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ABSTRACT

Todays, the accumulation and toxicity of heavy metals in the environment and food chain is one of the most major
problems in the world. Recently, remediation of these metals have been considered by the plants. This study was
performed in two experiments. Lead, zinc and copper concentrations 0, 20, 50, 100 and 200 mg/l was applied during
seed germination of ornamental cabbage, in the first experiment. In the second experiment, tolerance and remediation
of ornamental cabbage to lead, zinc and copper concentrations 0, 25, 50 mg/l were investigated at the greenhouse
conditions. In the first experiment with increasing concentrations of heavy metals, growth of seedlings was
decreased. The highest seedling growth inhibitory effect was observed in the presence of copper, lead and zinc,
respectively. In greenhouse experiments, the highest growth and lowest toxicity were observed in the presence of Cu,
Zn and Pb, respectively in the media contained vermicompost. Amount of Cu and Pb uptake was found more in the
bed without vermicompost. The achieved results indicated that ornamental cabbage could be as new plant
hyperaccumulator and has potential for use in the Phytoremediation study of Pb and Cu contaminated soils.
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Table 1. Variance analysis of germination traits of ornamental kale seedling in different heavy metal concentrations

Mean square (MS)
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Heavy metal 2 5097 0.02™ 845 0.003™ 0.00002™ 0.097 1.32™ 2.12™ 28.88™ 0.8™ 53™ 1.29™
Concentration 4 4327 0.01™ 59.97 0.3 0.00004™ 0.127 1.48™ 8774 1888 0.04™ 45™ 45527
MetalxConcentration 8  83™  0.01™ 146 0.01™ 0.00005™ 0.02 2.06™ 1.28™ 20.55™ 0.9™ 2.8"™ 0.73"™
Errore 30 08 0.01 1.7 0.0024 0.00003 0007 05 075 1777 07 46 004
CV (%) 17.8 16.1 199 6.64 24 154 368 765 43 35 26 174
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**_ns: Significantly difference at 1% of probability level, and non-significantly difference, respectively.
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Table 2. Mean comparison of heavy metals and concentration effect on some traits of ornamental kale seedling

Concentration (mg/l)

Heavy metal Fresh weight (g) Root length (cm) Root/Shoot Leaf width (mm)

0 0.65abcd 7.95a 9.775ab 0.82a
20 0.66abc 5.39b 7.12cd 0.75abcd
50 CuSO4 0.42e 0.93e 7.42bcd 0.78abc
100 0.37ef 1.8de 2.11f 0.81ab
200 0.25f 0.22e 0.35f 0.52e

0 0.65abcd 7.95a 9.77ab 0.82a
20 0.65abcd 8.02a 9.65b 0.76abcd
50 ZnSO4 0.80a 9.49% 12.7a 0.81ab
100 0.49de 5.86b 7.42bcd 0.73abcd
200 0.46e 3.39cd 4.7e 0.69cd

0 0.65abcd 7.95a 9.77ab 0.82a
20 0.86ab 5.72b 8.04bc 0.68d
50 PbNO3 0.65abcd 5.28b 8.14bc 0.73abcd
100 0.52bcde 3.25cd 4.66e 0.75abcd
200 0.50cde 3.58¢c 5.28ed 0.72bcd
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Numbers followed by the same letter are not significantly different according to Duncan test (P<0.05).
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Table 3. Variance analysis of media, heavy metal and concentration on morphophysiology traits of ornamental kale

Mean Square (MS)

. - © o >
.. 2 2 5 35 35 85 Bs
sov “* 5 88 2 s %s £% 5% 2% g%
xS 5« s > 5 E 5 E CE ZE&
S @ a = = = S
4 o o £
| -
Media 1 357 1317 089™ 16117 2.37  0.0001™ 0.0003" 506™  0.01™
Heavy Metal 2 04" 042" 146" 27" 0.6~  0.0006™ 0.00033™ 5.1™ 0.18™
Concentration 2 38" 02™ 0.24™ 26" 0.3™  0.0009™ 0.00003™  4.8™ 0.7
Media x Metal 2 11 0.62" 0.12™ 0.35™ 0.01™ 0.001™ 0.0003"  4.7"  0.0002"™
Media xConcentration 2 0271 051" 023™ 063" 0.007™ 0.002° 0.0004° 45" 0.3"
Metal xConcentration 4 0273 012™ 04™ ™095 019™ 0.0002"™ 0.00008™  4.9™ 0.9™
Media x Metal x Concentration 4 034™ 036™ 0.08® 15™ 0.1™  0.0003™ 0.0001™ 4.8™ 0.08™
Error 36 034 014 029 115 0.16 0.0005  0.0001 47 0.17
CV (%) 12.77 1045 12.03 27.23 25 291 1.36 30 20.3

SIS gae BWS sy g o )00 oV Jlozol prlass jo jlo pae BB NS e e
** * ns: Significantly difference at 1 and 5% of probability level, and non-significantly difference, respectively.
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Table 4. Variance analysis of media and concentration heavy metal on phytoremediation traits of ornamental kale

Zn treatment

Cu treatment Pb treatment

Dry Zn Dry Cu Dry Pb
Sov df weigh accumulation weight accumulation weigh accumulation

© (ppm) © (ppm) (9 (pbb)
Media 1 0.8™ 3.07™ 0.97™ "1.45 "0.58 '946.14
Concentration 2 0.28"™ 472" 0.06™ 0.59"™ "0.36 ""1465.46
Media x Concentration 2 "0.08 1.71m™ 0.01"™ 0.38"™ 0.11"™ "33.03
Error 12 0.19 2.32 0.22 0.19 0.07 45.98
CV (%) 28.63 18.79 26.09 12.82 17.81 16.82

Sl gae WS sy g o y3b oV Jliol mhaw jo o s BB NS

** * ns: Significantly difference at 1 and 5% of probability level, and non-significantly difference, respectively.
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Table 5. Mean comparisons of vermicompost and
heavy effect on shoot and root length of Ornamental

Kale

Media Heavy Shoot Root
metals (cm) (cm)
Zn 12° 21.4°

Vermicompost %0 Cu 13.3* 19°
Pb 9.7° 15.7°
Zn 12.2° 21.3°

Vermicompst %50 Cu 14.8° 257
Pb 15° 23.4°

Osh 2oy O mhu s plees gl Gl oSl Geie 2

A 551 ge3T by s xe DS
Numbers followed by the same letter are not significantly different according to
Duncan test (P<0.05).
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Table 6. Mean comparisons of vermicompost and concentration of heavy metal effect on some shoot traits in
Ornamental Kale

Media Concentration (mg/l) Shoot (cm) Chlorophyll a (mg/qg) ChlorophylT b (mg/g)
0 12.2° 0.16% 0.066°
Vermicompost%0 50 0.11° 0.054 **
100 0.10° 0.051%
] 0 0.171° 0.043°
Vermicompst %50 50 0.11° 0.048™
100 0.13* 0.058%
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Numbers followed by the same letter are not significantly different according to Duncan test (P<0.05).
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Figure 1. Mean comparisons of heavy metal concentrations effect on root (left) and dry weight (right) of ornamental

kale in the sixth week of treatment metals. Numbers followed by the same letter are not significantly different
according to Duncan test (P<0.05).
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Figure 2. The effect of vermicompost on the copper uptake under copper treatment (right) and the dry weight under
lead treatment (left) in plant ornamental kale in greenhouse conditions



a5 VWAF e F 5,lod FA 5,55 ool l SLEL psle

5,1l OlalS 55 IS o wiile plajl pes
.(Beiki et al., 2011; Chand et al., 2012) o.& glixs
sww‘;ojg o)J)lS l) oy odwline Cyprodd
Slaplil g ada) )3 59y 5 @ paredls cilale
cdl gals gyl pme jeba o3 oS olee
YU s 4 CewgreS 0,9 -(Dolgen et al., 2007)
SYsb plojoas sl wilgige (I dlse Glie 09
Seelsaen et al., ) wiS (5 g 095 o 1) laoas V1
Jurries, ) sgd oo b3 Hul WS el g WS oo
G b g eSS ele (slaog,S (2004
CrwgeaS (o0)9 bawg @y (e O3> )3 (oo

(Carrasquero-Duran & Flores, 2009) &x,ls

S S A
slocdile joa> a4 (S o Zuglie ol (2b))
SMlez Ao 3 oy g e w5y, Slals alise
3o Jlls aly mals dajls clale olidl bools ol
@ dzddy) Cuwd @zady; Job i5je aile Slao
Oty Al 0dline (A Ay 9 S oy xdils
(e Mg & bgype i 4 bl S i
A>po jo (S ysboas 09 (g9, Dlalgw 5 oy Ol
P pSke 00 cdale o e b5 Cowns Giailex
Mgyl o p Sk Ver e s pn 58

a5l yid o S e Voo cale s (o,

039 bale al38 b ey 3B 5 an T e

ot Js Gl VIVEYIY) il als cadiay Sis
NI ogs o gre Ggly alise slacdale
3 Rl plaes laiagh @bl )8 (Sl Soon
b )3 oy cdile Gl L oolS St )
Ozkay et al., 2014; Keshtegar ) ol sols 5,155
i 51 g genads b ol b a5 (et al., 2013
09N S 53wl la e cdile g s g
ORI (s ol ol 3 0 genS CegeS (0059
CewgeaS 0)g d2)d B0 shlo yaw jo (Jg bl
Bl gl s gl wall 4y Cond mezs (ljae
9 ComgeeS (00y9 SLIS fow 53 e e O i
O oga> Oliee & s 0 S ke Ver il
& Ol (7S 5 (2is) Ok S S
Ol 4 e (9t 9 CamgaS (00y9 SIS im0
& IS al csslie youhee [0 Cend £ S0
o2l Ol wes oo plis i ol (G S
P CewgeaSsoyg et S 0 obS lp o
oo e g 2d el a5 0o (e ylicn
o b el gl s pSelr 9wl Gl i
3 S Sypeyd D (S plS 50 (o g A
@b el I g Gl woesgiaS opy il
5 & oeiged g olS e Gl ope pad
Olaed (S )0 0l iy ofS 50 S Cue
el Sl ST w0 CewgeeSs0y9 3979

6000 -
. a
S5000 | ™ Vermicompost %0
Q.
Z
s 4000 = Vermicompost %50
o
©3000 -
?g_ b
52000 -
(S}
©
g1000 1 ¢ I
0 - - T T
0 Pb concent?ﬁions(mg/l) 100

Dry weight (g)

a
2.5 -
2 A b
1.5 - b
1 -
05 -
0 - . .
0 50 100

Pb concentration (mg/l)

2 et 55 3 0y iliie Glacile blite Sl g (Conly Conns) Kb (335 lie oy it lachile L6 ¥ S

SOl Ll o s 0lS )0 (G Cao) 0w D32 (e
Figure 3. The effect of lead concentrations on the dry weight (right) and the interaction of different lead
concentrations and vermicompost on lead uptake (left) in ornamental kale under greenhouse conditions
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