of the vegetative parameters.
Application of 60 mg kg of Cd increased the electrolyte leakage by 28.2% and Proline concentration by 48.8 mg
gt. Cd application increased the relative humidity. All biochemical indexes decreased as the Cd application rates
increased. The maximum concentration of Cd in plant was observed at 60 mg kg Cd contamination. It seems that
decrease of physiological indices due to increased Cd concentration reduced the growth properties.

Conclusion: Application of different Cd concentrations affected the vegetative, physiological and biochemical
properties. By increasing Cd concentration of soil, the Cd accumulation in the plant increased. Increasing the Cd
concentration increased the electrolyte leakage and proline concentration and reduced the content of relative
humidity, chlorophyll, vitamin C in radish. In addition, it decreased yield including fresh and dry weights, root
length, leaf area, leaf length and width, and number of radish leaves. Further, the effects of degradation on
vegetative, physiological and biochemical characteristics of radish were one week after commercial maturity more
than the first time (commercial maturity). Therefore, the phosphorus-containing Cd for the cultivation of
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vegetables, especially tubers, such as radishes, as well as harvest management, should be carefully applied.
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