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Background and Obijectives: Soil contamination with heavy metals,
particularly lead (Pb), is considered one of the most serious environmental
issues, posing significant negative impacts on the health of humans, plants,
and other living organisms. In this context, bioremediation technologies,
particularly phytoremediation, have attracted increasing attention as
effective, economical, and environmentally friendly approaches for
reducing heavy metal concentrations in soil. The marigold medicinal plant
(Calendula officinalis) is regarded as a suitable candidate for this process
due to its characteristics such as rapid growth, adaptability to diverse
environmental conditions, and high capacity for elemental uptake.
Furthermore, chelating agents such as EDTA and BTC can significantly
enhance the uptake of metals by increasing their solubility and
bioavailability. The effect of these compounds on the bioavailability of
lead in soil and its translocation to various plant organs can play a decisive
role in the success of phytoremediation. However, a simultaneous
evaluation of their effects on metal uptake efficiency, physiological and
biochemical responses of the plant and the potential environmental
consequences of their application, particularly under controlled greenhouse
conditions, requires more comprehensive studies. Accordingly, the present
study was designed and conducted to investigate and compare the
efficiency of marigold medicinal plant in the phytoremediation of lead-
contaminated soil under the influence of the chelating agents EDTA and
BTC in greenhouse conditions.

Materials and Methods: This study was conducted as a factorial
experiment based on a completely randomized design with three
replications and 32 treatments. The experiment was carried out under
greenhouse conditions during the 2019-2020 growing season at the
Agricultural Research Institute of Zabol University, located in Zahak
County. Three factors were investigated: type of chelating agent (EDTA
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and BTC), chelating agent concentration at four levels (0, 0.5, 1, and
1.5%), and soil lead concentration at four levels (0, 150, 300, and 450
mg/kg), with lead supplied in the form of lead nitrate. The lead-
contaminated soil was incubated for two weeks and then transferred to one-
kilogram pots. After planting marigold medicinal plant, the chelating
agents were applied to the soil, and the pots were regularly irrigated. This
research was conducted as a factorial experiment based on a Completely
Randomized Design (CRD) with three replications, encompassing 32
treatments and 96 experimental units. The study was executed under
greenhouse conditions during the agricultural year 2019-2020 at the
Agricultural Research Institute of Zabol University, located in Zahak
County. The three factors investigated were the type of chelating agent
(EDTA and BTC), chelating agent concentration at four levels (0, 0.5, 1,
and 1.5%), and soil lead (Pb) level at four levels (0, 150, 300, and 450
mg/kg), with lead supplied from lead nitrate (from Pb (NOj),). For
contamination, soil samples were first passed through a 2 mm sieve,
weighed into 2 kg units, and then prepared for treatment. Specific amounts
of lead and the chelating agents were applied as a solution using sprayers
and thoroughly mixed with the soil. These contaminated samples were
incubated for two weeks in the greenhouse at 25 C and maintained at a
moisture level approximating field capacity. To ensure the stabilization of
the heavy metal and better simulate natural contamination conditions, the
soil was exposed to alternating wetting and drying cycles. Following the
stabilization period, the contaminated and saturated soil was air-dried,
compacted, and transferred to 1 kg pots. Calendula was planted in early
December, and throughout the growth period, irrigation was meticulously
controlled at field capacity using distilled water; this involved weighing the
pots every two days to replenish the exact amount of water lost. Finally, at
the conclusion of the growth period, the shoots and roots of the plants were
harvested separately from each pot. Sampling was performed two months
after planting, and the shoot and root parts were harvested separately. The
evaluated parameters included photosynthetic pigments (chlorophyll a,
chlorophyll b, and carotenoids) and the concentration of lead in plant
tissues and soil. Analysis of variance (ANOVA) was performed using the
Proc GLM procedure, and mean comparisons were conducted using
Duncan’s multiple range test at the 5% significance level. All statistical
analyses were performed using SAS software, version 9.4.

Results: The results of evaluating the effects of chelating agents and lead
contamination on the photosynthetic pigments of Calendula officinalis
showed that these factors had significant impacts on chlorophyll a,
chlorophyll b, and carotenoid contents. As lead concentration increased,
the levels of all three pigments decreased. This reduction was more
pronounced for chlorophyll a in the absence of chelating agents. The
application of chelating agents, particularly EDTA, especially under lead-
free conditions and at a concentration of 1.5%, resulted in a significant
increase in chlorophyll a. The highest chlorophyll a content (6.38 mg kg™)
was observed in the combined treatment of 1.5% EDTA and no lead.
Moreover, EDTA partially mitigated the adverse effects of moderate and
high levels of lead contamination (150 and 450 mg kg™ Pb). Regarding
chlorophyll b, the highest value (12.01 mg kg™) was recorded in the control
treatment (no chelator, no lead). Increasing lead concentration, especially
at 450 mg kg?, led to a decline in chlorophyll b across all treatments.
This decline was more substantial in treatments with high chelator
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concentrations, particularly BTC, indicating a potential negative interaction
between certain chelating agents and lead in chlorophyll b biosynthesis.
For carotenoids, the application of chelators, especially 1% EDTA, resulted
in a relative improvement in this pigment. The highest carotenoid content
(2.90 mg kg™) was observed in the treatment without lead and with 1%
EDTA. However, at a higher EDTA concentration (1.5%) and in the
presence of lead, a further reduction in pigment levels was observed,
suggesting a possible adverse interaction between these two factors. The
study also demonstrated that the type and concentration of chelating agents
play a crucial role in lead uptake, translocation, and distribution within the
plant. Treatments with 1.5% EDTA under high lead contamination (450
mg kg™ Pb) led to the highest accumulation of lead in both the aerial parts
(30.88 mg kg™) and roots (62.39 mg kg™). Compared to BTC, EDTA was
more effective in facilitating lead transfer from soil to plant. In contrast,
BTC significantly reduced residual lead in the soil (by up to 69.5%
compared to the control), athough lead uptake by the plant was lower,
likely due to the greater stability of BTC —lead complexes. Overall,
increasing the concentration of chelating agents, particularly EDTA, was
generally associated with enhanced lead accumulation in the plant, whereas
treatments without chelators showed the highest levels of residual lead in
the soil.

Conclusion: The findings of this study highlight the critical role of
chelator type and concentration in enhancing the efficiency of
phytoremediation under heavy metal contamination, particularly lead. The
use of an appropriate chelating agent, such as EDTA, at controlled
concentrations and within defined timeframes, can not only mitigate the
adverse effects of contamination on the plant’s physiological and
biochemical parameters but also enhance lead uptake and translocation,
thereby reducing its residual levels in the soil. Therefore, the precise
selection of the chelator type and dosage based on the severity of lead
contamination is crucial, especially for preserving the health and
performance of medicinal and ornamental plants. The success of this
approach also depends on effective and sustainable environmental
management to prevent unintended consequences, such as excessive
accumulation of heavy metals in the consumable parts of the plant.
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Table 2. Analysis of variance for qualitative traits and lead content in soil, roots, and shoots of marigold plant.

Sla e S5k
Mean Squares
a3
éhfl_u [y~ KB By CLA
S Al e | Ly lS b s 8 COIRTEU S.0.V
Soil lead  Root lead = Carotenoid  Chlorophyll  Chlorophyil  df
(mg kg?) (mg kg?) Shoots Iiad b a
(mg kg™)
. - o o . slS e 5
76.61 10.30 544.00 0.53 0.88"* 0.006 1 A
Chelator types
- o - - - - S el
16.20 466.97 112.34 1.48 26.33 6.12 3 e C)JM
Chelator levels
327" 254.79" 491" 0.85™ 372" 487" 3 e
Lead levels
Kk Kk Kk Kk ok dv\«S\:»J de‘S\:»J :
11.21 87.31 192.62 2.70 1053 0.64" 3 i dads &
Chelator types x Chelator levels
8.56 218.67 23.65 1.26 9.27 2.97 9 e s CjJM
Chelator levels x Lead
*x *x - *x ok ok o Sl 5
4.88 324.37 80.05 1.47 7.77 6.71 3 =X A
Chelator types x Lead
X oy X eSS S &
3.35" 366.28™ 79.33" 0.50™ 12.05™ 1.14™ 9 SIS s
Chelator types x Lead x
Chelator levels
Uas
0.60 7.93 1.61 0.09 0.94 0.51 64
Error
Sk 2 22
13.92 6.92 15.55 22.57 20.29 18.01 - Coefficient of Variance
(CV, %)

Dl s 8 5 Ao ys ) Ju:}\de.w): &5)\:@.4%)34{%3%
** and ™ Significant at the 1% probability level (o= 0.01) and non-significant, respectively
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Table 3. Mean comparison of marigold qualitative traits as affected by the interaction of chelator type x
chelator percentage x lead concentration.

A 53,8 b Jés s a Jéy ks S s siS S sk S S ¢
Caroten_oid Chlorophyll b Chlorophyll a Lead Iev_els Chelator I_evels Chelat(;)r types

(mgg?) (mg g™ (mg g™ (mg kg (mg kg™

1.46%9 12.01° 4.39%f 0

0.919™ 7.25" 4.36%9 150

0.68%M 4.88% 3.16° 300 0

0.40™ 433 2.64" 450

1.33% 5.60°¢ 3.60°7 0

0.98%" 4.70%) 3.51¢ 150

0.81Mm 4.219% 3.45% 300 05

0.73™m 2.784 2.51 450

2.90° 5.22¢h 5.99% 0 EDTA
1.89% 4.83% 3.75% 150

1.40%9 3.94™ 3.25¢ 300 !

0.77 ™ 3.52M 2,717 450

2.73% 5.88%¢ 6.38° 0

2.43% 4.00%% 4.84%¢ 150

1.56% 3.67™ 4.19%" 300 15

1.30% 3.00" 3.92¢ 450

2.29% 7.92° 6.25° 0

1.60% 5.02¢" 4.32%9 150

1.34%" 4.62°7 2.96%% 300 0

0.36™ 3.83" 2.48% 450

1.55%" 4.50%% 4.45%f 0

1.45%9 3.71% 4.30°" 150

1.06%* 3.60™ 2.91 300 05

0.72Km 2.28' 2.627 450

1.61% 7.08" 5.36%C 0 BTC
1.45%9 6.520¢ 4.19%" 150

1.29%1 4.59% 3.50%7 300 1

1.08%! 3.32M! 1.92¢ 450

1.57% 4.63% 5.32%¢ 0

1.39%¢ 5.67° 4.44%f 150

0.68KM 3.53™ 4.15%" 300 15

0.46"™ 2.504 3.96°" 450

(0= 2/00) Ll 5yl e Mt (o STls (glaals i Osa3l b ks alie Gy sl &S Jumiu Gy A 3
Means in each column by similar letter(s), according to Duncan's multiple range test, are not significantly different

(0= 0.05)
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Table 4. Mean comparison of lead content in soil, roots, and shoots of marigold as affected by the interaction
of chelator type x chelator percentage x lead concentration.

Sk o oo @lesbltlion o sl SIS sl SIS 5
oil lead Root lead Shoots lead Lead levels Chelator levels Chelator tvbes
(mg kg™) (mg kg™ (mg kg™) (mg kg™) (mg kg™) P
3.83™¢ 13.16'™ 4.96" 0
4.92M° 22.429" 4541 150 0
8.28™ 39.79M 5.79% 300
9.74? 47.97%f 16.63 450
3.50%9 24.35KM 5.83% 0
4.591° 33.49'm 6.67%1 150
be -1 de 0.5
8.30 41.27 8.07 300
8.66% 51.274 17.47% 450
pq k-m i EDTA
3.37 34.41 5.24 0
474 35.05" 7.65%9 150 .
4.26%4 43.35M 6.91%1 300
6.68%9 56.85° 18.28° 450
4.28%4 14.40° 6.02%1 0
5.37%" 33.38'™m 7.16%" 150 L5
5.539M 46.71%9 15.62° 300 '
5.98°%1 62.39° 30.88° 450
4.11%9 22.0297 453 0
5.04M" 22.329" 5.21% 150 0
5.88%1 26.31°° 6.44' 300
7.69°¢ 31.65™ 7.53 450
2.97¢ 29.76M 2.87M 0
4.96°%1 32,429 4.68% 150
d-f il £ 05
6.88 38.19 7.50 300
7.08%¢ 38.85" 11.65% 450
k-q mn hi BTC
3.00 29.55 4.89 0
3.10%¢ 34.02%™ 5.81%1 150 .
5.20% 43.47" 9.09" 300
5.30+" 45.68" 17.76% 450
357" 41.46™" 5.17% 0
3.93m¢ 45.40%9 6.50%" 150 L5
4.24°% 51.96° 7.77% 300 '
5.09M™ 54.99° 19.20¢ 450

(0= +/00) Ll gyl pame Bt STy (glaals i Osa3) b s alie Gy bl &S b Kile gt A 3
Means in each column by similar letter(s), according to Duncan's multiple range test, are not significantly different
(0= 0.05).
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