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Table 2. Analysis of variance, effect of cadmium, species and cadmium x species interactions on some growth characteristic
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SYL Sy o Sy b Sy . s i &
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Upper leaf Middle leaf Lower leaf (O} S
o e e Shoot dry Root dry Shoot Root
specific leaf specific leaf specific leaf . - df S.0.v
weight weight length length
area area area
15358.44" 2253.97™ 5561.29™ 0.03"™ 0.01™ 13.08™ 0.82™ 2 r”*’fls
cadmium
697.26™ 107.99™ 432.96™ 0.72" 0.07™ 5.54™ 44.61™ 1 “’b_’
species
&;xewolf
2718.37™ 602.80™ 4095.11™ 0.01"™ 0.00™ 20.04™ 4.56"™ 2 cadmium x
species
3086.07 2704.66 2030.72 0.01 0.02 24.42 19.37 12 o>
Error
17 s
Total
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, ", and ™ indicate a significance at level of 1%, 5% and not significant, respectively.
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Table 3. Effect of different levels of soil cadmium on Some growth characteristic B.carinita and B.junceae

SB pamesls wdalé (mg kg?)
Cadmium concentration in soil (mg kg?)

wdy wls

growth characteristic

B.carinata
150 75 0
35.8+3.5% 34.4+1.3% 35.3+0.3% (cm) Root length (e sulw) a4y, Jsb
26.3+4.2° 25.3+2.8° 30.143.9° (emShoot length (e ile) 2lse (ise Jsbo
0.7+0.1 0.8+0.0° 0.8+0.0° Root dry weight (g Plant™)(sLS ,» #,5) atu, S 59
1.4+0.0° 1.4+0.0° 1.3+0.0° Shoot dry weight (g Plant™) (L3 ;2 0,5) olsa Lise Sis o34
06.7+34.4>  143.1£19.3®  202.3+19.0°  Lower leaf specific leaf area (cm’g™) ()5 ,» woyo yio giiles) (il 5y 05295 1 prlans
131.1436.6°  130.3+£23.6°  181.6+30.2°  Middle leaf specific leaf area (Cm’g™) (s ,5 2 ape yiosilo) (Shoo Syt 05055 2 laws
167.7457.3°  1122430.2°  225.6+57.3 Upper leaf specific leaf area (cm?g™) (o5 5 goye yioile) Vb 5y 05295 pelans
B.junceae
30.7+3.1° 32.6+1.8° 32.7+1.0° em(Root length (e sle) aty; Jsbo
24.0+2.0* 28.3+0.4% 26.1+1.8% yem¢Shoot length (e b)) olee (isw Jsb
0.8+0.0° 0.9+0.0° 0.9+0.1° Root dry weight (g Plant™) (oLS ,e ¢ 5) asy, Sz 5
0.9+0.0 1.10.0% 1.0+ 0.12 Shoot dry weight (g Plant™) (oL5 ,» p,3) olen (ise Sis (54
146.0433.6®  114.3+23.1°  152.5+21.4®  Lower leaf specific leaf area (cm?g™) ()5  aye yiosile) (sl 5 05055 la
138.7+12.4°  136.1429.0°  153.6+39.9°  Middle leaf specific leaf area (cm’g™) (a5 » e yiail) (Sloo 5 2 05155 b
111.9+12.0°  141.4+20.3*  214.9+41.0* Upper leaf specific leaf area (cm?g™) (0,5 5 aoye yio i) Vb 5y 0595 1 pelans
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Al (6,8 gee
Means followed by the same letter within each row in both species are not significantly different according to a Duncan's multiple
comparison test (P < 0.05). Means + standard error (n=3).
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Fig. 1. Effect of cadmium level (mg kg™) on stress tolerance index and tolerance index in B.carinita and B.junceae. The bars

represent standard error, In each chart, means that have at least one common letter in the 95% level by Duncan test with no
significant difference

Sldsme ysbar g Jo5 g gl o5 olS
GBS Ay S (gid 0,5 poredls cdale cdly iols8l

Sl sy g Al 10 45 (g sbas wg i Koo
JROTR VW PR IRV WESORY B GPRYER (P VRW IR PYP U 3
pgaedlS Sogll alises zglaw 13wy 390 LS g0
o gl Jo 3 olS ady ) o g Ldi o i
2 S8l Bl pguadlS 0SS 3 0,5 s VB Jla

2 poeedlS Sogll clale ol b goe o5 olS

OLLS 50 pgrodls Cublil (4l
2 peeeslS a5 ol s iy Ul gl
chle p aigs g cble b by gl ooles
Lol )95 5 pgmesls
2 055 x pgedls’ Jlite Sl rimen gy o sne Jlit]
Jil o5t 5 clile b by glayally ol
poredls’ Sogll clale (il8IL (F Jgoz) og o ne

90, glea jidu g aly; 0 pgedls chale (S o

SL g sl s s

WA 5ol Foylad eaojil 0,90 amea pole aolilad

A



.5 (Brassica carinata) o s.51 Js,> 4555 95 oYbolS olss

JUs 5551 2als Yool 55 e ooy 3,90 LS 4o
5 Ebrahimi et al. (2014) .o oLS ol Jooo o
SlS aty) o ol iy IS sbay a8 aimals bl
boolS po 58 clale (end a0 I ol o0 pe
Ot ilb gl sl 033l 5l (5 9551 il e el
A adl Sl oy cdmoplis g ool wigS (S o
&S jebrles Wedh Bi> olS S ey auly e
Uy lyls o3 31 ssls L Moameri et al. (2015)
ol e (S s 5l e el bl oYLol S
ST bl sl e Gl 5 olS slaeld
Slp alS colld 4 4> b (BCF) oo Ladis 5516
Olgse 8 Vb (Fogll & Colias g (S Sl i
S AL Giou b S 285 a5 plagl o095 ez
oV 3 S g o N=/V =) V-V e 5 BCF gl
5 S eanlilyS S eanlil syl  Fellil i ool gay wil
005,55 gl luxo L (BiNi et al., 1995) ol Sl é
Lgwe Jo 2 5 sl Jo5 olS 59 Olgiee b o

285 S 33 poeeslS (glp S Sl in oS gy

olS olep yidu g iy, 10 pamedlS g Ladss (S
93, Jlal g1 o Jg ol lad 1y g lo sxe a8l
ol S Jlail ;g8 Lol cois onwlin (5,0 Sxo (yil33l oLS
39 ool JoB 5l it AV Togas gain Jo>
Ol GRal8l &5 0B atine (owyp opl 55 (O J3o2)
2ol cdale Gl 4 o S0 pgeslS Sl
poeadlS (lie (Jg il olS 95 2 e S g 4t
@l alie 09 (2loa (i 5l i olS 9 8 4y o
clale o5 wols i s Yuanjie et al. (2017) L
5t Sl Sy pll ol ady; cdl o pasesls
peedls glral> a5 ol pl oo ylis a5 g Sy
ol ady, abl ool dgame lsa idu Sl gls (gl y
5 Bose a5 el pgedls slecS o o ol oKl
Yuanjie et ) Jolw o)lgs0 10 comw slopyg baa> 5 )b
00,5 dgdme (5l MUS &lge &> okl 4 @l., 2017
ol a5 5 ol o il gz gl 4y pgeedls 095

(Luxetal, 2011) s .5 o |, Slgo Lise 4 ol Jla!

39S (S ) Bdis jguS L cpguedls Al g 4igS X pgmeols il 5l g 4igS cogueols T (uily ylg 4 i @l -F Jeu

foxs oLl g JLa
Table 4. Analysis of variance, effect of cadmium, species and cadmium x species interactions on cadmium concentration,
bioconcentration factor, translocation factor and tolerance index
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Table 5. Effect different levels of soil cadmium on concentration, bioconcentration factor and translocation factor in B.carinita
and B.junceae
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(P < 0.05). Means = standard error (n=3).
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Table 6. Analysis of variance, effect of cadmium, species and cadmium x species interactions on photosynthetic pigments
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Fig. 2. Effect different levels of soil cadmium (mg kg™') on Chlorophyll a, Chlorophyll b, Total chlorophyll and Carotenoids in

B.carinita and B.junceae. The bars represent standard error, In each chart, means that have at least one common letter in the
95% level by Duncan test with no significant difference
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Introduction: Heavy metals are one of the most important environmental pollutants that have been given high
importance in recent decades. The accumulation of elements in the soil, especially in agricultural land, has
been gradual and the concentration of heavy elements can reach to levels that threaten human food security.
Among the heavy metals, cadmium is considered as one of the most dangerous elements due to its high mobility
in biological systems, high toxicity, high solubility in water and rapid absorption by the root system of many
plant species. Therefore, in this research, the growth, accumulation and phytoremediation potential of cadmium
in two species Ethiopian mustard (Brassica carinata) and Hindi mustard (Brassica juncea) is studied.

Materials and methods: Plants in contaminated soils with concentrations of 0, 75 and 150 mg kg of cadmium
were grown in a greenhouse and harvested after seven weeks to measure some growth characteristics.

Results and discussion: The results showed that cadmium treatments had no significant effect on growth traits
and chlorophyll content of two plants compared with the control. Both plants showed a high stress tolerance
index and low stress tolerance to cadmium. With increasing cadmium concentrations in the soil, the
concentration of cadmium in the root and shoot of both plants B. carinata and B. juncea significantly increased.
The translocation factor of B. juncea was about 70% higher than B. carinata. The highest translocation factor
was observed in the treatment of 75 mg kg of cadmium in B. juncea.

Conclusion: Comparison of the two plants B. carinata and B. juncea showed that both species are able to
tolerate and accumulate cadmium, but the translocation factor, uptake and accumulation of cadmium in plant
B. juncea was greater than B. carinata and, so, it seems that B. juncea showed better performance for use in
phytoremediation process.
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