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Extended abstract

Introduction

Nickel (Ni) is an essential micronutrient required for optimal plant growth and development, but
excessive Ni is toxic and threatens plant growth and productivity as well as human health. The removal
of Ni from soil through phytoextraction is an ecofriendly technique for heavy metal remediation. But
low bioavailability of metals in soil is often a limiting factor in phytoextraction.
Ethylenediaminetetraacetic acid (EDTA) is recognized as a highly effective chelate that can increase soil
mobility and uptake and translocation of heavy metals in plants. However, its long soil persistence time
and its resistance to breakdown by soil microorganisms limits its efficiency for phytoremediation. The
objective of this study was the evaluation of the effects of various concentrations of EDTA on the
bioavailability of Ni in soil and the phytoremediation capacity of Ni in Calendula tripterocarpa plant.

Materials and methods

In this study, the effect of different concentrations of EDTA (o, 0.5, 1, 2 g kg soil) was investigated on
Calendula tripterocarpa exposed to various concentrations of nickel (0, 100, 150 mg/kg). The
experiment was conducted in a completely randomized design with factorial arrangement with three
replications in greenhouse. To stabilize Ni in soil, repeated cycles of saturation with distilled water was
performed for 20 days. Then, EDTA was added to soil 15 days before cultivation. Seeds were sown in
pots and plants grown in pots without EDTA and nickel was considered as control. After, 45 days, plants
were harvested and fresh and dry weights of shoot and roots, the content of chlorophyll a, b (Chl a, Chl
b), malondialdehyde (MDA) content, Ni concentration in shoot and roots, and available nickel of soil
was measured and bioaccumulation factor (BAF), translocation factor and total Ni removal per pot were
computed for All treatments.

Results and discussion

The results revealed that with increasing nickel concentration, the growth parameters and content of
Chl a, Chl b significantly reduced but the content of MDA in roots increased in comparison to the control.
In non-stress condition, applying concentration of 1 and 2 g kgt EDTA reduced the growth parameters
and content of Chl a, Chl b while increased MDA content in roots. These results indicate the toxicity of
higher dose of EDTA for Calendula tripterocarpa plants. Under 100 and 150 mg kg Ni in soil, applying
0.5 g kgt EDTA, increased nickel concentration in the aerial parts (65 and 60.35%) and roots (35 and
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20.44%), translocation factor (22.5 and 25.20%) and total Ni removal per pot (27.66 and 23.44%).
Interestingly, the application of 1 and 2 g kg-* EDTA, decreased available nickel concentration in soil as
well as nickel concentration in roots and shoots and translocation factor in plants. In addition, these
concentrations of EDTA considerably decreased the biomass of plants and consequently reduced total
Ni removal per pot.

Conclusion

It can be concluded that application of 0.5 g kgt EDTA enhanced phytoremediation capacity of
Calendula tripterocarpa. In contrast, higher concentrations of EDTA decreased available nickel
concentration in soil and due to decreasing biomass and Ni concentration in roots and shoots, reduced
total Ni removal per pot and impaired phytoextraction efficiency of Calendula tripterocarpa.

Keywords: Available nickel of soil, Bioaccumulation factor, Chlorophyll, Total Ni removal,
Translocation factor
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Fig. 1. The effect of different concentrations of nickel (0, 100, 150 mg kg*) and EDTA (0, 0.5, 1, 2 g kg™?) of soil
on fresh and dry weight of shoot (A,B) and root (C,D) of pot marigold. The data are means of 3 replications +
SE and same letters indicate non-significant differences between treatments according to Duncan’s multiple
range tests.
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Fig. 2. The effect of different concentrations of nickel (0, 100, 150 mg kg) and EDTA (0, 0.5, 1, 2 g kg'?) of soil
on content of chlorophyll a, b in leaves of pot marigold. The data are means of 3 replications + SE and same
letters indicate non-significant differences between treatments according to Duncan’s multiple range tests.
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Fig. 3. The effect of different concentrations
of nickel (0, 100, 150 mg kg™) and EDTA (0,
0.5, 1, 2 g kg) of soil on malondealdehyde
(MDA) content in root of pot marigold. The
data are means of 3 replications + SE and
same letters indicate  non-significant

differences between treatments according to
Duncan’s multiple range tests.
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Table 3. The analysis of variance related to the effect of different concentrations of nickel and EDTA on Ni
concentration and biological accumulation factor (BAF) in shoots and roots and translocation factor (TF) in pot
marigold
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* and ** show significant differences at 5 and 1% probability level, respectively
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Table 4. The effect of different concentrations of nickel and EDTA on Ni concentration and biological accumulation
factor (BAF) in shoots and roots and translocation factor (TF) in pot marigold and Ni concentration in soil
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The same letters per each column indicate non-significant differences between treatments according to Duncan’s multiple range
tests.



VE-Y bl OV sl el pole 5o arme (slo i

V¥

Yozl a5 cosls axg5 Wb adl (Turaut et al., 2004)
g il slaaisS )0 38 aens ol EDTA iy, clale
clale aS Il o Sl s Sglite S1 Lyl bl
S e addllas ol ,5 S 6,55k SEDTA £ 5 )
Ll ols (2alS 1) Hlpadass 4555 0nl 2lsp Gidu g ada )0
5 Brassica juncea 455 oo ;0 JS5 pezs clalé yaon
Panwar ) sls il58l 5 .Kei> 0> 4o |, B. carinata
Chen and Cutrright, ) col,ols 4 o> (et al., 2002
EDTA o5 +/0 clale 5,15 a5 wis,S i, ls5 oo (2001
o lesls )3 1) ponesls 5 JS5 cbale (S SolS o
LS sogicnsj LialS cel e Lol tals ial3dl oyls S5l
0395 wpofols 5l aS) b sy S ol B
(S5 50 dmlons i o0lo p,5 ;0 y0 318 clale o oLS
ol aallas jo a5 Jl> 0 ol LzalS 1) ol KolsT ol o
Saptian 5o JS5 sl S ofsee EDTA clile oy
ol guslial ]y

medile jo a8 ols las ragh ol @l (Sl ek
- G S5 el (S o ,Ssls JEDTARSY 5) sl
0> 0 Jleadees LS sy S oo
EDTA -5 f clale o oo conladly palS ¢, Saie
aalsl g,lol Lol oSG als, alS p a5 S p,55LS 5
Gpdediz jbay S 0 Qi B S5 cble (bl
(O Jgoz) C8b rals

S PSS oSS S ke V00 gV ek psha o
|, S il (S SslS o EDTA o5 /8 5,15

YAUFY g VO aiyy 10 g 00,0 £ /YD o PO olgn i )0
EDTA 50 k) oy, S ol salis & Cod doy
0095y bl aS pl s az g b (T Joaz) ol Liolsdl
5955 35 olazz EDTA CBle ul 15 lom 250 5
08 UK U5 Sl fyen et cal 5 () S
wos ol il liEl 4oy YYIEE 5 YV/SF oo oluls
2 EDTA 55«10 chale o5 a5 el o Sl
b o Gl 5 6 R g s sl SIS 55k
2 Sk V0 g Ve zshw )3 43Sl (2VLelS
ST 5V S5 o lie 5 55 ke B S 5oL
S 4o 9 (290 (i JS wdale EDTA 6 5Ls
5o b5 9,80 iS5l gtme 9 ;5 Loy S se vall 4,
Aoy SiS 039 097 9 (F Jguz) <8l 2l 6 )lo cne
e 0,5 8l 05 lalass () 55 w8 s i 5
a0 byl ol o GlalE e o IS S cldls
J9u2) b (aals Loy ,S' ol vl ) s (6 puKeir
bl jgas joas ol lis axdllas S polin jeba (F
& @iz U5 Ol (255kS 2 )5 /N EDTA o5
e sk cIVY Jobae ol Kolidl ol ;0 pgeslS g 9,5
S 5 5hS 3 0,5 +I¥ GEDTA smhans igl3él b Lol gy
ST RENE R IOYC SVt ST

PSS 33 0,5 ¥ ) o/ yio) EDTA 5 (S p,5olS 30 o5 cken 10+ oo ¢ yio) S5 cilidio gbbedale 1.0 Jouo

S o cde BB IS cdale (S

Table 5. The effect of different concentrations of nickel and EDTA on available Ni concentration in soil
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The same letters indicate non-significant differences between treatments according to Duncan’s multiple range tests.
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