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Abstract

Background and Objectives

Among the major environmental pollutants, lead is the most substantial contaminant due to
causing toxicity in plants and organisms. Recently, the remediation of these metals has been
considered in plants. Plant in vitro culture is a key tool in phytoremediation research. In general,
Plant tissue culture and in vitro selection techniques are used to increase the tolerance and the
accumulation of heavy metals which have been reported in numerous plant species and
populations. The application of ornamental plants for phytoremediation in metal-contaminated
soil is a new alternative. Ornamental kale is an important bedding plant in many landscapes of
cold temperate regions. The present study was aimed to evaluate the Pb resistance and
remediation of Brassica Oleracea Var. Acephala affected by in vitro culture as a bedding plant.
This experiment was carried out in 2016 at Arak University.

Materials and Methods

In this study, the stalk explants of Brassica Oleracea Var. Acephala was used for callus
induction. Callus and plantlet were exposed to different concentrations of lead in the media. The
Callus induction medium was MS (Murashige and Skoog) supplemented with 0.1 mgL™ 2,4-D
and BA. The regeneration medium was MS medium supplemented with 0.5 mgL™ NAA in
combination with 1 mgL™ BA. The rooting medium was half-strength MS medium without plant
growth regulators and sucrose. All of the media containing 30 gL™* sucrose, 7 gL agar, and pH
were adjusted to 5.8. All of the regeneration stages from callus induction to rooting and the
acclimatization stages were done by different concentration of Pb(NOs), (0, 10, 25, and 50 mgL"
1. The traits, such as callus browning, fresh and dry weight, callus formation, survival rate, root
and shoot length, leaf number, and the lead accumulation, were evaluated during various stages
of callus regeneration and rooting in plantlets. A Completely Randomized Design (CRD)
arrangement with three replications was used in this experiment. Data were analyzed using the
ANOVA procedure of SAS statistical software (version 9.2).

Results
Based on the results, not only did different concentrations of lead not have the toxic effects but
also they had a stimulation effect in some concentrations on callus growth and regeneration. Lead
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concentrations increased leaf number and length of shoots in the regenerated ornamental kale.
Lead accumulation in cultures was increased by increasing the concentration of lead in the
medium at all stages of the regeneration. The highest accumulation of Pb was obtained 2395.7
ppb in callus treated by 25 mg L™ Pb in media.

Discussion

The results of the present study showed the occurrence probability of the somaclonal variation
due to 2,4-D supplemented in the media. In the regenerated plant, results revealed that the growth
traits and Pb uptake were affected by Pb concentrations. Some in vitro derived plantlets showed
an increase in uptake potential of lead in their organs (6.1 to 2.7 times compared to the control)
and that it is remarkable and suitable for phytoremediation studies.
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Table 1. Variance analysis of lead concentrations on callusing ornamental kale in in vitro culture

(MS) Ol o (3Slo
O (o eSis 039 F 039 A s ol Oul Sloggd  (S315T 4> 50
Pb accumulation Dry weight Fresh Callus Callus Necrosis df
ry weig weight ranking diameter
* * ns * * ns o hle
437.34 0.001 0.13 2.77 0.10 0.82 3 .
Pb concentration
Lo
87.04 0.0003 0.07 0.41 0.01 0.18
Error
(Ao ,3) D i 5
24.43 15.59 22.5 29.79 8.88 29.31
C.V. (%)

*: Significant at 5%, ns :not significant.
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Figure 1. The effect of different lead concentrations on callusing ornamental kale in in vitro culture
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Table 2. The effect of different lead concentrations on the traits evaluated ornamental kale callus at
the establishment stage
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Callus diameter (cm)  Pb concentration (mg/l)

Pb accumulation (ppb) Dry weight (g)  Callus ranking
0.09° 1°

400.3°

1826.6° 0.09°
2395.7° 0.13°
1911° 0.13°

1.2°
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1.58° 25
1.57° 50
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Values followed by the same letter were not significantly different at 5% level.
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Table 3. Variance analysis of lead concentrations on regeneration ornamental kale calli in in vitro

culture
(MS) Ol 0 (saSilko
Do SIS0l Ok SN g s i, b slesd Ot b
Pb Dry Fresh Callus  Callus " = & b Necrosis &7 S.0.V.
accumulation weight  weight ranking diameter ooting  Rooting df
* * o e bl
991.63 0.001™ 0.47™ 0.7™ 0.037™ 1.54™ 0.36™ 0.62 "
Pb concentration
o
130.7 0.001 0.14 0.16 0.01 0.9 0.17 0.055 6
Error
(Aep33) Ol s s o
23.64 30.82 2797 2428 9.17 10.3 32.3 12.73 R s
C.V. (%)
*: Significant at 5%, ns :not significant. A2l e s e e NS (Ao y3 0 mlans s Sl pne F
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Table 4. The effect of different Pb concentrations on callus regeneration of ornamental kale in vitro

culture
(L) Py o8 (W0 5) s Sloged (5 38 p 7 o) O o il
Pb accumulation (ppb) Necrosis (%) Pb concentrations (mg/l)
806" 5 0
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4335° 2.6° 50
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Values followed by the same letter were not significantly different at 5% level.
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Table 5. Variance analysis of lead concentrations on plant regenerated ornamental kale in
acclimatization step

(MS) Slw yo (Sbo
e S B35 5 U5 ek R S SR olT dmyd O i 2l
Pb Dry Fresh survivin Root shoot Leaf df S.O.V.
Accumulation  weight  weight 9 length length  number
Hk *k * * e \;k-k‘
499.26"™ 0.004™  0.052 1.25 0.16"™ 0.21 1.36 2 T
Pb concentration
o
248.08 0.006 0.001 0.02 0.2 0.03 0.15 6
Error
(A0 ,3) D il s
31.04 25.2 3.44 7.5 26.26 10.76 11.95 '
C.V. (%)
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*: Significant at 5%,**: significant at 1%, ns :not significant.
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Table 6. The effect of different concentrations of lead in the shoot regenerated on evaluated traits
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Fresh Weight (g) Surviving(%o) shoot length (cm) Leaf number Pb concentrations (mg/l)
0.39° 6.33° 2.5° 6 0
0.68° 433 2.26° 13° 25
0.96° 1.33° 4.16° 132 50
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Values followed by the same letter were not significantly different at 5% level.

=7s

(Pb) & gu (Pb) © gu (Control) waLs
50 mg/l 25 mg/l 0 mg/l

Slaind 0950 Tl b conl () plf ool 2155k (Shdzals » O Calite Shodale §1-¢ IS
Figure 4. The effect of different Pb concentrations on plant regenerated of ornamental kale in in vitro

culture
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Table 7. Comparison of Pb tolerant plantlets of ornamental kale in with control in vitro condition

(Mo 33) ooy 2ooxF O g

(Mo 0) iz 039

ol 2135k dmals

Pb accumulation (%0) Dry weight (%) Plantlet regenerated
100 100 Control (0)
169.9 144 Pbgsy
92.7 112 Pb,s,
522.8 120 Pbyss
296.7 168 Pbso,
722.9 79.2 Pbsg,
181.8 103.2 Pbsos

bl gr 53 D gty MalE 4 o 0B 155 SlaealS o a5 8L 0 3lie

Values of dry weight and Pb accumulation of regenerated plants were related to control plants (100%).
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