) ede ) Jaiadd s
Environmental Stresses In Crop Sciences
2 Journal homepage:
University of Birjand https://escs.birjand.ac.ir Vol. 17, No. 2, pp. 303-318 (Summer 2024)

. . https://dx.doi.org/10.22077/ESCS.2023.5770.2174
Original article

The effect of EDTA on the growth and phytoremediation capacity of
nickel in pot marigold (Calendula tripterocarpa Rupr.)

R. Amooaghaiet 2*, J. Heidari!, Sh. Kiani3

1. Plant Biology Department, Faculty of Science, Shahrekord University, Shahrekord, Iran

2. Biotechnology Research Institute, Shahrekord University, Shahrekord, Iran

3. Soil Science and Engineering Department, Faculty of Agriculture, Shahrekord University, Shahrekord, Iran

Received 10 November 2022; Accepted 20 December 2022

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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Table 3. The analysis of variance related to the effect of different concentrations of nickel and EDTA on Ni
concentration and biological accumulationfactor (BAF) in shoots and roots and translocation factor (TF) inpot
marigold
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Syt gl ol Shoot Ni Root Ni BAF in 4y ) translocation
SHOAY df concentration  concentration shoot BAF in root factor
S ekls 86.48%% 48.83%% 2.89%% 1.1%% 0.57%%
Ni concentration
EDTA cilé 4 8.81%% 3.81%% 0.03% 0.04%% 0.23%
EDTA concentration
ix EDTA
S x 6 1.75%% 0.53% 0.02% 0.03%% 0.11%
EDTA xNickel
> 24 0.1 0.07 0.005 0.002 0.04
Error
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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 biologicaccumulation
factor (BAF) in shoots and roots and translocation factor (TF) in pot marigold and Ni concentration in soil

sl
w Bow o s B
, e s g, | ORI S Juil sl NINCIVGN
. 3) e 2o youss . © J
Ni EDTA  Root Ni Shoot Ni <l , S Total Ni
concentration level  concentration concentration BAF in sy ) translocation removal
mg kg! (gkg? mg kg* mg/kg shoot BAF in root factor mg/pot
0 0.55f 0.86" 0.88° 0.56° 1.56 ¢ 5.20 ¢
0 0.5 0.67f 0.9h 1128 0.83¢ 1.35%¢ 4.16 °f
1 0.38f 0.62" 0.84° 0.51° 1.69° 2,141
2 0.23F 0.50" 0.77° 0.35°¢ 2154 1.33°9
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2 3.08 ¢ 4.86 % 0.04 ¢ 0.03¢ 1.58° 6.02 ¢
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The same letters per each column indicate non-significant differences between treatments according to Duncan’s multiple range
tests.
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Table 5. The effect of different concentrations of nickel and EDTA on available Ni concentration in soil
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Inserted Ni to soilmg kg 0 05 1 2 4
0 0.99" 0.81" 0.74" 0.66 " 0.52"
100 81.41¢ 86.24 % 75.73°¢ 64.91° 48.86 9
150 130.39¢ 136.32 120.97° 103.09 ¢ 67.5f
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The same letters indicate non-significant differences between treatments according to Duncan’s multiple range tests.
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