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Table 1. Some physical and chemical characteristics of soil used in this experiment.
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Figure 1. Effect of different zinc (mg kg”) concentration on stress tolerance index and tolerance index in
B.carinita and B. junceae. Error bars represent the standard error. Different small letters on histograms
represent statistically significant differences according to a Duncan's multiple comparison test at P < 0.05.
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Table 4. Results of two-way analysis of variance of Zn and species effects and their interaction (ZnxSpecies)
for zinc concentration, bioconcentration factor and translocation factor.
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Figure 2. Effect of different soil zinc concentration (mg kg') on Zn concentration and bioconcentration factor,
in root and shoot and translocation factor in B. carinita and B. junceae. Error bars represent the standard
error. Different small letters on histograms represent statistically significant differences according to a

Duncan's multiple comparison test at P < 0.05.

Verr Dles 5 dald olS 5o S s o
(U Jsdr) A odalie (555 ¢ SAS 3 p S e
Sl San gl Jo 2 5s s IS Ol 2alS
ol SIS gl LIS la T s alse
o 4S5 ASL S g, b IS5, 5 SUSsAas
OR5 Lo S gt e e Sl
FoS LAl (YE) Lud s S Sl
o 53 3 S e B S i e
23 A8 4 Jds S el OAS S0 e
L bds IS g Jlgs 5 odle sl e OLLS
Sots S 4 O e Dl b
i bl R S e e J S

V€

LT s 1 o g8 slae 5 O e 53 (59, S
S S s S s ol bl
2 6 I g a5t s,
A5 K8 a5 s s 5 A3 55508
o JS s lS cud s WS x s, Juline
Verr Sl (0 Jsd) s s g AigislS
Sgae alS 4 e g5 0SS 50 0 S e
A5 a IS B ced A 858 Ol
S e molan J5 s S pusl ds s s
CLesSSs S 5 Ul 2 ol s
dald boanlie 3 gt sz olS (gma g

) J3 5 53 S J s A Olpee o 5t el



oot g 315 sloskus 105

3 JS sb Jss S @ LIS Ol assles S g dsz 53 Jd5,0S Olge JlalS pie (7))
e 5o gk Jo 5o 1) S 55508 Olyee 5 oS Lo g a5 dlises olos laenilSs 4 U5 e
C2dS 5 Al e sl L Ll ols Rl sl Sl G o 5d 0 a8 S 84 Dl s Ll s

OA) ol 2als eSS, opl Ol s Ol slackle « wsls ol (Y444) oLKas 5 ol

$e QM&L(:):AJLSJYJAJJ&AV" E) VYo cjiw

(S 3 05Ky 455 X (55, Jls S5 655 (55,5 B bl 48 s -0 Jodx

Table 5. Results of two-way analysis of variance of Zn and species effects and their interaction (ZnxSpecies) on
photosynthetic pigments.

TR -

S e S A 55508 5 Jes s b s ks a Js 8 s a0 St e
" a“
o FE R Carotenoids ~ Total chlorophyll ~ Chlorophyllb ~ Chlorophylla  Degrees of Sources of
Ratio Total chlorophyll/  (mg g FW) (mg g’ FW) (mgg' FW)  (mgg'FW) freedom change
carotenoids
0.00™ 0.07™ 0.01™ 0.00™ 0.00™ 2 e
Zinc
0.01%* 3.48%* 0.01™ 0.00™ 0.00™ 1 “s
Species
0.00* 0.33" 0.02" 0.00™ 0.01™ 2 X s
zincxspecies
et
0.00 0.36 0.01 0.00 0.00 12
Error
17 &
Total

(S35 A a5 BLAL, skis I3 B g 28l d5 oS g3 (s oK) pKle 4l T Jgu
Table 6. Mean comparison of photosynthetic pigments in B. carinita and B. junceae grown under different zinc levels.

JERpCIC A5 555,08 8 Jds s b Jis,l8 Akl s, ek
Wiy S S (058 D; S f.)gui'?“) Concentration oS
. ) Zn in soil Plant
Ratio Total chlorophyll/ (mg kg an
carotenoids Carotenoids ~ Total chlorophyll ~ Chlorophyll b  Chlorophyll a gXe
0.16£0.01"® 2.95+0.20® 0.48+£0.02° 0.15+0.01° 0.33+0.01* 0.5
. . . . . Sl ds =
0.13£0.02™ 3.38+0.35° 0.45+0.08° 0.15+0.04° 0.30+0.04™ 500 s
B. carinata
0.11+0.00° 2.82+0.56™ 0.3240.06* 0.11+0.02° 0.20+0.04° 1000
0.15£0.02" 2.3940.20™ 0.37+0.02° 0.12+0.00° 0.24£0.01" 0.5
La Js =
0.17+0.01° 1.9640.20° 0.34+0.05° 0.10+0.01° 0.24+0.04® 500 ¢ -
B. junceae
0.18+0.01° 2.16£0.39" 0.39+0.04" 0.10+0.02° 0.28+0.03"® 1000
Sl Sl Oga3l L Q07 Clﬁ“ 05 il S e G Sl Blum oS Oge a la:Sle OLSS YL skl glas £ S0
Al gl e

Means followed by the same letter within each row are not significantly different according to a Duncan's multiple
comparison test (P < 0.05). Means + standard error (n=3).
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Abstract

Background and Objectives: The current development of industry and technology has been
associated with the entry of environmental pollutants and particularly heavy metals into the soil
and accordingly it raised the safety concerns of the international community. Zinc is an essential
heavy metal in plants which involves in many biological functions, but at high concentrations
inhibits plants growth and development and may endanger the health of human and other
organisms in case of plant consumption. It can play catalytic, cocatalytic (coactive), or structural
roles in a large number of enzymes and is involved in the biosynthesis and catabolism of proteins,
nucleic acids, carbohydrates and lipids. In this research the tolerance of Ethiopian and Indian
mustards grown in soils contaminated with different Zn concentrations and the accumulation of
this element in these plants were investigated to assess their phytoremediation potentials.
Materials and Methods: Plants were grown in greenhouse in soils contaminated with 500 and
1000 mg kg of zinc. The experiment was carried out in a factorial completely randomized
design. Factor one was Zn and factor two was plant species.They were harvested after 7 weeks
of growth at the beginning of the reproductive phase and assayed for growth characteristics and
Zn concentration and photosynthetic pigments content.

Results: The results showed that Zn treatments had no significant effect on growth parameters of
both species except decrease in root length of Ethiopian mustard under 1000 mg kg Zn. Both
specices indicated great stress tolerance index to zinc. As soil zinc contamination increased, the
concentration of Zn increased significantly in roots and shoots of both Ethiopian and Indian
mustards. The greatest bioconcentration factor in root and shoot and translocation factor in both
plants were observed under 500 mg kg Zn treatment. In Ethiopian mustard, 1000 mg kg™ Zn
treatment reduced chlorophyll a and the ratio of total chlorophyll to carotenoids, however, Zn
treatments did not affect significantly the photosynthetic pigments in Indian mustard.

Conclusion: Both species are able to tolerate and accumulate Zn under different Zn contamination
levels, thus in both species increased soil Zn contamination led to increased stress tolerance index.
The highest bioconcentration and translocation factors in both plants occurred under 500 mg kg™
Zn. Under 1000 mg kg™ Zn, Indian mustard accumulated 0.05% Zn in shoots which was greater
1.5 fold than Ethiopian mustard. Accordingly, Inadian mustard has greater competence for
phytoremediation of Zn contaminated soils compared to Ethiopian mustard.
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