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ABSTRACT

In order to assess the efficacy of phytoremediation in restoring degraded soils, specifically those

contaminated with oil residues, a research pot trial was conducted. The main objective of the study was to
compare the phytoremediation performance of various tree species, namely Eucalyptus camaldulensis, Albizia
lebbeck, Ficus carica, and Morus nigra which represented the main factor. Additionally, the investigation
aimed to evaluate the impact of different rates of humic acid HA (0, 5, 10 g L) as a sub-main factor, as well
as varying rates of salicylic acid SA (0, 250, 500 mg L) as a sub-sub-main factor, on the phytoremediation
capabilities of these trees. The specific focus was on their ability to remove heavy metals i.e., Zn, Pb, Cd, Ni
from oil residues-contaminated soil. The results showed that Albizia lebbeck transplants exhibited the lowest
soil Zn concentration (15.62 mg Zn.kg? soil) and a removal rate of 78.98%. Similarly, Albizia lebbeck
transplants exhibited the lowest levels of soil available Pb, Cd and Ni concentrations compared to the other
tree species studied, with higher removal rates. Furthermore, the foliar applications of both humic and salicylic
acids resulted in a reduction of Zn, Cd, Pb, and Ni residues. The uptake of these heavy metals by the roots

increased with higher concentrations of HA and SA. Specifically, the lowest values were recorded when the
trees were treated with a combined application of HA at a rate of 10 g L and SA at a rate of 500 mg L.
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INTRODUCTION

Soil pollution refers to the contamination of soil with
harmful substances that can have adverse effects on plant and
animal life, as well as human health (Sankhla et al. 2016). It
occurs when pollutants are introduced into the soil through
human activities, such as industrial processes, improper waste
disposal, agricultural practices, the use of chemical fertilizers
and pesticides and mining activities and oil residues. These
pollutants can alter the chemical, physical, and biological
properties of the soil, rendering it unsuitable for its intended
purpose (Ukaogo et al. 2020). Phytoremediation is a form of
environmental remediation that utilizes plants to remove,
degrade, or stabilize pollutants from the soil. It is a cost-
effective and environmentally friendly approach to clean up
contaminated sites and restore their quality (Dhanwal et al.
2017). Phytoremediation can be applied to a wide range of
contaminants, including heavy metals, organic compounds,
pesticides, and radioactive substances. Certain plant species
possess the unique ability to accumulate significant amounts
of pollutants in their tissues without experiencing adverse
effects of toxicity (Kanwal et al. 2019). It's important to note
that the effectiveness of phytoremediation depends on various
factors such as the type and concentration of pollutants, soil
conditions, climate, and the specific characteristics of the
plants used. Additionally, successful phytoremediation
projects often involve the selection and combination of
multiple plant species to target different types of pollutants
and maximize the remediation process (Lim and Lim 2012).
There is a considerable number of approximately 400 plant
species belonging to 45 different families that are recognized
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as accumulating plants. These plants have the capability to
accumulate pollutants, such as heavy metals, in their tissues
as part of the phytoremediation process (Baker et al. 2020).
For example, Eucalyptus camaldulensis , Albizia lebbeck,
Ficus carica and Morus nigra can be used in
phytoremediation. Eucalyptus camaldulensis has been widely
used in phytoremediation projects due to its ability to absorb
large amounts of water and heavy metals from the soil
(Seenivasan et al. 2015). Albizia lebbeck is a fast-growing
tree species with a high tolerance for various soil conditions.
It is often utilized in phytoremediation projects for its ability
to extract heavy metals, such as lead and cadmium, from
contaminated soils. (Zakari and Audu, 2021). Ficus carica is
known for its adaptability to different soil types and climates.
It can be used in phytoremediation projects to remediate
contaminated soils through a process called phytoextraction.
Phytoextraction involves the uptake and accumulation of
pollutants, such as heavy metals, by the plant's roots, stems,
and leaves (Ahmad et al. 2023). Morus nigra has been used
in phytoremediation due to its ability to tolerate and extract
pollutants from contaminated soil. This tree species is
particularly effective in the remediation of soils contaminated
with organic pollutants. The roots of Morus nigra release
enzymes that break down organic compounds, contributing
to the degradation of contaminants in the soil (Lim and Lim,
2012). Spraying both humic acid and salicylic acid on trees
can have beneficial effects on their nutrition and overall
health. Humic acid (HA) is a complex mixture of organic
compounds that forms as a result of the decomposition and
transformation of plant and animal materials (Shah et al.
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2018). HA can penetrate the leaf surface and promote
nutrient uptake through the stomata, which are tiny openings
on the leaf surface. It improves the efficiency of nutrient
absorption by the leaves and facilitates their translocation to
various parts of the tree (Hussein et al. 2020). It can enhance
photosynthetic activity in tree leaves by increasing
chlorophyll production and improving the efficiency of light
capture (Mahmood et al. 2022). Salicylic acid (SA) is a
natural phytohormone with the chemical formula C7HgOs. It
is a colorless crystalline solid that is derived from the bark of
the willow tree (Salix species) and certain other plants (AL-
Hchami et al. 2020). SA is also synthetically produced for
various applications. Salicylic acid is involved in the tree's
defense response against pathogens, pests, and environmental
stresses. Spraying salicylic acid can activate defense
mechanisms, such as the production of antimicrobial
compounds, antioxidants, and strengthening cell walls
(Lefevere et al. 2020). This helps protect the tree from
diseases and stressors that could impact its nutrient uptake
and utilization (El Refaey et al. 2022).

Therefore, the main objective of this study is to
compare the effectiveness of various tree species, namely
Eucalyptus camaldulensis, Albizia lebbeck, Ficus carica, and
Morus nigra, in phytoremediation. The specific focus was on
their ability to remove heavy metals like lead, cadmium,
nickel, and zinc from oil residues-contaminated soil.
Additionally, the study aimed to assess the influence of
applying humic and salicylic acids at different rates on the
phytoremediation capabilities of these trees.

MATERIALS AND METHODS

This research study was carried out to compare the
phytoremediation performance of various tree species, namely
Eucalyptus camaldulensis, Albizia lebbeck, Ficus carica, and
Morus nigra which represented the main factor. Additionally,
the investigation aimed to evaluate the impact of different
rates of humic acid (0, 5, 10 g L) as a sub-main factor, as
well as varying rates of salicylic acid (0, 250, 500 mg L) as a

Table 1. Soil analysis before applying treatments

sub-sub-main factor, on the phytoremediation capabilities of
these trees. The specific focus was on their ability to remove
heavy metals i.e., zinc (Zn), lead (Pb), cadmium (Cd), nickel
(Ni) from oil residues-contaminated soil.

location

The study took place in Bismayah City, located at
coordinates 33° 11’ 42" N, 44° 35' 56" E. It was carried out
over the course of two growing seasons, spanning from 2021
to 2022. Bismayah City is situated approximately 10
kilometres southeast of Baghdad.

Soil sampling and experimental setup

Soil samples were collected from the pots before
planting the transplants and before conducting the treatments.
Afterwards, the samples were subjected to laboratory analysis.
The physical and chemical properties of the soil are presented
in Table 1. The experimental setup involved using soil from a
contaminated site with oil residues, which was mixed with
sandy loam soil at a ratio of 3:1 (natural soil: contaminated
soil) and placed in pots with dimensions of 30 cm in diameter
and 35 cm in depth. The purpose was to plant transplants in
these pots and assess the effects of the study factors on them.
The transplants used in the study were approximately 2 years
old, healthy, and exhibited similar vigor and size.

The experimental trees were managed following
standard agricultural practices commonly wused for
transplants, including fertilization, irrigation, pruning, and
pest control. A mineral fertilizer with a composition of
20N:20P:20K was applied in ten equal doses, with each dose
amounting to 5.0 g per pot. The first dose was applied 20
days after transplanting, and subsequent doses were repeated
at two-week intervals. Irrigation was carried out every three
days using fresh water. The treatments were replicated three
times, with each replicate consisting of three transplants,
following a split-split plot design. A total of 324 transplants
were used in the study, with 81 transplants for each tree
species. Spraying operations were conducted three times,
with two applications in spring and one in October.

Particle size distribution (%)  Textural Class Field capacity (%0) Organic matter (%) Total CaCOs (%)
Clay Silt Sand
18 37 5 Sandy loam 38.25 0.75 23
H EC, Available N Available P Available K Available Ni  AvailablePb  Available Zn  Awvailable Cd
P dsm! (mg Kgh)
8.1 1.40 34.2 35 1915 121.36 10.77 74.3 244
Measurements The biological concentration factor (BCF) was

Soil heavy metals extracted with DTPA:

Prior to the commencement and after the
completion of the experiment, the heavy metals (Cd, Pb,
Ni, Zn) present in the soil were extracted using the
chelating agent DTPA (Diethylene triamine pentaacetic
acid) as described by Jones (2001). The concentrations of
these metals were determined using an atomic absorption
spectrometer  (Shimadzu AA-7000 model 2013).
Subsequently, the following calculations were performed:
Removal rate was calculated according to Najem, (2015)

1-C2
The removal rate = 1 #100%

‘Where C1: The firstly concentration C2: is the secondly concentration

determined using the equation proposed by Li et al. (2007)
and Cui et al. (2007). It was calculated by dividing the
metal concentration in the leaves by the metal
concentration in the soil. A BCF value greater than one
indicates a high capacity of the plant to absorb and
accumulate the heavy metal in its tissues. Conversely, a
BCF value less than one indicates the plant's inability to
absorb sufficient quantities of heavy metals from the soil.
Statistical analysis

The collected data were subjected to variance
analysis using the Costat program v. 6.3. The results were
organized in a factorial experimental design with three
replicates. To compare the differences between treatment
means, an analysis of variance was performed following
the method proposed by Elsahookie and Wuhaib (1990),
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and the least significant difference (L.S.D) at a significance
level of 0.05 was used.

RESULTS AND DISCUSSION

Results
Soil available zinc and removal rate at the end of the
experiment

The results presented in Table 2 provide

information about the concentration of soil available zinc
and the biological concentration factor (BCF) of zinc in the
leaves of four transplant species. The concentration of soil
available zinc was found to be 74.30 mg Zn.kg? soil.
Significant differences were observed in the concentrations
of available zinc in the soil after the end of the experiment,
which can be attributed to the planting of different
transplant species. The lowest concentration was recorded
in pots with Albizia lebbeck transplants, measuring 15.62
mg Zn.kg? soil, indicating a removal rate of 78.98%. In
contrast, pots with fig transplants had a higher
concentration of 40.46 mg Zn.kg™* soil, with a removal rate

of 45.30%. It is worth noting that the available zinc
concentrations in the soil did not exceed the critical limits
of 300 mg Zn.kg? soil, as defined by the World Health
Organization/Food ~ and  Agriculture  Organization
(WHO/FAQ, 2007). This suggests that plants have the
ability to absorb zinc from the soil. Zinc is an essential
micronutrient for plants, and its absorption by plants
increases during their growth period. This finding is
consistent with the study conducted by Hacisalihoglu et al.
(2001), which reported an increase in plant uptake of zinc
from the soil due to its role as a micronutrient, and a
decrease in its available concentrations in the soil.
Furthermore, the BCF of zinc in the leaves of the four
transplant species was determined. The BCF represents the
ratio of the concentration of zinc in the leaves to the
concentration of zinc in the soil. The results showed that
there was no increase in the BCF for any of the plants, as
all values were below one. This indicates that zinc is
consumed in various metabolic processes within the plants
rather than being accumulated in the leaves.

Table 2. Role of Eucalyptus camaldulensis, Albizia lebbeck, Ficus carica and Morus nigra transplants on soil
available zinc (mg Zn.kg* soil), removal rate (%) and BCF

Zn content of initial soil was 74.30 mg.kg™ ( before)

P Eucalyptus camaldulensis Albizia lebbeck, Ficus carica Morus nigra
g (Mg Removal Leaves (mg. Remov Leaves (mg. Remov Leaves (mg. Removal Leaves
-1 -1 -1 1

5 K Rae M por M arae O pcr M arae T BoF O Rae T Ber

I: sol ) (%) (mg 30“) (%) (ng SOl ) (%) (rrg S)ID (%) (rrg

after kg™h) after kg?) after ko) after kg)
HS 1612 7830 2154 0200 1574 7882 2161 0291 4188 4363 1725 0232 2880 6123 1783 0240
HSxo 1588 7863 2186 0294 1572 7884 2195 0295 4177 4378 1748 0235 2876 6129 1814 0244
HSso 1580 7873 2216 0298 1572 7884 2226 0300 4172 4385 1797 0242 2874 6132 1880 0253
HSo 15677 7878 2193 0295 1568 7890 2204 0297 4023 4585 1793 0241 2820 6205 1865 0251
HsSx 1577 7878 272 0306 1568 7890 2283 0307 4011 4602 1816 0244 2815 6211 1915 0258
HsSso 1570 7887 2284 0307 1562 7898 2297 0309 4023 4585 1884 0254 2811 6217 2031 0273
HoSo 1572 7884 2287 0308 1555 7907 2301 0310 4000 4616 1891 0255 2798 6234 1983 0267
HoSx 1566 7892 2365 0318 1550 7914 2380 0320 3994 4624 1945 0262 2786 6250 2026 0273
HioSso 1560 7900 2419 0326 1541 7926 2436 0328 3987 4634 2011 0271 2786 6250 2141 0.288
Mean 1578 7876 264 03056 1562 7898 2275 0306 4064 4530 1845 0248 2827 6195 1937 0261

Since, Ho: Without humic acid (control); Hs:

Spraying humic acid at rate of 5 g.L.%; Hyp: Spraying humic acid at rate of 10 g.L™%; Sp: Without

salicylic acid (control); Syso: Spraying salicylic acid at rate of 250 mg.L™; Sse: Spraying salicylic acid at rate of 500 mg.L*

Soil available lead (Pb) and removal rate at the end of
the experiment

The results presented in Table 3 provide
information about the concentration of soil available lead
(Pb) and the biological concentration factor (BCF) of lead
in the tissues of four transplant species.

The concentration of soil available lead was
determined to be 10.77 mg Ph.kg? soil. Significant
differences were observed in the concentrations of
available lead in the soil after the experiment, which can be
attributed to the planting of different transplant species.
The lowest concentration was found in pots with Albizia
lebbeck transplants, measuring 4.16 mg Ph.kg? soil,
indicating a removal rate of 61.37%. In contrast, pots with
fig transplants had a higher concentration of 7.76 mg
Pb.kg! soil, with a removal rate of 27.95%. It is important
to note that the available lead concentrations in the soil did
not exceed the critical limits of 100 mg Pb.kg? soil, as
defined by the World Health Organization/Food and
Agriculture Organization (WHO/FAQ, 2007).

Furthermore, the BCF of lead in the tissues of the
four transplant species was determined. The BCF represents
the ratio of the concentration of lead in the plant tissues to

the concentration of lead in the soil. The results showed that
all BCF values exceeded one for all the plants studied. This
indicates that these plants have the ability to transport and
accumulate lead within their tissues. According to
Lyubenova and Schrodes (2010), plants with a BCF greater
than one are considered to have a strong ability to
accumulate heavy metals, and these plants are commonly
used in phytoremediation, which is the process of using
plants to remove or mitigate heavy metal contamination.
Soil available cadmium (Cd) and removal rate at the
end of the experiment

The results presented in Table 4 provide
information about the concentration of soil available
cadmium (Cd) and the biological concentration factor
(BCF) of cadmium in the tissues of four transplant species.

The concentration of soil available cadmium was
determined to be 244 mg Cdkg? soil. Significant
differences were observed in the concentrations of available
cadmium in the soil after the experiment, which can be
attributed to the planting of different transplant species. The
lowest concentration was found in pots with Eucalyptus
camaldulensis transplants, measuring 0.056 mg Cd.kg™* soil,
indicating a removal rate of 97.70%. In contrast, pots with
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Ficus carica transplants had a higher concentration of 0.91
mg Cd.kg? soil, with a removal rate of 62.70%. It is
important to note that the available cadmium concentrations
in the soil did not exceed the critical limits of 3.0 mg Cd.kg*
soil, as defined by the World Health Organization/Food and
Agriculture Organization (WHO/FAQ, 2007).

Furthermore, the BCF of cadmium in the tissues of
the four transplant species was determined. The BCF
represents the ratio of the concentration of cadmium in the
plant tissues to the concentration of cadmium in the soil.

The results showed that all BCF values exceeded one for
all the plants studied. This indicates that these plants have
the ability to transport and accumulate cadmium within
their tissues. According to Somaratne and Weerakoon
(2012), the increase in cadmium accumulation reflects the
ability of superior plants to transfer this element from the
soil to the plant root system and then distribute it to various
plant tissues. It also suggests that these plants have
developed mechanisms to tolerate and withstand high
levels of heavy metals.

Table 3. Role of Eucalyptus camaldulensis, Albizia lebbeck, Ficus carica and Morus nigra transplants on soil available lead (mg

Ph.kg™! soil), removal rate (%) and BCF

Pb content of initial soil was 10.77 mg.kg™ ( before)

a Eucalyptus camaldulensis Albizia lebbeck, Ficus carica Morus nigra
c
= (Iin 9 Removal Leaves (&“% Removal Leztive::,s (mg. Removal Leaves (m%. Removal =22
g K g O gop KOY o COMENES pop gy Rae  OTES gop KO g COMENS oo
I: SOl I) (%) (ng SOl I) (%) (mg- after (%) (mg 50“) (%) (ng
after kg) after kg?) k) after k)
HoSo 511 5255 3034 282 446 5859 4468 415 788 2683 1123 104 622 4225 1469 136
HoS»=o 500 5357 3278 304 444 5877 4525 420 788 2683 1177 109 622 4225 1530 142
HoSso 500 5357 3388 315 440 59.15 4616 429 782 2739 1272 118 616 4280 1655 154
HsSo 496 5395 3574 332 437 5942 5192 482 780 2758 1271 118 600 4429 1718 1.60
HsSxso 482 5525 3740 347 422 60.82 5385 500 7.80 2758 1318 122 600 4429 1770 164
HsSso 4.79 5552 4016 373 402 6267 5935 551 775 2804 1460 136 592 4503 1915 178
HioSo 466 5673 5268 491 391 6370 6793 631 764 2906 1464 136 563 4773 2018 187
HwoSxo 450 5822 5381 500 380 64.72 7077 657 763 2916 1677 156 563 4773 2235 208
HoSso 444 5877 5605 520 380 64.72 7805 725 760 2043 1905 177 548 4912 2458 228
Mean 481 5534 4142 385 416 6137 5754 534 7.76 2795 1407 131 592 4503 1863 173

Since, Ho: Without humic acid (control);

Hs: Spraying humic acid at rate of 5 g.L; Hyo: Spraying humic acid at rate of 10 g.L%; Sp: Without

salicylic acid (control); Syso: Spraying salicylic acid at rate of 250 mg.L™; Sse: Spraying salicylic acid at rate of 500 mg.L*

Table 4. Role of Eucalyptus camaldulensis, Albizia lebbeck, Ficus carica and Morus nigra transplants on soil available cadmium

(mg Cd.kg™! soil), removal rate (%) and BCF

Cd content of initial soil was 2.44 mg.kg™ ( before)

" Eucalyptus camaldulensis Albizia lebbeck, Ficus carica Morus nigra

&  (mgkg Removal Leaves (m% Removal -2V (m%' Removal -5 (m(:;l. Removal -62v%S

E  gi) Rae Co(rr‘:]zms BCF l(()%l) Rate CO(%”‘S BCF o) Rate w{n‘%”'s BCF Skf") Rate OOE%“'S BCF
E after (%) kg'lj after (*0) kg'lj after (%) kglj after (%6) kglj

HoSo 0.07 97.13 822 337 012 95.08 854 350 096 6066 248 102 078 68.03 301 123
HoSzs0 0.07  97.13 825 338 015 93.85 857 351 092 6230 252 103 070 7131 3.06 125
HoSsoo 0.07  97.13 842 345 0.14 94.26 873 358 104 5738 275 113 076 6885 336 1.38
HsSo 0.06 9754 10.02 4.11 0.12 95.08 1043 427 092 6230 265 109 072 7049 312 1.28
HsSzs0 0.06 9754 1040 4.26 0.12 95.08 10.75 441 090 6311 335 137 072 7049 387 159
HsSso0o 0.05 9795 1083 4.44 0.10 95.90 1124 461 090 6311 392 161 070 7131 411 1.68
HwoSo 0.05 9795 1093 448 0.10 95.90 1143 468 085 6516 416 170 0.70 7131 481 197
HoS= 0.04 9836 1121 459 0.08 96.72 1164 477 088 6393 468 192 066 7295 576 236
HiSso 0.03 9877 1153 473 0.06 9754 1201 492 079 6762 513 210 061 7500 730 299
Mean 0.056 97.70 998 4.09 0.11 9549 10.37 425 091 6270 351 144 0706 71.07 426 1.75

Since, Ho: Without humic acid (control); Hs: Spraying humic acid at rate of 5 g.L™*; Hyy: Spraying humic acid at rate of 10 g.L%; Sp: Without
salicylic acid (control); Sys: Spraying salicylic acid at rate of 250 mg.L™; Ssw: Spraying salicylic acid at rate of 500 mg.L*

Soil available nickel (Ni) and removal rate at the end of
the experiment

The results presented in Table 5 provide
information about the concentration of soil available nickel
(Ni) and the biological concentration factor (BCF) of
nickel in the tissues of four transplant species.

The concentration of soil available nickel was
determined to be 121.36 mg Nikg? soil. Significant
differences were observed in the concentrations of
available nickel in the soil after the experiment, which can
be attributed to the planting of different transplant species.
The lowest concentration was found in pots with Albizia
lebbeck transplants, measuring 14.34 mg Nikg? sail,
indicating a removal rate of 88.18%. On the other hand,

pots with fig transplants had a higher concentration of
58.18 mg Ni.kg* soil, with a removal rate of 52.06%.

It is noteworthy that all BCF values in the tables for
all plants were less than one. This indicates that these
plants have a limited ability to accumulate nickel in their
leaf tissues. However, it is possible that nickel may
accumulate in other parts of the plants. The BCF values
below one suggest that the transplanted species may not be
efficient in accumulating nickel in their aboveground
tissues. Further analysis of the plants' ability to tolerate and
accumulate nickel in specific plant parts or their potential
use in phytoremediation purposes can provide more
insights into their effectiveness in nickel accumulation and
removal from soil.
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Table 5. Role of Eucalyptus camaldulensis, Albizia lebbeck, Ficus carica and Morus nigra transplants on soil available nickel (mg

Ni.kg soil), removal rate (%) and BCF

Ni content of initial soil was 121.36 mg.kg™ ( before)

Eucalyptus camaldulensis Albizia lebbeck, Ficus carica Morus nigra
2 (mg. Leaves (mg. Leaves (mg. Remo Leaves (mg. Leaves
g Kk M contens oo hgt CERE comens o kgt vl comens o gt VR conkens
T o) gy (Mo o) o (g sol)  Rate (mgkg o) o (g
= after kg?) after kg?) after (%) D) after ke
HoSo 1693 86.05 3723 031 1498 8766 3772 031 5856 5175 793 0065 4412 6365 10.78 0.089
HoS»o 1683 8613 3782 031 1480 8780 3844 032 5842 5186 819 0067 4400 6374 1153 0.09
HoSso 1660 8632 3796 031 1480 8780 3865 032 5830 5196 876 0072 4400 6374 1258 0.104
HsSo 1654 8637 3797 031 1466 8792 3856 032 5830 5196 9.00 0074 4383 6388 1194 0.098
HsS»o 1604 8678 3838 032 1424 8827 3904 032 5820 5204 923 0076 4366 6402 1279 0.105
HsSso 1600 8682 3883 032 1420 8830 3972 033 5820 5204 1015 0084 4310 6449 1410 0.116
HwoSo 1494 87.69 3903 032 1390 8855 3960 033 5790 5229 1058 0.087 4310 6449 1383 0.114
HwoSx 1466 87.92 3954 033 1390 8855 4062 033 5790 5229 1116 0092 4296 6480 1489 0.123
HiSso 1420 8830 4242 035 1358 8881 4352 036 5782 5236 1226 0101 4198 6508 17.02 0.140
Mean 1586 8693 3880 032 1434 8818 3954 033 5818 5206 9.69 0080 4342 6422 1327 0.109

Since, Ho: Without humic acid (control); Hs: Spraying humic acid at rate of 5 g.L*; Hyo: Spraying humic acid at rate of 10 g.L%; Sp: Without
salicylic acid (control); Syso: Spraying salicylic acid at rate of 250 mg.L™; Sse: Spraying salicylic acid at rate of 500 mg.L*

Discussion

The variation among different tree species can be
attributed to inherent genetic differences and physiological
characteristics of each species. Different tree species have
unique growth patterns, growth rates, and genetic
predispositions that influence their response to external
factors, including treatment with humic acid or salicylic
acid. The superior performance of Albizia lebbeck trees in
removing the heavy metal might be due to their genetic
makeup and inherent growth capabilities, whereas other
trees may have lower growth rates or different growth
strategies that result in less pronounced vegetative growth
characteristics increase (Zakari and Audu, 2021).

On the other hand, the observed effects can be
explained by the ability of both humic and salicylic acids to
enhance heavy metals uptake and assimilation in plants.
The variations among tree species reflect their inherent
genetic differences and physiological characteristics. The
interactions between humic acid spray, salicylic acid spray,
and tree type further might influence the heavy metals
uptake. When humic acid was applied as a foliar spray at a
concentration of 10 g/L, it significantly increased the
content of heavy metals in the leaves compared to the
control treatment. Foliar application of humic acid can
promote the absorption of heavy metals through the leaves
(Al-Marsoumi and Al-Hadethi 2020). Humic acid contains
functional groups that can chelate heavy metals, forming
complexes that are more easily taken up by leaf tissues.
This enhanced uptake of heavy metals from the
surrounding environment contributes to the increased
content observed in the leaves. It is important to note that
foliar application of humic acid can also enhance the
nutrient and water absorption efficiency of plants, leading
to overall improved physiological conditions. This may
indirectly contribute to increased heavy metals uptake in
the leaves (Lim and Lim, 2012). Similarly, an increase in
the spray concentrations of salicylic acid resulted in an
increase in leaves' heavy metals content. Salicylic acid
might influence heavy metals uptake and translocation
through its impact on various physiological and
biochemical processes in plants. It can modulate ion
transporters and channels, affecting the uptake and
translocation of heavy metals (Seenivasan et al. 2015). The

higher concentration of salicylic acid (500 mg) likely
stimulated the absorption and accumulation of heavy
metals in the leaves. The variation in heavy metal content
in soil with different tree species, as Albizia lebbeck trees
exhibiting lower soil content compared to other trees, can
be attributed to inherent genetic differences and
physiological characteristics. Different tree species have
varying abilities to tolerate and accumulate heavy metals
(Baker et al. 2020). Some species may have mechanisms
to selectively absorb or sequester heavy metals in their
tissues, resulting in higher accumulation levels (Zakari and
Audu, 2021). On the other hand, other species may have
lower capacities for heavy metals uptake or have efficient
mechanisms for detoxification and exclusion, resulting in
lower content in their leaves (Sharma et al. 2020). The
variations among tree species reflect their inherent abilities

to tolerate, accumulate, or exclude heavy metals
(YYaashikaa et al. 2022; Ahmad et al. 2023).
CONCLUSION

The results revealed that Albizia lebbeck transplants
exhibited the most promising phytoremediation
performance among the studied tree species. They
demonstrated the lowest soil zinc concentration and
removal rate, as well as the lowest levels of soil available
lead, cadmium, and nickel concentrations with higher
removal rates compared to the other species. Furthermore,
the foliar application of humic acid and salicylic acid
contributed to reducing the residues of zinc, cadmium,
lead, and nickel in the soil. The roots of the trees exhibited
increased uptake of these heavy metals as the
concentrations of humic acid and salicylic acid increased.
The most effective combination was observed when trees
were treated with a combined application of humic acid at
arate of 10 g L™ and salicylic acid at a rate of 500 mg L.

Based on the findings of this study, the following
recommendations can be made:

Albizia lebbeck shows significant potential for
phytoremediation of oil residues-contaminated soils.
Therefore, it is recommended to consider Albizia lebbeck as a
preferred tree species for phytoremediation projects targeting
heavy metal removal from such soils. The application of
humic acid and salicylic acid via foliar treatment has proven
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effective in enhancing the phytoremediation capabilities of
trees. Future studies should further explore the optimal
application rates and frequency of these substances to
maximize their remediation potential. It is advisable to
conduct additional research to investigate the long-term
effects of phytoremediation using Albizia lebbeck and other
tree species. Long-term studies can provide more insights
into the sustainability and durability of the phytoremediation
process. Considering the positive impact of humic acid and
salicylic acid on heavy metal uptake, further research should
be conducted to explore other organic amendments or
additives that can enhance the phytoremediation efficiency of
trees. Field-scale trials should be conducted to validate the
findings of this pot trial under real-world conditions. These
trials can help assess the feasibility and practicality of
implementing phytoremediation using Albizia lebbeck and
the recommended amendments on a larger scale. By
implementing these recommendations, phytoremediation can
become a valuable and sustainable approach for restoring
degraded soils contaminated with oil residues and heavy
metals, leading to improved environmental quality.
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