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Table 1. Some physical and chemical properties of the soil used in this study.
Saturation CaCo; OM  Totalnitogen K p Pb Sand  Silt Clay
percentage pH o o o o o o Texture
0 (dS/m) (%INV) %o (%) (ppm)  (ppm) (mg /kg) %o Yo %o
(%ow/w)
34.95 0.82 8.4 25 0.8 0.12 9.399 9.1 349 36 44 20 Loam

 JTesle OM IS 035 2o Total nitrogen ¢l LG K eod> LB aus P s Sand <o Pb e Silt Clay ¢ 3L ‘Texture
05 gen £ 20 ey - 20 e = > oo Hay d
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3. Daily germination speed
4. Relative growth rate
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1. Germination percentage
2. Germination index
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3. Accumulation factor

4. Phytoextraction potential
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Table 2. Results of analysis of variance of evaluated traits related to germination of Bellis perennis seeds as affected by lead

treatment.
Mean Square
Sl e 5:SSke
Germination Daily germination Time for Germination Degree of freedom Source of variation
index speed germination % sl a5 JUECPRS
sodler erls g, Skl o e sonls Ol odle Loy
Treatment
518.9" 259* 130.6™ 2367.33" 5 L
oles
Error
341.37 3 1.26 56.25 24 las
CV (%)
11.51 30.2 6.75 12.3 - s .
Slmt e

** Significant at the 1% level of probability Ao ;5 &G Jlez! sdaws )3 13 sxe .

e s e pslie ST o e s sy G3eler B pe el sl Slis ke avulie ¥ J g

Table 3. Mean comparisons of germination traits of Bellis perennis seeds as affected by lead levels.

Germination index Daily germination speed Time for germination Germination Pb content
(day) (seed day™) (day) % (mgkg™)
310.152 280 10.32°¢ 932 0
242.15° 330 12.084 79° 375
173.23¢ 390 14.96°¢ 66° 750
119.694 47°% 18.08° 564 1350
72.31¢ 550 21.89¢ 474 1850
45.54°F 912 22.632 33¢ 2450

e Ao S ezl o 55 5l gne Ol Kbld Ostee o 3 sl g >

Means in each column followed by different letters are significantly different at the 1% level of probability.
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Table 4. Results of analysis of variance of morphophysiological traits of Bellis perennis as affected by lead treatment.

Mean Square

Slay o s
RGR Height Root DW Shoot DW Degree of freedom Source of variation
s LDy Lo gl ahoy S 05 ool s S 03 @351 4z N
Treatment
0.0000™* 482.92** 171 0. 647" 5 L
ol
Error
0.0000 9.51 0.009 0.001 12 lass
CV (%)
6.07 2.95 12.58 0.647 - s .
Sl S

** Significant at the 1% level of probability
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Table 5. Mean comparisons of morphophysiological traits of Bellis perennis as affected by lead levels.

RGS (g/g/day) Height (mm)  Root DW (g per pot) Shoot DW (g per pot)  Pb content (mg kg')
S Ay s g i, KEF 035 ol ld K2 055 o ol
0.0272 122.56% 2.132 1.352 0
0.024° 115.98° 1.04° 1.12° 375
0.022° 103.46°¢ 0.80°¢ 0.92¢ 750
0.017 % 99.15¢ 0.484 0.87°¢ 1350
0.018¢ 95.974 0.22¢ 0.484 1850
0.0154 88.86°¢ 0.03f 0.06°¢ 2450

e Ao S ezl o 53 5l gne Ot Kbld Ostee o 3 ol g >

Means in each column followed by different letters are significantly different at the 1% level of probability.
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Table 6. Results of analysis of variance of evaluated biochemical traits of Bellis perennis as affected by lead treatment.

Mean Square

Sla e S0k
Pbin Shoot Root Leaf proline Chl.a & Degree of
lant Pb Root Pb APX proline tent .b froed Source

plan oy ;;L)).@T CAT content conten Carotenoids reedom of

2% 2% ; ’ S RAPYERSIRTA O e Lo 555,08 € )l Var.I“atwn
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Table 7. Mean comparisons of evaluated traits related to biochemistry of Bellis perennis as affected by lead treatment.
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Means in each column followed by diffeent letters are significantly different at the 1% level of probability.
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Table 8. Results of analysis of variance of evaluated traits related to phytoremediation of Bellis perennis as affected by lead

treatment.
Mean Square
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** Significant at the 1% level of probability
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Table 9. Mean comparisons of evaluated traits related to phytoremediation of Bellis perennis as affected by lead levels.

Bioaccumulation factor Accumulation Phytoextraction Tranpoatation Tolerance index Pb
St oS 5 /factor potential factor Joss axls (mg kg! soil)
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Means in each column followed by different letters are significantly different at the 1% level of probability
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Abstract

Heavy metals, as a limiting factor, affect plant physiological characteristics. Heavy metals toxicity leads to
poor seed germination and limited plant growth. The effect of heavy metal lead (Pb)at six
concentrations was investigated on morphological and biochemical traits of Bellis perennis in a completely
randomized design experiment with five replications. Also, the ability of lead absorption by B. perennis was
evaluated. The results showed that at higher concentrations of Pb, the percentage and rate of seed
germination were decreased. Other traits such as root and shoot dry weights decreased significantly with
increased lead concentrations by 70% and 23%, respectively. Total chlorophyll ¢ + b decreased as Pb
concentration was increased (66%). Proline accumulation and activity of catalase and ascorbate peroxidase
enzymes increased significantly at higher concentrations of Pb by 30%, 42%, and 42%, respectively. Based
on the changes in some plant traits such as enrichment coefficient, phytoextraction potential, and tolerance
index, it can be concluded that B. perennis might have a high potential for phytoremediation, and also lead
metal refining ability. It was observed that the Pb application did not prevent seed germination of B.
perennis, but increasing concentrations disrupted some seed germination traits. Bellis perennis showed good
tolerance at low concentrations of Pb, while at higher concentrations, the tolerance index decreased by about
60%, suggesting an acceptable tolerance at high concentrations. Significant accumulation of Pb in the roots
of B. perennis indicated it is a suitable plant for phytoremediation in lead-contaminated environments.

Key words: Heavy metal, Ornamental species, Plant resistance, Phytoremediation, Transport factor.

Background and Objective: In recent decades, fertilizers, livestock manure, sewage sludge, pesticides, and
sewage wastewater irrigation have significantly increased soil contamination with heavy metals. Heavy
metals, as a limiting factor in plant growth, affect the properties of plants (1, 2). The sunflower family is an
economically and ornamental family. As an ornamental species, B. perennis belongs to this plant family and
was used in this study. According to our knowledge, B. perennis has a good ability for soil purification from
heavy metals (3). This study aimed to evaluate B. perennis tolerance in an environment polluted with lead.

Methods: In this study, the effect of lead (Pb) on morphological and biochemical traits of B. perennis was
investigated at Tarbiat Modarres University, Tehran, Iran. Also, the ability of B. perennis for Pb absorption
with five replications was evaluated by atomic absorption spectroscopy technique. In this study, some
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morphological parameters such as root and shoot dry weights of B. perennis followed by percentage and
speed of seed germination, and also biochemical parameters including chlorophyll @ and » and carotenoid
content, proline content and antioxidant activity, resistance index, potential phytoextraction, and tolerance
index were investigated.

Results: The results showed that increasing the Pb concentrations decreased the germination percentage and
seed germination rate of B. perennis. Growth traits such as root and shoot dry weights decreased
significantly with increasing Pb concentrations. Chlorophyll a and b decreased with increasing Pb
concentrations. Proline accumulation and activity of catalase and ascorbate peroxidase antioxidant enzymes
increased significantly with increasing Pb concentrations.

Conclusions: According to calculated indices such as enrichment coefficient, phytoextraction potential and
tolerance index, the B. perennis plant has a high potential for phytoremediation of Pb. This study showed
that different concentrations of Pb did not prevent germination of B. perennis, but higher concentrations of
Pb disrupted some seed germination indices. Plants grown in contaminated soil samples with low
concentrations of Pb had a very good tolerance, although at high concentrations the tolerance index
decreased by about 60%, suggesting an acceptable tolerance index at high concentrations of Pb. Significant
accumulation of Pb in the root system of B. perennis also indicated lead stabilization in B. perennis’s root,
confirming that it is a suitable plant for phytoremediation in lead-contaminated environments.
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