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Summary

This study was conducted in an open field in Koya from March 25" to August 20", 2021.
The objective of the present study was to investigate the phytoremediation of soil
contamination with nickel (Ni), lead (Pb), and their interactions on the seed performance,
morphological, physiological, phytochemical, and anatomical characteristics of three forest
tree species belonging to the Fabaceae family: Gleditsia triacanthos, Leucaena leucocephala,
and Robinia pseudoacacia. The healthy legume seeds of these species were cultivated on
March 25" 2021. A factorial experiment with a completely randomized design and three
replications was used for each species to study the effects of mixing the soil with different
concentrations (0, 15, 30, and 45 mg.kg soil™!) of two heavy metals: nickel chloride (NiCl,)
and lead chloride (PbClz), and also their interactions on each species separately. These
concentrations were denoted as Nio, Niis, Nizo, and Niss for the first salt, and Pbo, Pbis, Phso,

and Pbgs for the second.

The results revealed that neither Ni nor Pb nor their interactions had a significantly effect
on the percentage of G. triacanthos seed germination. However, plant leaf area exhibited a
significant increase at Nil5 and Ni30, as well as P15, P30, and P45, while non significantly
affecting the other vegetative growth characteristics compared to the control. On the other
hand, L. leucocephala appeared to be more tolerant to increasing concentrations of Ni and Pb
metals. In the case of R. pseudoacacia, Ni application resulted in a significant increase in root
diameter for all treatments, in addition the nodules dry matter at 15, Ni30 and Ni45. Pb
application, on the other hand, caused a significant increase in plant leaf area. No root nodules
were observed in the G. triacanthos species. The results suggest that the inhibitory effects of
Ni and Pb elements depend on their concentration, the type of metal, and the plant species. It
was found that low levels of nickel chloride are necessary for plant growth, while increasing
concentrations inhibit seed germination and plant growth may even lead to toxicity. However,
the tolerance efficiency varies depending on the plant species. In conclusion, all the species

studied were affected by the addition of Ni and Pb to the soil, which had an effect on seed and

Xl




seedling performance. L. leucocephala demonstrated greater tolerance to Ni and Pb heavy
metals compared to the other two species, with higher concentrations, especially 45 mg.kg™!,

having more pronounced effects on the characteristics examined.

The study examined the effects of soil contamination with nickel and lead, as well as their
interactions, on various physiological parameters. The results showed that at a concentration
of 45 mg.kg?, chlorophyll a and chlorophyll b levels increased in G. triacanthos, L.
leucocephala, and R. pseudoacacia, while total carotenoid levels decreased. Heavy metals were
found to have negative effects on the content and functionality of photosynthetic pigments. The
reduction in pigment photosynthesis, resulting from the decreased absorption of essential
mineral nutrients, indirectly contributed to plant chlorosis. Comparing the responses of G.
triacanthos, L. leucocephala, and R. pseudoacacia to nickel and lead, it was observed that G.
triacanthos and L. leucocephala were less affected than R. pseudoacacia. The values of
chlorophyll a and total carotenoid followed the magnitude order: G. triacanthos > L.
leucocephala > R. pseudoacacia, while for chlorophyll b, the order was L. leucocephala > G.

triacanthos > R. pseudoacacia.

In terms of enzymatic and non-enzymatic antioxidants, as well as nitrate reductase (NR)
enzyme activity, the study examined the effects of nickel, lead, and their interactions on above
enzyme G. triacanthos, L. leucocephala, and R. pseudoacacia. The results revealed a
significant increase in peroxidase enzyme activity and a significant decrease in catalase enzyme
activity, proline, and total carbohydrate content in the leaves of three species with increasing
concentrations of nickel and lead, except for total carbohydrate content, which increased only
in L. leucocephala. Ascorbic acid and total protein content increased significantly with
increasing concentrations of nickel and lead in all the studied species. NR enzyme activity
decreased significantly in L. leucocephala and R. pseudoacacia, while it increased significantly
in G. triacanthos. In conclusion, there were general increases or decreases in the content of
certain antioxidants in the leaves of all species studied. However, there were also some species-
specific differences, indicating different mechanisms of tolerance to heavy metal stress among

these species.

The effects of nickel (Ni), lead (Pb), and their interactions on the macro, micro, and non —
essential heavy metal elements in the shoots, roots, and soils, as well as the physical and
chemical properties of the soil after planting, were observed to decrease some parameteries at

concentrations of 15, 30, and 45 mg.kg™ for the three species studied. According to this study,
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the highest accumulation of heavy metals in plant organs and species as follows: shoots > roots
> soils, and G. triacanthos > L. leucocephala > R. pseudoacacia.

The effects of Nickel (Ni), Lead (Pb), and their interactions on the qualitative and quantitative
total content of various phytochemicals (phenolic, flavonoid, glycoside, alkaloid, steroid,
terpene, tannin, and saponin) were observed using three different solvent extraction methods
(methanol, water, and ethyl acetate). The results indicated that the methanol solvent extraction
yielded higher values for all the qualitative and quantitative phytochemicals, except for the
total saponin content, which was only higher when using water as the solvent for G.
triacanthos, L. leucocephala, and R. pseudoacacia leaves. The extraction of qualitative and
quantitative phytochemicals was influenced by factors such as solvent polarity, the ratio of
solvent to plant materials, particle size of the materials, extraction method, and temperature.
The phytochemicals were found to be directly dependent on the developmental stage of the
plant, the specific parts of the plant used, and the solvents employed for extraction and
isolation. Minerals play a diverse role in the metabolism of medicinal plants, and their presence
in varying degrees can have various effects on plant metabolism. These effects can be both

severe and varied depending on the abundance or scarcity of these minerals.

The applications of nickel (Ni), lead (Pb), and their interactions on certain anatomical
characteristics of plants, such as leaves, petioles, stems, roots, as well as the number, length,
and width of stomata, were found to increase at concentrations of 30 and 45 mg.kg? in

seedlings of G. triacanthos, L. leucocephala, and R. pseudoacacia.
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Chapter One

Introduction

The honey locust (Gleditsia triacanthos), white lead tree (Leucaena leucocephala) and
black locust (Robinia pseudoacacia) are three fabaceae trees, easily cultivated species, planted
as landscape in Iraq and Kurdistan region; they are important for carbon restoration, soil
stabilization and landfills, and wastelands, re-vegetation; they produce high levels of biomass
and enhance tolerate, and can accumulate high levels of heavy metals in their aboveground
parts. These plants are used for phytoremediation and decrease regeneration costs. They can
live in many stressed environmental conditions except frost. These species are fast growing,
can reach maturity and produce seeds during 6-7 months. These species produce
phytochemicals or pharmacological activity compounds which are widely used in the human
therapy, veterinary, agriculture, scientific research and countless other areas (Sharma et al.,
2022; Ssenku et al., 2017).

The subject of heavy metals nowadays has attracted the attention of scholars worldwide, due
to their risks to human and the ecosystem by polluting soil, water, and food, where soil is the
media for seed germination, and plants growth and development (Deswal and Laura, 2018).
Soil contamination of heavy metals due to many activities such as; industrial waste, fertilizers,
pesticides, irrigation with wastewater, gasoline, paint, mining waste and many other resources.
The two heavy metals that are found most frequently in contaminated sites are lead (Pb) and
nickel (Ni). According to several authors, the toxicity of Pb and Ni could result in oxidative
cellular damage when they produce reactive oxygen species (ROS). Antioxidant enzymes can
therefore lessen or stop the toxic effects of ROS brought on by metal stress (Sharma et al.,
2023; Nyiramigisha et al., 2021; Kumari and Amarnath, 2021).

In small amounts, Ni is necessary for seed germination and normal plant growth and
development. However, at high concentrations, Ni becomes toxic and causes changes at the
physiological, biochemical, and cellular levels that cause severe damage to plants. Ni is one of
the 17 essential mineral elements for plants. The most prevalent symptoms of Ni poisoning in
plants include impairments in photosynthesis, mitotic activity, sugar transfer, and plant
development. Some farmland has been rendered unusable for growing crops, fruits, and
vegetables due to extremely high soil Ni concentrations (Ahmad et al.,2009). Pb is highly toxic
heavy metal, which is also called protoplasmic poison and it is a hazardous pollutant for

environment (Mehboob et al., 2018). Although it is not a necessary elements for plants, it has



a negative impact on a variety of physiological processes, including preventing seed
germination, preventing root formation, delaying seedling growth, reducing mineral nutrition,
these effects may lead to a cell death at high concentrations, and may kill the plant (Fazal 2015;
Sharma and Dubey, 2005). The primary methods used by roots to absorb Ni and Pb include
passive diffusion and/or active transport, depending on the kind of plant, the acidity of the soil,
the presence of other metals, and the concentration of Ni?* in the soil solution. Pb is generally
taken up by passive diffusion, mostly through intercellular spaces of the apoplast, following
the water movement within the plant (Kun et al., 2021; Alvarez et al., 2019; Joseph et al.,2018).

As a result of an imbalance between the ROS defense system and the antioxidant defense
system in plants, which results from heavy metals, high light intensity, high temperature, air
pollution, soil salinity, drought, and biotic stress, plants experience oxidative stress. Plants
create ROS as by products of a variety of metabolic processes, including respiration and
photosynthesis. The build up of ROS disrupts physiological processes normally occurring and
damages biomolecules, cells, and tissues (Sachdev et al., 2021; Ali et al., 2020). Antioxidants
are chemicals that are found in plants at lower concentrations than oxidizable substrates and
that significantly slow down or stop oxidation. Carotenoids and ascorbic acid are examples of
non-enzymatic antioxidants, whereas catalase (CAT) and peroxidase (POD) are the two main
enzyme-based antioxidants. While non-enzymatic antioxidants work by stopping free radical
chain reactions to prevent cell damage, enzymatic antioxidants work by dissolving and
expelling free radicals from the cells. Antioxidant defense is present everywhere in nature, and
plants manufacture it to defend themselves against a variety of biotic and abiotic challenges
(Ren et al., 2021; Santos-Sanchez et al., 2019; Kartoori et al., 2018).

Species of the fabaceae family are a rich source of phytochemicals including phenols,
flavonoids, glycosides, alkaloids, tannins, terpenoids, steroids and saponins, which exhibit a
variety of health benefits, especially anti-cancer properties. A major source of medication is
plants, which have a wide range of biological effects, including antioxidant, antibacterial,
similar antifungal properties. The majority of the global population relies primarily on plants
for their primary healthcare and nearly 25% of conventional medications. Plant-based
medicines are readily available, inexpensive, efficient, safe, and rarely have negative effects.
All around the world, medicinal plants are a source of significant economic value. Minerals
play a variety of roles in the metabolism of medicinal plants (Usman et al., 2022; Saio et al.,
2015; Mishra et al., 2012).



As plants is subject to a variety of demanding environmental conditions over the course of
their lifetimes that have a negative impact on their growth and developmental processes. Under
situations of heavy metal stress, growing plants experience a variety of alterations, affecting
their leaf, petiole, stem, and root systems (Saraiva et al., 2020; Gao et al., 2019; Amari et al.,
2017). Numerous variables, including an element's properties, the type of soil, the species of
plant, and the organ of the plant, affect the uptake and transport of heavy metals in plants. Since
the root is the first organ to come into touch with the soil, it is in charge of absorbing and
moving ions and water. The principal organ of photosynthesis is the leaf, which is a crucial
procedure for supplying energy to keep all plant tissues' physiological functions operating.
Reduced water and mineral intake by roots due to anatomical and morphological changes
compromises the capacity of plant growth (Pandey et al., 2022; Yadav et al., 2021). A decrease
in cell division that resulted in an increase in cell wall thickness and/or an imbalance in the
activity and concentration of phytohormones like auxin in roots exposed to heavy metals may
be the cause of a reduction in root growth (Hamza et al., 2020).

Nowadays, a variety of remediation, including physical, chemical and biological
remediation (microbial remediation and phytoremediation) approaches have been developed to
reclaim heavy metal-polluted soils. The phytoremediation uses plants to extract and transport
elemental pollutants in the soil, stabilizing soil fertility and removing heavy metals from the
soil, which is considered to be the most efficient and environmentally friendly method for

remediation of heavy metal-contaminated soils. (Sharma et al., 2023; Yan et al., 2020).

These two elements (Ni and Pb) were selected because so few studies where conducted

about them, specially using both of them together on our study plant species.

The aim of this study is to investigate the effects of Ni and Pb elements as soil pollutants,
heavy metals on seed performance, morphological, physiological, phytochemical and
anatomical properties of G. triacanthos, L. leucocephala and R. pseudoacacia as three forest
species belonging to fabaceae family and enable these species to realize phytoremediation in

Kurdistan region-Irag.
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Chapter Two

Review of literature

2.1 Botanical, economical, climatic requirments and cultivation of G.

triacanthos, L. leucocephala and R. pseudoacacia species

2.1.1 Botanical description

The honey locust called Gleditsia triacanthos is a deciduous tree belonging to fabaceae
family. Genus Gleditsia comprises 14 species which can reach a height of 15-25 m and 0.5-1
m diameter. The bark of trees is reddish-brown to black, scaly, ridged, and frequently covered
in clusters of huge, branched thorns. Trees also have a short bole and an open, narrow, or
spreading crown. Its extensive root system is branching and has a robust taproot. The
arrangement of the leaves is alternating, single or double pinnate. Those single-compound
plants emerge early on short or dwarf branches, bear 14-30 leaflets on a central stalk that is
15-20 cm long, and are preformed in buds. During the growing season, those doubly compound
plants neoform and produce 4-7 pairs of branches that each resemble a single doubly
compound leaf. Leaflets are 25-40 mm long, and they are widest near the base. They have
rounded tips that occasionally have very little teeth. Flowers are tiny, 5 mm wide, regular, and
greenish-white. On the same tree, frequently on different branches, are the male and female
blooms. Furthermore, there can be perfect blossoms. Fruit pods that are 15-40 cm long, flat,
curved, or twisted, and have leathery husks fall during the winter without opening. Seeds are
bean like; with a hard, impermeable seed coat; 0.5-1.5 cm long, dark brown, smooth (Dana et
al., 2022 ; Heuzé et al., 2018).

White lead tree i.e. Leucaena leucocephala was known as a miracle tree because of its
worldwide success as a long lived, the fast growing, nitrogen fixing tree/shrub. It creates dense
thickets and grows up to 10 m tall throughout the cleared areas. An evergreen is a species of
Leucaena. The compound pinnate leaves of L. leucocephala are linear-lanceolate, 8-15 mm
long, 2-4.5 mm wide, slightly asymmetric, acute at tip, linear-oblong to weakly elliptic,
glabrous except on margins that are rounded to obtuse at base. Pinnular rachis are generally 5-
10.2 cm long and are bipinnate with 6-8 pairs of pinnae bearing 9-20 pairs leaflets. The axillary
globose head's paired inflorescences have a diameter between 12 and 20 mm, a peduncle length

between 2 and 3 cm, and several flowers are produced. After the seed germination period of 4



to 6 months, L. leucocephala begins to blossom. The flowering season often lasts two years or
is seasonal. The spherical, whitish flower heads, which grow on young branches that are
actively growing, have a diameter of 2 to 2.5 cm, 100 to 180 flowers per head, and 2 to 6 in
each group of leaf axils. Each flower head produces 5 to 20 pods that are 11 cm to 19 cm long,
15 mm to 21 mm wide, linear-oblong in shape, flat, with 8 to 18 seeds, mid-to orange-brown
in color, glabrous and faintly glossy in white silky hairs, papery, and opening along both
borders. The testa, which is firm, dark brown, and oriented transversely in the pod, is between
6.7 and 9.6 millimeters in length and between 4 and 6.3 millimeters in width. The fruits start
to produce a lot of fruit after the first year. The seeds are tiny (8 mm long), glossy, flat, teardrop-
shaped, dark brown, and covered in a thin but reasonably resistant seed coat. Per kilogram,
there are around 17,000-21,000 seeds. (Hamad and Anwer, 2021; Septina and Rivai, 2020).
Black locust called Robinia pseudoacacia is a medium size tree, 25 mtall, 60 cm dbh; trunk
irregular; crown open, irregular; branches short, brittle; the persistent stout spines on young
shoots are found on mature wood; the smooth bark becomes reddish-brown and deeply
furrowed with age. The leaves are alternating, pinnate, deciduous, and have 7-19 leaflets on a
central stalk that is 20-30 cm long. Each leaf has two spines at the base, and the leaflets are
oval, 30-50 mm long, dull green, bristle-tipped, and smooth-margined. At the end of a new
branch, spectacular, white, pea-like, fragrant flowers appear in loose, drooping clusters
approximately 14 cm long. The fruit is a flat, elongated pod that is 7 to 10 cm long. It has a
thin-walled, silky husk that is dark to reddish-brown, numerous on a central stalk, and stays on
the tree throughout the winter. Beginning around age 3, seed crops start to occur every 1-2
years, with an abundant crop every 2-3 years. R. pseudoacacia is similar to other secondary

forest legumes that grow quickly (Hallmann, 2020).

Seeds of G. triacanthos, L. leucocephala and R. pseudoacacia ripen in late summer and early
autumn and pods are shed from September to April in Kurdistan Region and Iraq (Mustafa,
2009).



(A)

(B) (C)

Fig 2.1. Botanical description of (A) G. triacanthos, (B) L. leucocephala and (C) R. pseudoacacia
species

2.1.2 Economical values

Gleditsia species is planted for soil erosion control and for wind breaks as shade and
ornamental trees, livestock feed and wood. Gleditsia plant have been widely used in traditional
chinese medicine. The fruits and thorns are used for treating apoplexy, headache, productive
cough, asthma and suppurative skin diseases. It was reported that G. triacanthos seed extracts
can be used as a natural source of phenolic compounds and as antioxidants; In addition extracts
of Gleditsia plant possess important pharmacological activities in treating rheumatoid arthritis,
as anti-mutagenic, anticancer and they have significant cytotoxic activity against different cell
lines (Dana et al., 2022).




L. leucocephala has multipurpose uses, such as generation of firewood, timber, greens,
fodder and green manure; It also to provide shade and control soil erosion. L. leucocephala is
a plant rich in chemical compounds which is distributed in every part of the plant. Due to its
numerous pharmacological qualities, it has been utilized for therapeutic purposes. Studies have
revealed that this plant contains a variety of secondary metabolites, including alkaloids,
tannins, flavonoids, saponins, and glycosides. It is employed as an abortifacient, contraceptive,
and treatment for stomach aches in conventional medicine. The antimicrobial, anthelmintic,
antibacterial, anti-proliferative, anti-diabetic, cancer-preventive, diuretic, anti-inflammatory,
antioxidant,  antitumor,  antihistaminic, = nematicide,  pesticide,  antiandrogenic,
hypocholesterolemic, and hepatoprotective properties of this substance have all been used in
medicine (Deivasigamani, 2018).

R. pseudoacacia has been introduced worldwide as a commercially important multipurpose
tree because of its adaptability to environmental stresses, its rapid growth and the hardness of
its wood. Mostly decorative trees were planted there. One of the most significant sources of
honey production is black locust blossoms. They could be a good source of several bioactive
components in the diet of consumers. Flowers with a variety of hues contain a lot of bioactive
substances. Different phytochemical profiles were seen depending on the flower hue, with
yellow and orange flowers showing higher concentrations of carotenoids and flavonoids and
purple, violet, and blue flowers showing larger amounts of anthocyanins. The primary goal of
flower coloring is to increase the flowers' appeal to pollinators. The most prevalent polyphenol
components are quercetin and its glucosides, epigallocatechin and ferulic acid. On the other
hand, flowers can provide the human diet with polyphenol chemicals. A higher intake of
polyphenols can lower cardiovascular risk and prevent certain types of cancer (Orwa et al.,
2010).

2.1.3 Climatic requirement

G. triacanthos within the natural range, a large amount of variation exists in both climate
and soil conditions. G. triacanthos occurs naturally in humid and subhumid climate regions; it
grows naturally to 760 m, but has been planted from sea level to 1500 m in temperate latitudes
will grows to above 2500 m in subtropical highlands. It doesn't grow in the shadow and only
establishes in open areas. G. triacanthos is tolerant to salinity and drought. Mean yearly
temperatures are 15-24 °C and mean annual precipitation is 510-1520 mm. Although it also

thrives on saline soils, the best growth is seen in deep soils (pH 6-8) in wet, alluvial floodplains.



It frequently fails on shallow soils and performs poorly on gravelly or heavy clay soils (Heuzé
et al., 2018).

L. leucocephala is essentially a tropical species requiring warm temperatures for optimum
growth and has poor cold tolerance and significantly reduced growth during cool winter months
in subtropical areas. Only subhumid or humid regions with moderately long dry seasons (up to
6-7 months) support its growth. It performs best on calcareous soils but may also be found on
salty soils and on alkaline soils up to pH (8); it is not tolerant of acid soils or waterlogged
circumstances. Altitude (0-1500), max. 2100 m, mean annual temperature is 25-30 °C, and its
mean annual rainfall is 650-3000 mm. Known to be intolerant of soils with low pH, low
phosphorus, low calcium, high salinity, high aluminium saturation, and waterlogging, L.
leucocephala has frequently failed in these environments (Zayed et al., 2018).

R. pseudoacacia species is distribution optimum in sub-mediterranean to warm continental
climates. The trees are pioneers on disturbed soils or burned sites. It dominates early forest
regeneration in many native forest stands. The tree does not tolerate waterlogging or shade.
Altitude is over 800 m, mean annual temperature should be 35 - 40 °C, mean annual rainfall
should be 1000-1500 mm. Soil type is found on a wide range of soils but does well on

calcareous, well-drained loams with pH range of 4.6-8.2 , (Hallmann, 2020).

2.1.4 Cultivation

Gleditsia is propagated by seed, pre-soaked for 24 hours in warm water and then sown in
spring in a greenhouse. If the seed has swollen, then it can be planted; if not, then soak it in
warm water for an additional 24 hours. When filing away a portion of the seed coat, take be
careful not to harm the embryo if this does not work. The seed should then expand after
additional soaking. The seed should germinate in 2 to 4 weeks at 20°C once it has swelled.
Prick the seedlings out into separate, deep pots as soon as they are strong enough to handle
them, then plant them in their final locations in the summer. For their first few outdoor winters,

provide the plants with some protection from the cold (Tognetti et al., 2019).

Leucaena can be planted by seed or 'bare stem' seedlings. Seeding rates of 1-2 kg/ha at depths
of 2-3 cm are usually recommended in rows 3-10 m apart. Freshly harvested leucaena often
has a high degree of hard seed due to an impermeable waxy coat which must be broken before
the seed will imbibe water and germinate. Scarification to break this dormancy usually involves

treatment with hot water (boiling water for 4 second) or acid (concentrated sulphuric acid for



5-10 min). Select ripe dried pods for their seeds; these can either be sown directly or in pots.
Rows of seeds can be planted, spaced 50-100 cm apart (width according to planned plant
height), (Shelton et al., 1998).

Robinia reproduction is primarily vegetative, although it can also reproduce by seed. It
sprouts from the roots and forms clones, particularly in sandy soils. In response to harm, it also
readily grows from stumps. Black locust matures and grows quickly; some trees might start
producing seed at six years old. Heavy seed yields are produced every one to two years. The
seeds' outer layer is dense and impenetrable. However, this species also depends on sexual
reproduction due to its hermaphrodite blooms, which are pollinated by bees, and its abundant
seed output. Late summer and early autumn are when seeds ripen, and September through April
is when pods shed their contents. Pods holding seeds remain on the crown of the plant
throughout the winter. They may open on the tree or may be dispersed far from the mother
plant (Giuliani et al., 2015).

2.2. Nickel and lead as heavy metals

Ni is one of the 17 necessary minerals for plants, needed in minute levels for normal growth
and development. Ni concentrations in plant cells that are higher cause physiological,
biochemical, and cellular changes that severely harm plants. The most typical signs of Ni
toxicity in plants include decreased plant growth, obstruction of sugar transport, and inhibition
of photosynthesis and mitotic activity. Some farmland is no longer viable for growing crops,
fruits, or vegetables due to extremely high Ni concentrations in the soil. Generally, accepted
Ni values in plant tissues are between 0.5-5 mg-kg! of dry weight. Soil total Ni contents vary
between 5-150 mg-kg?* dw. The overall uptake of Ni by plants depends on the concentration
of Ni in soil solution, plant metabolism, the acidity of soil or solution, the presence of other
metals, and organic matter composition. Lead is not an essential element and is considered
relatively unavailable for living organisms due to immobilization in the soil and limited
transport from roots to plants. The concentration of total Pb in uncontaminated soil fluctuated
within the range of 10-50 mg-kg?; however, in soil with low-level contamination, Pb
concentration can be expected to range from 30 t0100 mg-kg™ (Kacéalkova et al., 2014 and
Vatansever et al., 2010).

2.2.1. Heavy metals definition and sources



Worldwide, dealing with heavy metals toxicity is a major challenge for agricultural scientists
because they are in soil environment have become a leading health concern, especially for
plants, humans and animals (Haseeb et al., 2022). Heavy metals are non-degradable by any
biological or physical process and are persistent in the soil for a long period, which pose a long-
term threat for the environment. According to their role in biological systems, heavy metals
can be grouped as essential and non-essential. Essential heavy metals including Fe, Zn, Cu,
Mn, Mo and Ni, are needed for physiological and biochemical processes throughout plant life
cycle, but when present in excess, they may be hazardous. Non-essential heavy metals like Pb
are extremely poisonous and have no known function in plants and may cause environmental
pollution and seriously affect a variety of physiological and biochemical processes in crop
plants and reduce agricultural productivity (Kafle et al., 2022; Alvarez et al., 2019).

According to Khalid et al. (2017) soil contamination with potentially (eco) toxic heavy metals
is ubiquitous around the globe. Concentration of these heavy metals in soil has increased
drastically over the past three decades, thus posing risk to the environment and human health.
Some technologies have long been in use to remediate the dangerous heavy metals.
Conventional remediation methods for heavy metals are generally based on physical, chemical
and biological approaches, which may be used in combination with one another to clean-up
heavy metal contaminated soils to an acceptable and safe level.

Sachan et al. (2017) compared that HMs toxicity has an unavoidable hazard to environment
and public health due to their increasing contamination and accumulation in atmosphere which
ultimately pass to the living beings via the route of food chain. Heavy metals are increasing
quickly in soil and water by weathering of rocks and anthropogenic activities and are now
posing a serious health risk both to people and plants. Among them Ni is a controversial
element because of debate on its essentiality or non-essentiality in plants, while at a higher
level it affects all cellular and metabolic processes and causes retardation of germination,
competition with other essential metal ions, osmotic imbalance, alteration of many enzymatic
activities, disruption of cell structure and wilting, reduced photosynthetic activity, oxidative
stress etc. Plants also possess some natural and stress-induced strategies to cope up with Ni
excess/toxicity. These strategies include growth regulators, antioxidative enzymes, amino acids
as osmoprotectant and chelation of Ni with metalloproteins and metallothionins.

According to Khalid et al. (2016), excessive build-up of heavy metals in agricultural soils
results in increased heavy metal uptake by food crops and vegetables, which in turn may induce
serious health risks to human beings. Heavy metals are reported to cause several disorders in

humans including cardiovascular diseases, cancer, cognitive impairment, chronic anemia,
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damage of kidneys, nervous system, brain, skin, and bones. Owing to potential harmful effects
associated with heavy metal exposure, there is a global concern to ensure that the heavy metal
content of agricultural soil and the crops grown on these soils do not exceed the allowable
regulatory limits. Additionally, people are becoming more aware of the effects that heavy metal
contaminated soils on human and environmental health, resulting in the improvement and
development of technologies for clean-up of heavy metal contaminated areas. Contrasting to
organic contaminants, heavy metals are somewhat unique by the fact that they are highly

resistant to either biologically or chemically induced degradation.

2.2.2. Effects of nickel and lead on some seed performace, morphological,

physiological and anatomical characteristics of plants

2.2.2.1 Seed performance

Pavlova et al. (2018) found that the effect of Ni on seeds of Alyssum markgrafii and A.
murale, an obligate and a facultative Ni hyperaccumularors respectively, distributed on the
Balkans. Seeds collected from natural populations of the species in Albania were germinated
with standard solutions of 0.5, 1, 2, 4, 6, 8 mM Ni as NiCl..6H-0 in distilled water and
compared with germinated seeds in distilled water. The results demonstrated that Ni had an
impact on germination process and differences were discovered not only between the species
but also between the populations. The germinability decreased with elevation of Ni
concentrations. The relative frequency of germination in A. markgrafii was more spread out
through time. The seeds of A. murale displayed greater homogeneity and higher synchrony of
germination. The seeds of A. murale were less sensitive (or tolerant to) when treated with
higher metal concentrations and germination was less influenced compared to A. markgrafii.
Lower concentrations of Ni enhanced hypocotyl elongation but inhibited root elongation in
both species. The roots were more sensitive to Ni compared to the hypocotyl. The abnormalities
at early stage of seed germination found in both species disturbed the normal growth of the
seedlings.

Sharifi-Rad (2017) carried out a study to assess the phytotoxicity of Ni on seed germination
of Hyssop (Hyssopus officinalis L.); The experiments were performed in different aqueous
concentrations 50, 100 and 150 uM of aforementioned heavy metals over the period of 14
sequential days. The results demonstrated that heavy metals negatively impact the normal
growth of plants by reducing seed germination. The harmful effects of chosen heavy metals on

seed germination can be organized by the grade order of inhibition. These results indicated a
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model system for varying concentrations of heavy metals for their phytotoxicity effects and
also for the seeds’ ability to negate the toxicity impacts of heavy metals in various types of
irrigation waters and soils. Shweti and Verma, (2018) found that the Ni is an essential
micronutrient for seed germination at low concentration. When it is present in large
concentrations in the soil and in plants, it becomes toxic. However, the effectiveness of
tolerance varies depending on the variety of plant. The response of Ni on nine wheat (Triticum
aestivum L.) cultivars. The seeds of wheat cultivars were germinated in petriplates lined with
whatman filter paper No.1 and treated with various concentration of Ni (5, 10, 25, 50 and 75)
mg/L respectively and distilled water was used as control. The germination percentage was
recorded at ten days after soaking. The lower concentration (5 mg/L) of Ni has no adverse
effect on germination, while the higher concentration decreased the germination. The result
indicates that the low amount of Ni is required for wheat cultivars. Whereas, the increasing
level of Ni cause toxicity.

Bezini et al. (2019) evaluated the effect of Pb on germination of Medicago arborea seeds.
Solutions of four concentrations 25, 50, 75 and 100 ppm of Pb were used. The following
germination indices: Final germination percentage (FGP), Mean daily germination (MDG),
Mean germination time (MGT) were estimated. The results showed that FGP, MDG were
significantly affected by heavy metal stress. In contrast, the increase of applied heavy metal
dose resulted in prolongation of MGT, and therefore, in significant increase of its value. It
should be noted that M. arborea seeds were able to germinate even at 100 ppm, which is a
concentration higher than critical limits for agricultural soils and irrigation water. This shows
that M. arborea may be considered as a moderately tolerant species, at least during the
germination phase, to metal stress and as a candidate with acceptable potential for
phytoremediation. Kabira et al. (2018) tested that the effects of Pb on seed germination of
Leucaena leucocephala where increase in concentration of metal treatment from 25 to 100
ppm, significantly (p<0.05) reduced germination percentage which was more prominent for Pb
treatments as compared to control.

Ismail et al.(2013) reported that the toxicity effects of Pb on germination of three tree
species; Thespesia populneoides, Leucaena leucocephala and Delonex regia were evaluated.
The results illestrated that dose response of heavy metals were inversely proportional to
germination. The percentage germination of L. leucocephala was least affected by lead toxicity
while scoring the best germination response among the three tree species. Exposure high
concentration (125ppm) to Pb inhibited of D. regia while much higher reduction was observed

for L. leucocephala. Furthermore, the phytotoxicity and tolerance index confirmed that D.
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regia appeared to be the most tolerant species whereas, T. populneoides and L. leucocephala
were moderately tolerant and less tolerant species respectively against the Pb treatment. Shafiq
et al. (2008) found that seed of Leucaena leucocephala were grown under laboratory conditions
at 25, 50, 75 and 100 ppm of Pb. Increasing the concentration of lead to 75 ppm, significantly
(p<0.05) decreased seed germination as compared to control. The results of the study suggest
that due to better metal tolerance indices there is a possibility of growing L. leucocephala in
areas contaminated with Pb.

Deswal and Laura (2018) observed the seed germination percentage was affected only at
relatively higher concentrations of Niand Pb. While at the lower concentration of the heavy
metals 1 mM for Ni and Pb there was only delay in the germination. Ertekin et al.(2020)
conducted a study to determine the effects of different doses (0, 100, 200, 400 and 800) mg L"
1 of Ni and Pb on seed germination of sorghum. In the research, germination rate and mean
germination time were measured during germination to determine the impacts of heavy metals.
The results indicated that both germination time and mean were adversely affected by heavy

metals. Increasing heavy metal doses negatively affected all investigated properties.
2.2.2.2. Morphological characterestics

Patra et al. (2019) reported that the Ni affects growth and the morphology of plants. The
mobility of Ni in the environment and the consequent contamination in soil and water is of
great concern. Also, the detrimental effects of excessive Ni on plant growth have been well
known for many years. Toxic impacts of Ni on plants include alterations in the growth of roots,
stems and leaves. Total dry matter production was significantly affected by Ni and also causes
deleterious effects on plant physiological processes. Faizy et al. (2022) found the influence of
Ni fertilizer at 0, 50, 100 and 150 mg.kg™ concentrations on the vegetative part of Trigonell
afoenum-graecum. The results showed that the heavy metal 50 mg.kg™ of Ni with control has
a significant impact on the height of plant.

Shweti and Verma (2018) found that the Ni is an essential micronutrient for plant growth at
low concentration. It becomes poisonous when the concentration is high in the soil and in
plants. However the effectiveness of tolerance depends on the plants species. The response of
Ni on nine wheat (Triticum aestivum L.) cultivars with various concentrations of Ni 5, 10, 25,
50 and 75 mg/L respectively and distilled water was used as control. Seedling growth and
weight were recorded at ten days after soaking. The lower concentration (5 mg/L) of Ni has no

adverse effect on shoot and root length and weight, seedling growth while the higher
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concentration decreased the seedling growth, shoot and root length and weight. The result
indicates that the low amount of Ni is required for wheat cultivars, whereas, the increasing
level of Ni reduced plant growth and cause toxicity. Batool (2018) studied the bioaccumulation
of Ni in chickpea (Cicer arietinum L.) and its impact on the growth. Ni treatment was applied
in solution form 25, 50, 100 and 150 mg.Lto the soil. A significant decreasing trend in shoot
length, number of branches, number of leaves and biomass yield was observed for all
treatments as compared to control. Accumulation of Ni in plant shoots was gradually increased
with increasing concentrations of Ni application. Ertekin et al.(2020) conducted a study to
determine the effects of different doses 0, 100, 200, 400 and 800 mg L™ of Ni and Pb on
seedling growth of sorghum. In the study, root fresh weight and shoot fresh weight were
measured during seedling growth to determine the affects of heavy metals. The results
demonstrated that seedling growth properties was adversely affected by heavy metals.
Increasing heavy metal doses negatively impacted all investigated properties. Anwar et al.
(2022) illustrated the Pb produced significant (p<0.05) effects on various growth parameters
of Albizia lebbek and Prosopis julifora number of leaves, leaf area and biomass of both
seedlings exhibited significant (p<0.05) decrease when treatments of lead were increased from
20 ppm to 30 ppm. Lead treatments of 25, 50 and 75 ppm were also carried out in pot
experiment. Pb treatments at 75 ppm demonstrated much reduction in growth as compared with
control. The rise in absorption of Pb directly effects shoot growth and root length is also
reduced. However at 25 ppm shoot growth of A. lebbeck was better than control while shoot
growth of P. juliflora was reduced. The shoot length was much decreased by increase in
concentration of Pb. The seedlings grown in control soils have better growth as compared with
Pb treated soils. The increase in concentration of Pb reduced the seedling size. The seedlings
which were treated with the 25 ppm and 50 ppm were almost of same size but 75 ppm caused
much reduction in the seedlings growth. In both cases Increased concentration of Pb reduced
the dry weight. General fallouts of different limits showed that Pb is a toxic element, which
caused much reduction in growth of both A. lebbeck and P. juliflora.

Nas and Ali (2018) investigated that some heavy metals are easily absorbed and build up in
many areas of a plant while being neither a necessary element nor playing any part in cell
metabolism. The pH, particle size, cation exchange capacity, root exudation, and various other
physical and chemical characteristics all play a major role in controlling lead uptake. In plants,
a high concentration of heavy metals, such as lead, can result in a variety of hazardous
symptoms, including growth retardation (stunted growth). Kabira et al. (2018) confirmed that

the effects of Pb on seedling growth of Leucaena leucocephala were increase in concentration
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of metal treatment from 25 to 100 ppm, significance (p<0.05). Seedling root and shoot length,
seedling size, root/shoot ratio, seedling fresh and dry weights all declined significantly
(p<0.05) as compared to control treatment. Seedlings growth of L. leucocephala gradually
reduced with an increase in concentrations of Pb as compared to control. Mehboob et al. (2018)
noticed in an experiment the effects of different concentrations (0, 20, 40, 60, 80 and 100) ppm
of Pb on growth performance of wheat (Triticum aestivum) as compared to control. Pb
treatment in the form of Pb acetate at 100 ppm completely inhibited the seedling growth of T.
aestivum as compared to control. Pb treatment at 20 ppm concentration produced significant
reduction in shoot length as compared to control. At various Pb concentrations, root
development, an important growth characteristic, was found to be significantly inhibited. The
treatment of Pb at 20 ppm produced significant (p<0.05) reduction in seedling dry weight as
compared to control. Ismail et al. (2013) reported the toxicity effects of Pb on the root length
and dry biomass of three tree species; Thespesia populneoides, Leucaena leucocephala and
Delonex regia. The results revealed that dose response of heavy metals were inversely
proportional to root growth and dry biomass. Exposing high concentration (125ppm) Pb
inhibited the root growth of D. regia, while much higher reduction was observed for L.

leucocephala.

Fahr et al. (2013) showed that Pb affects plants primarily through their root systems. Plant
roots quickly respond either by the production and deposition of callose, creating a barrier that
prevents Pb entering through the uptake of large amounts of Pb and its sequestration in the
vacuole accompanied by changes in root growth and branching pattern or by its translocation
to the aboveground parts of plant in the case of hyperaccumulators plants. Pb has no biological
function but can cause morphological, physiological, and biochemical dysfunctions in plants.
Mami et al. (2011) conducted a study in order to evaluate two tomato (Solanum lycopersicum)
varieties (Barakat and Local tomato) response to Pb in northern of Iran. Five doses (0, 0.001,
0.01, 0.1 and 1) % of Pb was investigated. Results found that the reaction of varieties to
different heavy metal compounds and those doses is varied and Barakat variety has greater
resistance in more indices. Also, heavy metal kinds and different doses of these compounds
affected some growth indices. Kabir et al. (2010) found that the effects of Pb on root, shoot
and seedling length, leaf area, number of leaves, seedling dry weight (root/shoot) and leaf area
ratios of Thespesia populnea L. were determined in greenhouses under natural environmental
conditions with and without phytotoxic metal ions at (5, 10, 15, 20 and 25) umol/l. Pb

treatments have a strong influence on the growth and development of T. populnea by reducing
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significantly (P < 0.05) all the above parameters. Pb treatment at 5-25 pmol/l produced
significant (P < 0.05) effects on seedling and root length and seedling dry weight of T.
populnea, while Pb treatment at 10-25 umol/l produced significant (P < 0.05) effects on shoot
length, number of leaves and leaf area as compared to control. Tolerance in T. populnea
seedling at 25 umol/l of Pb treatment was lowest as compared to all other treatments.

Oladele et al.(2017) reported that the seedling of bambara nut (Vigna subterranea) irrigated
with various concentrations of Pb(NO3), (100,150 and 200) mg.kg? show that a negative
relationship existed between the different metal concentrations in the soil and the growth
parameters (stem height, root length, leaf area, fresh and dry weight) compared to control
experiment. Malar et al. (2014) conclude that the effect of Pb toxicity on physiological and
biochemical changes in water hyacinth (Eichhornia crassipes) seedlings. The plant growth was
significantly inhibited (50 %) at 1000 mg/L Pb concentration. Huiying et al. (2012) reported
that perennial ryegrass (Lolium perenne), as one of the widely used turfgrass and forage
species, has a potential for bioremediation. Ryegrass seedlings were subjected to 0, 0.5 and 3.2
mM of Pb(NOs). for 7 days in a hydroponic system maintained in a greenhouse. Both root and
shoot growths were inhibited by Pb compared with the control. Kadiry (2009) studied the lead
Pb accumulation and distribution and its effects on the growth of Solanum melongena seedlings
which were grown under pot culture conditions in a glasshouse with (75, 150 and 300) mg. L-
!, Growth characterestics such as root elongation, plant height; fresh and dry biomass of root
and shoot; and leaf area were studied. The reference values from the control treatment were
normal values for this plant growing in alkaline soils. When compared to low-level Pb

treatment, the greatest amount of Pb generally reduced the growth characteristics.
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2.2.2.3. Physiological characteristics
2.2.2.3.1. Photosynthetic pigments

Batool (2018) studied the effects of Ni toxicity on photosynthetic pigments of Chickpea
(Cicer arietinum). Ni was applied to the soil as solution 0, 25, 50, 100 and 150 mg. I1. A
significant decrease in carotenoid contents was observed with increasing concentrations of Ni
application. The plants also showed a similar declining pattern, which may be explained by
reduced pigment concentrations and reduced photosynthetic activity. Pant et al.(2020)
discovered that plants that grow in Pb-contaminated soils can absorb the heavy metal and
transport it to different areas both intracellularly and extracellularly. Pb poisoning can have an
impact on a plant's overall health since it interferes with fundamental physiological and
metabolic functions including photosynthesis.

Deswal and Laura (2018) observed that the heavy metals, Ni and Pb quantitative
accumulation occurred in the order leaves. The heavy metals lowered the total carotenoids'
quantity, and the reduction in total carotenoids depended on concentration. SaiKachout et al.
(2015) conducted a study on the elements Ni and Pb to annual atriplex (A. hortensis and A.
rosea) to phytoremediate soils polluted with these heavy metals. The soils, which contained up
to 1674 mg Ni and 1334 mg Pb/kg™ were sampled around metal contaminated site in southwest
of France. Some heavy metals accumulated in the plants may have reached toxic levels on the
pigment contents Significant increases in chlorophyll content were observed in leaves for
atriplex varieties; on the other hand the carotenoid content was also reduced when exposed to
high concentrations of polluted soil. Singh et al. (2012) carried out a study on the effect of Pb
and Ni on chlorophyll a, b, carotenoids of black gram (Vigna mungo L.) seedlings were
evaluated under 10, 50 and 100 uM concentration. These concentrations significantly affected
chlorophyll, carotenoid of Black gram as compared to control. Pb and Ni at 10 uM
concentration resulted in less significant effect on chlorophyll, a, b and carotenoids, while
higher concentrations 50 and 100 puM significantly reduced carotenoid contents of the
seedlings. Abdalla and Mahmoud (2008) carried out an experiment in the open field at station
of vegetable on the effect of Pb and Ni added in combinations as thawing acetate salts to the
soil mixture of six-months-old transplants of Acalypha wilkesiana., Asclepias curassavica,
Dodonaea viscosa and Tabernaemontana divaricate. The chemical analysis of the obtained the
results showed that carotenoids contents in the leaves of the studied shrubs were reduced with

increasing heavy metal concentrations.
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2.2.2.3.2 Enzymatic and non — enzymatic antioxidants

Baran and Ekmekci (2021) studied the antioxidant defence of safflower species
(Carthamus oxyacantha M. Bieb. and Carthamus tinctorius L. exposed to Ni 0, 0.50, 0.75 and
1.00 mM. Both species might certainly resist harmful Ni poisoning if their own defense
mechanisms, including antioxidant enzymes, were better upregulated. POD activities among
them increased with rising Ni concentrations. The POD activities of both species were most
prominent and consistently increased in toxic Ni levels and maght protect them from negative
effect of H20.. EI-Amier et al.(2019) showed that the effect of Ni on the biochemical and
physiological processes in P. sativum seedling which was grown in Hoagland solution treated
with (100 and 200) M of NiClz for 72 h in the growth chamber. Proline was induced due to the
toxicity of Ni concentration. The activities of antioxidant enzyme catalase was induced under
the treatments of the metals. Sirhindi et al. (2016) evaluated the physio-biochemical attributes,
antioxidant enzyme activity in soybean (Glycine max L.) plants subjected to Ni stress, where it
showed an increase in total protein 22.58 % respectively, under Ni toxicity over the control.
The activities of peroxidase (POD) increases by 28.22 %, respectively, over the control in Ni
treated seedlings. Pompeu et al.(2008) noticed that Ni at high concentrations can lead to
production of ROS resulting in oxidative damage at the cellular level. They investigated the
antioxidative responses of Nicotiana tabacum to Ni 0.075 and 0.75 mM over a 72 h period
with special attention to potential alterations in CAT. Analysis revealed that CAT activity plays
a major role in the early response to Ni induced oxidative stress, particularly when the Ni
concentration used was low. De Macedo et al. (2016) reported that Ni is needed by plants in
tiny doses for optimal growth, especially legumes because of its function in N metabolism.
Soybean plants inoculated with Bradyrhizobium japonicum were cultivated in soil polluted
with five Ni rates 0.0, 0.1, 0.5, 1.0, and 10.0 mg. dm™ Ni. The NR activity was not affected
indicating good biological nitrogen fixation for all plants. The reddish color of the nodules
increased with Ni rates confirms the good BNF due to Ni availability.

Zainab et al. (2021) observed in a study that the oxidative stress occurs when crop plants are
exposed to extreme abiotic conditions that Pb to the excessive production and accumulation of
ROS. Drought, high temperatures, heavy metals, salinity, and ultraviolet (UV) radiation are
only a few of the harsh abiotic factors or stresses that result in crop production and quality
losses. ROS are highly reactive entities that can destroy molecules, metabolites, and organelles
in plants by obstructing several metabolic processes until cell death occurs. To detoxify ROS

and defend themselves from oxidative damage, plants have developed defensive mechanisms
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that involve the generation of antioxidants. Staszak et al. (2020) who evaluated that plant
physiological and biochemical processes can be severely harmed by Pb. The degree of a metal's
toxicity depends on its chemical form. Pb in concentrations of 12.5 mM and 25 mM on pine
(Pinus sylvestris) seed germination. Redox changes occur in the cell as a result of the high
levels of ROS. The antioxidant cycle's effective non-enzymatic activity predominated in the
early stages of germination processes, while in the late stages, enzymatic activity was observed
in the presence of Pb compounds. Seneviratne et al. (2017) revealed that heavy metal Pb
contamination in soils can impact various biochemical processes in plants, including
antioxidant production, protein mobilization. Whenever heavy metals are present, nutrient
sources are constrained. Furthermore, with heavy metal stress, protein content can be seen to
increase. The amino acid proline is crucial for cellular metabolism. Additionally, under heavy
metal stress, the production of heat shock proteins has been noted. Zengin and Munzuroglu
(2005) evualated an experiment on the effect of lead on the content of ascorbic acid in 17-day-
old bean seedlings (Phaseolus vulgaris) grown in Hoagland solution with various
concentrations of Pb. Control heavy metal-treated plants were grown for 10 days in Hoagland
solution. The amount of ascorbic acid in ten-day-old main leaves was measured. After 10 days,
main leaves showed a considerable rise in ascorbic acid content along with rising levels of
heavy metals. The plants that had been exposed to Pb heavy metals had the greatest impact on
the ascorbic acid content. Khan et al. (2017) showed that proteins the sequence of amino acids
determines each protein’s unique 3-dimensional structure and its specific function such as
catalysis of biochemical reactions, mechanical support and immune protection.

Bielen et al. (2013) reported that plants growing on soils contaminated with excess levels
of metals Pb and Ni experience a disturbance of the cellular redox balance, which leads to an
increase of ROS. Even though the increased ROS levels can cause cellular damage, controlled
levels play an important role in modulating signaling networks that control physiological
processes and stress responses. Under stress conditions like exposure to excess metals as well
as under non-stress settings, plants regulate ROS levels via their antioxidative defense system.
A well-known and significant part of the plant's antioxidant system is ascorbate (AsA). It can
directly and indirectly lower ROS as the principal antioxidant. Additionally, AsA plays a
crucial part in physiological processes, some of which are hampered by too much metal.
Abdalla and Mahmoud (2008) conducted a sudy in the open field at station of vegetable on the
effect of lead Pb and nickel Ni added in combinations as thawing acetate salts to the soil
mixture of six-months-old transplants of Acalypha wilkesiana, Asclepias curassavic,

Dodonaea viscosa and Tabernaemontana divaricate. The results indicated total carbohydrates
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contents in the leaves of the studied shrubs were decreased with increasing heavy metal

concentrations.

2.2.2.3.3 Elements concentration

Baran and Ekmekci (2021) studied safflower species (Carthamus oxyacantha and
Carthamus tinctorius ) exposed to Ni 0, 0.50, 0.75 and 1.00 mM. Where the accumulation of
Ni was higher in roots than in stem and leaves for both species. Bislimi et al. (2021) showed
that in contaminated site, the mean level of all the metals in soil and different parts (root and
leaf) of the plant were found to be significantly (p<0.01) higher than the uncontaminated site.

Palowsk et al. (2016) who evaluated that concentrations of Pb in leaves of Robinia
pseudoacacia from several sites (three industrial cities and two rural villages) in southern
Poland. The lowest concentrations of Pb was found in one of the industrial cities in the area.
On the other hand, the concentrations of Pb was similar in the rural areas when compared to
the concentrations observed in the cities. The high level of metal contamination of air in rural
areas may be a result of the long-range transport of emissions. The leaves of R. pseudoacacia
are good bioindicators of metal contamination of air in towns and cities with different traffic
intensities and within the surroundings of industrial plants and railway tracks. R. pseudoacacia
was also used for the first time to assess the long-range transport of emissions.

Malar et al. (2014) concluded that the effect of Pb toxicity on physiological and biochemical
changes in water hyacinth (Eichhornia crassipes) seedlings. Accumulation of Pb was higher in
root than in shoot tissues. The maximum level of Pb accumulation was noticed in roots (5.45
%) followed by petiole (2.72 %) and leaf tissues (0.66 %). Hamza et al. (2020) illustrated heavy
metal accumulation of Juncus rigidus, from different regions of the Basrah province in
Southern of Iraq. Specifically, the concentrations of lead and nickel were determined in the
roots and leaves of the plant. The results indicated that the highest accumulation of the heavy
metal was recorded for Pb 12.50+ 3.58 mg.kg™ and then in Ni < 0.30 mg.kg™. As well as, Pb
concentrations in J. rigidus varied in different locations and parts of the plant from undetectable
in control to 12.66 and 9.80 mg.kg? in leaves and roots respectively from station 1 and 10.76
and 9.50 mg.kg? in station 2.

Kacalkova et al. (2014) studied effects of the Ni and Pb on maize (Zea mays), sunflower
(Helianthus annuus), willow (Salix smithiana), and poplar (Populus nigra) and the realtionship
between the contaminants in soil and in plants. The total and available soil metal concentrations
in soil were investigated. Only a low portion of risk elements were available for plants (6 % Ni

and 1.3 % Pb). Ni and Pb showed a similar trend to element accumulation where the highest
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amount was found in plant roots, higher in herbs than in trees (5.04 mg Ni - kg, and 7.76 mg
Pb - kg). Results also indicated that translocation of Ni and Pb from roots to aboveground
biomass of willow and poplar was low (89-98 % of risk elements was retained in roots). The
highest translocation from plant roots to aboveground biomass of maize and sunflower was
found in the case of Pb (76 %).

Stancovic et al. (2009) suggested that the heavy metals Ni and Pb in leaves of the species
Paulownia elongata growing under urban and sub-urban conditions with the comparison to the
concentration of these elements in leaves of the species Paulownia elongata and Paulownia
fortunei showed average nickel concentrations of 2.7 pg/g on the experimental plot in Bela
Crkva, Serbia, twice as low as the concentrations measured under extreme urban conditions
(6.62 pg/g, or 4.54 ng/g) in the immediate vicinity of suburban traffic lines. In as much as
Paulownia elongata endures urban conditions well, it can be recommended for cultivation in

parks, tree alleys, and wind-protection zones along urban and regional traffic lines.

Nas and Ali (2018) who investigated that heavy metal is neither essential element nor have
any role in the process of cell metabolism but is easily absorbed and accumulated in different
parts of a plant. The lead uptake is mainly regulated by pH, particle size, and cation exchange
capacity of the soil, root exudation and by different other physical and chemical parameters.
The high concentration of the heavy metals such as lead can cause a number of toxic symptoms

in plants that may be retardated in growth (Stunted growth).

Kadiry (2009) carried out a study on the lead accumulation and spread and its impacts on
growth and nutrient content, Solanum melongena seedlings were grown in pot culture
conditions in a glasshouse with 75, 150, and 300 mg. litre!. Growth parameters and mineral
elements Ca, Mg, K, P, Fe, Zn, Cu, and Mn where tested. For this plant, which was grown in
alkaline soils, the control treatment yielded usual values. Comparing the high-level Pb
treatment to the low-level Pb treatment, all mineral elements were typically blocked from being
taken up. Abdalla and Mahmoud, (2008) conducted a study in the open field at station of
vegetable on the effect of Pb and Ni added in combinations as thawing acetate salts to the soil
mixture of six-months-old transplants of Acalypha wilkesiana, Asclepias curassavica,
Dodonaea viscosa and Tabernaemontana divaricate. The results indicated that N, P and K
contents in the leaves of the studied shrubs were decreased with increasing heavy metal

concentrations.

2.2.2.4 Phytochemical concentration
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Usman et al. (2022) noticed that the phytochemicals of the fabaceae family have industrial
and pharmacological importance. This family is a big source of phytochemicals, namely,
flavonoids, saponins, alkaloids and phenolic acids, which have an anti-cancer property and the
use of these phytochemicals is increasing over time.

Ushie et al. (2022) evaluated that the extracts of the leaves were prepared by soaking 100 g
of the sample in 250 ml ethyl acetate for 72 hours with frequent agitation. The phytochemical
screening of Thaumatococcus danielli was undertaken through controlled experiments. The
results showed that flavonoids, alkaloids, steroids, terpenes, tannins, glycosides and saponins
are present in the ethyl acetate leaf extracts. Quantitative analysis showed the order of the
concentrations in mg.g* as follows: tannins: (4.644); flavonoid: (1.830); phenols: (0.756);
alkaloids: (0.578); and saponins: (0.440).

Islam et al. (2021) utilized water, methanol and ethyl acetate solvent extraction methods to
perform a phytochemical screening of Tragia involucrata leaves, where they found that
methanol demonstrated the higher number of secondary metabolites compared to ethyl acetate.
Methanol contains phenols, alkaloids, flavonoids, tannins, saponins and terpenoids. Because
of diverse biological functions, these metabolites have particular interest in drug discovery
research and thus advance the medicinal research field.

Septina et al. (2020) and Deivasigamani (2018) demonstrated that L. leucocephala has been
used in various traditional medicinal systems to treat multiple human diseases and this plant
has been reported to contain numerous secondary metabolites of leaves like phenols, alkaloids,
cardiac glycosides, flavonoids, saponins, tannins and triterpenoids.

Kaloo et al. (2018) and Bhat et al. (2015) in their studies used R. pseudoacacia and different
solvent extracts to detect the presence of active constituents like alkaloids, flavonoids saponins,
tannins and phenols. However, the positive results for the detection of flavonoids, tannins and
phenols were obtained and the maximum yield of ethyl acetate extract of plant leaves namely
38.23 % was obtained.

Rajkumar et al. (2015) showed that preliminary phytochemical screening of methanolic
extracts of Garcinia imberti revealed the presence of various bioactive components like
alkaloids, flavanoids, steroids, glycosides, phenols, saponins, terpenoids and tannins in the leaf.
The quantitative analysis of phytochemicals of the extracts showed the presence of high amount
of tannins (0.92 + 0.23 mg.g™) and alkaloids (0.83 + 0.48 mg.g?) in leaf extract. The study

concluded that the methanolic extracts of Garcinia imberti leaves posse. antioxidant activity
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due to the presence of significant amount of phenolic compounds which are the major
contributors of antioxidant activity.

Mishra et al. (2012) illustrated that minerals have a diversified role in medicinal plant
metabolism. Severity or scarcity of these causes multifarious effects in plant metabolism. Due
to the manufacture of bioactive compounds (secondary metabolites), medicinal plants acquire
resistance to a variety of diseases brought on by fungi, bacteria, viruses, mycoplasma, insects,
and pests. The concentration of these minerals of both group i.e. activators or inhibitors present
in the soil play a vital role in secondary plant metabolism. Minerals also play a major role in
the reproduction of these medicinally important plants. Alkaloids, flavonoids, glycosides,
phenolic compounds, and tannins, among other bioactive molecules of medical relevance, are
created through various biosynthetic pathways of plants and are a boon to the urban, hilly, and
distant populations of each country. Thus, biosynthesis of these bioactive molecules in a plant
system are widely dependent on the availability of mineral elements in the soil for example N
in nitrates and ammonium salts, phosphorus (P) in phosphates, calcium (Ca), magnesium (Mg)
and potassium (K) in their salts as sulfates or chlorides, sulphur (S) in sulphates, iron (Fe) in
ferrous or ferric salts (more readily from ferrous salts), manganese (Mn) in magnanimous salts,
boron (B) in borates, copper (Cu) and zinc (Zn) in their salts, and molybdenum (Mo) in

molybdates.

2.2.2.5 Anatomical studies

Pishchik et al. (2021) reported that the Ni affects on the physical barriers, such as plants cell
walls and thick cuticles, which reduce the elevated levels of Ni entrance. Saraiva, et al., (2020)
concluded that soybean plants under high Ni concentrations. Ni 0 and 200 uM. Ni excess
provoked damage to root and leaf structures, causing anatomical disorders in these tissues. For
leaf tissue, significant increases in palisade (11%) and spongy parenchyma (29%) were
detected in plants sprayed and exposed to Ni, which were intrinsically related to stomatal
density and stomatal functionality.

Chaudhari et al.(2016) placed Pisum sativum L. seeds in petri dishes and allowed to grow
for 15 days in different concentrations i.e. 100 ppm, 200 ppm and 300 ppm of Pb as [Pb(NOs)]
and Ni as [NiCly]. Higher concentrations (300 ppm) of Pb exhibit certain anatomical
abnormalities like abnormal vascular system and enlarge cortical cells. However, no specific

abnormalities were observed with Ni doses.
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Musa et al. (2019) reported that anatomical differences found in Luffa cyclindrical and
Amaranthus viridis grown on the dumpsite is an indication of the HMs and also determine the
distribution of HMs on the dumpsite. The results showed the HMs detected in the dumpsite
soil at three spots were significantly higher than the control. Anatomical changes in the leaves
epidermis such as irregular shape of the epidermis, decrease in quality and stomata size were
all witnessed in the dumpsite plant as against the control. Hence, it is likely that all detected
differences in the epidermal structures of the test plant grown on dumpsite soil were caused by
the high level of HMs present in the dumpsites and therefore suggested that, changes in
epidermal structures of L. cyclindrical and A. viridis grown on poluted soils is an indication of
HMs such as Pb present.

Amari et al. (2017) showed that concentrations of heavy metals in soil seldom reach a level
sufficient to cause osmotic disturbances in plants. Heavy metals influence water delivery to the
shoot due to inhibition of transpiration as they decrease the size of the leaves and the thickness
of the lamina, reduce intercellular spaces, affect the density of stomata and decrease their
aperture. Stomata closure is induced by direct interaction of toxic metals with guard cells and/or
as a consequence of the early effects of metal toxicity on roots and stems. An excess of both
essential and non-essential metals induces ion stress in plants and causes multiple direct or
indirect effects, which concern practically all physiological functions. Stomata function is
important on the physiology, adaptation and productivity of plants, and adaptation ability of
the plants is closely associated with transpiration and photosynthesis process occurred in their
leaves, the number and distribution of the stomata in unit leaf area have an important role in
these processes by adjusting CO2, O> and moisture exchange between the leaves and the
atmosphere. Some studies mentioned the important role for stomata number per area in net
photosynthesis products and vegetative growth in some peach varieties. Stomata play an
essential role in the regulation of gas exchange in flowering plants and are distributed
throughout the aerial epidermis. In leaves, the pattern of stomata distribution is highly variable
between species but is regulated by a mechanism that maintains a minimum of one cell spacing
between stomata. The environment also has significant effects on stomata development. In a
number of species both light intensity and CO. concentrations have been shown to influence

the frequency at which stomata develop on leaves (Casson and Gray, 2008; Brownlee, 2001).

Azmat et al. (2009) revealed the hypothesis that variations in leaf anatomy and morphology
reflect their adaptability to the environmental stress. A self defense mechanism system related

the surface of leaves for the detoxification of Pb was observed in Phaseolus mungo and Lens
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culinaris through light microscopy in leaves. Increase in number of stomata in the adaxial
(upper) leaf surface of both species seems to constitute an important morphological mechanism
for survival that allows this species to maintain good photosystem Il efficiency during the
stress. The importance of the increase in the number of stomata in relation with the absorption
of CO2 with increase in creatine kinase (CK) enzymatic activity, creatine, glucose and reducing
sugars (p<.001) for both species under the metal stress were observed.

Kadiry (2009) examined an experiment on the lead (Pb) accumulation and spread and its
effects on growth and nutrient content, Solanum melongena seedlings were grown in pot
culture conditions in a glasshouse via 75, 150 and 300 mg. litre. A negative effect was
determined by Pb concentration on stomatal parameters such as stomata length and width in
this study. The highest level of Pb generally inhibited the stomata parameters as compared with
the low-level Pb treatment.

2.2.2.6 Soil phytoremediation

Kafle et al. (2022) investigated that the current intensive agriculture practices and
industrialization, pollution of natural resources like land with heavy metals, organic pollutants,
radionuclides, pesticides, and fertilizers has become a major concern. Phytoremediation is a
cost-effective and environmentally friendly technique that utilizes plants to immobilize,
uptake, reduce toxicity, stabilize, or degrade the compounds that are released into the
environment from different sources. Studies have found that plants can be used for the
remediation of heavy metals, organic pollutants, radionuclides, antibiotics, and pesticides.
Despite being used for many years, phytoremediation is still a relatively new technology.
Diverse plants remediate different pollutants at different rates through one or multiple
mechanisms. Given the low-cost of phytoremediation compared to conventional technology
and sustainability associated with plants and use of renewable energy, phytoremediation can
be a reliable solution for a sustainable and economical remediation of soil from the organic and
inorganic pollutants. Solomou et al. (2022) reported that use of contaminated soils in food
production imposes the need for the reduction in heavy metals concentrations, using various
techniques, in order to eliminate the toxic effects of pollution and ensure safety in the
consumption of agricultural products. Many hyperaccumulating plants have been identified
that can be used in soil cleansing, enhancing the applicability and replicability of the method.

The selection of the appropriate plant species is based on their specific physiological
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characteristics to remove undesirable elements from the soils and, in certain cases, there is a
preference for use of non-native species. However, because they have the potential to seriously
affect the environmental and ecological dynamics of the regional plant communities, such
species may exhibit invasive characteristics, posing high uncertainties and hazards in the
preservation of local ecosystems, particularly in the Mediterranean region. Since native plants
are better adapted, have no impact on the regional ecological balance, and may be used without
violating any laws, their use is often more advantageous.

Nedjimi (2021) evaluated that toxic metal contamination of soil is a major environmental
hazard. The use of heat treatment, electroremediation, soil replacement, precipitation, and
chemical leaching are all examples of chemical treatments for heavy metal decontamination
that are typically very expensive and inapplicable to agricultural fields. To clean up polluted
surroundings, numerous methods are employed. One of these is phytoremediation, which relies
on the use of hyper-accumulator plant species that can withstand significant concentrations of
hazardous HMs in the air, water, or soil. Such a strategy uses green plants to remove, degrade,
or detoxify toxic metals. Five types of phytoremediation technologies have often been
employed for soil decontamination: phytostabilization, phytodegradation, rhizofiltration,
phytoextraction and phytovolatilization. Traditional phytoremediation techniques have certain
drawbacks when used on a big scale; therefore using genetic engineering techniques like
transgenic transformation, to increase the effectiveness of plants as candidates for HMs
decontamination, nanoparticle addition, phytoremediation supported with phytohormones, and
plant growth-promoting bacteria inoculation have all been used. Al-Heety et al. (2021)
showed that heavy metals’ accumulation in the leaves of urban plants as a biological indicator
of soil pollution. The plant leaf and soil samples were collected from 51 sites adjacent to power
generators in Ramadi-Irag. Six common plant species, namely, Albizia lebbeck, Conocarpus
lancifolius, Dodonaea viscosa, Eucalyptus camaldulensis, Ficus microcarpa, and Ziziphus
spina-christi were selected. The highest heavy metal content was found in Conocarpus viscosa
leaves followed by Dodonaea viscosa. These two plants have a significant difference (p<
0.05) in the heavy metal content compared to other plants. The total average of plant heavy
metal concentration was as follows: Ni 7.55 and Pb 6.49 mg per kg. Concentrations of heavy
metals in leaves have the trend as Ni> Pb. A high concentration of nickel, and lead are found
in the plant leaves compared to the Food and Agriculture Organization-World Health

Organization (FAO/WHO) permissible values.
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Yan et al. (2020) investigated the mechanisms of how heavy metals taken up and
translocated in plants are described, and the detoxification strategies (avoidance and tolerance)
adopted by plants in response to heavy metal. The recent advances in developing
phytoremediation techniques, including the strategies to improve heavy metal bioavailability,
tolerance, and accumulation. There are series of processes involved in accumulation of heavy
metal in plants, including heavy metal mobilization, root uptake, xylem loading, root-to-shoot
transport. Heavy metal mostly exists as insoluble form in soil, which is not bioavailable to
plants.
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Chapter Three

Materials and methods

3.1 Plant materials and growth conditions

Three tree species of fabaceae family: G. triacanthos, L. leucocephala and R. pseudoacacia
were selected because of rere of studies about them where classified by Dr. Serwan T. Al-
dabbagh, Field Crops and Medicinal Plants Department., College of Agricultural Engineering
Sciences, Salahaddin University — Erbil (Townsend and Guest, 1974). The healthy legume
seeds (figure 3.1) were collected from the campus of Koya University, Iragi Kurdistan Region
on March 2", 2021. By manually climbing the 10 year old, straight-baled, well-formed trees,

the mature pods were directly harvested.

At a private field in Koya city located at 44°38 E, 36 °4N and 570 m of altitude above sea
level, a factorial experiment with a complete randomized design with three replications were
used for each species to study the effects of concentrations 0, 15, 30 and 45 mg.kg™* soil of
two heavy metals nickel chloride (NiCl2) and lead chloride (PbCl2) and their interactions on

each species separately.

Seeds were soaked in ordinary water at room temperature for 24 hours as described by Shah
Asif and Rather (2018) for G. triacanthos; Olorunmaiye et al. (2019) for L. leucocephala; and
Roman et al. (2022) for R. pseudoacacia, the planting of seeds on March 25", 2021 were done
(2.5 cm in depth) using black polyethylene bags (sized 10x10x 30 cm) filled with 3 kg of loamy
soil that was well mixed with the required concentrations of NiCl, or PbCl,, and which were
denoted as NiO, Nil5, Ni30 and Ni45 for the first salt and PbO, Pb15, Pb30 and Pb45 for the

second salt respectively, with their interactions.

Each experimental unit consists of 10 polyethylene bags. The pots were kept under
polyethylene then and saran fabric (figure 3.2) and the pots were watered when needed with

tap water to provide a possible uniform soil moisture conditions.
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(A) (B)

Figure 3.1. The seeds of (A) G. triacanthos, (B) L. leucocephala and (C) R. pseudoacacia
species.

Fig 3.2. (A) G. triacanthos,(B) L. leucocephala and (C) R.pseudoacacia seedling four

months aged.
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3.2 Meteorological data
Maximum and minimum temperature, the relative humidity and the amount of rain fall in the
open field during the planting season are shown in Table (3.1), as recorded by Agro-

Meteorological Station in Koya.
Table 3.1. Maximum and minimum temperature, the relative humidity and the amount

of rain fall during the growing season.

Month Air Temp. C° Relative Humidity%o Rain fall
(2021) Maximum Minimum Maximum Minimum (mm)
March 26 4 83 29 24.3
April 39 10 85 18 9.6
May 43 19 50 16 4.3

June 47 22 38 13 0.0
July 48 25 29 12 0.0
August 48 23 33 14 0.0
September 45 22 35 15 0.0
October 39 13 67 18 0.0

3.3. Studied characteristics

3.3.1. Germination percentage (%) and velocity (Days)

Ahmadloo et al. (2012) described seed germination (G) formula, as shown below:
L

G (%) = Germination percentage
L = Total number of emerged seedlings

S = Number of planted seeds

Ranal and Santana (2006) designed a formula of velocity of germination as following:

n
n
M(days) = E N;G; / z G;

- i=1
=1

where:

M: velocity of germination (days)

G: number of seedlings emerged on the day of observation

N: number of days counted from the day of sowing until the day of observation.
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Each of the following parameters were taken for three plants for each

experimental unit on Augast 2021 (4 months after seed germination)

3.3.2. Vegetative growth (Khudhur, 2019 and Al-Barzinji et al., 2015):

3.3.2.1.

3.3.2.2

3.3.2.3
3.3.24

3.3.25

3.3.2.6

3.3.2.7

3.3.2.8

3.3.2.9

3.3.2.10

3.3.211

3.3.2.12

3.3.2.13

Plant height (cm): It was measured by metric tapeline from the point at stem
attachment with soil to the apical point of the main shoot.

Number of leaves plant™

Stem diameter (cm): It was measured by vernier caliper instrument.

Length of main root (cm): After washing the root by tap and distilled water, length
of main root measured from the point of root attachment with soil to the end point
of the main root by using metric tapeline.

Root diameter (cm): It was measured by vernier caliper instrument.

Leaf area (cm?): Plant leaf area calculated by the image J software described by
(Easlon and Bloom, 2014).

Fresh weight of shoot (g): The shoot of fresh plants were weighted by sensitive
balance.

Dry weight of shoot (g): The shoot of plants were oven dried to constant weight at
65°C .

Fresh weight of root (g): The root of fresh plants were weighted by sensitive
balance.

Dry weight of root (g): The roots of plants were oven dried to constant weight at
65°C.

Shoot dry matter (%): Calculated by the following formula, as described by Al-
Sahaf (1989).

Shoot dry weight
*
Shoot fresh weight

Shoot dry matter (%) = 100

Root dry matter (%): The following formula was used to calculate the percentage
of the root dry matter, as described by Al-Sahaf (1989).

Root dry weight

Root dry matter (%) = 100

Root fresh weight i

Number of nodules plant*
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3.3.2.14  Fresh weight of nodules (g): The nodule were weighted by sensitive balance.

3.3.2.15 Dry weight of nodules (g): The nodules were oven dried to constant weight at
65°C.

3.3.2.16  Nodule dry matter (%): Calculated by the following formula, as described by Al-
Sahaf (1989).

Nodule dry weight

Nodule dry matter (%) = 100

Nodule fresh weight i

3" and 4" fully grown leaves were collected 70 days after seed germination

to make the following estimations

3.3.3 Estimation of the photosynthetic pigments content: Chlorophyll a, b

and total carotenoids (mg/g fresh weight)

The amount of chlorophyll a, b and total carotenoids were estimated using method 80%
acetone as mentioned by Lichtenthaler and Wellburn (1983). Mixture ratio was 50 ml: 1 g
sample, where 0.4g of fresh leaves were mixed with 20 ml 80% acetone then grinded by mortar
and pestle and filtered by filter paper. The extraction placed in a 25 ml glass vial (closed dark
bottle), to prevent evaporation and avoid photo-oxidation of pigments, and then read the results
by spectrophotometer at 663, 646 and 470 nm wave lengths. Chlorophyll a, chlorophyll b and

total carotenoids were calculated as follows:

Chl a = (12.21*A663) - (2.81*A646)
Chl b = (20.13*A646) - (5.03*A663)
TC = (1000*A470 - 3.27*Chl a — 104*Chl b)/229

where, A is Absorbance, Chl a = chlorophyll a (mg/L), Chl b = chlorophyll b (mg/L) and TC

= total carotenoids (mg/L).

For converting the concentration from mg/L to mg/g fresh weight, each value is multiplied by

(extraction volume / sample weight) *1000.
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3.3.4. Extraction and activity of enzymatic antioxidants

To determine the activity of the antioxidant enzymes: POD and CAT samples of the leaves
were crushed 1 g of fresh weight after cutting them with a clean knife into small pieces were
frozen, the ground to a powder with mortar and pestle with 10 ml of (0.1M) potassium
phosphate organized at cold pH 7.8 after filtering using a centrifuge at 1000 RPM for 10
minute. The process was carried out under cold condition (4°C). Fresh leaves were kept in ice
during the course of homogenization. The extracts were prepared to analysis (Pitotti et al.,
1995).

3.3.4.1 Peroxidase (POD) enzyme activity (ngg™)

The activity of POD enzyme was determinated according to the method described by Nezih
(1985), as clarified below

Material and used solutions
A- Guaicaol solution: Prepare by mixing 1.36 ml of guaicaol in a volumetric flask and
then complete volume to 250 ml using distilled water.
B- Hydrogen peroxide - H>O; solution at a concentration of 0.1%: Prepare by taking a
volume of 0.4 ml of 30 % H>O> and completing to 120 ml by using distilled water

Procedure

A. Mix 1 ml of H,O> solution with 1 ml of guaicaol solution (reaction mixture).

B. The enzyme activity was estimated by adding 2 ml of the reaction mixture in the cuvette,
then 0.1 ml of the sample was added and the change is followed up absorption of light every
30 seconds for a period of 3 minutes at a wavelength of 420 nm by spectrophotometer

(model 721-2000, China). Blank was prepared in the same way without a sample.

Calculation
The activity of the POD enzyme was calculated by:
A Optical Density Reading

A Time
0.1 X 0.01

POD Activity (unit. ml™1) =

where: 0.1: volume of the sample, 0.01: one unit of enzyme (the amount of enzyme that

increases in light absorption (they are 0.01 units per minute at a wavelength of 420 nm).
3.3.4.2 Catalase (CAT) enzyme activity (ngg™)
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The activity of the CAT enzyme was estimated by a UV-V is spectrophotometer according
to Aebi (1974) method, which uses the amount of change in absorbance at 240 nm , (30 mM)
of hydrogen peroxide and (50 mM) of phosphate buffer has a pH of (7).

Solutions used

e Solution A: prepared by dissolving 1.742 g of KoHPO4 in the distilled water after
completing the volum to 200 ml by using distilled water.

e Solution B: prepared by dissolving 1.3608 g of KH2PO4 in the distilled water and
completing the volum to 200 ml by using distilled water.

e 50 mM phosphate buffer (pH = 7) solution: Prepare by adding a limited amount of
solution B to 50 mL of solution A until it reaches pH 7.

e 30 mM of H20; solution: prepared by taking 0.34 ml of 30 % H>0, and completing

the volume to 100 ml by using the buffer solution.

Procedure

Mix 0.1 ml of sample extract with 1.9 ml of buffer solution and then 1 ml of hydrogen
peroxide solution added; At that moment the reaction will start, the materials mixed well with
gentle knocks on the walls of test tubes, then read at 240 nm by UV spectrophotometer (Model:
Agilent Technologies Cary Series UV-Spectrophotometer) using quartz cuvettes and optical
density reading were taken every 30 seconds for 3 minutes. Blank was prepared in the same

way without a sample.

Calculation

The activity of the CAT enzyme was calculated by:

A Optical Density Reading
ATime
0.1 X 0.01

CAT Activity (unit. ml™!) =

since 0.1: volume of the sample, (0.01: one unit of enzyme) the amount of enzyme that

increases in light absorption (they are 0.01 units per minute at a wavelength of 240 nm).

3.3.4.3 Nitrate reductase (NR) enzyme activity (umL™)
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The NR activity of studied plant species was done according to the procedure of Ahmad et
al. (2010). Fresh leaves weighting 0.25 g were taken and cut it into 2 mm slices using mortar
and pestle and ice — cold incubation medium that containing 3 ml of (0.05M) potassium
phosphate buffer (pH 7.8) and 3 ml of (0.4M KNOg) solution. Then, two times tubes of the
mixtures sample were evacuated with a vacuum pump for 5 min. Then the mixture placed in a
water bath at 35°C for 75 min under dark conditions. At the end of the period, tubes were kept
in boiling water bath 100 °C for 5 min to stop the enzyme activity and complete leaching of the
nitrite in the medium. After that 0.2 ml of the filtered sample from reaction mixture was taken
and added 1 ml of solution A and 1 ml of solution B. [Solution A: 1.0 % sulphanilamide in
(IN — HCI). Solution B: 0.025% N-(1-Napthyl)-ethylene diammonium dichloride (NEDD) in
double distilled water were added]. Then, allowed for 30 min until the pink colour produced
due to diazotization, after which the volume was made up to 6 ml with double distilled water.
The ratio of material to medium was (1:6) w/w. The absorbance was read by UV-Vis
spectrophotometer at 540 nm (Model DU 640B, Beckman, USA). The stander curve was
prepared by using NaNO. or KNO; solution.

3.3.5 Extraction of non-enzymatic antioxidants
3.3.5.1 Ascorbic acid (AA) content (gL™?)

A. Preparation of solutions

- Stock solution of ascorbic acid:

Containing (0.1 molL™ ) of ascorbic acid was prepared by dissolving appropriate amount
(0.4 g) of ascorbic acid in distilled water and stored in a glass stopper bottle at 4C° in the dark.
Solutions of variable concentrations were prepared by diluting the stock standard solution in

water before use.

- Methylene blue solution (MB):

(0.0004 mol dm3) was prepared by dissolving 0.0126 g of methylene blue in 100 ml distilled
water.

B. Preparation of samples

2 ml of glacial acetic acid was added to 2.5 g of leaves sample which were coarsely powdered.
The mixture was stirred for about 20 minutes and rapidly filtered using Buchner funnel,
transferred into100 ml volumetric flask and diluted to the mark with distilled water. The

samples were then read by spectrophotometer.
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C. Procedure

The spectrophotometric study was carried out by UV/VIS spectrophotometer (model 721-
2000, made in China) to determine the amounts of ascorbic acid in the samples. Fifty
microliters of a sample solution was mixed with 125 pl of MB (0.0004 mol dm) solution and
diluted up to 10 ml with distilled water. The absorption was measured at 665 nm. Results were
expressed in mg of ascorbic acid per 100 g of the dry sample (Elbsheer, 2018).

3.3.5.2 Proline (Pr) content (ngml™)

Estimation of the concentration of proline in fresh leaves according to the method of Bates
etal. (1973). A weight of 0.5 g was taken from the fresh leaves and placed in a porcelain mortar
and pestle, and crushed well after adding 10 ml of sulfosalicylic acid (3 %, w/v) dissolving (3
g of sulfosalicylic acid in 100 ml distilled water), then separated by centrifuge at 2000 RPM
for 10 minutes, taking 2 ml of the plant extract and 2 ml of glacial acetic acid was added and 2
ml of ninhydrin reagent which was prepared by mixing (1.25 g of niniadrine with 30 mL of
glacial acetic acid and 20 mL of (6 M) HsPO4 phosphoric acid) and the plant leave mixture on
a quiet fire with stirring until melting and the appearance of yellow color; Then the test tubes
were placed in a water bath at a temperature of 100 °C for an hour (1 h), the appearance of the
red color, and leave the mixture on the room temperature for 2 minutes, and adding 4 ml of
toluene, and then it was shaked until separated the red layers, then 3 ml of the upper layer was
colored with red (containing proline), then it was measured by optical spectrophotometer
wavelength at 520 nm and has three replicates for each parameter. The blank contained only

the toluene. These readings were compared with standard curve of pure proline.

The standard curve of proline
The standard curve of proline prepared according to the method of Bates et al. (1973) using

a concentration, extracted from pure proline 0, 10, 30, 50, 70, 90, 110 and 130 ugml?. After
that, 2 ml of each dilution i.e pure proline; was taken and 2 ml of each of the glacial acetic acid
and 2 ml ninhydrin were added to it, then put it in water bath 100 °C for 60 minutes. Cool the
solution and add 4 ml of toluene and mixing using the test tube stirrer for one minute. Then
reading was done with the spectrophotometer at a wavelength of 520 nm, the standard curve
of proline comparing with the reading of samples.
3.3.5.3. Total carbohydrates (TCHO) %

0.1 g of dry leaves were mixed with 50 ml of distilled water, and then it was put in a water
bath at 80°C for 30 minutes. Then centrifuged at 2000 RPM for 10 min., After filtaration, the
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volume of the extract is reduced and placed in a bottle. Then 1 ml of the extract was mixed
with 1 ml phenol (5 %), Mix well, then 5 ml of concentrated sulfuric acid (H.SO4) and 10 ml
of distilled water were added. Then the samples were measured by spectrophotometer at 488
nm (Thiele and Palsson, 2010).

For finding the carbohydrate concentration, the standard curve was obtained by taking 50 mg
glucose and 50 mg fructose in 1 liter of distilled water, then 0.0, 0.2, 0.4, 0.6, 0.8, 1.0 mg/L
stock solution was prepared. Like the samples, 1 ml of these dilutions was mixed with 1 ml of
phenol (5 %) well and then 5 ml of concentrated sulfuric acid (H2SO4) were added; Spectra
were observed at 488 nm to extract the relationship between concentrations and optical
spectrophotometer intensity readings (Al-Hayani, 2015). The percentage of total carbohydrates
was determined by the following formula:

Total carbohydrate (%) Concentration from standerd curve * Dilution 100
= *
OH SOEEE R 1000 * 1 ml * sample weight

3.3.6 Estimation of macro, micro elements and some heavy metals in the
plants shoot, root and soil

Leaves were oven dried at 65° C for 72 hours untill weight fixed and ground by electrical
grinder, then stored in an airtight container with proper labeling prior to use. They were
subjected for analysis to determine the mineral contents of each plant and soil samples (Ryan
et al., 2001). Analysis of elements for the different parts of studied plant species and soils were
done at the laboratories of the Department of Environment, Salahaddin University by using X-
ray fluorescence (XRF) spectroscopy (NEX CG, Rigaku, USA) which is a well-established
analytical technique for qualitative and quantitative elemental evaluation. It is a multi-

elemental, simultaneous technique and additionally a non-destructive tool (Haschke, 2014).

Method analysis for some nutrient contents
Some other selected elements, chemical and physical properties of the soils were determined

of Agriculture Consultancy and Agricultural Research Center/ Ainkawa / Erbil.

37



Total phosphorus (%): Spectrophotometer at 882 nm was used for determination of total
phosphorus content after digested samples, as described by Menage and Pridmore (1973).

Total magnisium (%): Total magnisium content was estimated from digested samples by

atomic absorption spectrophotometer at 405 nm, as mentioned by Chapman and Pratt (1978).

Total sulphate (%): Total sulphate was estimated after digested samples by using
turbidimetric method by spectrophotometer at 420 nm as described by Gupta (2004).

Total organic nitrogen and protein (%): Total organic nitrogen content was determined after
digested dry samples by kjeldahl method. The value of nitrogen obtained was multiplied by
6.25 leading to its conversion to crude protein (Usman et al., 2018; Ryan et al., 2001):

% N =14 x VA X N x W/100
Then,
% Crude Protein = 6.25 x %N

where :

14 = Atomic weight of nitrogen

VA = Volume of acid which used for titration
N = Normality of HCI

W= Weight of the sample ()

Table 3. 2. Some chemical and physical properties of the study soil before planting.

Soil properties Units

EC 0.3 ds/m
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pH 82 | e
oM 0.6
COs N.D
HCOs 0.03
CaCOs 44.6
Macro elements
N 0.000199
P 0.002532
K 0.61
Mg 0.00333
Ca 9.94
SO4 0.000922
Microelements %
Cu 0.0054
Fe 0.490
Mn 0.0679
Zn 0.0065
Ni 0.022
Non — essential elements
Pb 0.0009
Rb 0.0026
Cd 0.00016
Ag 0.029
As 0.00034
Ba 0.405
Particle Size Clay 22.1
Distribution Sand 26.8
Silt 51.9
Soil texture Silty loam

3.3.7 Determination of qualitative and quantitative of some phytochemical

constituents of G. triacanthos, L. leucocephala and R. pseudoacacia dry leaves

The qualitative and quantitative of some phytochemicals for the studied plants were done

on the laboratories of Protein Research Center, Shahid Beheshti University, Tahran, Iran. As
described by Ushie et al.(2022), Lahare et al. (2021) and Islam et al. (2021), as follows:
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The leaves of the plant were properly washed in tap water and rinsed in distilled water. The
rinsed leaves were hot air-dried for 3 days. The dried leaves of each plant were pulverized
using pestle and mortar to obtain a powdered form which was stored in airtight glass containers
at 4°C until used. 10 g of powdered sample was soaked in distilled water, methanol and
ethylacetate 200 ml, 100 ml and 100 ml separately for 24 hrs at room temperature (over night
20 — 23 °C). The extracts were then filtered and concentrated to a final volume of 50 ml and

prepared to qualitative phytochemical analysis.

3.3.7.1 Qualitative determination of the phytochemical contents

Preliminary qualitative phytochemical screening was carried out following standard
protocols.

e Ferric chloride test for phenols: The test solutions were treated with 3—4 drops of 0.1 %
(v/v) ferric chloride. Presence of phenols/ phenolic compounds were confirmed by
brownish green or blue color.

e Ferric chloride test for flavonoids: The test solution was mixed with a few drops of ferric
chloride solution and the presence of flavonoids compounds were confirmed by an intense
red color.

e Keller-kilani test for glycosides: Crude extract was mixed with 2 ml of glacial acetic acid
containing 1-2 drops of 2 % solution of FeCls. The mixture was then poured into another
test tube containing 2 ml of concentrated H2SO4. A brown ring at the interface indicated
the presence of glycosides.

e Wagners test for alkaloids: Filtrate was treated with wagners reagent (lodine in Potassium
lodide). Formation of brown/reddish precipitate indicates the presence of alkaloids.

e Liebermann burchard test for steroids: The test solution was treated with a few drops
of acetic anhydride (Liebermann Burchard) solution and mixed properly. Concentrated
sulphuric acid was added from the sides of the test tube. Presence of steroids was confirmed
by the formation of a brown ring at the junction of two layers and the green color of the
upper layer.

e Salkowski test for terpenoids: Few drops of concentrated sulphuric acid was slowly added
to the test solution and shaken properly and let stand at room temperature. Presence of

terpenoids was confirmed by a reddish brown colour.

e Test for tannins: Crude extract was mixed with 2 ml of 2 % solution of FeCls. A blue-

green or blue- black or greenish brown coloration indicated the presence of tannins.
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e Test for saponins: Crude extract was mixed with 5 ml of distilled water in a test tube and
it was shaken vigorously for 30 seconds. The formation of stable foam (1 cm height) even
after 30 minutes was taken as an indication for the presence of saponins.

3.3.7.2 Quantitative determination of the phytochemical content( mg/g dry weight):

Extraction method:
1- 5 g of each plant dry powder mixed to 50 mL of extracting solvent water / methanol / ethyl
acetate separately.

2- Extract using 500 W sonication bath for 2 h
3- Filtered through 0.45 um filter paper

4- Dried using freeze drier at -193 °C

5- Prepare exact concentration (1000 ppm)

6- Analyses using individual methods.

Calibration curve preparation:

Table 3. 3. Aliquot amount of standards prepared for each phytochemical:

Examination Standard Concentration Detection
Category compound range wavelength (nm)

Phenolic content Gallic acid 0.5-110 mg/g 765
Flavonoid content Quercetin 1-25 mglg 415
Glycoside content Glucose 0.1-100 mg/g 490
Alkaloid content Quinine 0.005 - 5 mg/g 720

Steroid content B-sitosterol 0.001 -2 po/g 565
Terpene content Pernol 0.05-20 pg/g 550

Tannin content Tannic acid 0.05-10 ug/g 490
Saponin content Solanine 1-100% -

A. Determination of total phenolic content (TPC)

The total phenolic content was determined for individual extracts using the Folin—Ciocalteu
method. Briefly, 50 pL of extract solution or gallic acid standard was mixed with 150 pL of 10
% (w/v) Folin—Ciocalteu reagent. After 5 minutes, 50 uL of Na,COz (75 %) was subsequently
added to the mixture and incubated at 50 °C for 10 minutes with intermittent agitation.
Afterwards, the sample was cooled and the absorbance was measured utilizing a UV

Spectrophotometer at 765 nm against a blank without extract. The outcome data were
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expressed as mg/g of gallic acid equivalents in milligrams per gram (mg /g) of dry extract as

shown below in Fig. 3.3 and Table 3.4.

- & 2 3 a s [ 7 8
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Fig 3.3. Total phenolic content by methanol extraction of G. triacanthos (G), L. leucocephala (L) and
R. pseudoacacia (R) species (1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Pb0, 6. Ni15Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Ph0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.
Ni45Pb15, 15. Ni45Phb30, 16. Ni45Pb45) mg.kg-! soil.

Table 3.4. The absorbance of different concentrations of gallic acid used for preparing
standard curve for total phenolic contents.

Gallic acid mg Abs. 765 nm
£ 0.5 0.3
8 2 0.36
P 10 0.54
< 30 0.87
70 1.3
110 1.9
1.5 - + -
; .
0.5 ’__,/-'

(=] 20 40 50 20 100 120
mg Galic acid

Fig 3.4. Standard curve for estimating phenolic conent.

B. Determination of total flavonoids content (TFC)

The flavonoid contents of individual extracts were measured as follows: aliquot of 50 pL of
extract solution or quercetin were mixed with 20 puL of 10 % (w/v) AICls solution in methanol
20 uL (1 M) potassium acetate and 100 mL distilled water. The mixture was incubated for 30
min at room temperature followed by the measurement of absorbance at 415 nm against the
blank. The outcome data were expressed as mg/g of quercetin equivalents in milligrams

quercetin per gram (mg /g) of dry extract as shown below in Fig. 3.5 & Table 3.5.
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Fig 3.5. Total flavonoid content by methanol extraction of G. triacanthos (G), L. leucocephala (L) and
R. pseudoacacia (R) species (1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Pb0, 6. Ni15Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.
Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg- soil.

Table 3.5. The absorbance of different concentrations of quercetin used for preparing
standard curve for total flavonoid contents.

Quercetine mg Abs. 415 nm
g 1 0.05
in 5 0.21
< 10 0.37
2 15 0.59
20 0.78
25 1.03
o /// )
_O o

meg Quercetine

Fig 3.6. Standard curve for estimating flavonoid content

C. Determination of total glycosides content (TGC)

Add 50 pl of 80 % phenol solution (80 % phenol by weight) to 100 uL of sample/standard.
Add 20 ul concentrated sulphuric acid in a stream. Stand 10 min at 90 °C ben-marry bath. Read

absorbance an 490 nm as shown below in Fig. 3.7 & Table 3.6.
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Fig 3.7. Total glycoside content by methanol extraction of G. triacanthos (G), L. leucocephala (L) and
R. pseudoacacia (R) species (1. NiOPb0, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Ph0, 6. Ni15Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.

Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg-* soil.

Table 3.6. The absorbance of different concentrations of glucose used for preparing
standard curve for total glycoside contents.

Glucose mg Abs. 490 nm
0.1 0.119
1 0.218
5 0.261
10 0.319
50 0.781
100 1.301
1.6
1.4
1.2
E a2
& os
_é‘ 0.6 y = 0.0113x + 0.1865

0.4 R2 = 0.9933

0.2

(o] 20 40 60 80 100
mg Glucose

Fig 3.8. Standard curve for estimating glycoside conten

D. Determination of total alkaloids content (TAC): (Wagner’s test)

100 pL of extract/standard was taken and placed into a 48 well plate. Then 100 pL of
potassium mercuric iodide solution (Wagner’s test reagent) was added and shaken. Emergence

of whitish or cream precipitate implies the presence of alkaloids. The measurement of reddish-
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brown precipitate signifies the existence of alkaloids positive result absorbance at 720 nm

against the blank as shown below in Fig. 3.9 & Table 3.7.

Fig 3.9. Total alkaloid content by methanol extraction of G. triacanthos (G), L. leucocephala (L) and
R. pseudoacacia (R) species (1. NiOPb0, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Pb0, 6. Nil5Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.

Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg-* soil.

Table 3.7. The absorbance of different concentrations of quinine used for preparing
standard curve for total alkaloid contents.

Quinines mg Abs. 720 nm
0.005 0.35
0.05 0.53
0.3 0.67
0.5 0.72
1 0.8
5 2.65

g CQuinines
I

Fig 3.10. Standard curve for estimating alkaloid conten

E. Determination of total steroids content (TSTC): (Liebermann-Burchard test)

100 pL of extract/standard was mixed to 100 pL chloroform. Add 30 puL of acetic anhydride

and then 30 pL of concentrated H2SO4 and mix carefully. After the reaction is finished, the
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concentration of the steroid can be measured using spectrophotometry at 565 nm as shown
below in Fig. 3.11 & Table 3.8.

R

1 2 3 a4 =__& LA
e
15 16

o 10 11 12 13 14

Fig 3.11. Total steroid content by methanol extraction of G. triacanthos (G), L. leucocephala (L) and
R. pseudoacacia (R) species (1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Ph0, 6. Ni1l5Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.
Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg- soil.

Table 3.8. The absorbance of different concentrations of b-sitosterol used for preparing
standard curve for total steroid contents.

B-sitostrole ng Abs. 565 nm
0.001 0.005
0.005 0.05

0.05 0.1
0.5 0.22
1 0.41
2 0.78
0.8
0.6
0.4

y = 0.2681x + 0.0427
R* = 0.9929

Abs, 565 nm

0.3
0.2
oO.1

o

g B-sitostrole
Fig 3.12. Standard curve for estimating steroid content

F. Determination of total terpenes content (TTEC): (Salkowski test)

100 pL of methanolic and ethyl acetate extract/ standard solution was mixed to 100 pL of

chloroform and keep at room temperature for 15 min. then 100 pL sulphonic acid (60 %) was
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added and reddish-brown solution was measure at 550 nm as shown below in Fig. 3.13 &

Table 3.9.

i - L Y
S 4

15

Fig 3.13. Total terpene content by methanol extraction of G. triacanthos (G), L. leucocephala (L) and
R. pseudoacacia (R) species (1. NiOPb0, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Ph0, 6. Ni15Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.
Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg- soil.

Table 3.9. The absorbance of different concentrations of pernol used for preparing standard
curve for total terpene contents.

Pernol mg Abs. 550 nm
0.05 0.003
0.5 0.014
1 0.054
5 0.198
10 0.471
20 0.959

1

0.9
o.s y = 0.0481x - 0.0096

R?* = 0.9979

o.7
0.6
0.5
0.4
0.3
0.2
0.1

(8]

Abs. 550 nm

(8] 5 10 15 20
mg pernol

Fig 3.14. Standard curve for estimating terpenes content

G. Determination of total tannins content (TTC): (Braemer test)
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100 pL of methanolic and ethyl acetate extract/ standard solution was mixed to 70 pL of
alcoholic ferric chloride solution (50 w/v) and kept at 40 °C for 30 min. The tannins content

was measured at 490 nm as shown below in Fig. 3.15 & Table 3.10.

Fig 3.15. Total tannin content by methanol of G. triacanthos (G), L. leucocephala (L) and R.
pseudoacacia (R) species (1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Ph0, 6. Nil5Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Pb30, 12. Ni30Pb45, 13. Ni45Ph0, 14.

Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg-* soil.

Table 3.10. The absorbance of different concentrations of tannic acid used for preparing
standard curve for total tannin contents.

Tannic acid pg Abs. 490 nm
0.05 0.112
0.1 0.141
0.5 0.181
2 0.259
5 0.478
10 0.98
1
0.8
£
S o6
E 0.4
- 0.2 y = 0.0839x + 0.1116
RZ = 0.9903
o)

o] 2 4 [S] a8 10
ng Tannic acid

Fig 3.16. Standard curve for estimating tannins content

H. Determination of total saponins content (TSC)
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1 mL of 80 % aqueous extract/standard solution was heated at 55 °C for 1 h in a water bath.
The mixture was filterated, and transferred to 10 ml of ethanol. The volume of this mixture was
reduced to 5 ml by boiling in a hot water bath. Diethyl ether was added, and it was shaken
vigorously in a separating funnel; the aqueous layer was removed for purification by repeating
the steps described above. Total saponin content in the extracts was assessed by standard

procedures as shown below in Fig. 3.17.

Foam high mm)

Fig 3.17. Total saponin content by water extraction of G. triacanthos (G), L. leucocephala (L) and R.
pseudoacacia (R) species (1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15Pb0, 6. Nil5Pb15,
7. Ni15Pb30, 8. Ni15Pb45, 9. Ni30Pb0, 10. Ni30Pb15, 11. Ni30Ph30, 12. Ni30Pb45, 13. Ni45Pb0, 14.

Ni45Pb15, 15. Ni45Pb30, 16. Ni45Pb45) mg.kg-! soil.
3.3. 8 The anatomy of the studied plant species
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Plant materials of the studied species were collected for preparation of the tissue sections by

paraffin methods as follow:
3.3.8.1 Paraffin method

The plant tissues (leaf, petiole, stem and root) cut into small pieces of approximately 1-2 cm
and the pieces of samples have been mixed in Formalin-Acetic-Acid-Alcohol (FAA) solution,
prepared as a mixture of 90 ml of (70 % alcohol, 5ml of glacial acetic acid, 5 ml of formalin
and 10 ml distill water) for 24 hrs. After that, the samples have been dehydrated using series
concentrations of alcohol (95 %, 100 % and 100 %), for 95 % (1 hr), then by 100 % (3 - 4
hours), and repeated by 100 % concentration (3 - 4 hours); Then, the samples were placed in
xylene for 3 - 4 hrs (Twice). After that the samples were embedded twice in a mixture of xylene
and paraffin (1:1) at 60°C for 30 min., then they were transferred to pure paraffin and left at
60°C overnight. Following that the preparation of paraffin blocks were made and sections were
prepared with the thickness of 8 micrometer using the rotary microtome (Bright, MIC). The
sections were put in the water bath (25°C), were put it on the slides, and then they put in the
oven 60°C for afew minutes to melt the paraffin and then they were dried by special instrument.
The sections were then stained using safranin (1 %) and fast green or light green (1 %). Finally
the sections were mounted by Destrin Plastisizer Xylene (DPX); The samples were prepared
and observed under light microscope (DM 300, Leica Microsystems, China) with camera
attached using Analysis Image with Analysis Software, the magnification for each part

separetly (Najmaddin and Saeed, 2020), as it is clear in the following figures;

CL UEL
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Fig 3.18: Leaf lamina cross section at 40x of (A). G. triacanthos; (B). L. leucocephala and (C). R.
pseudoacacia, (CL)Cuticle layer, (UEL)Upper epidermis layer, Mesophyll layer((PP) palisade
parenchyma and (SP)spongy parenchyma), (LEL) Lower epidermis layer and (VB)Vascular bundle
(phloem and xylem).
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Fig 3.19: Leaf midrib cross section at 10x of (A). G. triacanthos; (B). L. leucocephala and (C). R.

pseudoacacia, (ECL) Cuticle layer, (UEL)Upper epidermis layer, (LEL)Lower epidermis layer, (VB)
Vascular bundle (phloem and xylem) and (ML)Mesophyll layer (palisade land spongy).
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(©)
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(B

Fig 3.20: Petiole cross section at 10x of (A). G. triacanthos; (B). L. leucocephala and (C). R.
pseudoacacia, (P)Periderm, (AB) Accessory bundles, (C)Cortex , (F) Fiber, (PH) Phloem and (X)

Xylem.
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Fig 3.21: Stem cross section at 4x of (A). G. triacanthos; (B). L. leucocephala and (C). R. pseudoacacia,
(P)Periderm , (C) Cortex, (F)Fiber, (PH) Phloem and (X) Xylem.
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Fig 3.22: Root cross section at 4x of (A). G. triacanthos; (B). L. leucocephala and (C). R. pseudoacacia,
(P) Periderm , (C) Cortex, (PH) Phloem and (X) Xylem.
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3.3.8. 2 Determination of stomata characteristics of the studied plant species

On July 10, 2021, 3 - 4™ full matured healthy leaves were taken and kept in polythene
bags. The lasting impressions method was used to leaf epidermal peel slides. In this method, at
least one square centimeter on leaf surface was painted by a thick patch of clear nail polish.
Allowing the nail polish to dry completely then taped a piece of clear cellophane tape to the
dried nail polish patch by carton sealing tape. Then, peeling out the nail polish patch by pulling
a corner of the tape and the finger nail polish along with the leaf peel. This leaf impression
which was taped on slides and labeled as adaxial and abaxial surfaces then the samples were
observed under a light microscope (DM 300, Leica Microsystems, China) with camera attached
using Analysis Image with Analysis Software. (Rai and Mishra, 2013).

3.3.8.2.1 Number of stomata

Slides of leaf impression was examined under 40x by light microscope. Numbers of
appeared stomata on lens field were counted for each adaxial and abaxial leave surface.

3.3.8.2.2 Length and width of stomata

Length and width of stomata guard cells of adaxial and abaxial leaf surfaces were measured

in micron with scaled ocular lens.

Statistical analysis

The experiment was conducted according to a factorial complete randomized design (F2 -
CRD). Whrere the element type Ni and Pb considered as first factor, whereas the concentrations
were considered as the second factor. Ten bags were used as one experimental unit, with three
replications of each treatment. Treatment means were compared by the analysis of variance test
(ANOVA) using the SAS statistical program. Duncan's multiple range (a < 0.05) was used for
comparing between treatment means and their interactions (Al-Mohammadi and Al-
Mohammadi, 2002).

56



RESULTS
And
DISCUSSIONS



Chapter Four

Results

4.1 Effects of nickel, lead and their interactions on seed performance and
some vegetative growth of G. triacanthos, L. leucocephala and R.

pseudoacacia species

4.1.1 Effects of nickel, lead and their interactions on seed performance and some
vegetative growth of G. triacanthos

Results shown in table 4.1 found that neither Ni nor Pb, and their interactions non
significantly effects the percentage of G. triacanthos seeds germination, whereas the seeds
were germinated earlier with increasing Ni and Pb concentrations compared to the control
treatment. The germination velocity decreased at application 45 mg.kg™ Ni and Pb respect.
Also for the interactions where the control treatment seeds emerged later (47.9 days)
significantly compared to all other interactions except the treatment Ni30Pb15.

For the vegetative growth parameters, the control treatment did not differ significantly with
the treated plants for plant height, stem diameter, and the percentage of shoot and root dry
matter. Plant leaf area significantly increased at both Nil5, Ni30 as compared to control while
decreased significantly at Ni 45. Regarding Pb effects on the studied vegetative growth
characteristics, it is found that it had no significant effects on each of stem diameter, plant
leaves number, and the percentage of shoot and root dry matter content, whereas increasing Pb
concentration to 45 mg.kg™ decreased plant height significantly to 27.2 cm compared to 31.4
and 29.5 cm for the 15 mg.kg™ and the control treatment. Using Pb at 15 mg.kg™ concentration
increased plant leaf area significantly to 21.9 cm?, whereas increasing the concentration to 30
mg.kg™? and 45 mg.kg? decreased this parameter, which is still significantly higher than the
control treatment. Using high concentration of Pb element caused non-significant increase in
root length, while they caused a significant decrease in root diameter which reached 0.29 and
0.32 cm compared to the control treatment (0.38 cm). The interactions between Ni and Pb
effects on the vegetative growth differ according to the studied characteristics, where only the
interactions of 0 and 30 mg.kg™ Ni with different Pb concentrations increased the plant height
and plant leaves number significantly in comparison with the control treatment, whereas

differences between the control treatment and most other interactions did not differ
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significantly regarding the plants stems diameter. Interactions of 15 and 30 mg.kg™ Ni with
different Pb concentrations increased the plant leaf area significantly compared to the control
treatment, whereas, the interactions of 45 mg.kg™® Ni cause a significant decrease in this
characteristic. Dry matter percentage of each of shoot and root was affected non-significantly
by each of Ni and Pb application in comparison with the control plants. Regarding root length
most interactions of Nidecreased them significantly. Most of the interactions were not differed
significantly except the significant increase in root diameter which reached 0.43 cm for each
of NOPb15, N15Pb0, and Nil5Pb45 treatments respectively. With regard to the characteristics
of the vegetative growth, root nodules are not formed in Gleditsia plant genus (Figure 4.1).

4.1.2. Effects of nickel, lead and their interactions on seed performance, some vegetative
growth and nodules of L. leucocephala

Results in table 4.2 show that each of Ni, Pb and their interactions significantly effects the
percentage and velocity of seed germination, and some growth parameters for L. leucocephala
seedling. It is clarified that increasing Ni concentration causes a significant decrease in the
percentage of seed germination, where the highest value (38.4%) was recorded for the control,
whereas the low value (22.3%) was recorded for the high concentration (45 mg.kg™). Also for
Pb application the highest germination percentage (34.3%) was recorded in the control
treatment, while a lower germination percentage (26.8%) was recorded for the 30 mg.kg™. Ni
application increased velocity of seed germination (42.5%) was recorded for 30 mg.kg?, while
a lower velocity of germination (20.1%) was recorded to the control treatment. High
concentration of Pb (45 mg.kg™) decreased the velocity of germination to 21.3 days compared
to the control. Ni application significantly increased plant height at all concentrations, while
increased plant leaf area significantly at Nil5, Ni45 and shoot dry weight percentage at Ni30.
Both Ni30 and Ni45 significantly increased root dry matter percentage and nodules number as
compared to control, whereas they did not have a significant effect on the stem diameter, plant
leaves number, root length, root diameter and nodules dry matter percentage. At the same time
Pb had no significant effects on each of plant height, stem diameter, root and nodules dry matter
percent, whereas it decreased significantly plant leaves number, shoot dry matter, root length
and root diameter, exception plant leaf area and plant nodules number were increased
significantly with high concentration. Interactions between the highest concentrations levels of
Ni and Pb decreased the percentage of seed germination significantly and some vegetative

characterestics such as plant leaves number, root length. On the other hand, the velocity of
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germination, plant height, plant leaf area, roor diameter, root dry matter, plant nodules number
were significantly increased with two elements at high concentrations (Table 4.2).

4.1.3. Effects of nickel, lead and their interactions on seed performance, some vegetative
growth and nodules of R. pseudoacacia

The results of table 4.3 show that Ni application to the soil significantly effects studied
characteristics for seeds performance and the growth of seedling, and nodules of R.
pseudoacacia. An exception comprises the percentage of root dry matter, where the differences
were not significant. Increasing concentration of Ni lead to a decrease in the percentage of seed
germination significantly to 16.4% for the highest Ni concentration (45 mg.kg™) compared
with the control treatment (57.5%). However, this decrease was offset by a significant decrease
in days for seed germination with increasing the concentration to reach 24.8 days for the 45
mg.kg™ soil treatment compared with the control plants (40.1 days). Regarding the effects of
Pb on seed performance, it is shown that there were non-significant differences between Pb
concentrations with the control treatment in respect to the percentage and velocity of seed
germination. For the interaction between Ni and Pb, there were significant effects on the
percentage and velocity of seed germination, and it is appear that the interaction of low
concentrations of each of Ni and Pb (15 mg.kg™) gave the best combination (74.7 % and 26.2
days) for the percentage and velocity of seed germination. Regarding the vegetative growth
and nodules, Ni application significantly increased root diameter and nodules dry mater
percentage at all treatments as compared with control, whereas it decreased plant height, stem
diameter, plant leaves number, plant leaf area, shoot dry matter, root length and plant nodules
number as compared to the control treatment. There were non-significant differences between
the control with most Pb concentrations especially for the plant height, stem diameter, plant
leaves number, percentage of shoot and root dry matter, root diameter, and percentage of
nodules dry matter, whereas plant leaf area significantly increased at all treatments and the
highest value was by adding Pb at concentration Pb15. With regard to the nodules number there
was significant differences between all Pb treatments, where the highest value found in the 30
mg.kg?, whereas the lowest value was in 45 mg.kg? treatment. Most interactions occur
between Ni and Pb concentrations on the vegetative growth and nodules parameters; effects
non-significantly compared with the control plants in respect to plant height, plant stem
diameter, root dry matter and plant leaf area, whereas interactions of high concentrations of Ni

(30 and 45 mg.kg™) cause a significant decrease in plant leaves number, percentage of shoot
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dry matter, root length, and nodules number, on the other hand these interactions increased the
root diameter significantly compared to the control treatment plants (Table 4.3).
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Table 4.1. Effects of nickel, lead and their interactions mean of seed performance and some vegetative growth of G. triacanthos

Germination Plant Stem Plant Plant Leaf Shoot Dry Root Root Root Dry
Treatments Percent Velocity Height diameter Leaves Area (cm?) | Matter (%) | Length | diameter Matter
(%) Days) (cm) (cm) Number (Cm) (cm) (%)
Nickel con. (mg.kg™ soil)
Ni 0 50.1a 37.1a 28.9ab 0.28 ab 148a 17.7b 64.5a 26.0a 0.36a 71.1a
Ni 15 54.0a 359a 27.7b 0.25b 12.5b 25.7a 57.0a 209D 0.33ab 82.8a
Ni 30 48.2a 33.8a 309a 0.3la 154 a 26.4a 50.8a 24.3a 0.34ab 77.6a
Ni 45 55.7 a 29.7b 29.6ab 0.28 ab 14.1a 8.3c 54.3a 25.8a 0.30b 775a
Lead con. (mg.kg™ soil)
Pb 0 54.8a 36.2a 29.5ab 0.28a 14.1a 16.9¢ 55.8a 23.9ab 0.38a 76.1a
Pb 15 55.7 a 35.1a 3l4a 0.29a 136a 219a 60.7 a 23.3b 0.34ab 75.9a
Pb 30 48.1a 34.1ab 28.9 bc 0.28a 14.1a 19.7b 57.0a 24.4 ab 0.29¢ 77.1a
Pb 45 494 a 31.2b 27.2¢ 0.28a 149a 19.6b 53.0a 25.4a 0.32 bc 79.7 a
Interaction between Ni and Pb concentrations
NiO Pb0 53.0a 479a 25.1 def 0.27 abc 11.4de 142 cd 64.7 a 26.0 a-e 0.33 bc 65.7 ab
NiO Pb15 38.0a 38.4 bc 34.1a 0.33a 15.2 abc 22.7b 64.8 a 23.0d-g 0.43a 66.7 ab
NiO Pb30 49.0a 36.5cd 24.1 ef 0.23 bc 16.2 ab 16.3¢ 65.8 a 30.0a 0.37 ab 78.7 ab
NiO Pb45 60.3a 25.5¢g 32.3ab 0.30ab 16.1ab 16.3¢ 62.9a 25.2 b-f 0.30 bcd 73.1ab
Nil5 Pb0 49.7a 36.9¢ 28.7 b-e 0.27 abc 14.9 a-d 32.0a 43.4a 21.2 fg 0.43a 78.8 ab
Nil5 Pb15 63.7 a 28.1d-g 30.0a-d 0.27 abc 11.1e 23.0b 64.4a 19.3¢g 0.27 cd 83.0ab
Nil5 Pb30 51.0a 34.9 c-f 29.7 a-d 0.26 abc 12.0 cde 25.3b 55.8a 22.0 efg 0.17e¢ 76.7 ab
Nil5 Pb45 51.7 a 35.3 cde 22.2f 0.20¢c 12.1 cde 225b 39.4a 21.1fg 0.43a 92.6a
Ni30 Pb0 56.0 a 28.2d-g 34.2a 0.30ab 15.2 ahc 11.5de 66.3 a 21.41fg 0.37 ab 85.3ab
Ni30 Pb15 55.0a 46.0 ab 31.5ab 0.30 ab 14.4 a-e 33.0a 543 a 23.0c-f 0.37 ab 80.5ab
Ni30 Pb30 41.7a 38.5bc 32.3ab 0.30ab 15.1 abc 31.0a 57.0a 23.1c-g 0.33bc 82.7 ab
Ni30 Pb45 40.0a 31.0c-g 25.6 c-f 0.33a 16.7 a 30.3a 50.3a 29.0 ab 0.30 bcd 61.7b
Ni45 Pb0 60.7 a 31.6cg 30.0 a-d 0.27 abc 149 ad 10.0 ef 48.8 a 27.1ad 0.37 ab 74.6 ab
Ni45 Pb15 66.0 a 27.8 efg 30.2 abc 0.27 abc 13.7 a-e 9.0 ef 59.3a 27.2 abc 0.30 bed 73.4 ab
Ni45 Pb30 50.7 a 26.5fg 29.8 a-d 0.33a 13.0 b-e 6.0f 49.6 a 22.7 efg 0.30 bed 70.5ab
Ni45 Pb45 45.7 a 32.9c-g 28.7 b-e 0.27 abc 14.7 a-d 8.0 ef 59.3a 26.1 a-e 0.23 de 914a
species.

* Means follow ed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.2. Effects of nickel, lead and their interactions mean of seed performance, some vegetative growth, and nodules of L.
leucocephala species.

Germination Plant Stem Plant Plant Shoot Root Root Root Plants | Nodules
: Height | diameter | Leaves Leaf Dry Length | diameter Dry Nodules Dry
Treatments Percent | Velocity | (cm) (cm) Number | Area | Matter | (cm) (cm) Matter | Number | Matter
(%) (Days) (cm?) (%) (%) (%)
Nickel con. (mg.kg™ soil)
Ni 0 38.4a 20.1c 40.0b 0.40a 9.0a 29.6b 53.1b 32.2ab 0.55a 73.0b 5.50 ¢ 57.6a
Ni 15 33.3ab 21.1c 45.3a 0.38a 9.3a 34.6a 61.4 ab 30.0b 0.50 a 81.8 ab 5.33 ¢ 61.7a
Ni 30 29.8b 425a 44.7 a 0.38a 9.7a 27.2¢c 70.8a 32.0ab 0.54 a 84.0a 9.25a 60.3a
Ni 45 22.3¢C 245b 44.1a 0.37 a 9.3a 35.4a 65.3 ab 34.2 a 0.50 a 85.4 a 8.41b 50.8 a
Lead con. (mg.kg? soil)
Pb 0 34.3a 26.7b 43.1ab 0.38a 9.5a 30.1b 72.0a 34.7a 0.55a 79.8a 6.33¢ 56.4a
Pb 15 32.3ab 33.7a 455a 0.40a 10.1a 31.7b 68.8 a 31.2b 0.54 ab 82.2a 8.33a 67.6a
Pb 30 26.8b 26.5b 445a 0.39a 9.8a 30.1b 55.6 b 31.6 ab 0.51 ab 83.2a 7.25b 55.3a
Pb 45 30.3ab 21.3¢ 40.9 b 0.36a 8.1b 34.8a 54.1b 30.9b 0.49 b 78.9a 6.58 bc 51.1a
Interaction between Ni and Pb concentrations
NiO PbO 37.3abc | 18.6de 37.3bc 0.40ab 10.5ab 24.0¢ 60.4 a-d 44.0a 0.53 bc 50.0c 3.3¢g 48.5a
NiO Pb15 33.3ad 27.7¢c 455a 0.47a 9.3ad 324Dbc | 67.7abc | 30.5b-d | 0.53bc 89.0a 6.7 d-f 779a
NiO Pb30 38.3ab 19.1de 43.0a 0.37 ab 10.4 ab 28.5cd 305e 30.2 b-d 0.67 a 87.7a 6.7 d-f 52.1a
NiO Pb45 447 a 150¢€ 33.9¢c 0.37 ab 6.3e 33.5ab | 53.7b-e 24.1d 0.47 bc 65.3 bc 5.3f 52.0a
Nil5 Pb0 32.3a-e | 24.8cd 45.0a 0.37 ab 8.5cd 36.3ab | 75.6abc | 30.9bcd | 0.57ab 90.1a 6.3 ef 54.7a
Nil5 Pbl15 29.0 b-f 20.9 de 454 a 0.37 ab 9.8a-d 32.5bc 85.8a 28.1bcd | 0.53bc 76.5 ab 7.3 cde 73.1a
Nil5 Pb30 27.0b-g 19.3 de 455a 0.43ab 10.2a-c | 32.7bc | 50.2cde | 25.9cd 0.43c 73.7ab 5.0f 66.3 a
Nil5 Pb45 44.7a 19.7 de 45.0a 0.37 ab 8.9 bed 36.9 ab 34.0 de 35.9b 0.47 bc 86.7 a 2.79 529a
Ni30 Pb0 447 a 43.0b 46.5a 0.37 ab 9.8a-d 25.9 de 82.7ab | 28.9bcd | 0.53bc 90.1a 9.0 abc 74.0a
Ni30 Pb15 447 a 58.3a 449a 0.37 ab 11.0a 24.6de | 58.4a-e | 32.2bc 0.57 ab 81.5ab 10.7a 62.7a
Ni30 Pb30 16.3fg 39.7b 44.8a 0.40 ab 9.3a-d 23.1e 79.6 abc 35.2b 0.50 bc 82.1ab 8.3 bcd 63.8a
Ni30 Pb45 13.7¢g 29.1c 42.4ab 0.37 ab 8.8 bed 35.0ab | 62.5a-d | 31l.4bc 0.57 ab 82.0 ab 9.0 abc 40.8a
Ni45 Pb0 23.0c-g | 20.6de 433 a 0.37 ab 9.5a-d 34.1ab | 69.0abc 34.9b 0.57 ab 89.0a 6.7 def 48.5a
Ni45 Pb15 22.3d-g 30.0c 46.1a 0.40ab | 10.1a-d 375a 63.4 a-d 34.1b 0.53 bc 81.6 ab 8.7 bc 56.7 a
Ni45 Pb30 25.7 b-g 28.0c 44.8 a 0.37 ab 9.3ad 36.1ab | 62.2a-d 34.9b 0.43c 89.2a 9.0 abc 39.0a
Ni45 Pb45 18.3efg | 20.6de 42.2 ab 0.33b 8.2d 33.7ab | 66.4abc | 32.8bc 0.47 bc 81.6 ab 9.33 ab 59.0 a

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.3. Effects of nickel, lead and their interactions mean of seed performance, some vegetative growth, and nodules of R.
pseudoacacia species.

Germination Plant Stem Plant Plant Shoot Root Root Root Plants Nodules
- Height | diameter | Leaves Leaf Dry Length | diameter Dry Nodules Dry
Treatments | Percent | Velocity | (o) (cm) Number | Area Matter (Cm) (cm) Matter | Number | Matter
(%) | Oay9) em) | (%) (%) (%)

Nickel con. (mg.kg™ soil)
Ni 0 575a 40.1a 28.33 a 0.40a 16.65a 3l.71a 67.98 a 34.20 a 0.26 ¢ 69.46 a 10.67 a 49.43b
Ni 15 55.8a 28.8b | 25.55hb 0.36 a 12.88 b 28.46 b 48.66 b 30.20 b 0.33b 66.46 a 9.42b 64.37 a
Ni 30 53.7a 25.2¢c 23.30¢ 0.32b 8.63 ¢c 28.33b | 63.43ab | 28.83b 0.34b 71.60 a 8.25¢C 64.30 a
Ni 45 16.4b 24.8¢c | 24.11bc 0.30 b 8.40 c 25.21¢ 48.26 b 25.1¢c 0.40 a 70.38 a 4.67d 62.20 a
Lead con. (mg.kg-1 soil)
Pb 0 47.67ab | 29.5ab 26.41a 0.35a 11.46b 24.54d 63.1a 31.67 a 0.34ab 70.23 a 9.33b 58.99 ab
Pb 15 54.42 a 31.0a 22.78 b 0.31b 11.61ab | 3250a 62.83 a 28.38 b 0.31b 73.61a 6.67c 53.35b
Pb 30 38.1b 28.3b 25.51a 0.34 ab 13.50 a 29.54b | 56.48ab | 29..33b 0.35a 68.23 a 11.75a 67.45a
Pb 45 43.3ab | 30.0ab 26.58 a 0.36 a 10.00 b 27.13 ¢ 45.96 b 28.90 b 0.32 ab 65.83 a 5.25d 60.50 ab
Interaction between Ni and Pb concentrations
NiO Pb0 153b 38.9bc 275b 0.37 bc 16.23a | 28.0dg | 71.7ab 34.7ab 0.23¢ 69.63a 13.3a 44.1d

NiO Pb15 17.7b 45.1a 25.6 bc 0.37 bc 15.23a 36.0a 65.9 a-d 375a 0.23 e 69.27 a 10.0 cd 49.1 cd

NiO Pb30 21.7b 35.7 cd 27.0b 0.37 bc 18.47 a 32.3bc 72.7 ab 31.0bcd | 0.30cde 65.80 a 12.3ab 52.1 bed

NiO Pb45 11.0b 405b 33.8a 0.47 a 16.67 a 30.5 b-e 61.7 a-d 33.1bc 0.27 de 73.13a 6.7 ef 52.5 bcd

Nil5 Pb0 56.0 a 32.3 ef 25.6 bc 0.43ab 11.13b 25.3fg 42.2bcd | 32.1bcd | 0.30cde | 68.90a 10.0 cd 72.3ab

Nil5 Pb15 74.7 a 26.2fgh | 25.0bcd | 0.30cd 16.00a 32.8ab 60.7a-d | 31.0bcd | 0.37bc 81.03 a 7.0 ef 58.2 bed

Nil5 Pb30 25.7b 29.1 ef 25.9 bc 0.33cd 16.87a 27.7¢fg | 53.0a-d 29.1de 0.37 bc 57.00 a 14.0a 69.6 abc

Nil5 Pb45 72.3a 27.6fgh | 25.6 bc 0.37 bc 7.53b 28.0d-g 35.8d 28.6de | 0.30cde | 58.90a 6.0 ef 57.3 bcd

Ni30 Pb0 58.3a 21.5i 25.6 bc 0.30 cd 8.90b 28.8 c-f 65.1 ac 30.0 cde 0.37 bc 65.13 a 8.0 de 63.0 bcd

Ni30 Pb15 65.3a 28.7¢efg | 21.9cde | 0.30cd 7.77b 29.7 b-e 82.6 a 23.7fg 0.30cde | 67.60a 6.3 ef 45.0d

Ni30 Pb30 53.7a 24.7 ghi 21.1de 0.37 bc 9.43b 295b-e | 64.3a-d | 30.3cde 0.40 ab 91.83a 13.7a 86.1a

Ni30 Pb45 52.7 a 25.8fgh | 24.7bcd | 0.30cd 8.43b 25.3fg 41.8bcd | 31.3bcd | 0.30cde | 63.80a 5.0 fg 63.1 bed

Ni45 Pb0 61.0a 25.5 fgh 275D 0.30 cd 9.57b 16.0h 70.2abc | 29.9 cde 0.47 a 77.27 a 5.3fg 56.6 bcd

Ni45 Pb15 60.0a 23.9 hi 18.7¢ 0.27d 7.43Db 31.5bcd | 42.1 bed 2139 0.33bcd | 78.53a 3.3¢9 61.2 bed

Ni45 Pb30 51.3a 23.7 hi 28.1Db 0.30cd 9.23Db 28.7 cf 36.0cd 26.5ef | 0.33bcd | 58.27a 6.7 ef 62.0 bed

Ni45 Pb45 51.0a 25.8fgh | 22.1cde 0.30 cd 7.33b 24.79 44.6 bed 22.6 fg 0.40 ab 67.47 a 3.3 ¢ 69.1 abc

* Means followed by the same letters within columns are significantly different at p <0.05 according to the Duncan test, and vice versa

63



aggregate
of root
nodules

(A) (B) (©)

Fig 4.1 : The nodules statuse of (A) G. triacanthos, (B) L. leucocephala and (C) R. pseudoacacia species
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4.2 Effects of nickel, lead and their interactions on physiological characterestics
4.2.1 Photosynthetic pigments

Results in the table 4.4 show that the effect of Ni, Pb and their interactions were significant on some
photosynthetic pigments for the studied species (chlorophyll a, chlorophyll b and total carotenoids). The
Chl aand Chl b were increased with increasing Ni concentrations for G. triacanthos and L. leucocephala
species. The highest value of the Chl a, Chl b (1.04 and 0.84) mg/g fresh weight and (1.03 and 0.93) mg/g
fresh weight for two plant species (G. triacanthos and L. leucocephala) were recorded from 15, 30 and 45
mg.kg™? NiCl, concentrations as compared to the control treatment, while the lowest values (1.02 and 0.75)
mg/g fresh weight and (1.021 and 0.82) mg/g fresh weight were recorded in the control treatment. The
Chl a and Chl b were increased with increasing Pb concentrations for G. triacanthos and L. leucocephala
from 30 and 45 mg.kg™ PbCl, concentrations as compared to the control treatment, except chl b of G.
triacanthos species was decreased with increasing to 15 and 30 mg.kg™ PbCl, concentrations as compared
to the control treatment. The interactions between Ni and Pb concentrations had significant effects on Chl
a and Chl b for these plant species and increased with increasing Ni and Pb concentrations. Inaddition,
the effect of Ni, Pb and their interactions were non significant on Chl a, b for R. pseudoacacia.

The content of TC were decreased in the three plant species by increasing the concentrations to 45
mg.kg™? of Ni and Pb as compared to the control treatment. TC were decreased with increasing Ni
concentrations from 45 mg.kg? NiCl, as compared to the control treatment of G. triacanthos, L.
leucocephala and R. pseudoacacia species. The highest value of TC (0.37, 0.38 and 0.38) mg/g fresh
weight were recorded in the control treatment for three plant species. The lowest value of TC (0.36, 0.36
and 0.37 mg/g fresh weight) for G. triacanthos, L. leucocephala and R. pseudoacacia respectively were
recorded from 45 mg.kg™ NiCl, concentrations as compared to the control treatment. TC were decreased
with increasing Pb concentrations for two plant species to 45 mg.kg™* PbCl, as compared to the control
treatment. The interactions between concentrations of Ni and Pb also had significant effects on TC for G.

triacanthos, L. leucocephala and R. pseudoacacia as same as for each element individually.
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Table 4.4. Effects of nickel, lead and their interactions mean of some photosynthesis pigments of the
studied species.

G. triacanthos L. leucocephala R. pseudoacacia
Treatments | Chl. | Chl, | TC | chl. | chl, | TC chl. | ch, | TC
mg /g fresh weight

Nickel con. (mg.kg™soil )

Ni 0 1.02b | 0.75b | 0.37a | 1.021b | 0.82c | 0.376a | 0.97a | 0.32a | 0.38a
Ni 15 1.03ab | 0.76 b | 0.36b | 1.028ab | 0.93a | 0.365b | 0.97a | 0.29a | 0.37b
Ni 30 1.04a | 0.83a | 0.36b | 1.033a | 0.90ab | 0.362b | 0.96a | 0.31a | 0.37b
Ni 45 1.03ab | 0.84a | 0.36b | 1.033a | 0.89b | 0.362b | 0.96a | 0.28a | 0.37b

Lead con. (mg.kg™ soil )

Pb 0 1.06b | 0.87a | 0.38a | 1.06b | 0.90b | 0.367b 097a | 0.28a | 0.37a
Pb 15 093c | 062c | 037b | 091c | 0.77c | 0.370ab | 097a | 0.31a | 0.37a
Pb 30 1.08a | 0.79b | 0.35c | 1.08a | 0.94a 0.371a 097a | 0.31a | 0.37a
Pb 45 1.08a | 091a | 035c | 1.08a | 0.95a 0.358 ¢ 0.97a | 0.30a | 0.37a

Interaction between Ni & Pb con.

NiO PbO 1.01c | 0.75cde | 0.39a | 1.01b | 0.77c 0.39a | 0970ab | 0.29ab | 0.38a
Ni0 Pb15 093d | 0.64ef [037b| 0.92c | 0.72c | 0.37bc |[0.970ab | 0.33a | 0.38a
Ni0 Pb30 1.08 ab | 0.77b-e | 0.36¢c | 1.07a | 0.87b | 0.38b | 0.973a | 0.32ab| 0.38a
NiO Pb45 1.08ab | 0.83abc | 0.35¢c | 1.08a | 0.93a | 0.37bc | 0.97ab | 0.32ab | 0.38a
Ni15 Pb0 1.07ab | 0.86abc | 0.37b | 1.07a | 0.94a | 0.36d 0.97ab | 0.25b | 0.37b
Ni15 Pb15 092d | 056f |[0.37b| 0.89e | 0.87b | 0.37bc | 0.97ab | 0.30ab | 0.37b
Nil5 Pb30 1.05b | 0.67def | 0.36¢c | 1.07a | 0.95a | 0.37bc | 0.97ab | 0.31ab| 0.37b
Nil5 Pb45 1.08ab | 0.93a |0.35c| 1.08a | 0.96a | 0.36cd 0.97ab [ 0.32ab | 0.37b
Ni30 PbO 1.07ab | 0.90ab | 0.37b | 1.07a | 0.95a 0.36d 0.97ab [ 0.29ab | 0.37b
Ni30 Pb15 0.93d | 0.67def | 0.37b | 091cd | 0.74c | 0.37bc | 0.97ab | 0.33ab | 0.37b
Ni30 Pb30 1.09a | 0.8l1a-d |035c| 1.07a | 0.96a | 0.37bc | 0.97ab | 0.34a | 0.37b
Ni30 Pb45 1.08ab | 0.94a |035c| 1.08a | 0.96a 0.35e 0.97ab [ 0.27ab | 0.37b
Ni45 Pb0 1.07ab | 0.95a |0.38a| 1.07a | 0.95a 0.36d 0.97ab [ 0.28ab | 0.37b
Ni45 Pb15 0.93d 060f |0.37b| 090de | 0.73¢c | 0.37bc 0.96b |0.27ab| 0.37b

Ni45 Pb30 1.08ab | 0.90abc | 0.35c | 1.08a | 0.96a | 0.37bc | 0.97ab | 0.27ab | 0.37b
Ni45 Pb45 1.08ab | 0.93a |035c| 1.08a | 0.96a 0.35e 0.97ab [ 0.31ab | 0.37Db

* Means followed by the same letters within columns are significantly different at p <0.05 according to
the Duncan test, and vice versa.
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4.2.2 Enzymatic and non- enzymatic antioxidants
4.2.2.1 Enzymatic antioxidants

Results in the tables 4.5, 4.6 and 4.7 indicate that the effect of Ni, Pb and their interactions were
significant on some of the enzymatic antioxidants such as CAT, POD and NR of G. triacanthos, L.
leucocephala and R. pseudoacacia fresh leaves. Where the activity of POD was increased with increasing
Ni concentrations to 45 mg.kg™ NiCl, for three studied species. The highest activity of POD (2030.8,
1989.2 and 2418.3) pgg™* were obtained from increasing Ni concentrations to 45 mg.kg™ as compared with
the control treatment for the three studied species, while the lowest activities of POD (1692.5, 1366.7 and
1767.5) pgg™ were obtained from the control of three species. The activity of POD was significantly
increased with increasing Pb concentrations to 45 mg.kg™ PbCl, concentrations only for R. pseudoacacia,
whereas it non - significant for other species. The interactions between Ni and Pb elements on the activity
of POD was recorded from increasing Ni and Pb concentrations to 45 mg.kg™* NiCl, or PbCl, of the studied
species.

The activity of NR which increased with increasing the Ni concentrations to 45 mg.kg™ of G. triacantho,
whereas the NR enzyme activity decreased with increasing the Ni concentrations to 30 and 45 mg.kg™ of
L. leucocephala and R. pseudoacacia. The highest activity of NR (0.20) uML™* was recorded from 45
mg.kg™? as compared to the control treatment of G. triacanthos species, while the lowest activities of NR
(0.17) uML* was obtained from the control of G. triacanthos. Whereas the highest activity of NR (0.14
and 0.12) uML™ were recorded from the control treatment for L. leucocephala and R. pseudoacacia, the
lowest activities of the NR activity (0.11 and 0.095) uML™ were obtained from 45 mg.kg™ as compared
to the control of two species. The activity of NR significantly increased with increasing Pb concentrations
to 15 mg.kg? NiCl, or PbCl, for R. pseudoacacia, whreas NR activity significantly decreased with
increasing Pb concentrations to 30 mg.kg* PbCl, for L. leucocephala and G. triacanthos. The interactions
between Ni and Pb elements on the activity of NR were obtained from increasing Ni and Pb concentrations
to 45 mg.kg™* NiCl, or PbCl; of G. triacanthos, L. leucocephala and R. pseudoacacia.

The activity of CAT was significantly decreased with increasing Ni, Pb and their interactions to 45
mg.kg™ NiCl; or PbCl; of three studied species. The highest activity of CAT (327.5, 200.83 and 285.83)
ngg ™ were recorded from the control treatment of three studied species, while, the lowest activities (139.2,
131.67 and 150.0) pgg® were recorded from 45 mg.kg? NiCl, concentrations of G. triacanthos, L.

leucocephala and R. pseudoacacia species respectively.
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4.2.2.2 Non- enzymatic antioxidants

As displayed in the tables 4.5, 4.6 and 4.7 results show that the effects of Ni and Pb and their
interactions were significant on some of the non-enzymatic antoxidants such as Pr, AA and CHO of G.
triacanthos, L. leucocephala and R. pseudoacacia leaves. They show that proline (Pr) significantly
decreased with increasing the concentrations of Ni to 45 mg.kg™ NiCl. concentrations as compared to the
control treatment of three studied species. The highest value of Pr (55.37, 75.05 and 51.52) pgml™ were
recorded from the control treatment of the three species, while the lowest values (35.74, 58.5 and 40.75)
ugml?® were obtained from 15 and 45 mg.kg™ as compared to the control treatment of G. triacanthos, L.
leucocephala and R. pseudoacacia species. The Pr decreased with increasing the concentrations of Pb to
45 mg.kg™® PbCl, concentrations for the studied species, except the Pr increased with increasing Pb
concentrations to 45 mg.kg™ PbCl, for L. leucocephala species. The interaction between Ni and Pb had
significant effect and decreased on the Pr for three studied species at 45 mg.kg™. The AA increased
significantly with Ni application for three studied species. The highest value of AA (2.30, 2.03 and 1.31)
gL were recorded from 30 and 45 mg.kg™ NiCl, concentrations as compared to the control treatment for
three studied species, while the lowest values (1.50, 0.74 and 0.77) gL were recorded from the control
for three species. Whereas the AA decreased with increasing Pb concentration for G. triacanthos and R.
pseudoacacia, except it increased significantlty for L. leucocephala. The interaction between Ni and Pb
had significant effect and decreased on the AA for G. triacanthos and R. pseudoacacia at 45 mg.kg?,
except it increased for L. leucocephala at 45 mg.kg*. The CHO decreased with increasing Ni, Pb and their
interaction to 45 mg.kg™* NiCl, or PbCl, for studied species, except for the CHO which increased with
increasing Ni, Pb and their interactions to 45 mg.kg™ only for L. leucocephala species. The highest value
of CHO (1.04 and 1.22) % were obtained from the control for G. triacanthos and R. pseudoacacia species.
While the lowest value of CHO (0.29 and 0.93) % were obtained from 45 mg.kg?* NiCl as compared to

the control treatment of G. triacanthos and R. pseudoacacia species.
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Table 4.5. Effects of nickel , lead and their interactions mean of some enzymatic, non-enzymatic antioxidants and nitrate
reductase activity of G. triacanthos leaves.

Enzymatic Antioxidants and Nitrate Reductase

Non-Enzymatic Antioxidants

Treatments Catalase Peroxidase Nitrate Ascorbic Acid Proline Total
(ngg?) (pggd) Reductase (gL (pugml?) Carbohydrate
(uML™) (%)
Ni concentration (mg.kg™ Soil)
Ni O 327.5a 1692.5b 0.17c 1.50d 55.37a 1.04 a
Ni 15 2775Db 1873.3 ab 0.14d 219c 44,50 b 0.66 c
Ni 30 194.2 ¢ 1699.2 b 0.18 b 2.77 a 37.34c 0.76 b
Ni 45 139.2 d 2030.8 a 0.20a 2.30 b 35.74 ¢ 0.29d
Pb concentration (mg.kg-1 Soil)
Pb 0 269.2a 1837.5a 0.183 ab 3.22a 48.70 a 0.60 b
Pb 15 194.2 ¢ 1738.3a 0.138 c 1.49c 43.42b 0.80a
Pb 30 236.33 b 1804.2 a 0.182b 2.63b 39.30c 0.78 a
Pb 45 238.3b 1915.8 a 0.189 a 1.49¢c 41.52 bc 0.58 b
Interactions between Ni and Pb
NiO PbO 496.7a 1710.0b 0.20d 3.9c 63.35a 1.25b
NiO Pb15 240.0d 1753.3b 0.17e 141h 56.96 b 0.54d
NiO Pb30 216.7d 1593.3 b 0.20d 0.53] 51.23 bc 1.48a
NiO Pb45 356.7 b 1713.3b 0119 0.13k 49.92 c 0.87c
Nil5 PbO 303.3c 1826.7 ab 0.14f 1.63¢ 49.46 c 0.41 de
Nil5 Pb15 200.0 de 1960.0 ab 0.17e 2.66 e 45.88 c 0.99¢c
Nil5 Pbh30 363.3b 1736.7 b 0.08 h 1.97f 37.69 fg 1.18b
Nil5 Pb45 243.3d 1970.0 ab 0.17e 250 e 44.92 cde 0.06 ¢
Ni30 PbO 136.7 f 1873.3 ab 0.22¢c 441D 42.46 def 0.31e
Ni30 Pb15 210.0d 1493.3 b 0.14f 0.94i 34.04 g 1.17b
Ni30 Ph30 216.7d 1926.7 ab 0.21c 3.09d 34.96 g 0.29 ef
Ni30 Pb45 213.3d 1503.3 b 0.14f 2.66 e 37.89 fg 1.28 b
Ni45 PbO 140.0 f 1940.0 ab 0.17e 291d 39.54 efg 0.41 de
Ni45 Pb15 126.7 f 1746.7 b 0.07 h 0.72 ] 36.81 fg 0.51d
Ni45 Pb30 150.0 fe 1960.0 ab 0.23b 491a 33.27¢g 0.16 fg
Ni45 Pb45 140.0 f 2476.7 a 0.33a 0.66 j 33.35¢g 0.10 g

* Means followed by the same letters within columns are significantly different at p <0.05 according to the Duncan test, and vice versa.
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Table 4.6. Effects of nickel, lead and their interactions mean of some enzymatic, non-enzymatic antioxidants and nitrate
reductase activity of L.leucocephala leaves.

Enzymatic Antioxidants and Nitrate Reductase

Non-Enzymatic Antioxidants

Treatments Catalase Peroxidase Nitrate Ascorbic Acid Proline Total
(ngg?) (ngg?) Reductase (gL (pgml?) Carbohydrate
(UML) (%)
Ni concentration (mg.kg™ Soil)
Ni 0 200.83 a 1366.7 b 0.14b 0.74d 75.05a 0.22¢c
Ni 15 133.33 b 1535.8 b 0.19a 2.93a 58.0d 0.23¢
Ni 30 132.50 b 1801.7 a 0.13¢ 1.66 c 66.55 b 0.45a
Ni 45 131.67 b 1989.2 a 0.11d 2.03 b 60.05 ¢ 0.37b
Pb concentration (mg.kg-1 Soil)
Pb 0 195.8a 1659.2 a 0.14b 1.08 c 63.80 c 0.31b
Pb 15 150.0b 1644.2 a 0.18a 1.05¢ 70.42 a 0.30b
Pb 30 131.7 bc 1644.2 a 0.12¢ 2.07b 60.50d 0.26 b
Pb 45 120.8 ¢ 1745.8 a 0.14 b 3.16a 64.92 b 0.40 a
Interactions between Ni and Pb
NiO Pb0 310.0a 1143.3 e 0.10g 0.16n 87.04 b 0.38 bcd
NiO Pb15 220.0b 1520.0 cde 0.19¢ 0.22n 71.15f 0.06 h
Ni0 Pb30 133.3¢ 1320.0 de 0.09¢g 1.84f 82.54d 0.19 fgh
NiO Pb45 140.0c 1483.3 cde 0.20b 0.72 1 59.46 h 0.23 efg
Nil5 Pb0 200.0 b 1510.0 cde 0.15e 1.03 jk 31.15k 0.10 gh
Nil5 Pb15 113.3 cd 1560.0 cde 0.24a 1.47h 84.73 c 0.36 cde
Nil5 Pb30 133.3¢ 1560.0 cde 0.20b 1.09 ij 24.23 | 0.06 h
Nil5 Pb45 86.7 d 1513.3 cde 0.17d 8.13 a 91.85a 0.39 bed
Ni30 Pb0 136.7 c 1836.7 bed 0.19 bc 0.34m 70.50 f 0.23 efg
Ni30 Pb15 150.0c 1960.0 abc 0.12f 1.59¢ 69.73 f 0.50 ab
Ni30 Pb30 113.3 cd 1853.3 bed 0.09¢ 2.09e 48.27 j 0.56 a
Ni30 Pb45 130.0 cd 1556.7 cde 0.12f 2.63d 77.69 e 0.52 ab
Ni45 Pb0 136.7 c 2146.7 ab 0.11f 2.718 ¢ 66.50 g 0.51 ab
Ni45 Pb15 116.7 cd 1536.7 cde 0.16 ¢ 0.91k 56.08 i 0.27 def
Ni45 Pb30 146.7 ¢ 1843.3 bed 0.09¢g 3.25b 86.92 b 0.21 fg
Ni45 Pb45 126.7 cd 2430.0 a 0.08 h 1161 30.69 k 0.48 abc

* Means followed by the same letters within columns are significantly different at p <0.05 according to the Duncan test, and vice versa.
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Table 4.7. Effects of nickel, lead and their interactions mean of some enzymatic , non-enzymatic antioxidants and nitrate
reductase activity of R. pseudoacacia leaves.

Enzymatic Antioxidants and Nitrate Reductase

Non-Enzymatic Antioxidants

Treatments Catalase Peroxidase Nitrate Ascorbic Acid Proline Total
(ngg?) (pggd) Reductase (gL (pgml?) Carbohydrate
(uML™) (%)
Ni concentration (mg.kg™ Soil)
Ni O 285.83 a 1767.5b 0.128 a 0.77c 51.52 a 1.22b
Ni 15 255.00 b 2291.7 a 0.112 b 0.91b 45.14 c 1.33 a
Ni 30 17417 c 2390.0a 0.124 a 131a 46.82 b 0.77d
Ni 45 150.00 d 2418.3 a 0.095 ¢ 0.35d 40.75 d 0.93¢c
Pb concentration (mg.kg-1 Soil)
Pb 0 226.7 a 1914.2 b 0.102 ¢ 1.38 a 58.94 a 0.94b
Pb 15 209.2a 2084.2 b 0.143 a 0.89 b 43.58 b 1.15a
Pb 30 208.3 a 2688.3 a 0.099 c 0.52¢c 38.25¢ 1.23a
Pb 45 220.8 a 2180.8 b 0.112b 0.54 c 43.46 b 0.93 b
Interactions between Ni and Pb
NiO PbO 360.0 a 1543.3d 0.083 i 2.16b 49.38 ef 1.70a
NiO Pb15 250.0 b 1626.7 d 0.170b 0.28 hi 49.31 ef 0.97 cde
NiO Pb30 276.7b 2090.0 bcd 0.126 de 0.53f 48.30 f 1.18b
NiO Pb45 256.7 b 1810.0 cd 0.130 cd 0.09i 58.85¢ 1.03 bcde
Nil5 PbO 270.0b 1583.3d 0.120 e 0.19 hi 63.31b 0.94 de
Nil5 Pb15 246.7b 2150.0 bcd 0.130 cd 0.81e 39.84 h 1.15 bc
Nil5 Pb30 250.0 b 3243.3a 0.060 j 1.00d 41.46 h 1.58a
Nil5 Pb45 253.3b 2190.0 bcd 0.136 ¢ 1.63¢c 35.96 i 1.64a
Ni30 PbO 156.7 cd 2146.7 bcd 0.106 fg 291a 51.24 de 0459
Ni30 Pb15 186.7 ¢ 2736.7 ab 0.180 a 1.53¢c 43.54 g 0.89e
Ni30 Pbh30 153.3 cd 2620.0 abc 0.110f 0.47 fg 40.88 h 1.09 bcd
Ni30 Pbh45 200.0c 2056.7 bcd 0.100 gh 0.34 gh 51.62d 0.64 f
Ni45 PbO 120.0d 2383.3 bcd 0.100 fgh 0.25 hi 71.69 a 0.68 f
Ni45 Pb15 153.3 cd 1823.3 cd 0.090 h 0.97 de 4154 h 1.58a
Ni45 Pb30 153.3 cd 2800. 0 ab 0.100 gh 0.093 i 22.35k 1.06 bcde
Ni45 Pb45 1733 ¢ 2666.7 abc 0.080 i 0.093 i 27.42j 0.41¢g

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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4.2.2.3 Total protein content (TPr)

Results presented in table 4.8 show that the effects of nickel, lead and their interactions were significant
on the total protein contents of G. triacanthos, L. leucocephala and R. pseudoacacia seedlings, except for
the root of R. pseudoacacia which was non — significant. Total protein were highly affected by
contamination with heavy metals. It shows that total protein contents of the roots increased with increasing
the concentration of Ni from 30 and 45 mg.kg™ NiCl, or PbCl, as compared to the control treatment for
G. triacanthos and L. leucocephala species. The total protein contents non-significantly for R.
pseudoacacia roots, whereas for the shoot it increased significantly with increasing the concentration of
Ni to 30 mg.kg™* NiCl. as compared to the control treatment. The highest value of the TPr contents of the
roots of G. triacanthos and L. leucocephala (2.848 and 2.334) gkg-! were recorded from 30 and 45 mg.kg"
1 NiCl, or PbCl, concentrations, while the lowest value (1.692 and 1.434) gkg-* were recorded in 15 mg.kg"
! treatment and the control. The highest value of the total protein contents for shoot of R. pseudoacacia
(1.975 gkg-!) were recorded from 30 mg.kg™ NiCl, concentration, while the lowest value (1.427 gkg-1)
were recorded to 15 mg.kg™ NiCl, concentration. The concentration of TPr contents in the roots and shoots
were highly affected by soil elements for various species, the lowest protein content was noted for R.
pseudoacacia plants grown on soil highly contaminated with Ni and Pb heavy metals from 45 mg.kg™
NiClz or PbCl, concentrations as compared to other plant species. The total protein contents in the roots
and shoots for G. triacanthos, L. leucocephala and R. pseudoacacia declined with increasing pb
concentration to 15 and 45 mg.kg™ NiCl; or PbCl,, except the root of L. leucocephala increased at 30
mg.kg? PbCI; , also the root of R. pseudoacacia which was no significant. The interactions between
concentrations of Ni and Pb also had significant effects on the three species on the total protein contents,

except the root of R. pseudoacacia which was non significant.
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Table 4.8. Effects of nickel, lead and their interactions mean of shoot and root total protein contents
for the studied species.

Treatments G. triacanthos L. leucocephala R. pseudoacacia
Shoot Root Shoot | Root Shoot | Root
gkg! dry weight
Nickel con. ( mg.kg™soil )
Ni O 2.940 a 1.848bc | 2.451Db 1434 c 1.731b 1.952 a
Ni 15 2.834 a 1.692¢c |2968a | 1.489c 1.427 ¢ 1914 a
Ni 30 2.234 b 2.848a | 2417b | 2.038b 1.975a 1.898 a
Ni 45 2.920 a 1.998b | 2.020c | 2334a 1.900ab | 1.785a
Lead con. ( mg.kg™ soil )
Pb0O 2.898 a 2.117b | 2767a | 1.517c 1.887 a 1.928 a
Pb 15 2.478 b 1.943¢c |2453b | 1.928hb 1.984 a 1.892 a
Pb 30 2.573 b 2.731a | 2414b| 2238a 1.887 a 1.809 a
Pb 45 2.981a 1.595d | 2223b | 1.613c 1.275b 1.921 a
Interaction between Ni & Pb con.
NiO Pb0 3.007 bed 1.280ef | 2.560c | 1.190 fg 1.773cd | 2.047 a
NiO Pb15 2.617 de 1.417ef | 2.380c | 1.350efg | 2.310ab | 2.010a
NiO Pb30 3.027 bed 3.193b | 2.433c | 1.780cde | 1.853cd | 1.860a
NiO Pb45 3.110 be 1.500ef | 2.430c | 1.417defg | 0.987 e 1.890 a
Nil5 Pb0 3.297 b 3.077bc | 3.763a | 2.060c 2.130bc | 1.893a
Nil5 Pb15 2.717 cde 1.400ef | 2.450c | 1.540 cdef | 1.617 d 1.960 a
Nil5 Pb30 2.640 de 1.563e | 2450c | 0.960g 0.887 ¢ 1.887 a
Nil5 Pb45 2.683 de 0.727h | 3.210b | 1.397 defg | 1.073 e 1917 a
Ni30 Pb0 2.647 de 1507 ef | 2.390c | 1.530 cdef | 2.123bc | 1.870a
Ni30 Pb15 2.010¢g 3.790a | 2500c | 3.070b 2.120bc | 1.913a
Ni30 Pb30 2.410 ef 2.817cd | 2.367¢c | 1.960cd 2.670 a 1.787 a
Ni30 Pb45 1.860 g 3.280b | 2.410c | 1.590 cdef | 0.987 e 2.023 a
Ni45 Pb0 2.640 de 2.603d | 2.353c | 1.287 efg 1.520d 1.900 a
Ni45 Pb15 2.557 ef 1.163fg | 2.480c | 1.750 cdef | 1.890bcd | 1.683 a
Ni45 Pb30 2.213fg 3.350b | 2.407c | 4.250a 2.137bc | 1.703a
Ni45 Pb45 4270 a 0.873gh | 0.840d | 2.050c 2.053bc | 1.853a

* Means followed by the same letters within columns are significantly different at p <0.05
according to the Duncan test, and vice versa.
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4.2.2.4 Macro, micro and some of non-essential elements for shoots, roots and soils characterestics
of G. triacanthos, L. leucocephala and R. pseudoacacia species

4.2.2.4.1 Macro, micro and some of non- essential elements for shoots and roots of G. triacanthos
species

the results shown in tables 4.9, 4.10, 4.11, 4.12, 4.13 and 4.14 indicate that the effects of Ni and Pb and
their interactions were significant on some nutrients of the shoots and roots of G. triacanthos seedlings.
They shows that some of the elements increased with increasing the concentration of Ni and Pb from 15,
30 and 45 mg.kg™* as compared to the control treatment. The macro elements (P, Mg and SO.) increased
significantly with increasing the Ni concentration from 30 and 45 mg.kg™ NiCl. as compared to the control
treatment, except for the N which decreased with increasing the Ni concentration of G. triacanthos shoots.
The highest value of the P, Mg and SO4 (0.00415, 0.0388 and 0.00326) % respectively were recorded in
the 15, 30 and 45 mg.kg™ NiCl. concentrations as compared to the control treatment, while the lowest
values (0.00249, 0.0267, 0.00268) % were recorded in the control treatment. Each of P and Mg increased
significantly with increasing the Pb concentration from 30 and 45 mg.kg™* PbCl as compared to the control
treatment. An exception the N which decresed with increasing Pb concentration at 30 mg.kg?. The highest
values of P and Mg (0.00330 and 0.0378) % were recorded in the 30 and 45 mg.kg™ PbCl, concentrations
as compared to the control treatment, while the lowest values (0.00271 and 0.0289) % were recorded in
the control and 15 mg.kg™ treatment. The interactions between Ni and Pb concentrations had significant
effects on N, P, Mg and SO4 their concentration increased with increasing Ni and Pb concentration in the

45 mg.kg* NiCl, or PbCl, concentrations as compared to the control treatment (See Table 4.9).

Each of Fe, Mn and Zn increased significantly with increasing the Ni concentrations for 15 mg.kg™
NiClz concentrations as compared to the control treatment; An exception involves the Cu which decreased
with increasing the Ni concentration of G. triacanthos shoots. The highest values of Fe, Mn and Zn
(0.0652, 0.00818 and 0.00657)% were recorded in the 15 mg.kg? NiCl, as compared to the control
treatment, while the lowest values (0.0538, 0.0113 and 0.000537) % were recorded in the control
treatment. Each of Mn and Zn were increased with increasing the Pb concentration to 30 and 45 mg.kg™*
PbCl, as compared to the control treatment, except the Fe which was decreased with increasing the Ni
concentration. The highest values of Mn and Zn (0.00779 and 0.00642) % were recorded in the 45 mg.kg

1 PbCl, concentrations as compared to the control treatment, while the lowest values (0.0122 and 0.00505)
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% were recorded in the control treatment. The interactions between Ni and Pb had significant effects on
some micro - elements such as Cu and Zn which increased with increasing Ni and Pb concentration in the
15 and 45 mg.kg?* NiCl, or PbCl, concentrations as compared to the control treatment, Exception an Fe
and Mn that decreased with increasing the Ni concentration, as it is clear from table 4.10.

The heavy metal element Cd was increased with increasing the Ni concentrations to 45 mg.kg? NiCl,
concentrations as compared to the control treatment, except the Rb that decreased with increasing the Ni
concentration of G. triacanthos shoots. The highest value of Cd (0.000665%) was recorded in the 45
mg.kg™ NiCl, concentrations, while the lowest value (0.000217%) was recorded in the control treatment.
The heavy metal elements Cd and As increased with increasing the Pb concentration to 30 mg.kg™ PhCl,
as compared to the control treatment, except for the Rb which decreased with increasing the Pb
concentration to 15 mg.kg™. The highest values of Cd and As (0.000644 and 0.000696) % were recorded
in the 30 mg.kg* PbCl, concentrations, while the lowest values of the Cd and As (0.000212 and 0.000224)
% were recorded in the control treatment. The interactions between Ni and Pb concentrations had
significant effects on some heavy metal elements such as Pb, Cd and As which increased with increasing
Ni and Pb concentration in the 15, 30 and 45 mg.kg™ NiCl, or PbCl, concentrations as compared to the

control treatment see Table 4.11.

Each of N, P, K, Mg, Ca and SO4 which increased with increasing the Ni concentration for 15, 30 and
45 mg.kg™ NiCl, as compared to the control treatment of G. triacanthos roots. The highest values of N,
P, K, Mg, Ca and SO4 (0.00456, 0.00326, 1.152, 0.0224, 1.882, 0.00087) % were recorded to 15, 30 and
45 mg.kg? NiCl, concentrations, while the lowest values (0.00271, 0.00249, 0.656, 0.0110, 1.361,
0.00073) % were recorded in 15 mg.kg™ and control treatment. Each of N, P, Mg, and SO increased with
increasing the Pb concentration to 30 and 45 mg.kg™ PbCl, as compared to the control treatment. The
highest values of N, P, Mg, and SO4 (0.00437, 0.00308, 0.0187 and 0.00096) % were recorded in the 15
or 30 mg.kg?* PbCl, concentrations, while the lowest values of N, P, Mg, and SO4 (0.00339, 0.00278,
0.0146 and 0.00072) % were recorded in the control and 30 mg.kg™? treatment. The interactions between
Niand Pb concentrations had significant effects on N, P, Mg Ca and SO4 which increased with increasing
Ni and Pb concentration in the 15 or 45 mg.kg™ NiCl, or PbCl. concentrations as compared to the control

treatment of G. triacanthos roots (See Table 4.12).

The elements Fe and Zn increased with increasing the Ni concentrations to 15 and 45 mg.kg™ NiClz

concentrations as compared to the control treatment of G. triacanthos roots. The highest values of Fe and

75



Zn (0.122 and 0.0275) % were recorded in the 15 and 45 mg.kg™ NiCl, concentrations, Whereas the lowest
values (0.0589 and 0.0167) % were recorded in other treatments. The micro elements (Fe) decreased
significantly with increasing the Pb concentration for all PbCl, treatments as compared to the control
treatment. The highest value of the Fe (0.1224 %) which was recorded in the control treatment. On the
other hand, the lowest value (0.0589 %) was recorded to 30 mg.kg* PbCl, concentrations. The interactions
between Ni and Pb concentrations had significant effects on Cu, Fe and Mn which increased with
increasing Ni and Pb concentration in the 15 and 45 mg.kg™ NiCl, or PbCl, concentrations as compared
to the control treatment, except for the Zn which decreased with increasing the Ni and Pb concentration
(See Table 4.13).

The heavy metal As increased with increasing the Ni concentrations to 45 mg.kg™ NiCl, concentrations
as compared to the control. The highest value of (0.000441 %) was recorded in the 45 mg.kg™ NiCl,
concentrations, while the lowest value (0.000308 %) was recorded in the control treatment. The Pb
concentration had non- significant on the heavy metal elements of G. triacanthos roots. The interactions
between Ni and Pb concentrations had significant effects on some heavy metal elements such as Rb and
As which increased with increasing Ni and Pb concentration in the 45 mg.kg® NiCl, or PbCl,

concentrations as compared to the control treatment (Table 4.14).
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Table 4.9 . Effects of nickel, lead and their interactions mean of some macro-nutrient xof G.

triacanthos shoot.

N P K Mg Ca SO,
Treatments
(%)
Nickel con. (' mg.kg™ soil )
Ni 0 0.00470 a 0.00249b |0.839a | 0.0267c 4.621a 0.00268 b
Ni 15 0.00453 a 0.00247b | 0.975a | 0.0388a 4,586 a 0.00287 b
Ni 30 0.00358 b 0.00415a |0.733a| 0.0339b 4938 a 0.00296 b
Ni 45 0.00467 a 0.00253b | 0.764a | 0.0334b 5.165a 0.00326 a
Lead con. ( mg.kg™ soil )
Pb 0 0.00464 a 0.00271b |0.911a | 0.0295b 5.234a 0.00285 a
Pb 15 0.00396 b 0.00318a |0.717a| 0.0289b 4720 a 0.00291 a
Pb 30 0.00412 b 0.00245c | 0.904a | 0.0366a 4.867 a 0.00306 a
Pb 45 0.00477 a 0.00330a |0.777a| 0.0378a 4.489 a 0.00294 a
Interaction between Ni & Pb con.
NiO PbO 0.00481 bed 0.00222 e 1.232a | 0.0325fg | 5.273ab 0.00242 e
Ni0 Pb15 0.00419de | 0.00237cde | 0.496a | 0.0128k | 4.149ab | 0.00245 de
Ni0 Pb30 0.00485bcd | 0.00226de | 1.054a | 0.0411cde | 4975ab | 0.00337 ab
NiO Pb45 0.00497 bc 0.00312b | 0.572a | 0.0205ij | 4.087ab | 0.00246 de
Ni15 PbO 0.00528 b 0.00232cde | 1.090a | 0.0309 fgh | 4.956ab | 0.00273 bcde
Ni15 Pb15 0.00434 cde | 0.00242cde | 0.635a | 0.0274 ghi | 4.266 ab | 0.00308 bcde
Ni15 Pb30 0.00422de | 0.00231cde | 1.122a | 0.0365def | 4.117ab | 0.00249 de
Nil5 Pb45 0.00430 de 0.00284 bc 1.052 a 0.0605 a 5.003 ab 0.00317 bc
Ni30 PbO 0.00423 de 0.00321 b 0.672a 0.0358 ef 6.009 a 0.00312 bed
Ni30 Pb15 0.00323 ¢ 0.00511a 0.740a 0.0494 b 5.409 ab 0.00318 bc
Ni30 Pb30 0.00386 ef 0.00306 b 0.702a | 0.0257 g-j | 4.372ab | 0.00255 cde
Ni30 Pb45 0.00298 ¢ 0.00520 a 0.816 a 0.0249 hij | 3.960b | 0.00301 bcde
Ni45 PbO 0.00422 de 0.00307 b 0.651a 0.0187 jk | 4.695ab | 0.00314 bcd
Ni45 Pb15 0.00409 ef 0.00282 bcd | 1.002a | 0.0261g-j | 5.055ab | 0.00294 bcde
Ni45 Pb30 0.00354 fg 0.00220 e 0.737a | 0.0432bcd | 6.005a 0.00384 a
Ni45 Pb45 0.00684 a 0.00205 e 0.665a | 0.0453bc | 4.905ab | 0.00312 bcd

* Means followed by the same letters within columns are significantly different at p <0.05 according to
the Duncan test, and vice versa.
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Table 4.10. Effects of nickel, lead and their interactions mean of some micro - nutrient of G.

triacanthos shoot.

Cu Fe Mn Zn Ni
Treatments
(%)
Nickel con. ( mg.kg™ soil )
Ni 0 0.00241 a 0.0538 b 0.0113a | 0.00537 bc 0.0303 a
Ni 15 0.00254 a 0.0652 a 0.00818b | 0.00657 a 0.0343 a
Ni 30 0.00119 b 0.0588ab | 0.00846ab | 0.00451c 0.0302 a
Ni 45 0.00274 a 0.0575ab | 0.00846 ab | 0.00569 ab 0.0352 a
Lead con. (mg.kg™ soil)
Pb 0 0.00219 ab 0.0666 a 0.0122 a 0.00505 b 0.0323 a
Pb 15 0.00219 ab 0.0514 c 0.00818 b | 0.00483 b 0.0328 a
Pb 30 0.00155 b 0.0566 bc 0.00823b | 0.00584 ab 0.0315a
Pb 45 0.00295 a 0.0607 ab 0.00779b | 0.00642 a 0.0336 a
Interaction between Ni & Pb con.
NiO PbO 0.00256 hc 0.0913 a 0.0245a | 0.00501 c-f 0.0299 a
Ni0 Pb15 0.00263 bc 0.0407 fgh | 0.00663b | 0.00496 c-f 0.0303 a
Ni0 Pb30 0.00224 hc 0.0276 h 0.00762b | 0.00613 a-e 0.0304 a
NiO Pb45 0.00220 hc 0.0556 def | 0.00658b | 0.00539 b-f 0.0307 a
Ni15 Pb0 0.00346 ab 0.0709 cd 0.00809 b | 0.00698 abc | 0.0384 a
Ni15 Pb15 0.00085 ¢ 0.0580 cde | 0.00792b | 0.00426 def 0.0301 a
Ni15 Pb30 0.00081 c 0.0582 cde | 0.00777b | 0.00852a 0.0303 a
Nil5 Pb45 0.00505 a 0.0737 bc 0.00895b | 0.00651 a-d 0.0385 a
Ni30 PbO 0.00072 c 0.0710 cd 0.00895b | 0.00458 c-f 0.0299 a
Ni30 Pb15 0.00277 abc 0.0597 cde 0.0091 b 0.00307 f 0.0301 a
Ni30 Pb30 0.00037 c 0.0527 ef 0.00889 b | 0.00429 def 0.0305 a
Ni30 Pb45 0.00093 c 0.0519 ef 0.00690 b | 0.00609 a-e 0.305a
Ni45 Pb0 0.00206 bc 0.0333 gh 0.00762b | 0.00364 ef 0.0308 a
Ni45 Pb15 0.00252 bc 0.0473 efg 0.0091b | 0.00703 abc 0.0406 a
Ni45 Pb30 0.00277 abc 0.0880 ab 0.00861 b | 0.00444 c-f 0.0308 a
Ni45 Pb45 0.00361 ab 0.0615 cde 0.00876 b | 0.00769 ab 0.0348 a

* Means followed by the same letters within columns are significantly different at p <0.05 according

to the Duncan test, and vice versa.
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Table 4.11 . Effects of nickel, lead and their interactions mean of some non - essential heavy metals

of G. triacanthos shoot.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™ soil)
Ni 0 0.00219a | 0.000749b 0.000217 b 0.0255ab | 0.000259ab | 0.536a
Ni 15 0.00281 a 0.00149 a 0.000249 b 0.0280 a 0.000195 b 0.594 a
Ni 30 0.00186a | 0.000589b 0.000208 b 0.0179 b 0.000537 a 0.539a
Ni 45 0.00258a | 0.000899 b 0.000665 a 0.0362 a 0.000416 ab | 0.567 a
Lead con. (mg.kg™ soil)
Pb 0 0.00209a | 0.000937 a 0.000212 b 0.0241a 0.000224 b 0.563 a
Pb 15 0.00237a | 0.000585hb 0.000257 b 0.0312a 0.000204 b 0.573a
Pb 30 0.00206 a 0.0011a 0.000644 a 0.0262 a 0.000696 a 0.527 a
Pb 45 0.00292 a 0.00116 a 0.000226 b 0.0262 a 0.000283 b 0.573a
Interaction between Ni & Pb con.
NiO PbO 0.00205 b 0.546 a 0.000238 b 0.0269 abc | 0.000243 b 0.546 a
Ni0 Pb15 0.00224 b 0.538 a 0.000188 b 0.0211abc | 0.000185b 0.538a
Ni0 Pb30 0.00216 b 0.525a 0.000243 b 0.0333abc | 0.000225b 0.525a
NiO Pb45 0.00232 b 0.535a 0.000198 b 0.0206 abc | 0.000387 b 0.535a
Ni15 Pb0 0.00192 b 0.6404 a 0.000208 b 0.0268 abc | 0.000240b [ 0.6404a
Ni15 Pb15 0.00201 b 0.592 a 0.000284 b 0.0333abc | 0.000220 b 0.592 a
Nil5 Pb30 0.00271 ab 0.539a 0.000253 b 0.0255 abc 0.000155 b 0.539a
Nil5 Pb45 0.00461 a 0.602 a 0.000253 b 0.0265 abc 0.000165 b 0.602 a
Ni30 PbO 0.00221 b 0.542a 0.000198 b 0.0165 bc 0.000200 b 0.542a
Ni30 Pb15 0.00218 b 0.536 a 0.000248 b 0.0259 abc 0.000193 b 0.536 a
Ni30 Pb30 0.00873 b 0.512a 0.000192 b 0.0213 abc 0.001445 a 0.512a
Ni30 Pb45 0.00219 b 0.568 a 0.000193 b 0.0082 c 0.000309 b 0.568 a
Ni45 Pb0 0.00218 b 0.523a 0.000203 b 0.0261 abc 0.000213 b 0.523a
Ni45 Pb15 0.00306 ab 0.626 a 0.00031 b 0.0444 ab 0.000220 b 0.626 a
Ni45 Pb30 0.00251 b 0.532a 0.00189 a 0.0249 abc 0.00096 a 0.532a
Ni45 Pb45 0.00258 ab 0.587 a 0.000259 b 0.0495 a 0.000273 b 0.587 a

* Means followed by the same letters within columns are significantly different at p <0.05 according to

the Duncan test, and

vice versa.
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Table 4.12. Effects of nickel, lead and their interactions mean of some macro-nutrient of G.

triacanthos root.

Treatments N P K | Mg [ ca | so
(%)

Nickel con. (mg.kg™ soil)
Ni 0 0.00296 bc 0.00249 b 0.656 ¢ 0.0110b 1.361b 0.00073 b
Ni 15 0.00271 c 0.00262 b 0.728 bc | 0.0212a 1.882a 0.00078 b
Ni 30 0.00456 a 0.00326 a 1.068ab | 0.0224 a 1.424Db 0.00086 a
Ni 45 0.00320 b 0.00303 a 1.152 a 0.0121b 1.337b 0.00087 a
Lead con. (mg.kg™ soil)
Pb 0 0.00339b 0.00278 b 0.828 a 0.0161b 1.345a 0.00072 ¢
Pb 15 0.00311c 0.00249 ¢ 0.913a 0.0187 a 1.687 a 0.00096 a
Pb 30 0.00437 a 0.00308 a 1.063a 0.0146 C 1524 a 0.00080 b
Pb 45 0.00255 d 0.00305 a 0.798 a 0.0172 b 1.345a 0.00075 bc
Interaction between Ni & Pb con.
NiO PbO 0.00204 ef 0.00195¢e€ 0.876a | 0.01207fg | 1.183b 0.00071 fg
NiO Pb15 0.00226 ef | 0.00248 cd 0.467a | 0.00810h 1.234b 0.00110a
NiO Pb30 0.00511 b 0.00317 ab 0.808a | 0.00813 h 1.431b 0.00055 h
NiO Pb45 0.00240 ef | 0.00236 de 0.471a 0.01590d | 1.595ab 0.00055 h
Ni15 Pb0 0.00492 bc | 0.00296 abc | 0.503a | 0.01680cd | 1.596 ab 0.00068 g
Nil5 Pb15 0.00224 ef 0.00136 f 0.830 a 0.02729b | 2.277 a | 0.00083 cdef
Ni15 Pb30 0.00250 e 0.00319 ab 1.089a | 0.01300ef | 1.872ab | 0.00079 defg
Nil5 Pb45 0.00116 h | 0.00297 abc | 0.488a | 0.02790ab | 1.781 ab | 0.00081 defg
Ni30 Pb0 0.00241ef | 0.00331 ab 0.721a | 0.02575b 1.248b | 0.00073 efg
Ni30 Pb15 0.00606 a 0.00314 ab 1314 a 0.03008a | 1.821ab | 0.00095 bc
Ni30 Pb30 0.00450 cd | 0.00308 ab 1.127a 0.01871c¢ 1.402b | 0.00086 cde
Ni30 Pb45 0.00525 b 0.00350 a 1.109a | 0.01530de | 1.225b | 0.00090 bcd
Ni45 Pb0 0.00417 d 0.00290 bc 1.214a | 0.01002 gh | 1.351b | 0.00077 defg
Ni45 Pb15 0.00186 fg | 0.00298 abc | 1.041a | 0.00943gh | 1.417b 0.00096 bc
Ni45 Pb30 0.00536 b 0.00289 bc 1.228a 0.01903 ¢ 1.389b 0.00101 ab
Ni45 Pb45 0.00139gh | 0.00337 ab 1.125a | 0.00991gh | 1.183b | 0.00076 efg

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa..
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Table 4.13 . Effects of nickel, lead and their interactions mean of some micro- nutrient of G.

triacanthos root.

Treatments Cu Fe Mn Zn Ni
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0032 ab 0.0819b | 0.0127a 0.0167 b 0.0318 a
Ni 15 0.0031 ab 0.1224a | 0.0114a | 0.0222ab 0.0307 a
Ni 30 0.0026 b 0.0765b | 0.0108 a 0.0169 b 0.0303 a
Ni 45 0.0035 a 0.0589b | 0.0102a 0.0275a 0.0333a
Lead con. (mg.kg™ soil)
Pb 0 0.0031 ab 0.1224a | 0.0114a | 0.0222ab 0.0307 a
Pb 15 0.0026 b 0.0765b | 0.0108 a 0.0169 b 0.0303 a
Pb 30 0.0035 a 0.0589b | 0.0102a 0.0275a 0.0333a
Pb 45 0.0032 ab 0.0819b | 0.0127a 0.0167 b 0.0318 a
Interaction between Ni & Pb con.
NiO PbO 0.00299 bed | 0.0898b | 0.00803b | 0.02271a-d | 0.0305a
Ni0 Pb15 0.00304 bcd | 0.0716b | 0.00903b | 0.00859 c-f | 0.0306 a
Ni0 Pb30 0.00394 b 0.0779b | 0.02452a | 0.02802ab | 0.0309 a
NiO Pb45 0.00266 bcd | 0.0887b | 0.00919b | 0.00732ef | 0.0351a
Ni15 Pb0 0.00240 bcd | 0.0901b | 0.01912a | 0.00812 def | 0.03005 a
Ni15 Pb15 0.00325bcd 0.2497a | 0.00925b | 0.02074 b-f | 0.0302 a
Ni15 Pb30 0.00286 bcd | 0.0699b | 0.00903b | 0.0316 ab 0.0314 a
Nil5 Pb45 0.00378 bc 0.0800 b | 0.00805b | 0.02853 ab 0.0309 a
Ni30 PbO 0.00296 bcd 0.0746 b | 0.00826 b | 0.00859 c-f | 0.0302a
Ni30 Pb15 0.00328 bcd 0.0825b | 0.01954 a 0.00684 f 0.0302 a
Ni30 Pb30 0.00197d 0.0825b | 0.00819b | 0.0232 abc 0.0307 a
Ni30 Pb45 0.00205d 0.0637b | 0.00726b | 0.0293 ab 0.0302 a
Ni45 Pb0 0.006025 a 0.0615b | 0.01992a | 0.02206 b-e | 0.0315a
Ni45 Pb15 0.00279 bed 0.0504b | 0.00642b | 0.02148 b-f | 0.0303a
Ni45 Pb30 0.00233 cd 0.0635b | 0.00779b | 0.02915 ab 0.0358 a
Ni45 Pb45 0.00303 bcd 0.0607 b | 0.00679 b 0.0374 a 0.0358 a

* Means followed by the same letters within columns are significantly different at

the Duncan test, and vice versa.

p <0.05 according to
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Table 4.14. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of
G. triacanthos root.

T reatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™ soil)
Ni 0 0.00291 a 0.00094 a 0.000256 a 0.0260 a 0.000308b | 0.5736a
Ni 15 0.00286 a 0.00142 a 0.000225 a 0.0221a 0.000354ab | 0.5476a
Ni 30 0.00319 a 0.00115a 0.000202 a 0.0178 a 0.000401a | 0.5589a
Ni 45 0.00294 a 0.00113 a 0.000253 a 0.0261 a 0.000441a | 0.5598 a
Lead con. (mg.kg™ soil)
Pb 0 0.00306a | 0.00102ab | 0.000215 a 0.0259 a 0.000358ab | 0.546 a
Pb 15 0.00282 a 0.00077 b 0.000241 a 0.0206 a 0.000435 a 0.583 a
Pb 30 0.00309 a 0.00136 a 0.000229 a 0.0233 a 0.000371ab | 0.587 a
Pb 45 0.00293 a 0.00149 a 0.000252 a 0.0222 a 0.000339 b 0.524 a
Interaction between Ni & Pb con.
NiO PbO 0.00319a | 0.000690c | 0.0002635a | 0.0269ab | 0.000299de | 0.543a
Ni0 Pb15 0.00310a | 0.000627c | 0.0002585a | 0.0244ab | 0.000459 bcd | 0.605 a
Ni0 Pb30 0.00302a | 0.000298c | 0.0002435a | 0.0256 ab 0.000218 e 0.601 a
NiO Pb45 0.00231 a 0.00216a | 0.0002588a | 0.0272ab | 0.000259de | 0.546a
Ni15 Pb0 0.00309a | 0.00189ab | 0.0002430a | 0.0256ab | 0.000308de | 0.549a
Ni15 Pb15 0.00277a | 0.000692 c 0.000209 a 0.0163ab | 0.000420cde | 0.543a
Nil5 Pb30 0.00325a | 0.000902 bc | 0.000200 a 0.0200 ab | 0.000368 cde | 0.597 a
Nil5 Pb45 0.00237 a 0.00219 a 0.0002485 a 0.0263 ab 0.000319 de 0.503 a
Ni30 PbO 0.00308 a | 0.000903 bc | 0.000115a 0.0203 ab 0.000280 de 0.549a
Ni30 Pb15 0.00300a | 0.000887 bc | 0.0002430 a 0.0205 ab 0.000260 de 0.594 a
Ni30 Pb30 0.00308 a 0.00205 a 0.000209 a 0.0216 ab 0.000667 a 0.548a
Ni30 Pb45 0.003595a | 0.000762 bc | 0.0002430 a 0.0884 b 0.000399 cde | 0.545a
Ni45 Pb0 0.00287 a 0.000593 ¢ | 0.0002385 a 0.0307 a 0.000547 abc | 0.543a
Ni45 Pb15 0.00241a | 0.000857 bc | 0.0002530 a 0.0211 ab 0.000603 ab 0.592a
Ni45 Pb30 0.00305 a 0.00220 a 0.0002635 a 0.0260 ab 0.000234 e 0.604 a
Ni45 Pb45 0.00344 a | 0.000850 bc | 0.0002585 a 0.0265ab | 0.000380cde | 0.501a

* Means followed by the same letters within columns are significantly different at p <0.05 according to

the Duncan test , and vice versa.
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4.2.2.4.2 Macro, micro and some of non- essential elements for shoots and roots of L. leucocephala
species

Results of the study shown in tables 4.15, 4.16, 4.17, 4.18, 4.19 and 4.20 indicated that the effects of
Ni and Pb and their interactions were significant on some mineral elements of the shoots and roots L.
leucocephala species. It was found that some of the elements increased with increasing the concentration
of Ni and Pb from 15, 30 and 45 mg.kg* NiCl. or PbCl, as compared to the control treatment. The macro
elements Mg and SO4 were increased with increasing the Ni concentration from 45 or 15 mg.kg™* NiClz
as compared to other treatment of L. leucocephala shoots, whereas the N element decreased with
increasing the Ni concentration to 45 mg.kg™. The highest values of Mg and SO macro elements (0.02695
and 0.01256) % respectively were recorded in the 45 and 15 mg.kg™ NiCl, concentrations, while the
lowest values (0.01978 and 0.01054) % were recorded in the 15 mg.kg™ and control treatment. PbCl, did
not affect significantly P, K, Mg and Ca elements, whereas it decreased N and SO4 content significantly
compared to the control treatment which recorded the highest values (0.00442 and 0.01183) %
respectively. The interactions between Ni and Pb concentrations increased Ca concentration with
increasing Ni and Pb concentration to 45 mg.kg™ NiCl, or PbCl, as compared to the control treatment,
except from the N, Mg and SO4 which were decreased with increasing the Ni and Pb concentration in the
45 mg.kg™ NiCl, or PhCl, concentrations as compared to the control treatment. An exception Fe decreased
with Ni and Pb concentration (Table 4.15).

The concentration of Fe decreased with adding NiCl. as compared to the control treatment. The highest
value of the (Fe) micro element (0.015 %) was recorded in the control treatment, while the lowest value
(0.008 %) which was recorded to 45 mg.kg™ NiCl of L. leucocephala shoots. The same response appeared
with adding PbCl> specially high concentrations on the Cu and Fe elements . Where the highest values of
Cu and Fe (0.0027 and 0.0135) % were recorded in the control treatment, while the lowest values (0.0007
and 0.0056) % were recorded for 15 mg.kg™ treatments. Cu response was similar to that of Fe regarding
the effects of PbCl. application. Each of Mn, Zn and Ni did not affect significantly by the PbCl,
concentrations. The interactions between Ni and Pb concentrations had significant effects on Mn which
increased with increasing Ni and Pb concentration for 15 mg.kg? NiCl, or PbCl, concentrations as

compared to the control treatment (Table 4.16).

The concentration of As element decreased with increasing the Ni concentrations to 45 mg.kg™? NiCl;

as compared to the control treatment of L. leucocephala shoots. The highest value of As (0.00031 %) was
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recorded in the control treatment, while the lowest value of the As heavy metal elements (0.00019 %) was
recorded in the 45 mg.kg™ NiCl. concentrations, whereas Ni application had not any significant effects on
Pb, Rb, Cd, Ag and Ba elements compared to the control treatment. Also the application of PbCl, did not
have any significant effects on Pb, Cd, Ag and Ba concentrations, while it increased shoots content of Rb
and As elements significantly compared to the control treatments. The interactions between Ni and Pb had
significant effects on Rb and As which increased with increasing Ni and Pb concentration to 30 or 45
mg.kg™? NiCl, or PhCl, concentrations as compared to the control treatment (Table 4.17).

Regarding the effects of NiCl, and PbCl, on L. leucocephala roots, the elements N, P and Ca increased
with application Ni by 30 and 45 mg.kg™ NiCl, as compared to the control treatment; An exception is the
Mg element which decreased with 15 and 45 mg.kg™ Ni concentration as compared to the control. The
highest value of N, P and Ca (0.00374, 0.00247 and 1.05) % were recorded in the 30 and 45 mg.kg™ NiCl,
concentrations as compared to the control treatment, while the lowest values (0.00229, 0.00194 and 0.45)
% respectively were recorded in the control treatments, 15 and 45 mg.kg™. The macro elements N and P
increased with increasing the Pb concentration to 15 and 30 mg.kg™ PbCl, as compared to the control
treatment; Except the Mg element which decreased with increasing the Pb concentration. The highest
value of the mineral elements Mg (0.00428) % was recorded in the control treatment, while the lowest
value (0.00312) % was recorded in the the 45 mg.kg™ PbCl, concentrations. The interactions between Ni
and Pb concentrations had significant effects on N, P, K, Mg, Ca and SO which increased with increasing
Ni and Pb concentration in the 30 and 45 mg.kg™ NiCl. or PbCl. concentrations as compared to the control
treatment (Table 4.18).

The micro elements (Fe) increased with adding NiClz as compared to the control treatment, where the
highest value (0.0457 %) was recorded in the 15 mg.kg™ NiCl, concentrations as compared to the control
treatment (0.0313 %). Ni application did not significant effects on each of Cu, Mn, Zn and Ni elements.
Also PbCl, did not significant effect on Mn, Zn and Ni elements, except the significant decreased in root
contain of Cu with all PbCl, concentrations and, the significant decreased in Fe content when 15 mg.kg™
PbCl, were applied. The interactions between Ni and Pb concentrations had significant effects on Fe
increased with increasing Ni and Pb concentration to 45 mg.kg™ NiCl, or PbCl, concentrations as
compared to the control treatment, except the Cu element decreased with increasing with Ni and Pb

concentration to 30 mg.kg™?, as shown in Table 4.19.
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The heavy metal elements (Ag) increased with adding NiCl, as compared to the control treatment. The
highest value of (Ag) heavy metal elements (0.222 %) was recorded in the 15 mg.kg™ NiCl, concentrations
as compared to the control treatment (0.0128 %). As element decreased with other treatment as compared
to control. Each of Pb, Rb, Cd and Ba in the control treatment did not differ significantly with Ni
concentration as compared to the other treatments. Pb concentration had a significant effect on Rb, Ag
and As elements of L. leucocephala roots. Where the highest values (0.00162, 0.0232 and 0.00054) %
were recorded in the control and 15 mg.kg™ treatment, the lowest values (0.000594, 0.0132 and 0.00022)
% were recorded to 45, 15 and 30 mg.kg™? NiCl, as compared to the control treatment. The interactions
between Ni and Pb concentrations had significant effects on Rb which increased with increasing Ni and
Pb concentration in the 45 mg.kg™® NiCl, or PbCl, concentrations as compared to the control treatment,
exception the Ag and As decreased with increasing Ni and Pb concentration at 45 mg.kg™? as compared
to control treatment (Table 4.20).
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Table 4.15. Effects of nickel, lead and their interactions mean of some macro- nutrient of L.

leucocephala shoot.

Treatments N i “ e e >0
(%)

Nickel con. (mg.kg™ soil)
Ni 0 0.00392b | 0.00443a | 0.98ab | 0.02239b 498 a 0.01054 b
Ni 15 0.00475a | 0.00412a 1.30ab | 0.02089 b 482a 0.01256 a
Ni 30 0.00386 b | 0.00400a 0.9.0b 0.01978 b 5.36a 0.01058 b
Ni 45 0.00323c | 0.00439 a 141a 0.02695 a 549a 0.01112 b
Lead con. (mg.kg™ soil)
Pb 0 0.00442a | 0.00400 a 1.28a 0.02006 a 494 a 0.01183 a
Pb 15 0.00392b | 0.00445a 1.03a 0.02418 a 5.03a 0.01047 c
Pb 30 0.00386b | 0.00415a 1.02a 0.02419 a 5.04a 0.01152 ab
Pb 45 0.00356b | 0.00434a 1.25a 0.02159 a 5.63a 0.01098 bc
Interaction between Ni & Pb con.
NiO PbO 0.00410c | 0.00400ab | 1.26ab | 0.03074 abc 3.81d 0.00897 g
Ni0 Pb15 0.00380c | 0.00484ab | 0.80b | 0.02011defg | 4.81abcd | 0.00905¢g
Ni0 Pb30 0.00389c | 0.00481ab | 0.64b | 0.01892efg | 5.37 abcd | 0.01046 efg
NiO Pb45 0.00389c | 0.00406ab | 1.22ab | 0.01978defg | 5.93abc | 0.01367 ab
Ni15 Pb0 0.00602a | 0.00433ab | 1.40ab | 0.01892efg | 5.24abcd | 0.01437a
Ni15 Pb15 0.00392c | 0.00418ab | 1.29ab | 0.02955abc | 4.39 bcd | 0.01139 cdef
Ni15 Pb30 0.00392c | 0.00373 b 1.14 ab | 0.02153 cdef | 5.35abcd | 0.01179 cde
Nil5 Pb45 0.00514 b | 0.00426 ab 1.39ab 0.01356 fg 4.30 cd 0.01269 bc
Ni30 PbO 0.00382c | 0.00377 ab 1.23ab | 0.01481efg | 4.84 abcd | 0.01153 cdef
Ni30 Pb15 0.00400c | 0.00406 ab 0.81b 0.01156 g 5.05abcd | 0.01030 efg
Ni30 Pb30 0.00378 ¢ | 0.00401 ab 0.50 b | 0.02397 bcde | 5.33 abcd | 0.01013 fg
Ni30 Pb45 0.00386 ¢ | 0.00417 ab 1.05ab | 0.02877 abcd 6.22 a 0.01037 efg
Ni45 Pb0 0.00376 ¢ | 0.00389 ab 1.23ab | 0.01576 efg 5.87 abc | 0.01246 bcd
Ni45 Pb15 0.00397 c | 0.00471 ab 1.24 ab 0.03550 a 5.88abc | 0.01115 def
Ni45 Pb30 0.00385c | 0.00406 ab 1.82a 0.03233 ab 4.12d 0.01369 ab
Ni45 Pb45 0.00134d 0.00488 a 1.34ab | 0.02421 bcde | 6.08 ab 0.00720 h

* Means followed by the same letters within columns are significantly different at p <0.05 according to the
Duncan test, and vice versa.
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leucocephala shoot.

Table 4.16. Effects of nickel, lead and their interactions mean of some micro- nutrient of L.

Treatments Cu Fe Mn Zn Ni
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0022 a 0.015a 0.0054 ab 0.0033 a 0.035a
Ni 15 0.0017 a 0.007 b 0.0043 b 0.0026 a 0.033a
Ni 30 0.0015a 0.009 b 0.0055 ab 0.0024 a 0.032a
Ni 45 0.0024 a 0.008 b 0.0061 a 0.0025 a 0.030a
Lead con. (mg.kg™ soil)
Pb 0 0.0027 a 0.0135a 0.0055 a 0.0027 a 0.0318 a
Pb 15 0.0030 a 0.0139a 0.0059 a 0.0023 a 0.0306 a
Pb 30 0.0007 b 0.0056 b 0.0048 a 0.0028 a 0.0344 a
Pb 45 0.0015 b 0.0061 b 0.0050 a 0.0031 a 0.0330a
Interaction between Ni & Pb con.
NiO PbO 0.00265 ab 0.024a | 0.003760bc | 0.00227 ab 0.035a
Ni0 Pb15 0.00460 a 0.021a 0.0075 a 0.00305 ab 0.031a
Ni0 Pb30 0.00063 b 0.006 b | 0.00520 abc | 0.00318 ab 0.040 a
NiO Pb45 0.00074 b 0.008 b | 0.00501 abc 0.00459 a 0.035a
Ni15 Pb0 0.003375a | 0.009b | 0.00524abc | 0.00248 ab 0.031a
Ni15 Pb15 0.00249 ab 0.007b | 0.00468 abc | 0.00247 ab 0.030a
Ni15 Pb30 0.00071 b 0.004b | 0.003312c 0.00277ab 0.036 a
Nil5 Pb45 0.000343 b 0.007 b | 0.003795 bc 0.00267 ab 0.036 a
Ni30 PbO 0.00029 b 0.0022b | 0.00634 ab 0.00332 ab 0.035a
Ni30 Pb15 0.00236 ab 0.019a | 0.00571abc | 0.000902 b 0.030a
Ni30 Pb30 0.00057 b 0.008 b | 0.00511abc | 0.002635 ab 0.030a
Ni30 Pb45 0.00282 ab 0.007b | 0.00471 abc | 0.002805 ab 0.030a
Ni45 PbO 0.004385 a 0.019 a | 0.00652 ab 0.00274 ab 0.026 a
Ni45 Pb15 0.00241 ab 0.005b | 0.00571 abc 0.00266 ab 0.031a
Ni45 Pb30 0.000702 b 0.005b | 0.00551 abc 0.00253 ab 0.031a
Ni45 Pb45 0.00209 ab 0.0023b | 0.00650ab | 0.002245 ab 0.031a

* Means followed by the same letters within columns are significantly different at p < 0.05 according
to the Duncan test, and vice versa.



Table 4.17. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of

L. leucocephala shoot.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0028 a 0.00173a | 0.00027a | 0.027a 0.00031 a 0.50 ab
Ni 15 0.0026 a 0.00144a | 0.00025a | 0.028a 0.00029 a 0.55a
Ni 30 0.0024 a 0.01790a | 0.00022a | 0.023a 0.00013 b 0.44b
Ni 45 0.0024 a 0.00131a | 0.00024a | 0.021a 0.00019 b 0.46 ab
Lead con. (mg.kg™ soil)
Pb 0 0.0025 a 0.0012b | 0.00023 a 0.024 a 0.00017 b 0.453 a
Pb 15 0.0026 a 0.0011b | 0.00023a 0.022 a 0.00022 ab 0.477 a
Pb 30 0.0025 a 0.0024a | 0..00026 a 0.027 a 0.00025 a 0.482a
Pb 45 0.0027 a 0.0016 ab | 0.00027 a 0.027 a 0.00027 a 0.533a
Interaction between Ni & Pb con.
NiO PbO 0.00282 a 0.00029 b | 0.000238a | 0.025a | 0.000175 bc 0.44a
Ni0 Pb15 0.00283 a 0.0008b | 0.000254a | 0.027a | 0.00028 abc 0.44a
Ni0 Pb30 0.00305 a 0.0029a | 0.000295a | 0.031a | 0.00035ab 0.49a
NiO Pb45 0.00321 a 0.0031a | 0.000293a | 0.026 a 0.00452 a 0.62a
Ni15 Pb0 0.00279 a 0.0009b | 0.000243a | 0.026a | 0.000253 bc 0.49a
Ni15 Pb15 0.00266 a 0.00082b | 0.000238a | 0.026a | 0.0003abc 0.59a
Ni15 Pb30 0.00216 a 0.0031a | 0.000230a | 0.030a | 0.000303 abc 0.47 a
Nil5 Pb45 0.00275a 0.0009b | 0.000298a | 0.030a 0.0003 abc 0.63 a
Ni30 PbO 0.00210a 0.0027a | 0.000182a | 0.026 a 0.000125 ¢ 0.44 a
Ni30 Pb15 0.00261 a 0.00191 ab | 0.000228a | 0.020 a 0.00013 c 0.44 a
Ni30 Pb30 0.00219 a 0.0009b | 0.000250a | 0.020a 0.000135¢c 0.44 a
Ni30 Pb45 0.00259 a 0.0018ab | 0.000235a | 0.026 a 0.00012 c 0.44 a
Ni45 Pb0 0.00216 a 0.0009b | 0.000249a | 0.020a 0.000135¢c 0.44 a
Ni45 Pb15 0.00226 a 0.00078 b | 0.000193a | 0.014a 0.00016 c 0.44 a
Ni45 Pb30 0.00276 a 0.0026 a | 0.000248a | 0.025a 0.00023 bc 0.53 a
Ni45 Pb45 0.00262 a 0.0009b | 0.000254a | 0.026a | 0.000214 bc 0.45a

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.18. Effects of nickel, lead and their interactions mean of some macro- nutrient of L.

leucocephala root.

N P K Mg Ca SO,
Treatments
(%)
Nickel con. (mg.kg™ soil)
Ni 0 0.00229 ¢ 0.00216 bc | 0.65ab | 0.00408 a 0.64 bc 0.00673 a
Ni 15 0.00238 ¢ 0.00240ab | 0.44b 0.00327 b 0.45¢c 0.00649 a
Ni 30 0.00326 b 0.00247 a 0.71a 0.00401 a 0.73b 0.00661 a
Ni 45 0.00374 a 0.00194 c 0.52ab | 0.00307 b 1.05a 0.00691 a
Lead con. (mg.kg* soil)
Pb 0 0.00242 c 0.00176 b | 0.597ab | 0.00428 a 0.79a 0.00644 a
Pb 15 0.00308 b 0.00268 a 0.610a | 0.00361 b 0.73a 0.00657 a
Pb 30 0.00358 a 0.00261a | 0.377b | 0.00341 bc 0.60 a 0.00674 a
Pb 45 0.00258 c 0.00192 b 0.735a | 0.00312c 0.75a 0.00699 a
Interaction between Ni & Pb con.
NiO PbO 0.00190fg | 0.00149ghi | 0.57b | 0.00290 bcd | 0.59 bcde | 0.00579 c
Ni0 Pb15 0.00215efg | 0.00175fghi | 1.13a 0.00372 b 1.19a 0.00662 abc
Ni0 Pb30 0.00284 cde 0.00294 c 0.41b | 0.00360 bc 0.89¢e 0.00762 a
NiO Pb45 0.00226 defg | 0.00247 cd 0.51b 0.00610a | 0.68 abcd | 0.00691 abc
Ni15 Pb0 0.00329 c 0.00221def | 0.51b 0.00570a | 0.72abcd | 0.00613 bc
Ni15 Pb15 0.00247 cdef | 0.00168 fghi | 0.29b | 0.00358 bc 0.14 e 0.00625 abc
Ni15 Pb30 0.00154 g 0.00385 b 0.39b 0.00140f | 0.70 abcd | 0.00674 abc
Ni15 Pb45 0.00223 defg | 0.00188e-h | 0.55b | 0.00239 de 0.24de | 0.00684 abc
Ni30 PbO 0.00244 cdef 0.00134 hi 0.66 b 0.00577 a 0.78 abcd | 0.00676 abc
Ni30 Pb15 0.00491 b 0.00556 a 0.58 b 0.00578 a 0.90 abc | 0.00716 abc
Ni30 Pb30 0.00313 cd 0.00126 i 0.32b 0.00276 cd 0.40 cde 0.00583 ¢
Ni30 Pb45 0.00255 cdef | 0.00173 fghi 1.28a 0.00170 ef 0.85abc | 0.00668 abc
Ni45 Pb0 0.00206 efg 0.00202 d-g 0.65b 0.00275 cd 1.04 ab 0.00709 abc
Ni45 Pb15 0.00280 cdef | 0.00174 fghi 0.43b 0.00135 f 0.71 abcd | 0.00624 abc
Ni45 Pb30 0.00681 a 0.00239 de 0.39b 0.00589 a 1.23a 0.00678 abc
Ni45 Pb45 0.00328 c 0.00160 ghi 0.61b 0.00230 de 1.24a 0.00754 ab

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.19. Effects of nickel, lead and their interactions mean of some micro- nutrient of L.

leucocephala root.

Cu Fe Mn Zn Ni
Treatments
%
Nickel con. (mg.kg™ soil)
Ni O 0.0017 a 0.0313 b 0.0034 a 0.00252 a 0.0308 a
Ni 15 0.0024 a 0.0457 a 0.0030 a 0.0025 a 0.0307 a
Ni 30 0.0021 a 0.0413 a 0.0027 a 0.0026 a 0.0304 a
Ni 45 0.0026 a 0.0404 a 0.0031a 0.00246 a 0.0331a
Lead con. (mg.kg™ soil)
Pb 0 0.0032 a 0.0461 a 0.0030 a 0.0026 a 0.0321a
Pb 15 0.0015 b 0.0313 b 0.0029 a 0.0024 a 0.0319a
Pb 30 0.0018 b 0.0422 a 0.0028 a 0.0025 a 0.0303 a
Pb 45 0.0022 b 0.0392 a 0.0035 a 0.0026 a 0.0307 a
Interaction between Ni & Pb con.
NiO PbO 0.00277 abcd 0.0247 ef 0.00336ab | 0.00251a 0.0314 a
Ni0 Pb15 0.000399 e 0.0318 ef 0.00277ab | 0.00233 a 0.0303 a
Ni0 Pb30 0.000778 de 0.0375 def 0.00287 ab | 0.00269 a 0.0302 a
NiO Pb45 0.00292 abc 0.0314 ef 0.0044 a 0.00257 a 0.0314 a
Ni15 Pb0 0.00432 a 0.0683 a 0.00342ab | 0.00252a 0.0305 a
Ni15 Pb15 0.00219 bcde 0.0235 f 0.00238 b 0.00211 a 0.0311a
Ni15 Pb30 0.00239 abcde | 0.0567 abc 0.00306 ab | 0.00232 a 0.0307 a
Nil5 Pb45 0.000522 e 0.0344 ef 0.00297 ab 0.00294 a 0.0307 a
Ni30 PbO 0.002315 abcde | 0.0511 bcd 0.00217 b 0.00217 a 0.0305 a
Ni30 Pb15 0.000495 e 0.0399 def 0.00311 ab 0.00277 a 0.0307 a
Ni30 Pb30 0.00321 ab 0.0419 cde 0.00279 ab 0.00291 a 0.0302 a
Ni30 Pb45 0.00226 abcde 0.0324 ef 0.00288 ab 0.00273 a 0.0303 a
Ni45 Pb0 0.00351 ab 0.0402 def 0.00295 ab 0.0339 a 0.0359 a
Ni45 Pb15 0.003030 ab 0.0301 ef 0.00318 ab 0.00235 a 0.0357 a
Ni45 Pb30 0.00091 cde 0.0326 ef 0.00254 ab 0.00215a 0.0303 a
Ni45 Pb45 0.003095 ab 0.0587 ab 0.0036 ab 0.00198 a 0.0305 a

* Means followed by the same letters within columns are significantly different at p <0.05 according to
the Duncan test, and vice versa.
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Table 4.20 . Effects of nickel, lead and their interactions mean of some non - essential heavy metal of

L. leucocephala root.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™ soil)
Ni 0 0.00338a | 0.00116ab | 0.000243 a 0.0128 b 0.00062a | 0.553a
Ni 15 0.00313 a 0.00165 a 0.000199 a 0.0222 a 0.00024b | 0.565a
Ni 30 0.00312a | 0.00080ab | 0.000185a 0.0184ab | 0.00022b | 0.528a
Ni 45 0.002812a | 0.000357b | 0.000184a 0.0161ab | 0.00026b | 0.545a
Lead con. (mg.kg™ soil)
Pb 0 0.003044a | 0.00162a 0.000206 a 0.0232 a 0.00033b | 0.558a
Pb 15 0.00324 a 0.00061 b 0.000208 a 0.0132b 0.00054a | 0.532a
Pb 30 0.00306a | 0.00114ab | 0.000203 a 0.0178ab | 0.00022b | 0.563a
Pb 45 0.00310a | 0.000594b | 0.000195a 0.0153 b 0.00026b | 0.536a
Interaction between Ni & Pb con.
NiO PbO 0.0037 a 0.00087 b 0.000254a | 0.0250 ab 0.00060b | 0.5350a
Ni0 Pb15 0.0035 a 0.00061 b 0.000238 a | 0.00806 bc 0.0014 a 0.5422 a
Ni0 Pb30 0.0031 a 0.00247 b | 0.000238a | 0.00907 bc | 0.000235c¢ | 0.6115a
NiO Pb45 0.0032 a 0.00068 b 0.000244 a | 0.00904 bc | 0.000254c | 0.5227a
Ni15 Pb0 0.0030 a 0.00462 a 0.000254 a 0.0266 a 0.000284c | 0.5592a
Ni15 Pb15 0.0032 a 0.00058 b 0.000204a | 0.0165abc | 0.00023c 0.5494 a
Ni15 Pb30 0.0031 a 0.00081 b 0.000193a | 0.0245ab | 0.000203c | 0.5384a
Nil5 Pb45 0.0032 a 0.00059 b 0.000145a | 0.0211abc | 0.000228 c 0.6113 a
Ni30 PbO 0.0031 a 0.00072 b 0.000145a | 0.0214 abc | 0.000195c 0.5441 a
Ni30 Pb15 0.0032 a 0.00090 b 0.000199a | 0.00819bc | 0.000297 c 0.5313 a
Ni30 Pb30 0.0033 a 0.00081 b 0.000204a | 0.0196 abc | 0.000190 c 0.5509 a
Ni30 Pb45 0.00299 a 0.00079 b 0.000193 a 0.0246 ab 0.000210 ¢ 0.4857 a
Ni45 Pb0 0.00238 a 0.00030 b 0.000170a | 0.0196abc | 0.000217 c 0.5953 a
Ni45 Pb15 0.0030 a 0.00034 b 0.000190a | 0.0202 abc | 0.000225c | 0.5066 a
Ni45 Pb30 0.00284 a 0.00049 b 0.000177a | 0.0182abc | 0.000242c 0.5513 a
Ni45 Pb45 0.00299 a 0.00031 b 0.000199 a 0.00628 ¢ 0.00023 c 0.5255 a

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the
Duncan test, and vice versa.
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4.2.2.4.3 Macro, micro and some of non- essential elements for shoots and roots of R. pseudoacacia
species

Tables 4.21, 4.22, 4.23, 4.24, 4.25 and 4.26 show the effects of Ni and Pb and their interactions were
significant on some mineral elements of the shoots and roots of R. pseudoacacia species. It shows that
some of the elements were increased with increasing the concentration of Ni and Pb from 15, 30 and 45
mg.kg™ NiCl, or PbCl, as compared to the control treatment. The macro elements (N, Mg and SO.) in R.
pseudoacacia shoots increased with increasing the Ni concentration to 30 and 45 mg.kg? NiCl, as
compared to the control treatment, whereas the P elements decreased with increasing the Ni concentration.
The highest values of N, Mg and SO4 (0.00316, 0.0653 and 0.02032) % respectively were recorded in the
30 and 45 mg.kg™? NiCl, concentrations, while the lowest values (0.00228, 0.05833 and 0.01540) % were
recorded in the 15 mg.kg™? and the control treatments. The N macro element decreased with increasing
the Pb concentration to 45 mg.kg™ PbCl, as compared to other treatments, while the P element decreased
with 15 mg.kg™ Ni concentration. On the other hand, the difference between the control treatment with
other treatments were not significant regarding the K, Mg, Ca and SO4 respectively. The interactions
between Ni and Pb concentrations had significant effects on Mg and SO4 which increased with increasing
Niand Pb concentration to 45 mg.kg™ NiCl, or PbCl; concentrations as compared to the control treatment,
while the N and P elements decreased with increasing the Ni and Pb concentration to 30 or 45 mg.kg*
(See Table 4.21).

The micro elements (Cu, Fe and Mn) increased with adding NiCl, as compared to the control treatment.
The highest values of the (Cu, Fe and Mn) micro elements (0.0866, 0.108, and 0.0181) % were recorded
in the 15, 30 and 45 mg.kg™ NiCl, concentrations as compared to the control treatment, while the lowest
values (0.0434, 0.029 and 0.0076) % were recorded in the control treatment. The micro elements Cu, Fe
and Mn concentrations increased with adding PbCl. as compared to the control treatment. The highest
value of the Cu, Fe and Mn micro elements (0.077, 0.101 and 0.0192) % respectively were recorded in
the 15 mg.kg* PbCl, concentrations as compared to the control treatment which records the lowest values
(0.067, 0.044 and 0.0079) %. The interactions between Ni and Pb had significant effects on Cu, Fe and
Mn increased with increasing Ni and Pb concentration in the 15, 30 and 45 mg.kg™ NiCl; or PbCl; as
compared to the control treatment. Neither Ni nor Pb nor their interactions had a significant effect on Zn

and Ni shoot content of R. pseudoacacia species (Table 4.22).
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The elements (Rb) increased with adding NiClz as compared to the control treatment, whereas the As
element decreased with some Ni concentrations. The highest value of the (Rb) heavy metal elements
(0.00186 %) was recorded in the 30 mg.kg™ NiCl, concentrations as compared to the control treatment,
while the lowest values (0.000723 %) was recorded in the control treatment. The heavy metal elements
(As) decreased with adding 15 and 45 mg.kg™ PbCl, as compared to the control treatment. The highest
value (0.00073 and 0.00077) % were recorded in the control and 30 mg.kg™ treatments, while the lowest
value of the As heavy metal element (0.00044 %) was recorded in the 15 mg.kg™* PbCl,. Wheras the PbCl,
did not affect on Pb, Rb, Cd, Ag and Ba mineral elements. The interactions between Ni and Pb
concentrations had significant effects on Rb and Cd which were increased with adding 30 and 45 mg.kg
L NiCl; or PbCl, concentrations as compared to the control treatment, except the As element was decreased
with increasing the Ni concentration, the result cleared in table (4.23).

The macro elements (Mg and Ca) of R. pseudoacacia roots increased with adding NiCl. as compared
to the control treatment, whereas the P element decreased with increasing the Ni concentration to 30 and
45 mg.kg™. The highest values of Mg and Ca macro elements (0.03443 and 5.191) % respectively were
recorded in the 30 and 45 mg.kg™® NiCl, concentrations as compared to the control treatment of R.
pseudoacacia roots. However, the lowest values (0.01827 and 3.919) % were recorded in the control
treatment. Each of Ca and SO4 were increased with increasing the Pb concentration especially to 15 mg.kg
1 PbCl, as compared to the control treatment, while the Mg element decreased with increasing the Pb
concentration. The highest value of the Ca and SO4 mineral elements (5.060 and 0.00119) % were recorded
in the 15 mg.kg™ PbCl, concentrations as compared to the control treatment. While the lowest values
(3.816 and 0.00092) % were recorded in the control treatment. Each of N, P and K did not affect
significantly by the PbCl. concentration. The interactions between Ni and Pb concentrations had
significant effects on P, Mg and Ca which increased with increasing Ni and Pb concentration in the 15, 30
and 45 mg.kg? NiCl, or PbCl, concentrations as compared to the control treatment; An exception the N,

K and SO4 which no significant of R. pseudoacacia roots (Table 4.24).

The micro elements (Fe) increased with adding NiCl especially 30 mg.kg™ NiCl. concentrations (0.324
%) as compared to the control treatment of R. pseudoacacia roots, while the Ni micro element decreased
with adding Ni concentration by the 15 mg.kg™® NiCl, concentrations as compared to the control treatment
(0.0306 %). Each of Cu, Mn and Zn does not affected significantly by adding NiCl> compared to the

control treatment. The micro elements (Mn) increased with increasing the Pb concentration from PbCl; as
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compared to the control treatment. The highest value of Mn micro element (0.0238 %) was recorded to 45
mg.kg? PbCl,, while the lowest value (0.0131 %) was recorded in the control treatment. Each of Cu, Fe,
Zn and Ni did not affected by PbCl, concentration. The interactions between Ni and Pb concentrations had
significant effects on Fe, Zn and Ni increased with increasing Ni and Pb concentration for 15, 30 and 45

mg.kg™ NiCl; or PbCl; concentrations as compared to the control treatment (Table 4. 25).

Each of Pb, Cd, Ag and Ba elements were not affected significantly by adding NiCl, or PbCl; or their
interactions. The concentration of heavy metal element (As) increased with adding NiCl, by 15 mg.kg™
NiCl, concentrations (0.000674 %) as compared to other treatments. The Pb concentration effect was
significant on the heavy metal elements (Rb and As). The heavy metal nutreints (Rb) was increased
significantly by adding 15 mg.kg™® PbCl, concentrations to (0.00261 %) as compared to the control
(0.00123 %), whereas As decreased with increasing Pb concentration to 45 mg.kg™ as compared to the
control treatment. The interactions between Ni and Pb concentrations had significant effects on Rb and
As which increased with increasing Ni and Pb concentration to 15 and 45 mg.kg™® NiCl; or PbCl,
concentrations as compared to the control treatment, while the Pb, Cd, Ag and Ba elements which were
non significant (Table 4. 26).
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Table 4.21. Effects of nickel, lead and their interactions mean of some macro- nutrient of R.
pseudoacacia shoot.

N P K Mg Ca SO,
Treatments
(%)
Nickel con. (mg.kg™ soil)
Ni 0 0.00277 b 0.00218 a 1.792 a 0.05833b | 6.948a 0.01540 b
Ni 15 0.00228 ¢ 0.00221 a 1.993 a 0.04100 c 7.367 a 0.01957 a
Ni 30 0.00316 a 0.00182 b 1.518a 0.06536a | 7.171a 0.01965 a
Ni 45 0.00304 ab 0.00164 b 1.511a 0.04100 c 7.013a 0.02032 a
Lead con. (mg.kg™ soil)
Pb 0 0.00302 a 0.00196 a 1.74 ab 0.05461 a 6.95a 0.01819 ab
Pb 15 0.00318 a 0.00169 b 215a 0.05424 a 7.63a 0.02043 a
Pb 30 0.00302 a 0.00204 a 1.32b 0.05656 a 6.85a 0.01738b
Pb 45 0.00204 b 0.00216 a 1.60 ab 0.05721 a 7.07a 0.01894 ab
Interaction between Ni & Pb con.
NiO PbO 0.00284 cd 0.00228 a 214 a 0.06091 bc | 7.09 ab 0.01649 cde
Ni0 Pb15 0.00370ab | 0.00209 ab 241a 0.07330b | 7.41ab 0.01545 de
Ni0 Pb30 0.00296 cd | 0.00205 abc 1.28a 0.06400 bc | 6.80ab 0.01636 cde
NiO Pb45 0.00158 e 0.00231 a 1.33a 0.03513ef | 6.50ab 0.01331e
Ni15 Pb0 0.00341 hc 0.00232 a 215a 0.05662cd | 7.16ab 0.01951 abcd
Ni15 Pb15 0.00259 d 0.00148 d 210a 0.05505cd | 7.42ab 0.02104 abc
Ni15 Pb30 0.00142 ¢ 0.00247 a 1.27a 0.02736 f 7.06 ab 0.01527 de
Ni15 Pb45 0.00172 e 0.00255 a 245a 0.02497 f 7.84a 0.02246 ab
Ni30 PbO 0.00339 bc 0.00153 cd 1.26a 0.07204 b 7.72a 0.01501 de
Ni30 Pb15 0.00339 bc | 0.00159 bed 210a 0.04232 ¢ 7.94 a 0.02167 abc
Ni30 Pb30 0.00427 a 0.00214 ab 1.39a 0.07413 b 6.38 ab 0.02061 abcd
Ni30 Pb45 0.00158 e 0.00203 abcd 1.32a 0.07294 b 6.65 ab 0.02128 abc
Ni45 Pb0 0.00243d 0.00172 bed 1l41a 0.02887 f 5.83b 0.02173 abc
Ni45 Pb15 0.00303 bcd | 0.00160 bcd 1.99a 0.04626 de 7.75a 0.02356 a
Ni45 Pb30 0.00342 bc 0.00151 cd 1.36a 0.06074 bc 7.17 ab 0.01727bcde
Ni45 Pb45 0.00329 bc | 0.00174 bed 1.29a 0.09579 a 7.30 ab 0.01872 abcde

* Means followed by the same letters within columns are significantly different at p <0.05 according to the
Duncan test, and vice versa.
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Table 4.22. Effects of nickel, lead and their interactions mean of some micro- nutrient of R.

pseudoacacia shoot.

Treatments Cu Fe Mn Zn Ni
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0434 b 0.029 b 0.0076 b 0.00537 a 0.032a
Ni 15 0.0812 a 0.111a 0.0181a 0.00606 a 0.039a
Ni 30 0.0856 a 0.060 b 0.0135ab 0.00556 a 0.040 a
Ni 45 0.0801 a 0.108 a 0.0125 ab 0.00528 a 0.031a
Lead con. (mg.kg™ soil)
Pb 0 0.067 b 0.044 b 0.0079 b 0.0063 a 0.0363 a
Pb 15 0.077 a 0.101a 0.0192 a 0.0056 a 0.0360 a
Pb 30 0.075ab 0.063 ab 0.0124 ab 0.0054 a 0.0313 a
Pb 45 0.072 ab 0.099 a 0.0121 ab 0.00501 a 0.0375a
Interaction between Ni & Pb con.
NiO PbO 0.021d 0.026 b 0.0063 c 0.0063 a 0.0305 a
Ni0 Pb15 0.057 c 0.032b 0.0081 bc 0.0065 a 0.0305 a
Ni0 Pb30 0.058 c 0.027 b 0.0082 bc 0.0052 a 0.0304 a
NiO Pb45 0.038d 0.030 b 0.0077 c 0.0036 a 0.0356 a
Ni15 Pb0 0.087 ab 0.071b 0.0092 bc 0.0061 a 0.0491 a
Ni15 Pb15 0.075 abc 0.249a 0.031a 0.0056 a 0.0353 a
Ni15 Pb30 0.082 ab 0.066 b 0.0085bc 0.0062 a 0.0346 a
Nil5 Pb45 0.081 ab 0.060 b 0.024 ab 0.0064 a 0.0353 a
Ni30 PbO 0.075 abc 0.048 b 0.0089 bc 0.0064 a 0.0352 a
Ni30 Pb15 0.096 a 0.075b 0.030a 0.0064 a 0.4310 a
Ni30 Pb30 0.091a 0.075b 0.0080 bc 0.0060 a 0.0301 a
Ni30 Pb45 0.081 ab 0.042 b 0.0073 c 0.0035 a 0.0491 a
Ni45 Pb0 0.083 ab 0.033b 0.0073 c 0.0064 a 0.0303 a
Ni45 Pb15 0.081 ab 0.048 b 0.0084 bc 0.0040 a 0.0353 a
Ni45 Pb30 0.068 bc 0.085b 0.025a 0.0041 a 0.0302 a
Ni45 Pb45 0.089 ab 0.265a 0.0094 bc 0.0066 a 0.0302 a

* Means followed by the same letters within columns are significantly different at p <0.05 according to
the Duncan test, and vice versa.
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Table 4.23. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of
R. pseudoacacia shoot.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0031 a 0.000723c | 0.000261a | 0.0259a 0.00082 a 0.589 a
Ni 15 0.0026 a 0.00161ab | 0.000295a | 0.0309 a 0.00059 b 0.623 a
Ni 30 0.0022 a 0.00186a | 0.000833a | 0.0284a 0.00058 b 0.585 a
Ni 45 0.0032 a 0.000984 bc | 0.000832 a | 0.0277 a 0.00046 ¢ 0.605 a
Lead con. (mg.kg™ soil)
Pb 0 0.0027 a 0.00119a | 0.000276 a 0.0262 a 0.00073 a 0.622 a
Pb 15 0.0034 a 0.00161a | 0.000855 a | 0.0308a 0.00044 b 0.607 a
Pb 30 0.0022 a 0.00113a | 0.000269 a 0.0280 a 0.00077 a 0.594 a
Pb 45 0.0029 a 0.00126a | 0.000820a 0.0278 a 0.00049 b 0.579a
Interaction between Ni & Pb con.
NiO PbO 0.00245ab | 0.000750b | 0.000264b | 0.0223a 0.00100 ab 0.595a
Ni0 Pb15 0.00251ab | 0.000545b | 0.000264b | 0.0274a 0.00069 cd 0.586 a
Ni0 Pb30 0.00251ab | 0.000714b | 0.000249b | 0.0266a 0.00104 a 0.587 a
NiO Pb45 0.00497 a 0.000885b | 0.000269b | 0.0273a | 0.00054 def 0.586 a
Ni15 Pb0 0.00307 ab | 0.000898b | 0.000295b | 0.0286a 0.00028 fg 0.707 a
Ni15 Pb15 0.00316 ab 0.00249a | 0.000323b | 0.0349a | 0.00043 efg 0.598 a
Ni15 Pb30 0.00099 b 0.00245a | 0.000308b | 0.0318a | 0.00075 abc 0.651a
Nil5 Pb45 0.00311 ab 0.00256 a 0.000254 b 0.0283 a 0.00090 abc 0.537a
Ni30 PbO 0.00257 ab 0.000602 b | 0.000254 b 0.0269 a 0.00061 de 0.548a
Ni30 Pb15 0.00254 ab 0.00304 a 0.000324 b 0.0327 a 0.00041 efg 0.655a
Ni30 Pb30 0.00260 ab 0.000882b | 0.000259 b 0.0264 a 0.00101 ab 0.597 a
Ni30 Pb45 0.00097 b 0.000975 b 0.00249 a 0.0277 a 0.00030 fg 0.541a
Ni45 Pb0 0.00262 ab 0.000545b | 0.000290 b 0.0273 a 0.00103 a 0.638a
Ni45 Pb15 0.00525 a 0.000354 b 0.00251 a 0.0282 a 0.00024 g 0.588a
Ni45 Pb30 0.00258 ab 0.000469 b | 0.000264 b 0.0273 a 0.00030 fg 0.542a
Ni45 Pb45 0.00248 ab 0.000714 b | 0.000264 b 0.0280 a 0.00026 g 0.652 a

* Means followed by the same letters within columns are significantly different at p <0.05 according to

the Duncan test, and vice versa.
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Table 4.24. Effects of nickel, lead and their interactions mean of some macro- nutrient of R.

pseudoacacia root.

N P K Mg Ca SO,

Treatments

(%)

Nickel con. (mg.kg™ soil)
Ni O 0.00312 a 0.00859 b 1.141a | 0.01827c 3.919b 0.00106 a
Ni 15 0.00306 a 0.00942 a 1.279a | 0.01964 c 4.027b 0.00112a
Ni 30 0.00304 a 0.00734 c 1.105a | 0.03443a 4.536 ab 0.00099 a
Ni 45 0.00286 a 0.00784 c 1.237a | 0.02553b 5.191a 0.00114 a
Lead con. (mg.kg* soil)
Pb 0 0.00308 a 0.00842 a 0.991a 0.02754 a 3.816 b 0.00092 b
Pb 15 0.00303 a 0.00792 a 1.273a 0.02906 a 5.060 a 0.00119 a
Pb 30 0.00290 a 0.00818 a 1.228a | 0.01887b | 4.523ab 0.00112 a
Pb 45 0.00308 a 0.00866 a 1.269a | 0.02240b | 4.274ab 0.00107 ab
Interaction between Ni & Pb con.
NiO PbO 0.00327a | 0.00866 def | 0.797a | 0.01432d 3.237¢ 0.00103 abc
Ni0 Pb15 0.00322a | 0.00769 efg 1411a 0.02445 ¢ 4.640 bc 0.00094 c
Ni0 Pb30 0.00298 a | 0.00926 bcde | 1.212a | 0.01850cd | 3.962bc 0.00118 abc
NiO Pb45 0.00303a | 0.00874def | 1.143a | 0.01581cd | 3.840bc 0.00111 abc
Ni15 Pb0 0.00303a | 0.00899 cdef | 1.297a | 0.02399cd | 4.159 bc 0.00087 c
Ni15 Pb15 0.00313a | 0.01038abc | 1.121a | 0.01892cd | 3.918 bc 0.00132 ab
Ni15 Pb30 0.00302a | 0.01073ab 1.273a | 0.01679cd | 3.673bc 0.00103 abc
Nil5 Pb45 0.00307 a 0.00756 fg 1.424a | 0.01884 cd 4.358 bc 0.00118 abc
Ni30 PbO 0.00299 a | 0.00949 abcd | 0.675a 0.04687 a 3.928 bc 0.00094 c
Ni30 Pb15 0.00306 a 0.00664 gh 1.217 a 0.03715b 4.849 bc 0.00117 abc
Ni30 Pb30 0.00286 a 0.00571 h 1.319a | 0.01980 cd 5.051 bc 0.00082 c
Ni30 Pb45 0.00324 a 0.00749 fg 1.207 a 0.03392 b 4.315 bc 0.00102 abc
Ni45 Pb0 0.00304 a 0.00652 gh 1.196 a 0.02499 ¢ 3.939 bc 0.00085 ¢
Ni45 Pb15 0.00269 a 0.00696 gh 1.343 a 0.03573 b 6.835a 0.00134 ab
Ni45 Pb30 0.00272 a 0.00703 gh 1.107a | 0.02040cd 5.406 ab 0.00137 a
Ni45 Pb45 0.00297 a 0.01086 a 1.302a | 0.02102cd 4.583 bc 0.00098 bc

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.25. Effects of nickel, lead and their interactions mean of some micro- nutrient of R.

pseudoacacia root.

Treatments . Fe Mn Zn A
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0237 ab 0.174b 0.0143 a 0.00443 a 0.0764 a
Ni 15 0.0149 b 0.245 ab 0.0170 a 0.00535 a 0.0306 b
Ni 30 0.0207 ab 0.324a 0.0199 a 0.00523 a 0.0366 ab
Ni 45 0.0297 a 0.244 ab 0.0202 a 0.00422 a 0.0447 ab
Lead con. (mg.kg™ soil)
Pb 0 0.0224 a 0.225a 0.0131b 0.00479 ab 0.0425 a
Pb 15 0.0223 a 0.286 a 0.0179 ab 0.00361 b 0.0380 a
Pb 30 0.0276 a 0.230a 0.1680 ab 0.00576 a 0.0338 a
Pb 45 0.0169 a 0.245a 0.0238 a 0.00505 ab 0.0739a
Interaction between Ni & Pb con.
NiO PbO 0.0209 ab 0.090 b 0.00972 a 0.00264 b 0.035b
Ni0 Pb15 0.0203 ab 0.269 ab 0.0140 a 0.00319 ab 0.035b
Ni0 Pb30 0.0443 a 0.247ab | 0.00907 a 0.00603 ab 0.030 b
NiO Pb45 0.00914 b 0.089 b 0.0245 a 0.00588 ab 0.205a
Ni15 PbO 0.0339 ab 0.218 ab 0.0245 a 0.00732 a 0.030 b
Ni15 Pb15 0.00836 b 0.258ab | 0.00901a 0.00281 b 0.031b
Ni15 Pb30 0.00902 b 0.197ab | 0.00812a 0.00577 ab 0.031b
Ni15 Pb45 0.00863 b 0.307 ab 0.0265 a 0.00548 ab 0.030 b
Ni30 Pb0 0.00823 b 0.384a 0.00883 a 0.00489 ab 0.055 b
Ni30 Pb15 0.0263 ab 0.317 ab 0.0252 a 0.00370 ab 0.031b
Ni30 Pb30 0.0279 ab 0.275ab 0.0262 a 0.00679 ab 0.029 b
Ni30 Pb45 0.0204 ab 0.321 ab 0.0196 a 0.00553 ab 0.030b
Ni45 PbO 0.0265 ab 0.209 ab 0.00925 a 0.00435 ab 0.49b
Ni45 Pb15 0.0341 ab 0.302 ab 0.0233 a 0.00476 ab 0.049b
Ni45 Pb30 0.0292 ab 0.203 ab 0.0236 a 0.00446 ab 0.044 b
Ni45 Pb45 0.0292 ab 0.263 ab 0.0247 a 0.00331 ab 0.031b

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.26. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of
R. pseudoacacia root.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™? soil)
Ni O 0.00279a | 0.002099a | 0.000266a | 0.0276 a 0.000447 b 0.563 a
Ni 15 0.00274a | 0.002184a | 0.000256a | 0.0268 a 0.000674 a 0.614 a
Ni 30 0.00256a | 0.001569a | 0.000386a | 0.0302a 0.000347 b 0.640 a
Ni 45 0.00304a | 0.001614a | 0.000311a | 0.0288 a 0.000400 b 0.573 a
Lead con. (mg.kg™ soil)
Pb0O 0.00292 a 0.00123b | 0.000359a | 0.0239 a 0.000574 a 0.5801 a
Pb 15 0.00263 a 0.00261a | 0.000295a | 0.0322a | 0.000416ab | 0.5998 a
Pb 30 0.00262 a 0.00148 b | 0.000313a | 0.0313a | 0.000508 ab | 0.5968 a
Pb 45 0.00296a | 0.00214 ab | 0.000252a | 0.0260 a 0.000369 b 0.6126 a
Interaction between Ni & Pb con.
NiO Pb0 0.00288 a 0.00077c | 0.000264a | 0.0244a | 0.000370c 0.517 a
NiO Pb15 0.00276 a | 0.00243 abc | 0.000295a | 0.0314a | 0.000310c 0.545a
NiO Pb30 0.00259 a | 0.00247 abc | 0.000254a | 0.0268a | 0.000820 ab 0.534 a
NiO Pb45 0.00294 a | 0.00274 abc | 0.000254a | 0.0278a | 0.000289c 0.655 a
Nil5 Pb0 0.00262 a | 0.00255 abc | 0.000259a | 0.0268a | 0.001040 a 0.602 a
Nil5 Pb15 0.00276 a | 0.00301ab | 0.000264a | 0.0282a | 0.000555 bc 0.657 a
Nil5 Pb30 0.00289 a 0.00073c | 0.000249a | 0.0256a | 0.000540 bc 0.601 a
Nil5 Pb45 0.00270a | 0.00245 abc | 0.000254a | 0.0264a | 0.000562 bc 0.598 a
Ni30 Pb0 0.00258 a 0.00078 ¢ | 0.000520a | 0.0228a | 0.000541 bc 0.602 a
Ni30 Pb15 0.00273a | 0.00088 bc | 0.000280a | 0.0259a | 0.000349c 0.653 a
Ni30 Pb30 0.00219a | 0.00218 abc | 0.000496a | 0.0499a | 0.000234c 0.652 a
Ni30 Pb45 0.00276 a | 0.00244 abc | 0.000249 a | 0.0222a | 0.000264 c 0.653 a
Ni45 Pb0 0.00363 a 0.00081c | 0.000397a | 0.0215a | 0.000347 c 0.601 a
Ni45 Pb15 0.00245 a 0.00415a | 0.000342a | 0.0432a | 0.000451c 0.545a
Ni45 Pb30 0.00266 a 0.00056 c | 0.000254a | 0.0227a | 0.000440c 0.601 a
Ni45 Pb45 0.00343a | 0.00094 bc | 0.000254a | 0.0276a | 0.000364c 0.545a

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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4.2.2.4.4 Some physical and chemical properties of the soils of G. triacanthos, L. leucocephala
and R. pseudoacacia species after the end of the experiment

The results are show in the tables 4.27, 4.28, 4.29, 4.30, 4.31, 4.32, 4.33, 4.34, 4.35, 4.36, 4.37 and
4.38 the effects of Ni and Pb and their interactions were significant on the mineral elements and chemical
and physical characteristics of the soils after planting for three plant species such as G. triacanthos, L.
leucocephala and R. pseudoacacia seedlings. They show that some of the chemical and physical
characterestics of the soils increased with increasing the concentration of Ni and Pb from 30 and 45 mg.kg"

L NiCl, or PbCl, as compared to the control treatment.

Chemical and physical characterestics of the G. triacanthos soil such as EC, O.M and CaCOz were
increased with increasing the concentration of Ni for 30 and 45 mg.kg™ NiCl. as compared to the control
treatment, except pH and HCOs which decreased with increasing the concentration of Ni to 45 mg.kg™
NiCl, as compared to the control treatment. Whereas the COs caused not detected of G. triacanthos. The
highest value of the EC, O.M and CaCOs from the soil of G. triacanthos seedlings (0.68 ds/m, 0.563 %
and 46.8 %) were recorded from 45 mg.kg™* NiCl, concentrations. EC soil characterestics increased with
increasing PbClI, concentration as compared to the control treatment, whereas pH, O.M, HCOzand CaCO3
decreased with increasing the concentration PbCl, as compared to the control treatment. The highest value
of the EC from the soil of G. triacanthos seedlings (0.63 ds/m) was recorded from 45 mg.kg™* PbCl;
concentrations, while the lowest values (0.35 ds/m) was recorded in the control treatment. The interactions
between Ni and Pb concentrations had significant effects on some of the soil chemical and physical
characteristics such as EC and O.M which increased with increasing Ni and Pb concentration in the 45
mg.kg? NiCl, or PbCl, concentrations as compared to the control treatment, except the pH, HCOs and

CaCOs decreased with increasing the Ni and Pb concentrations, as it appears in table 4. 27.

The macro elements N, P, K and Mg decreased significantly with adding NiCl, as compared to the
control treatment, except the SO increased with increasing the Ni concentration to 45 mg.kg™ of G.
triacanthos soil. The Ca element did not affect by Ni concentration. The highest values of N, P, K and Mg
(0.00279, 0.00385, 2.166 and 0.00365) % were recorded in the control treatments and 15 mg.kg?, while
the lowest values (0.00202, 0.00245, 0.0988 and 0.00227) % were recorded in thecontrol and 15 or 30
and 45 mg.kg™ NiCl, concentrations as compared to the control treatment. The highest value of the SO4

mineral elements (0.00142 %) was recorded in the 45 mg.kg™, while the lowest value of the the SO4
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(0.00066) % was recorded in the control treatment. The macro elements N, P, Mg and Ca increased to
adding 30 or 45 mg.kg™ PbCl, as compared 15 and control treatments, except the SO which was decreased
with increasing the Pb concentration to 45 mg.kg™* (0.00069 %) as compared to control treatment. The
highest values of N, P, Mg and Ca (0.00294, 0.00365, 0.02906 and 13.150) % were recorded in the 30
and 15 mg.kg™ PbCl, concentrations, while the lowest values (0.00193, 0.00264, 0.01887 and 11.028) %
were recorded in the 15 or 30 mg.kg? and the control treatment. Also, the K element which was non
significant. The interactions between Ni and Pb concentrations had significant effects on some the macro
elements such as N, P, Mg, Ca and SO4 which increased with increasing Ni and Pb concentration in the
30 and 45 mg.kg™ NiCl, or PbCl, concentrations as compared to the control treatment, except the K was
decreased with increasing the Ni and Pb concentrations 45 mg.kg™, (Table 4.28).

The micro elements Cu, Fe and Zn increased with increasing the Ni concentrations for 30 and 45 mg.kg
1 NiCl, concentrations as compared to the control treatment. The highest value of Cu, Fe and Zn (0.00760,
0.563 and 0.00755) % were recorded in the 30 mg.kg? NiCl, concentrations, while the lowest values
(0.00551, 0.493 and 0.00589) % were recorded in the control treatment. The micro elements Cu and Zn
increased with adding the PbCl,, where the highest values (0.006682 and 0.00763) % were recorded in
the 30 and 15 mg.kg? PbCl, concentrations and the lowest values (0.00443 and 0.00623) % were recorded
in the control treatment. Whereas the Pb did not affect significantly each Fe, Mn and Ni elements. The
interactions between Ni and Pb concentrations had significant effects on some micro elements such as Cu,
Fe, Zn and Ni which increased with increasing Ni and Pb concentration in the 15 and 45 mg.kg™* NiCl; or
PbCl, concentrations as compared to the control treatment. An exception is the Mn elemnt which

decreased with increasing to 30 mg.kg™ concentrations, as it appear in table (4.29).

The heavy metal elements Pb, Rb and Ag increased with adding the Ni, where the highest values
(0.00377, 0.00519 and 0.0525) % were recorded in the 30 mg.kg* NiCl, concentrations, while the lowest
values of Pb, Rb and Ag (0.00187, 0.00331 and 0.0406) % were recorded in the control treatment. The Cd
and Ba elements did not significant effect by Ni concentration.  Contrariwise the elements As decreased
with adding NiCl, significantly to 0.000451% for 15 mg.kg?, whereas its concentration increased
significantly with increasing PbCl, concentration to 45 mg.kg™ (0.000122 %) as compared to the control
treatment (0.000640 %), and the PbCl> had not any significant effects on other elements. The interactions
between Ni and Pb concentrations had significant effects on some the heavy metal elements such as Ag

and As which increased with increasing Ni and Pb concentration to the 45 mg.kg? NiClz or PbCl
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concentrations as compared to the control treatment, while the Pb, Rb, Cd and Ba elements which were
non significant (Table 4.30).
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Table 4.27. Effects of nickel, lead and their interactions mean of the physical and chemical
characteristics of the soil of G. triacanthos.

T EC pH o.M CO3 HCOs CaCOs
reatments (ds/m) %)

Nickel con. (mg.kg™? soil)
Ni 0 0.33d 8.09a 0.517c N.D 0.0376 a 44.8 b
Ni 15 0.45¢c 7.93b 0.513d N.D 0.0260 b 25.3d
Ni 30 0.58b 7.64d 0.555b N.D 0.0215¢ 34.0c
Ni 45 0.68 a 7.65¢C 0.563 a N.D 0.0188d 46.8 a
Lead con. (mg.kg™ soil)
PbO 0.35d 8.150a | 0.553b N.D 0.035a 432 a
Pb 15 0.50c 7.800c | 0.558a N.D 0.025b 39.0b
Pb 30 0.55b 7.813b | 0.540c N.D 0.021d 371¢c
Pb 45 0.63a 7.548d | 0.498d N.D 0.022 ¢ 31.4d
Interaction between Ni & Pb con.
NiO PbO 0.30f 8.20a 0.55¢ N.D 0.043 a 48.0 a
NiO Pb15 0.30f 8.20a 0.55¢ N.D 0.043 a 48.0 a
NiO Pb30 0.30f 8.20a 0.55¢ N.D 0.033¢c 44.0c
NiO Pb45 0.40¢e 7.79d 0.42f N.D 0.0324d 39.0f
Nil5 Pb0 0.30f 8.00c 0.56 b N.D 0.0322 e 36.0 h
Nil5 Pb15 0.40¢e 8.00c 0.57 a N.D 0.0238 ¢ 25.01
Nil5 Pb30 0.50d 8.10Db 0.48d N.D 0.0237 h 20.0j
Nil5 Pb45 0.60c 7.60 e 0.44 ¢ N.D 0.0244 f 20.0j
Ni30 Pb0 0.40¢e 8.20a 0.55¢ N.D 0.0411b 42.0¢e
Ni30 Pb15 0.60c 7.52 f 0.55¢ N.D 0.0177 1 36.0 h
Ni30 Pb30 0.60c 7.46 i 0.56 b N.D 0.0127 0 38.09
Ni30 Pb45 0.70 b 7.38 k 0.56 b N.D 0.0144 n 20.0j
Ni45 Pb0 0.40¢e 8.20a 0.55¢ N.D 0.0227 i 47.0b
Ni45 Pb15 0.70 b 7.48 h 0.56 b N.D 0.0162m | 47.0b
Ni45 Pb30 0.80a 7.49 g 0.57 a N.D 0.0180 k 46.5¢
Ni45 Pb45 0.80a 7.42 ] 0.57 a N.D 0.0183j 46.5¢

* Means followed by the same letters within columns are significantly different at p <0.05

according to the Duncan test, and vice versa.
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Table 4.28. Effects of nickel, lead and their interactions mean of some macro- nutrient of the soil of
G. triacanthos.

N P K Mg Ca SO,

Treatments

(%)

Nickel con. (mg.kg™ soil)
Ni 0 0.00279 a 0.00320b | 2.166a 0.00365a | 11.999ab | 0.00078c
Ni 15 0.00229 b 0.00385a | 0.988b | 0.00316b | 12.046ab | 0.00066 d
Ni 30 0.00233 b 0.00245¢c | 1.320b 0.00352 a 11.797b 0.00110 b
Ni 45 0.00202 c 0.00253¢c | 1.089b 0.00227 c 12.501 a 0.00142 a
Lead con. (mg.kg™ soil)
Pb 0 0.00230 b 0.00308b | 1.540ab | 0.00245c 11.028 ¢ 0.00105 a
Pb 15 0.00193 ¢ 0.00264c | 1.314ab | 0.00301b 13.150 a 0.00113 a
Pb 30 0.00294 a 0.00365a | 1.059b 0.00366 a 12.133b 0.00110 a
Pb 45 0.00226 b 0.00266c | 1.656a 0.00348a | 12.0324b | 0.00069 b
Interaction between Ni & Pb con.
NiO PbO 0.00200 efg 0.00285c | 3.042a | 0.00256 efg | 10.722cd | 0.00074 fg
Ni0 Pb15 0.00181 fg 0.00492ab | 2.867a | 0.00306de | 13.61la 0.00108 d
Ni0 Pb30 0.00423 a 0.00189d | 1.042c 0.00604a | 10.584cd | 0.00065 gh
NiO Pb45 0.00313 b 0.00314c | 1.712bc | 0.00290 ef | 13.079ab | 0.00064 gh
Ni15 Pb0 0.00237 de 0.00434b | 0.798c | 0.00250efg | 11.619c | 0.00077 efg
Ni15 Pb15 0.00180 fg 0.00318c | 1.091c | 0.00216 fgh | 13.792a | 0.00074 fg
Ni15 Pb30 0.00286 bc 0.00504a | 0.896c 0.00422c | 11.945bc | 0.00046 h
Nil5 Pb45 0.00213 ef 0.00284c | 1.168c 0.00376 cd | 10.828 cd 0.00067 g
Ni30 PbO 0.00290 bc 0.00312c | 1.042c | 0.00253 efg 9.992d 0.00095 de
Ni30 Pb15 0.00218 def 0.0009e | 0.852c 0.00493 b 13.447 a 0.00191 b
Ni30 Pb30 0.00210 ef 0.00285¢c | 0.735¢c 0.00146 h 13.047 ab | 0.00093 def
Ni30 Pb45 0.00214 ef 0.00287c | 2.678ab | 0.00518b 10.704 cd | 0.00062 gh
Ni45 PbO 0.00193 efg 0.00199d | 1.279c | 0.00221fgh | 11.778 bc 0.00173¢c
Ni45 Pb15 0.00193 efg 0.00149de | 0.445c | 0.00188 gh | 11.749bc | 0.00078 efg
Ni45 Pb30 0.00258 cd 0.00482 ab | 1.565bc | 0.00292 ef | 12.958 ab 0.00235 a
Ni45 Pb45 0.00164 g 0.00182d | 1.065c | 0.00209 gh 13.519a | 0.00082 efg

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.29. Effects of nickel, lead and their interactions mean of some micro- nutrient of the soil of

G. triacanthos.

* Means followed by the same letters within columns are significantly different at p <0.05 according to

Treatments Cu Fe Mn Zn Ni
(%)

Nickel con. (mg.kg™ soil)
Ni 0 0.00551 b 0.493 b 0.135a 0.00589 b 0.0725a
Ni 15 0.00485 b 0.510ab | 0.109a 0.00710 a 0.0289 a
Ni 30 0.00760 a 0.563 a 0.068 a 0.00755 a 0.0397 a
Ni 45 0.0588 b 0.534ab | 0.069a 0.00737 a 0.0853 a
Lead con. (mg.kg™ soil)
Pb 0 0.00443 b 0.506 a 0.131a 0.00623 b 0.0327 a
Pb 15 0.00628 a 0.518a 0.069 a 0.00763 a 0.0796 a
Pb 30 0.00682 a 0.565 a 0.113a 0.00699 ab 0.0834 a
Pb 45 0.00588 a 0.511a 0.069 a 0.00707 ab 0.0306 a
Interaction between Ni & Pb con.
NiO PbO 0.00332 f 0.414 b 0.348a 0.00472 d 0.0295 b
Ni0 Pb15 0.00412 ef 0.489ab | 0.055b 0.00596 cd 0.199a
Ni0 Pb30 0.00592 bcde | 0.586a 0.067 b 0.00591 cd 0.0285b
NiO Pb45 0.00702 abcd | 0.489ab | 0.075b 0.00699 abcd 0.0326 b
Ni15 Pb0 0.00398 ef 0.488ab | 0.052b 0.00622 abcd 0.0236 b
Ni15 Pb15 0.00501 def | 0.485ab | 0.067 b 0.00738 abc 0.0293 b
Ni15 Pb30 0.00683 abcd | 0.576a 0.262 a 0.00727 abc 0.0324 b
Nil5 Pb45 0.00358 ef 0.492 ab 0.056 b 0.00754 abc 0.0304 b
Ni30 PbO 0.00559 cdef 0.552 ab 0.055 b 0.00736 abc 0.0387b
Ni30 Pb15 0.00814 ab 0.534 ab 0.083 b 0.00851 ab 0.0445b
Ni30 Pb30 0.00789 abc 0.604 a 0.056 b 0.00679 abcd 0.0451b
Ni30 Pb45 0.00879 a 0.561a 0.078 b 0.00757 abc 0.0305b
Ni45 Pb0 0.00483 def 0.567 a 0.069 b 0.00664 abcd 0.0392 b
Ni45 Pb15 0.00789 abc 0.566 a 0.074b 0.00869 a 0.0453 b
Ni45 Pb30 0.00667 abcd | 0.493 ab 0.067 b 0.00799 abc 0.228 a
Ni45 Pb45 0.00415 ef 0.509 ab 0.070 b 0.00619 bcd 0.0291 b

the Duncan test, and vice versa.
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Table 4.30. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of
the soil of G. triacanthos.

Treatments Pb Rb Cd Ag As Ba
(%)

Nickel con. (mg.kg™ soil)
Ni 0 0.00187 b 0.00331b | 0.000223a | 0.0406 b 0.00111a 0.495a
Ni 15 0.00237b | 0.00378ab | 0.000287 a | 0.0486ab | 0.000451 b 0.519a
Ni 30 0.00377 a 0.00519a | 0.000322a | 0.0525a | 0.000647 ab 0.490 a
Ni 45 0.00263ab | 0.00404ab | 0.000343a | 0.0508a | 0.000677 ab 0.480 a
Lead con. (mg.kg™ soil)
Pb 0 0.00275 a 0.00377a | 0.000293a | 0.0502a 0.000640 b 0.492 a
Pb 15 0.00258 a 0.00385a | 0.000256a | 0.0433a 0.00044 b 0.524 a
Pb 30 0.00316 a 0.00392a | 0.000362a | 0.0471a 0.000584 b 0.502 a
Pb 45 0.00215 a 0.00478a | 0.000265a | 0.0518a 0.00122 a 0.467 a
Interaction between Ni & Pb con.
NiO PbO 0.00187ab | 0.00283a | 0.000197a | 0.0406 bcd | 0.000875b 0.501a
Ni0 Pb15 0.00249ab | 0.00371a | 0.000198 a 0.0357 d 0.000323 b 0.500 a
Ni0 Pb30 0.00219ab | 0.00281a | 0.000268a | 0.0456 abcd | 0.000400 b 0.486 a
NiO Pb45 0.000941b | 0.00443a | 0.000232a | 0.0406 bcd 0.00284 a 0.491a
Ni15 Pb0 0.00226 ab | 0.00313a | 0.000231a | 0.0454 abcd | 0.000276 b 0.530a
Ni15 Pb15 0.00251ab | 0.00328a | 0.000238a | 0.0506 abcd | 0.000226 b 0.591a
Ni15 Pb30 0.00245ab | 0.00415a | 0.000342a | 0.0387cd 0.000578 b 0.544 a
Nil5 Pb45 0.00227 ab 0.00458a | 0.000336a | 0.0595abc | 0.000726 b 0.414a
Ni30 PbO 0.00384 ab 0.00479a | 0.000263a | 0.0505abcd | 0.000658 b 0.419a
Ni30 Pb15 0.00453 a 0.00484a | 0.000243a | 0.0407 bcd 0.000585 b 0.525a
Ni30 Pb30 0.00415a 0.00520a | 0.000532a | 0.0569 abcd | 0.000633 b 0.537a
Ni30 Pb45 0.00255 ab 0.00592a | 0.000251a 0.0616 ab 0.000712 b 0.479a
Ni45 Pb0 0.00302 ab 0.00434a | 0.000480 a 0.0644 a 0.000752 b 0.517a
Ni45 Pb15 0.000801 b 0.00413a | 0.000347a | 0.0459 abcd | 0.000627 b 0.480a
Ni45 Pb30 0.00386 ab 0.00351a | 0.000306a | 0.0472abcd | 0.000727 b 0.439a
Ni45 Pb45 0.00284 ab 0.00417a | 0.000241a | 0.0455abcd | 0.000603 b 0.484 a

* Means followed by the same letters within columns are significantly different at p < 0.05 according

to the Duncan test, and vice versa.
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Chemical and physical characterestics of the L. leucocephala soil changed significantly with NiCl, and
PbCl, application, where each of the EC and HCOs increased significantly to 0.63 ds/m and 0.039 % for
30 and 15 mg.kg™ NiCl. treatments as compared to the control treatment which the highest values of pH,
O.M and CaCOs (8.06, 0.58 % and 47.42 %) were recorded in the control treatment. Whereas the COs
caused not detected of L. leucocephala soil. Each of EC and O.M were increased significantly with
increasing the concentrations of PbCl, as compared to the control treatment, while pH, HCOz and CaCO3
decreased significantly with increasing the concentration of PbCl, to 45 mg.kg™ as compared to the control
treatment. The highest value of the EC and O.M (0.55 ds/m and 0.56 %) were recorded for the 45 mg.kg
1 PbCl, concentrations, while the lowest values (0.40 ds/m and 0.518 %) were recorded in the control
treatment. The highest values of pH, HCO3; and CaCOz( 8.13, 0.0383 % and 46.9 %) for 15 and control,
while the lowest values (7.68, 0.0241 % and 46.5 %) for 45 mg.kg™. The interactions between Ni and Pb
concentrations had significant effects on the soil chemical and physical characteristics EC and O.M were
they increased with increasing Ni and Pb concentration in the 15 or 30 mg.kg? NiCl, or PhCl;
concentrations as compared to the control treatment, except the pH, HCOs; and CaCO3 were decreased

with increasing the Ni and Pb concentrations, as it shown in table (4.31).

The mineral elements of L. leucocephala soils. N, P, K and Ca were decreased by adding NiCl, as
compared to the control treatment, except the Mg and SO4 element was increased with increasing the Ni
concentration. The highest values of N, P, K and Ca (0.00246, 0.00287, 1.219 and 12.05) % were recorded
in the control treatment of L. leucocephala soils, while the lowest values (0.00172, 0.00105, 0.816 and
10.63) % were recorded to 30 and 45 mg.kg™ NiCl, concentrations. The highest values of the Mg and SO4
(0.00559 and 0.00093) % were recorded in the 30 or 45 mg.kg™ concentrations, while the lowest values
(0.003221 and 0.00054) % were recorded in the control and 45 mgkg™. The macro elements N and P
increased with increasing the Pb concentration to 30 and 45 mg.kg™ PbCl, as compared to the control
treatment, except the Mg and SO4 element were decreased with 45 and 30 mg.kg™ Pb concentration. The
highest values of N and P (0.00240 and 0.00268) % were recorded in the 45 and 30 mg.kg™? PbCl;
concentrations, while the lowest values (0.00181 and 0.00214) % were recorded in the control and 15
PbCl; treatments. The highest values of the Mg and SO4 0.00506 and 0.00080 % were recorded in the 30
and 15 mg.kg? treatment as compared to the other treatments. While the K and Ca element which were
non significant. The interactions between Ni and Pb concentrations had significant effects on Mg which
was increased with increasing Ni and Pb concentration to 30 mg.kg™* NiCl, or PbCl; as compared to the

control treatment, however the N, P, Mg and Ca were increased with increasing Ni and Pb concentration
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in the 15, 30 and 45 mg.kg* NiCl; or PbCl; concentrations as compared to the control treatment, except
the K and SO4 which were decreased with increasing Ni and Pb concentration (Table 4.32).

The micro elements Fe, Mn and Zn decreased with adding NiCl. as compared to the control treatment,
the highest values of Fe, Mn and Zn (0.548, 0.119 and 0.0078) % were recorded in the control treatment,
the lowest values ( 0.417, 0.057 and 0.0059) % at 30 and 45 mg.kg™. The Cu and Ni which were non
significant. The micro element (Cu and Zn) decreased with increasing the Pb concentration to 30 and 45
mg.kg? PbCl,, where the highest value of Cu (0.0063 and 0.0069) % were recorded in the control
treatment. The Fe and Ni elements which were non significant. Moreover, 45 mg.kg™ PbCl, increased Mn
significantly to (0.118 %). The Fe and Ni did not significant effect by Pb concentration. The interactions
between Ni and Pb concentrations had significant effects on Mn which increased with increasing Ni and
Pb concentration for 45 mg.kg™ NiCl, or PbCl, concentrations as compared to the control treatment. An
exception are Cu, Fe and Zn elements which decreased with increasing the Ni and Pb concentration at 15
and 30 mg.kg?, while the Ni element which was non significant (Table 4.33).

The element Rb was decreased with increasing the Ni concentrations from 15 to 45 mg.kg? NiCl,
concentrations as compared to the control. The highest value of the Rb heavy metal element (0.0108 %)
was recorded in the control treatment, while the lowest value (0.00428 %)was recorded in the 45 mg.kg™
NiCl> concentrations. Adding NiCl. did not affect significantly each Pb, Cd, Ag, As and Ba content
compared to the control treatment. The Pb concentration was non- significant on the heavy metal elements
of L. leucocephala soils compared to other treatments. The interactions between Ni and Pb concentrations
had significant effects on Rb, Cd and As which were increased with increasing Ni and Pb concentration
to 30 and 45 mg.kg* NiCl, or PbCl, concentrations as compared to the control treatment, while the Ph, Ag
and Ba did not significant effect by Ni and Pb concentration (Table 4.34).
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Table 4.31. Effects of nickel, lead and their interactions mean of the physical and chemical
characteristics of the soil of L. leucocephala.

EC pH o.M COs HCOs CaCOs3
Treatments (ds/m) )

Nickel con. (mg.kg™? soil)
Ni 0 0.38d 8.06 a 0.58 a N.D 0.037b 47.42 a
Ni 15 0.55b 7.87b | 0.48d N.D 0.039 a 46.38 ¢
Ni 30 0.63a 7.77cC 0.49¢ N.D 0.034 c 46.13d
Ni 45 0.40c 752d| 057b N.D 0.023d | 46.63b
Lead con. (mg.kg™ soil)
PbO 0.40c 8.13a | 0.518d N.D 0.0383b | 46.8b
Pb 15 0.45b 7.74b | 0.518¢c N.D 0.0385a | 469a
Pb 30 0.55a 7.69c | 0.528b N.D 0.0339c | 46.4d
Pb 45 0.55a 7.68d | 0.560a N.D 0.0241d 46.5c¢c
Interaction between Ni & Pb con.
NiO PbO 0.30e 8.2a 0.55¢e N.D 0.04 f 48.0 a
NiO Pb15 0.30e 8.2a 0.55¢e N.D 0.04 f 48.0 a
NiO Pb30 0.40d 7.99d 0.59b N.D 0.04 f 47.2b
NiO Pb45 0.50c 7.88 f 0.64 a N.D 0.02 ] 46.5 d
Nil5 Pb0 0.30e 8.10Db 051f N.D 0.04d 47.0c
Nil5 Pb15 0.50c 7.98 e 0.48 ¢ N.D 0.04c 47.0c
Nil5 Pb30 0.70 a 7.691 0.46 h N.D 0.04 a 46.0e
Nil5 Pb45 0.70 a 7.72 9 0.45i N.D 0.02¢g 455 f
Ni30 Pb0 0.50c 8.00c 0.46 h N.D 0.04b 46.0e
Ni30 Pb15 0.60 b 7.67 ] 0.48 ¢ N.D 0.04 b 46.0e
Ni30 Pb30 0.70 a 7.71h 0.48 g N.D 0.02¢g 455 f
Ni30 Pb45 0.70 a 7.72 9 0.56d N.D 0.02¢ 47.0c
Ni45 Pb0 0.50c 8.20a 0.55¢e N.D 0.02 k 46.0e
Ni45 Pb15 0.40d 7.11 0.56d N.D 0.021i 46.5 d
Ni45 Pb30 0.40d 7.40 k 0.58 ¢ N.D 0.02 h 47.0c
Ni45 Pb45 0.30e 740k | 0.59b N.D 0.02¢g 47.0c

* Means followed by the same letters within columns are significantly different at p <0.05 according

to the Duncan test, and vice versa.
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Table 4.32. Effects of nickel, lead and their interactions mean of some macro- nutrient of the soil of

L. leucocephala.

N P K Mg Ca SO,

Treatments

(%)

Nickel con. (mg.kg™ soil)
Ni 0 0.00246 a 0.00287 a 1.219a 0.00322c | 12.05a 0.00081 b
Ni 15 0.00176 c 0.00286 a 0.919b 0.00331c | 11.23b 0.00070 c
Ni 30 0.00226 b 0.00264 a 0.816 b 0.00435b | 10.71c 0.00093 a
Ni 45 0.00172 ¢ 0.00105 b 0.991b 0.00559a | 10.63c 0.00054 d
Lead con. (mg.kg™ soil)
Pb 0 0.00181c | 0.00218 bc 0.929a 0.00402b | 11.127a 0.00076 a
Pb 15 0.00186 ¢ 0.00214 c 1.032 a 0.00407b | 11.124a 0.00080 a
Pb 30 0.00213 b 0.00268 a 0.962 a 0.00506a | 11.219a 0.00064 b
Pb 45 0.00240 a 0.00242 b 1.0238 a 0.00331c | 11.152a 0.00077 a
Interaction between Ni & Pb con.
NiO PbO 0.00172 defg | 0.00202d 1.291 ab 0.00462 bc | 11.153cd | 0.00091 abcd
Ni0 Pb15 0.00188 cdef | 0.00224d 1.342a 0.00153 f 13.994a | 0.00075 cdef
Ni0 Pb30 0.00196 cde | 0.00421a 0.806 cde | 0.00498 bc | 10.919de | 0.00063 fg
NiO Pb45 0.00426 a 0.00300 ¢ 1.442a 0.00176 f | 12.143bc | 0.00094 ab
Ni15 Pb0 0.00166 efg | 0.00377 ab | 0.7801 de 0.00298 e 11.071d 0.00068 efg
Ni15 Pb15 0.00151fg | 0.00339 bc 1.202 abc 0.00283 e 11.057d 0.00066 efg
Ni15 Pb30 0.00224bc | 0.00225d | 1.179abcd | 0.00425cd | 12.626 b | 0.00072 def
Nil5 Pb45 0.00164 efg 0.00203 d 0.513e 0.00315e | 10.148 def | 0.00074 cdef
Ni30 PbO 0.00248 b 0.00147 ef 0.765 de 0.00360de | 11.126cd | 0.00090 abcd
Ni30 Pb15 0.00192 cdef | 0.00175de | 0.883 bcde 0.00530 b 9.449 f 0.00092 abc
Ni30 Pb30 0.00252 b 0.00340 bc 0.706 e 0.00493 bc | 11.179cd | 0.00082 bcde
Ni30 Pb45 0.00212 bcd | 0.00391ab | 0.912 bcde | 0.00358 de | 11.089 cd 0.000108 a
Ni45 Pb0 0.00139¢g 0.00145 ef 0.879 bcde | 0.00493 bc | 11.156cd 0.00053 gh
Ni45 Pb15 0.00214 bed | 0.00119 fg 0.699¢e 0.00662 a 9.995 ef 0.00088 bcd
Ni45 Pb30 0.00179 defg | 0.00084 g 1.155 abcd 0.00606 a | 10.155 def 0.00039 hi
Ni45 Pb45 0.00157 efg 0.00073 g 1.229 ab 0.00473 bc | 11.228cd 0.00033 i

* Means followed by the same letters within columns are significantly different at p < 0.05 according

to the Duncan test, and vice versa.
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Table 4.33. Effects of nickel, lead and their interactions mean of some micro- nutrient of the soil of

L. leucocephala.

Treatments Cu Fe Mn Zn Ni
%

Nickel con. (mg.kg™ soil)
Ni 0 0.0053 a 0.548 a 0.119a 0.0078 a 0.0346 a
Ni 15 0.0056 a 0.569 a 0.064 b 0.0064 b 0.0351a
Ni 30 0.0060 a 0.417b 0.062 b 0.0059 b 0.0384 a
Ni 45 0.0052 a 0.447 b 0.057 b 0.0061 b 0.0379 a
Lead con. (mg.kg™ soil)
Pb 0 0.0063 a 0.523ab | 0.062b 0.0069 ab 0.0372a
Pb 15 0.0064 a 0.435b 0.051b 0.0062 bc 0.0347 a
Pb 30 0.0048 b 0.566 a 0.071b 0.0061 c 0.0365 a
Pb 45 0.0046 b 0.458 b 0.118a 0.0072 a 0.0376 a
Interaction between Ni & Pb con.
NiO PbO 0.00698 ab 0.482a 0.084 b 0.00729 abc 0.039a
Ni0 Pb15 0.00819 a 0.637a | 0.0509 b 0.00849 a 0.0329 a
Ni0 Pb30 0.00214 f 0.569a | 0.0753b 0.00778 ab 0.0342 a
NiO Pb45 0.00404 de 0.506 a 0.269 a 0.00782 ab 0.0329 a
Ni15 Pb0 0.00598 hc 0.563a | 0.0594b | 0.00639 bcd 0.0383 a
Ni15 Pb15 0.00829 a 0.565a | 0.0464b | 0.00702 abcd 0.0326 a
Ni15 Pb30 0.00451 cde 0.578 a 0.085b 0.00628 bcd 0.03359 a
Nil5 Pb45 0.00214 ef 0.572a 0.0631 b 0.00611 cde 0.0335a
Ni30 PbO 0.00693 ab 0.562 a 0.0577b 0.00729 abc 0.0384 a
Ni30 Pb15 0.00408 de 0.273b 0.0505 b 0.00336 f 0.0329 a
Ni30 Pb30 0.00713 ab 0.576a 0.0725b 0.00559 de 0.044 a
Ni30 Pb45 0.00593 bc 0.259 b 0.0685b | 0.00723 abcd 0.0384 a
Ni45 Pb0 0.00539 bcde 0.484 a 0.0508 b 0.00655 bed 0.0337 a
Ni45 Pb15 0.00502 cde 0.264 b 0.0554 b 0.00594 cde 0.040a
Ni45 Pb30 0.00539 bcde 0.542a 0.0530 b 0.00462 ef 0.0325 a
Ni45 Pb45 0.00477 cde 0.497 a 0.0699 b 0.00749 abc 0.046 a

* Means followed by the same letters within columns are significantly different at p < 0.05 according

to the Duncan test, and vice versa.
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Table 4.34. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of

the soil of L. leucocephala.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™ soil)
Ni 0 0.00254a | 0.0108a | 0.000296a | 0.0504a | 0.00073ab | 0.522a
Ni 15 0.00260a | 0.00353b | 0.000303a | 0.0506a | 0.00060b | 0.448a
Ni 30 0.00247 a | 0.00373b | 0.000297a | 0.0475a | 0.00063ab | 0.527 a
Ni 45 0.00289a | 0.00428 b | 0.000776a | 0.0467 a 0.0014 a 0.503 a
Lead con. (mg.kg™ soil)
Pb 0 0.00294a | 0.00428a | 0.000769a | 0.0455a | 0.00065ab | 0.524a
Pb 15 0.00278a | 0.00395a | 0.000305a | 0.0506a | 0.00074ab | 0.457a
Pb 30 0.00271a | 0.00976a | 0.000292a | 0.0478a | 0.00054b | 0.519a
Pb 45 0.00207 a | 0.00432a | 0.000305a | 0.0514a | 0.00140a | 0.500a
Interaction between Ni & Pb con.
NiO PbO 0.0028a | 0.0043b | 0.000310b | 0.0454ab | 0.000585b | 0.481 ab
Ni0 Pb15 0.0026a | 0.0060b | 0.000291b | 0.0485ab | 0.000871b | 0.538 ab
Ni0 Pb30 0.0024a | 0.0287a | 0.000296 b | 0.0549 ab | 0.000680 b | 0.597 ab
NiO Pb45 0.0023a | 0.0041b | 0.000286b | 0.0528ab | 0.000772b | 0.473 ab
Ni15 Pb0 0.0029a | 0.0029b | 0.000248b | 0.0447 ab | 0.000567 b | 0.491 ab
Ni15 Pb15 0.0028a | 0.0040b | 0.000362b | 0.0609a | 0.000882b | 0.409b
Ni15 Pb30 0.0024a | 0.0031b | 0.000307 b | 0.0505ab | 0.000461b | 0.419b
Nil5 Pb45 0.0024 a 0.0042b | 0.000298 b | 0.0461ab | 0.000492b | 0.473 ab
Ni30 PbO 0.0029 a 0.0062b | 0.000281b | 0.0389b | 0.000902b | 0.640a
Ni30 Pb15 0.0029a | 0.00153b | 0.000286b | 0.0527 ab | 0.000622b | 0.412b
Ni30 Pb30 0.0033 a 0.0032b | 0.000281b | 0.0465ab | 0.000652b | 0.586 ab
Ni30 Pb45 0.00079a | 0.0041b | 0.000342b | 0.0518ab | 0.000357 b | 0.469 ab
Ni45 Pb0 0.0032 a 0.0038 b 0.00224a | 0.0528 ab | 0.000557 b | 0.482 ab
Ni45 Pb15 0.0028 a 0.0042b | 0.000281b | 0.0402b | 0.000592b | 0.469 ab
Ni45 Pb30 0.0028 a 0.0040b | 0.000286b | 0.0391b | 0.000382b | 0.476 ab
Ni45 Pb45 0.0028 a 0.0049b | 0.000296b | 0.0548ab | 0.00399a | 0.585ab

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Chemical and physical characterestics of the R. pseudoacacia soil including EC, pH, O.M and HCO3
were increased by adding NiCl, as compared to the control treatment, except the CaCOz which decreased
with adding NiCl» as compared to the control treatment. Whereas the COz not detected of R. pseudoacacia.
The highest value of the EC, pH, O.M and HCOs for the soil of R. pseudoacacia seedlings (0.425 ds/m,
8.05, 0.56 % and 0.04858 %) were recorded for 15 or 45 mg.kg* NiCl, concentrations. While the lowest
values (0.325 ds/m, 7.72, 0.52 % and 0.04323 %) were recorded in the control treatment. The EC and
HCOs were increased with increasing PbCl, cocentrations from 15 to 45 mg.kg™ PbCl, as compared to
the control treatment, whereas the pH, O.M and CaCOs were decreased with increasing the concentration
from15 to 45 mg.kg™ PbCl, as compared to the control treatment. The highest value of the EC and HCOs
(0.45 ds/m and 0.0485 %) were recorded for the 45 mg.kg™ PbCl. concentrations, while the lowest values
(0.30 ds/m and 0.0446 %) were recorded in the control treatment. The interactions between Ni and Pb
concentrations had significant effects on soil EC, O.M and HCO3 were increased with increasing Ni and
Pb concentration in the 45 mg.kg™ NiCl. or PbCl, concentrations as compared to the control treatment,
except the pH and CaCOs were decreased with increasing the Ni and Pb concentrations, as it appear from
the table (4.35).

The macro, micro and some non - eesentioal heavy metal elements of R. pseudoacacia soils. Whereas
each of the macro elements (N, P, K and Mg) were decreased with adding NiCl, as compared to the control
treatment, except the SO4was increased with increasing the NiCl, concentration. The highest values of N,
P, K and Mg macro elements (0.00279, 0.00385, 2.166 and 0.00365) % were recorded in the control
treatment and 15 mg.kg™. While the lowest values (0.00202, 0.00245, 0.988 and 0.00227) % respectively
were recorded in the 15 and 45 mg.kg™? NiCl, concentrations. The Ca element which was non significant.
The macro elements (N, P, Mg and Ca) were increased with adding 30 or 15 mg.kg™ PbCl, as compared
to the control treatment, except SO4 which were decreased with increasing the PbCl, concentration. The
highest value of the mineral elements N, P, Mg and Ca (0.00294, 0.00365, 0.00366 and 13.150) %
respectively were recorded in the 15 or 30 mg.kg? PbCl, concentrations as compared to the control
treatment (0.00193, 0.00264, 0.00245 and 11.028) %. The highest value of SO4 (0.00105 %) was recorded
in the control treatment, while the lowest value (0.00069 %) was recorded in the 45 mg.kg? PbCl;
concentrations. In addition the K element which was non significant. The interactions between Ni and Pb
concentrations had significant effects on N, P, Mg, Ca and SO4 were increased with increasing Ni and Pb

concentration in the 15 and 30 and 45 mg.kg™ NiCl, or PbCl. concentrations as compared to the control
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treatment, except the K was decreased with increasing the Ni and Pb concentration, as it clear in table
(4.36).

The micro elements (Cu, Fe and Zn) were increased significantly to (0.00760, 0.0563 and 0.00755) %
with 30 mg.kg™ NiCl, concentrations as compared to the control treatment and 30 mg.kg™. While the
lowest values (0.00485, 0.493 and 0.00589) % respectively were recorded in the 15 mg.kg™ and the control
treatments. The Mn and Ni which were non significant. The micro elements Cu and Zn were increased
significantly with adding PbCl, concentration for the Cu elements and by 15 mg.kg™? PbCl, for the Zn
element as compared to the control treatment. The highest values of Cu and Zn micro elements (0.00682
and 0.00763) % respectively were recorded in the 30 and 15 mg.kg™ PbCl, concentrations treatments.
While the lowest values (0.00443 and 0.00623) % were recorded in the control treatment. Each of Fe, Mn
and Ni did not significant effect by Pb concentration. The interactions between Ni and Pb concentrations
had significant effects on Cu, Fe, Zn and Ni were increased with adding Ni and Pb concentration in the
45 mg.kg* NiCl, or PbCl, concentrations as compared to the control treatment, except the Mn which was

decreased with increasing the Ni concentration, as it appear in the table (4.37).

The non — essential heavy metals (Pb, Rb and Ag) were increased significantly to (0.00377, 0.00519 and
0.525) % with increasing the Ni concentrations to 30 mg.kg™ NiCl, as compared to the control treatments
(0.00187, 0.00331 and 0.0406) %, while Cd, As and Ba which were non significant. The heavy metal
element (As) was increased with increasing the Pb concentration to 45 mg.kg™ PbCl, as compared to the
control treatment. The highest value of the (As) heavy metal element (0.00682 %) was recorded in the 45
mg.kg™? concentrations as compared to the control treatment (0.000509 %) . Whereas adding PbCl. did
not affect significantly on each of Pb, Rb, Cd, Ag and Ba elements respectively. The interactions between
Ni and Pb concentrations had significant effect on Ag which was increased with increasing Ni and Pb
concentration to 45 mg.kg™ NiCl, or PbCl, concentrations as compared to the control treatment, while Pb,

Rb, Cd, As and Ba which were non significant effect by Ni and Pb concentration, the result of table (4.38).

Table 4.35. Effects of nickel, lead and their interactions mean of the physical and chemical
characteristics of the soil of R. pseudoacacia.
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EC pH o.M COs HCO3 CaCOs
Treatments (ds/m) (%)

Nickel con. (mg.kg™? soil)
Ni O 0.325¢c 7.76 C 0.52c¢c N.D 0.04323 d 48.00 a
Ni 15 0.425 a 8.05a 0.51d N.D 0.04733 ¢ 46.90 d
Ni 30 0.400 b 777D 0.55b N.D 0.04855 b 47.31b
Ni 45 0.425 a 7.72d 0.56 a N.D 0.04858 a 47.20 c
Lead con. (mg.kg™ soil)
Pb 0O 0.300 d 8.13a | 0.543a N.D 0.0446 d 47.63 a
Pb 15 0.400 c 7.99b | 0.540b N.D 0.0464 c 47.48 b
Pb 30 0.430 b 7.69c | 0.533¢c N.D 0.0483 b 47.07 d
Pb 45 0.450 a 750d | 0.532¢c N.D 0.0485 a 47.24 c
Interaction between Ni & Pb con.
NiO Pb0 0.300c 8.20a 0.55¢ N.D 0.04270 o0 48.0 a
NiO Pb15 0.300c 8.10b 0.55¢ N.D 0.04270 o 48.0 a
NiO Pb30 0.300c 7.381i 0.50¢g N.D 0.04360 n 48.0 a
NiO Pb45 0.400 b 7.371 0.48 h N.D 0.04390 m 48.0 a
Nil15 Pb0 0.300c 8.20 a 0.54d N.D 0.04420 1 48.0 a
Nil5 Pb15 0.500 a 8.10b 0.50¢g N.D 0.04540 k 47049
Nil15 Pb30 0.500 a 8.00¢c 051f N.D 0.04970 f 46.1 k
Nil5 Pb45 0.400 b 7.91d 0.51f N.D 0.05000 ¢ 46.5 |
Ni30 Pb0 0.300c 8.10b 0.53 e N.D 0.04570 j 475¢c
Ni30 Pb15 0.400 b 7.83¢e 0.55¢ N.D 0.04870 ¢ 478D
Ni30 Pb30 0.400 b 7.75f 0.56 b N.D 0.04980 e 46.96 i
Ni30 Pb45 0.500 a 7.43 h 0.56 b N.D 0.05001 b 46.97 h
Ni45 Pb0 0.300 ¢ 8.00 ¢ 0.55¢ N.D 0.04580 i 47049
Ni45 Pb15 0.400 b 7.93d 0.56 b N.D 0.04860 h 47.1f
Ni45 Pb30 0.500 a 7.649 0.56 b N.D 0.04990 d 47.2 ¢
Ni45 Pb45 0.500 a 7.32] 0.58 a N.D 0.05002 a 47.5d

* Means followed by the same letters within columns are significantly different at p <0.05 according to the
Duncan test, and vice versa.

Table 4.36. Effects of nickel, lead and their interactions mean of some macro- nutrient of the soil of
R. pseudoacacia.
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* Means followed by the same letters within columns are significantly different at p <0.05 according

to the Duncan test, and vice versa.

N P K Mg Ca SOs4
Treatments
(%)
Nickel con. (mg.kg™? soil)
Ni O 0.00279 a 0.00320 b 2.166 a 0.00365 a 11.999 ab 0.00078 ¢
Ni 15 0.00229 b 0.00385 a 0.988 b 0.00316 b 12.046 ab 0.00066 d
Ni 30 0.00233 b 0.00245 ¢ 1.32b 0.00352 a 11.797 b 0.00110 b
Ni 45 0.00202 c 0.00253 ¢ 1.089 b 0.00227 ¢ 12.501 a 0.00142 a
Lead con. (mg.kg™ soil)
Pb 0 0.00230 b 0.00308 b 1.540 ab 0.00245 ¢ 11.028 ¢ 0.00105 a
Pb 15 0.00193 ¢ 0.00264 c 1.314 ab 0.00301 b 13.150 a 0.00113 a
Pb 30 0.00294 a 0.00365 a 1.059 b 0.00366 a 12.133 b 0.00110 a
Pb 45 0.00226 b 0.00266 ¢ 1.656 a 0.00348 a 12.0324 b 0.00069 b
Interaction between Ni & Pb con.
NiO PhO 0.00200 efg | 0.00285 ¢ 3.042a | 0.00256 efg 10.722 cd 0.00074 fg
NiO Ph15 0.00181 fg | 0.00492 ab 2.867 a 0.00306 de 13.611a 0.00108 d
NiO Ph30 0.00423 a 0.00189 d 1.042 c 0.00604 a 10.584 cd 0.00065 gh
NiO Ph45 0.00313 b 0.00314 c 1.712 bc 0.00290 ef 13.079 ab 0.00064 gh
Nil5 Pb0 0.00237de | 0.00434 b 0.798 ¢ 0.00250 efg 11.619¢c 0.00077 efg
Nil5 Pb15 0.00180 fg 0.00318 ¢ 1.091¢ | 0.00216 fgh 13.792 a 0.00074 fg
Nil5 Pb30 0.00286 bc 0.00504 a 0.896 ¢ 0.00422 c 11.945 be 0.00046 h
Nil5 Pb45 0.00213 ef 0.00284 c 1.168 c 0.00376 cd 10.828 cd 0.00067 g
Ni30 Pb0 0.00290 bc 0.00312 ¢ 1.042 c 0.00253 efg 9.992d 0.00095 de
Ni30 Pb15 0.00218 def 0.0096 e 0.852 ¢ 0.00493 b 13.447 a 0.00191 b
Ni30 Pb30 0.00210 ef 0.00285 ¢ 0.735¢ 0.00146 h 13.047 ab 0.00093 def
Ni30 Pb45 0.00214 ef 0.00287 c 2.678 ab 0.00518 b 10.704 cd 0.00062 gh
Ni45 Pb0 0.00193 efg | 0.00199d 1.279c¢ | 0.00221 fgh | 11.778 bc 0.00173 c
Ni45 Pb15 0.00193 efg | 0.00149 de 0.445 ¢ 0.00188 gh 11.749 be 0.00078 efg
Ni45 Pb30 0.00258 cd | 0.00482 ab | 1.565 bc 0.00292 ef 12.958 ab 0.00235 a
Ni45 Pb45 0.00164 g 0.00182 d 1.065c 0.00209 gh 13.519a 0.00082 efg

Table 4.37. Effects of nickel, lead and their interactions mean of some micro- nutrient of the soil of

R. pseudoacacia.

117




Treatments Cu ¢ 2l i M
%

Nickel con. (mg.kg™ soil)
Ni O 0.00550 b 0.493 b 0.068 a 0.00589 b 0.0725a
Ni 15 0.00485 b 0.510ab | 0.109 a 0.00710 a 0.0289 a
Ni 30 0.00760 a 0.563 a 0.068 a 0.00755 a 0.0397 a
Ni 45 0.0588 b 0.534ab | 0.069 a 0.00737 a 0.0853 a
Lead con. (mg.kg™ soil)
Pb 0 0.00443 b 0.506 a 0.131a 0.00623 b 0.0327 a
Pb 15 0.00628 a 0.518a | 0.0695 a 0.00763 a 0.0796 a
Pb 30 0.00682 a 0.565 a 0.113 a 0.00699 ab 0.0834 a
Pb 45 0.00588 a 0.511a | 0.0698 a 0.00707 ab 0.0306 a
Interaction between Ni & Pb con.
NiO PhO 0.00332 f 0.414 b 0.348 a 0.00472d 0.0295 b
NiO Ph15 0.00412ef | 0.489ab | 0.055b 0.00596 cd 0.199 a
NiO Ph30 0.00592 bcde | 0.586a | 0.067 b 0.00591 cd 0.0285 b
NiO Ph45 0.00702 abcd | 0.489ab | 0.075b | 0.00699 abcd 0.0326 b
Nil5 Pb0 0.00398 ef | 0.488ab | 0.052b | 0.00622 abhcd 0.0236 b
Nil5 Pb15 0.00501 def | 0.485ab | 0.067 b 0.00738 abc 0.0293 b
Nil5 Pb30 0.00683 abcd | 0.576 a 0.262 a 0.00727 abc 0.0324 b
Nil5 Pb45 0.00358 ef | 0.492ab | 0.056b 0.00754 abc 0.0304 b
Ni30 Pb0 0.00559 cdef | 0.552ab | 0.055 b 0.00736 abc 0.0387 b
Ni30 Pb15 0.00814ab | 0.534ab | 0.083b 0.00851 ab 0.0445 b
Ni30 Pb30 0.00789 abc | 0.604a | 0.056b | 0.00679 abcd 0.0451 b
Ni30 Pb45 0.00879 a 0.561a | 0.078b 0.00757 abc 0.0305 b
Ni45 Pb0 0.00483 def 0.567a | 0.069b | 0.00664 abcd 0.0392 b
Ni45 Pb15 0.00789 abc | 0.566a | 0.074b 0.00869 a 0.0453 b
Ni45 Pb30 0.00667 abcd | 0.493 ab | 0.067 b 0.00799 abc 0.228 a
Ni45 Pb45 0.00415ef | 0.509ab | 0.070b 0.00619 bcd 0.0291 b

* Means followed by the same letters within columns are significantly different at p <0.05 according to the

Duncan test, and vice versa.

Table 4.38. Effects of nickel, lead and their interactions mean of some non - essential heavy metal of

the soil of R. pseudoacacia.
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Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg™? soil)
Ni O 0.00187 b | 0.00331b | 0.000223a | 0.0406 b 0.000636 ab | 0.483a
Ni 15 0.00237 b | 0.00378 ab | 0.000287 a | 0.0486 ab 0.000528 b | 0.566 a
Ni 30 0.00377a | 0.00519a | 0.000322a | 0.0525a 0.000652a | 0.550a
Ni 45 0.00263 ab | 0.00404 ab | 0.000343a | 0.0508 a 0.000522b | 0.492a
Lead con. (mg.kg™ soil)
PbO 0.00275a | 0.00377a | 0.000293a | 0.0502a 0.000509b | 0.539a
Pb 15 0.00258a | 0.00385a | 0.000256a | 0.0433a 0.000551b | 0.479a
Pb 30 0.00316a | 0.00392a | 0.000362a | 0.0471a 0.000595ab | 0.531a
Pb 45 0.00215a | 0.00478a | 0.000265a | 0.0518a 0.000682a | 0.542a
Interaction between Ni & Pb con.
NiO Pb0 0.00187 ab | 0.00283 a | 0.000197 a | 0.0406 bcd | 0.000537 a-e | 0.540 a
NiO Pb15 0.00249 ab | 0.00371a | 0.000198a | 0.0357d 0.000690 a-d | 0.452 a
NiO Pb30 0.00219ab | 0.00281a | 0.000268a | 0.0456 a-d | 0.000685a-d | 0.499 a
NiO Pb45 0.000941 b | 0.00443a | 0.000232a | 0.0406 bcd | 0.000631a-d | 0.441a
Nil5 Pb0 0.00226 ab | 0.00313a | 0.000231a | 0.0454a-d | 0.000422de | 0.538a
Nil5 Pb15 0.00251ab | 0.00328a | 0.000238a | 0.0506 a-d | 0.000606 a-d | 0.462 a
Nil5 Pb30 0.00245ab | 0.00415a | 0.000342a | 0.0387 cd | 0.000439 cde | 0.642a
Nil5 Pb45 0.00227 ab | 0.00458 a | 0.000336a | 0.0595abc | 0.000647 a-d | 0.623 a
Ni30 Pb0 0.00384 ab | 0.00479a | 0.000263a | 0.0505a-d | 0.000507 b-e | 0.584 a
Ni30 Pb15 0.00453a | 0.00484a | 0.000243a | 0.0407 bcd | 0.000627 a-d | 0.496 a
Ni30 Pb30 0.00415a | 0.00520a | 0.000532a | 0.0569 a-d 0.000777a | 0.493a
Ni30 Pb45 0.00255ab | 0.00592a | 0.000251a | 0.0616ab | 0.000697 abc | 0.628 a
Ni45 Pb0 0.00302 ab | 0.00434a | 0.000480 a 0.0644 a 0.000570 a-d | 0.495a
Ni45 Pb15 0.000801 b | 0.00413a | 0.000347 a | 0.0459 a-d 0.000282e | 0.505a
Ni45 Pb30 0.00386 ab | 0.00351a | 0.000306a | 0.0472a-d | 0.000482 cde | 0.492 a
Ni45 Pb45 0.00284 ab | 0.00417a | 0.000241a | 0.0455a-d | 0.000755ab | 0.476a

* Means followed by the same letters within columns are significantly different at

to the Duncan test, and vice versa.

p <0.05 according
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4.3. Effects of nickel, lead and their interactions on some qualitative and quantitative
determination of some phytochemicals total phenolic, flavonoid, glycoside, alkaloid,
steroid, terpene, tannin and saponin of G. triacanthos, L. leucocephala and R.

pseudoacacia dry leaves

4.3.1 Qualitative determination of the phytochemical constituents of the studied plant species

Table (4.39) presents the results of the secondary metabolite including total phenole, flavonoid,
glycoside, alkaloid, steroid, terpene, tannin and saponin obtained by used water, methanol and ethyl
acetate extracts of G. triacanthos, L. leucocephala and R. pseudoacacia dry leaves. The methanol and
ethyl-acetate extracts revealed the presence of all the tested phytochemicals, except for the saponins that
presence only by water extract. Whereas the metahanol and ethyl acetate extracts show a positive result
for phenols, flavonoids, glycosides, alkaloids, steroids, terpenes and tannins. The presence of
phytochemicals such as phenols, flavonoids, glycosides and alkaloids of all extract solvents water,
methanol and ethyl acetate showed positive results of G. triacanthos, L. leucocephala and R. pseudoacacia
dry leaves. The results of qualitative phytochemical analysis of different plant species revealed the
existence of some bioactive constituents and their corresponding concentrations are presented in
increasing order of magnitude: saponins > phenols > flavonoids > glycosides > alkaloids > terpenes >
steroids > tannins were presence of a wide range of phytochemicals thus indicating the G. triacanthos, L.
leucocephala and R. pseudoacacia dry leaves provide the anticipated promising biological response.
While polarity of the solvent is the key concern in extracting secondary plant metabolites. This study,
primarily aimed to carry out a preliminary phytochemical screening to detect the major classes of bioactive
compounds presented in G. triacanthos, L. leucocephala and R. pseudoacacia dry leaves and three
solvents water (aqueous), methanol, and ethyl acetate were used to determine the best plant species and
solvents can be used for extraction. The results obtained in the present study revealed the concentration
of the bioactive compounds of different plant dry leaves extracts. The methanol and ethyl - acetate extracts
for thee plant dry leaves contain a higher content of bioactive compounds, which can be used for further

researches on these plants.
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Table 4.39. The qualitative screening phytochemical for G. triacanthos (G.), L. leucocephala (L. ) and R. pseudoacacia (R.) dry
leaves by three extract solvents ( water, methanol and ethyl acetate).

Phytochemical ) Water extract Methanol extract Ethyl-Acetate extract
] Name of the test | Observation
constituents G. L. R. G. L. R. G. L. R.
Phenols Folin—Ciocalteu
Blue colour +++ +++ +++ ++++ +4+++ | -+ ++ ++ ++
method
Flavonoids Dowd method Red color ++ + ++ +++ ++ +++ + + +
Phenol-Sulphuric
Glycosides Yellow color + +++ + + ++++ + + ++ +
Acid solution
Alkaloids Wagner’s test Brown colored + + + ++ ++ ++ + + +
Steroids Liebermann- _ _ _
Darkgreen color + ++ + ++ + +
Burchard test
Terpenoids Salkowski test Reddish brown _ _ _ ++ ++ + ++ ++ +
Tannins Braemer test Darkgreen color _ _ _ + ++ + + ++ +
Saponins Foam test Formation of foam | ++++ +++ + _ _ _ _ _ _

Note: ++++ (Very High) +++ (High), ++ (Moderate) + (low) £ (negligible) and - (Nil).
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4.3.2 Quantitative determination of the phytochemical constituents of three plant species

The results shown in the tables 4.40, 4.41, 4.42, 4.43, 4.44, 4.45, 4.46 and 4.47 indicate that the effect
of Ni, Pb and their interactions were significant on quantitative phytochemical studies including total
phenolic, flavonoid, glycoside, alkaloid, steroid, terpene, tannin and saponin for G. triacanthos, L.
leucocephala and R. pseudoacacia dry leaves, extracted by methanol, water and ethylacetate.

For each of total phenolic (TPC), flavonoids (TFC), glycosides (TGC), alkaloids (TAC) content using
methanol as an extraction solvent gave the highest values of these compounds followed by water then
ethylacetate for the three studied species.

For each of total steroid (TSTC), terpenes (TTEC), tannins (TTC) content, only methanol and
ethylacetate were used as extracting solvents, whereas total saponine (TSC) was extracted only by water.

The highest value of the total phenolic content (TPC) was extracted; first by methanol solvent (44.76
and 26.39) mg/g for G. triacanthos and R. pseudoacacia dry leaves, second by water solvent (9.54 and
5.96) mg/g for G. triacanthos and R. pseudoacacia, third by ethyl-acetate solvent (6.27 and 2.35) mg/g
for G. triacanthos and R. pseudoacacia respectively were recorded from 30 or 45 mg.kg? NiCl,
concentrations, while the lowest value of the TPC was extracted for methanol solvent (34.08 and 24.57)
mg/g for G. triacanthos and R. pseudoacacia dry leaves, for water solvent (5.48 and 4.33) mg/g for G.
triacanthos and R. pseudoacacia, and for ethyl-acetate solvent (2.56 and 1.84) mg/g only for G.
triacanthos and R. pseudoacacia respectively were recorded in the control treatment, while the TPC
decreased by three solvent extracts of L. leucocephala as compared to the control treatment. Some of the
TPC which extracted by three solvent for the three plant species were increased with increasing the Pb
element concentrations from 45 mg.kg™ PbCl, as compared to the control treatment. The interactions
between the Ni and Pb concentrations also had significant effects and increased with increasing Ni or pb
concentrations from 45 mg.kg* NiCl, or PbCl, concentrations on the TPC of different plant species by
different solvent extracts, except the TPC of L. leucocephala was decreased by water solvent extract, as it
seen in the table (4.40).

Higher total flavonoid content (TFC) were extracted from methanol and water for all plant species (G.
triacanthos, L. leucocephala and R. pseudoacacia) dry leaves. The highest value of the TFC was extracted,;
first by methanol solvent (14.89, 8.59 and 14.78 mg/g) for G. triacanthos, L. leucocephala and R.

pseudoacacia dry leaves, second by water solvent (3.83, 2.02 and 3.16) mg/g for G. triacanthos, L.
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leucocephala and R. pseudoacacia, third by ethylacetate solvent (2.30, 0.77 and 1.96) mg/g for G.
triacanthos, L. leucocephala and R. pseudoacacia dry leaves respectively were recorded for the control
and 15, 30 and 45 mg.kg?, while the lowest value of the TFC was extractions; First by methanol solvent
(9.38, 7.94 and 11.09) mg/g for G. triacanthos, L. leucocephala and R. pseudoacacia dry leaves, second
by water solvent (2.62, 1.50 and 1.86) mg/g for G. triacanthos, L. leucocephala and R. pseudoacacia,
third by ethylacetate (0.33, 0.59 and 0.92) mg/g for G. triacanthos, L. leucocephala and R. pseudoacacia
respectively were recorded to 15, 30 and 45 mg.kg™? treatments. Some of the TFC by the three solvent
extractions for the three plant species increased with increasing the Pb element concentrations from 30
and 45 mg.kg™ PbCl, concentrations as compared to the other treatments. The interactions between the Ni
and Pb concentrations had significant effects and increased with increasing Ni or pb concentrations from
45 mg.kg? NiCl, or PbCl. concentrations on the TFC of the three plant species by different solvent
extracts, except the TFC was decreased by three solvent extracts of G. triacanthos, as clear in table (4.41).

Total glycoside content (TGC) by three of the solvent extractions (methanol, water and ethylacetate) for
one of the plant species (L. leucocephala dry leaves) increased with increasing the Ni element
concentration. The highest value of the TGC was extractions; First by the methanol solvent (1.44, 47.46
and 1.38) mg/g for three studied species, second by water solvent (35.80 mg/g) only for L. leucocephala
, third by ethyl-acetate solvent (12.27 mg/g) only for L. leucocephala dry leaves respectively were
recorded for 30 and 45 mg.kg™ NiCl. concentrations as compared to other treatments, while the lowest
value of the TGC was extractions; First by methanol solvent (0.48, 36.28 and 0.46 mg/q) for three studied
species, second by water solvent (23.57 mg/g) for L. leucocephala, third by ethylacetate solvent (7.89
mg/g) only for L. leucocephala dry leaves respectively were recorded for 15 mg.kg™* NiCl, concentration,
while the TGC was decreased with increasing Ni concentration for G. triacanthos and R. pseudoacacia
by water and ethyl acetate solvent extraction. Some of the TGC by the different solvent extractions for the
different plant species were increased with increasing the Pb element concentrations from 45 mg.kg*
PbCl, concentrations as compared to the control treatment. The interactions between the Ni and Pb
concentrations had significant effects and increased with increasing Ni or pb concentrations from 15, 30
and 45 mg.kg™? NiCl, or PbCl, concentrations on the TGC of the different plant species by different

solvent extracts, as presented in table (4.42).

Adding NiCl, increased significantly total alkaloids content (TAC) in G. triacanthos and L.
leucocephala where it extracted by methanol, where it reached to 2.20 and 4.88 mg/g for 45 and 30 mg.kg"
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Las compared to 15 mg.kg™?, whereas it decreased significantly to 0.30 mg/g dry weight in the 45 mg.kg"
! for R. pseudoacacia as compared to the control treatment. When adding NiCl, increased significantly
total alkaloids to 0.30 and 0.011 mg/g in the 45 or 15 mg.kg™ for L. leucocephala and R. pseudoacacia
by water as compared to the control treatment and 15 mg.kg?. Adding NiCl; to G. triacanthos that
extracted with water decreased significantly total alkaloids with increasing NiCl, to 0.046 mg/g for 45
mg.kg? treatment as compared to the control treatment. Total alkaloids increased with increasing
concentrations of NiCl, to 0.609 and 0.022 mg/g for 15 and 45 mg.kg® of L. leucocephala and R.
pseudoacacia by ethyl acetate, whereas it decreased to 0.093 mg/g in the 45 mg.kg™ for G. triacanthos as
compared to control treatment. Regarding the effects of PbCl; in the studied species that extracted with
methanol lead to increasing the total alkaloid in G. triacanthos, L. leucocephala and R. pseudoacacia
species to 2.022, 4.88 and 0.49 mg/g for 30 and 45 mg.kg™?, whereas with water and ethylacetatte using
PbCl, increased total alkaloid significantly to 0.073 and 0.151 mg/g for G. triacanthos, whereas it
decreased significantl to 0.206 and 0.407 for L. leucocephala and to 0.0047 and 0.010 mg/g for R.
pseudoacacia when 15 or 45 mg.kg™. The interactions between the Ni and Pb concentrations had
significant effects and increased with increasing Ni or Pb concentrations from 30 and 45 mg.kg™ NiCl, or
PbCl, concentrations on some TAC of the different plant species by different solvent extracts, as shown
in table (4.43).

Using NiCly increased significantly total steroid content (TSTC) in L. leucocephala and R.
pseudoacacia dry leaves to 0.077, 0.026, 0.057 and 0.034 mg/g dry matter extracted with methanol and
ethylacetate solvents for 30 and 45 mg.kg? as compared to other treatment. Whereas adding NiCl;
decreased significantly G. triacanthos species, content of total steroid to 0.029 and 0.0435 mg/g for
methanol and ethylacetate extracts compared to the control treatment (0.44 and 0.0672 mg/g) respectively.
The concentration 45 mg.kg™® PbCl, increased G. triacanthos content of total steroid significantly to 0.047
and 0.071 mg/g for methanol and ethyacetate extracts. Only the treatment 30 mg.kg™ PbCl, increased
total steroid significantly to 0.077 mg/g in L. leucocephala dry leaves with methanol extraction, whereas
using ethylacetate with 15 mg.kg? PbCl. decreased total steroid significantly to 0.0374 mg/g for L.
leucocephala as compared to control treatments. Whereas with methanol and ethylacetate solvents using
PbCl, decreased total steroid significantly to 0.0225 and 0.0233 mg/g for R. pseudoacacia when 15 mg.kg"
1. The interactions between the Ni and Pb concentrations had significant effects and increased with
increasing Ni or Pb concentrations from 30 and 45 mg.kg™ NiCl. or PbCl; concentrations on the total

steroid content with ethylacetate solvent extract for the three studied species, whereas with methanol
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solvent extract was decreased with increasing high concentrations of the different plant species, as see in
the table (4.44).

Regarding total terpenes content (TTEC) adding NiCl. by 15 or 30 or 45 mg.kg? increased total
terpenes significantly to 4.44, 3.68, 1.39, 4.16, 3.39 and 1.02 mg/g dry wight as compared to control and
15 treatment for G. triacanthos, L. leucocephala and R. pseudoacacia species extracted with methanol
and ethylacetate solvents. Adding PbCl. increased total terpenes content significantly to 3.69, 3.73, 3.79,
3.44 and 1.08 mg/g dry weight for G. triacanthos, L. leucocephala and R. pseudoacacia species extracted
by methanol and ethylacetate solvents. Interactions between Ni and Pb treatments records significant
differences between them, when adding NiClz and/ or PbCl; increased total terpenes significantly for all
treatments compared to the control for G. triacanthos, L. leucocephala and R. pseudoacacia using
methanol or ethylacetate solvents, it is clearified in table (4.45).

Using NiCl increased significantly total tannin content (TTC) extracted by methanol and ethylacetate
for G. triacanthos, L. leucocephala and R. pseudoacacia species where highest values were 0.055, 2.01,
0.092 and 1.02 recorded for 30 or 45 mg.kg™. NiCl, significance decreased in tannins when NiCl, was
added where methanol was used as solvent extraction for R. pseudoacacia and ethylacetate for L.
leucocephala both treatments the control gave the highest tannins (0.28 and 3.44) mg/g respectively. PbCl
also increased L. leucocephala and R. pseudoacacia content of tannins significantly in some
concentrations compared to the control treatment, except G. triacanthos species which their content of
tannins decreased with adding PbCl,. The interactions between the Ni and Pb concentrations had
significant effects and increased with increasing Ni or Pb concentrations from 15, 30 and 45 mg.kg* NiCl,
or PbCl> concentrations on the total tannin content of the different plant species by different solvent

extracts, as it displayed in the table (4.46).

Total saponin content (TSC) extracted only by water for the studied plant species it decreased with
increasing the Ni element concentrations as compared to the control treatment. The highest value of the
TSC was ( 54.14, 32.10 and 1.64) mg/g for G. triacanthos, L. leucocephala and R. pseudoacacia dry
leaves were recorded in the control treatment, while the lowest value of the TSC was ( 24.14, 19.68 and
0.23) mg/g for G. triacanthos, L. leucocephala and R. pseudoacacia dry leaves were recorded from 30 or
45 mg.kg™ NiCl, concentrations. The TSC increased with increased the Pb element concentrations from
45 and 30 mg.kg* PbCl, concentrations as compared to the control treatment only for L. leucocephala and

R. pseudoacacia species where highest values (30.93 and 1.40 mg/g) were recorded for the 45 and 30
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mg.kg? concentrations, and for G. triacanthos adding PbCl, decreased the TSC significantly compared to
the control treatment (46.64) mg/g. The interactions between the Ni and Pb concentrations had significant
effects and increased with increasing Ni or Pb concentrations from 30 and 45 mg.kg? NiCl, or PbCl,
concentrations on the TSC for L. leucocephala and R. pseudoacacia dry leaves by one of the solvent
extracts (water) as compared to other treatments, except for G. triacanthos decreased with increasing high

concentrations, as seen in table (4.47).
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Table 4.40. Effects of nickel, lead and their interactions mean of total phenolic content of G. triacanthos (G.), L. leucocephala
(L.) and R. pseudoacacia (R.) leaves.

Phenolic mg/g dry weight

Treatments Methanol extract Water extract Ethylacetate extract
G. | L. | R. G. | L. \ R. G. L | R.

Nickel con. (mg.kg soil)
Ni 0 34.08 ¢ 45.27 a 24.74 ¢ 548D 12.08 a 4.33¢ 2.56 d 6.62 a 1.84c
Ni 15 33.77¢C 44,48 b 2457 ¢ 5.49 b 11.78 b 446 C 2.80¢c 6.78 a 195D
Ni 30 41.38b 40.65 ¢ 26.39a 8.90 a 10.80 ¢ 554 b 3.78 b 1.01c 2.35a
Ni 45 44,76 a 28.64d 25.08 b 9.54a 7.62¢C 5.96 a 6.27 a 1.82b 1.80c
Lead con. (mg.kg™ soil)
Pb 0 41.04 ab 40.14 b 26.00 a 7.89a 10.56 b 5.40a 4.25a 4.03 a 184 c
Pb 15 30.76 c 33.43d 22.39b 6.73 b 8.92d 4.08b 4.12 ab 4.10a 1.62d
Pb 30 41.35a 38.16 ¢ 26.33 a 7.99a 10.27 ¢ 5.49a 3.01c 3.97a 195D
Pb 45 40.84 b 47.32a 26.05a 6.80 b 12.53 a 5.32a 4.02b 4.14 a 254 a
Interaction between Ni & Pb con.
NiO Pb0 38.95¢e 51.89a 28.35 hc 6.15 cd 13.81 ab 5.06d 3.01 fg 7.48Db 1.965¢e
NiO Pb15 36.11 h 48.05d 26.23 e 5.86 cd 12.87 ¢ 443 ¢ 2.89¢g 7.03¢c 1.885 ef
Ni0 Pb30 30.32 jk 40.30 f 22.14 ¢ 4.95 cd 10.81 e 3.89f 2.16 h 5.96 d 1.723 fg
NiO Pb45 30.95 40.85f 22.25¢ 4.96 cd 10.84 ¢ 3.94 ef 2.17 h 6.03 d 1.783 f
Nil5 Pb0 26.98 | 35.30¢g 19.31h 4.09d 9.19f 3.29¢g 2.22 h 5.48¢e 1.571 gh
Nil5 Pb15 30.14 k 40.05 f 22.03 g 5.06 cd 10.74 ¢ 4.15 ef 2.52 h 6.17 d 1.712 fg
Nil5 Pb30 39.85d 52.29 a 28.96 b 6.64 c 13.93a 541d 3.30f 8.10a 2.312 cd
Nil5 Pb45 38.12 f 50.29 b 27.98 ¢ 6.18 cd 13.27 bc 5.0d 3.17 fg 7.39b 2.215d
Ni30 Pb0 59.10 b 51.05 b 28.09 ¢ 10.41 ab 13.31 bc 7.92b 2.98 fg 0.64 | 2.40c
Ni30 Pb15 36.15h 18.33 ] 26.23 e 10.08 ab 4.89 i 4.92d 4.05e 1.15i 1.178 i
Ni30 Pb30 33.101i 44,05 e 24.08 f 9.06 b 11.94d 4.22 ef 2.39 h 0.64 | 2.728 b
Ni30 Pb45 37.16 g 49.20 c 27.15d 6.04 cd 13.04 ¢ 5.11d 5.68 ¢c 1.61h 3.082 a
Ni45 Pb0 39.14 e 22.32i 28.25¢ 10.91 ab 5.94 h 5.33d 8.81a 251 f 1.406 h
Ni45 Pb15 20.63 m 27.31h 15.05i 5.92 cd 7174 2824 70b 2.06 g 1.717 fg
Ni45 Pb30 62.14 a 15.99 k 30.16 a 11.29a 4,40 i 8.44 a 4.20e 1.20i 1.025i
Ni45 Pb45 57.14 ¢ 48.94 c 26.84 de 10.03 ab 12.97 ¢ 7.25¢C 5.07d 1.52 hi 3.062 a

*Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.41. Effects of nickel, lead and their interactions mean of total flavonoid content of G. triacanthos (G.), L. leucocephala
(L.) and R. pseudoacacia (R.) leaves.

Treatments Flavonoid mg/g dry weight
Methanol extract Water extract Ethylacetate extract
G. | L. | R G. \ L. \ R. G. | L | R
Nickel con. (mg.kg soil)
Ni 0 14.89a 8.13 bc 11.39¢ 3.79a 1.54c 1.96 b 2.30a 0.64b 094c
Ni 15 1459 a 7.94 ¢ 11.09d 3.83a 1.50d 1.86 b 2.27b 0.62b 0.92¢c
Ni 30 13.12b 8.59a 13.64 b 347b 1.86 b 3.06 a 0.33d 0.77 a 1.25b
Ni 45 9.38¢ 8.33ab 14.78 a 2.61c 2.02a 3.16a 0.59¢ 0.59¢ 1.96a
Lead con. (mg.kg™ soil )
Pb 0 12.92b 8.37a 13.52 ab 344b 1.83 b 2.65a 1.37b 0.62b 131a
Pb 15 10.95¢ 7.34b 10.35¢ 3.03¢ 1.38¢c 2.13b 1.36 b 0.53¢ 1.34a
Pb 30 1256 b 8.62 a 13.65a 3.10¢ 1.87a 2.71a 1.35hb 0.63b 1.01b
Pb 45 15.55a 8.66 a 13.37b 412 a 1.84b 2.57a 141a 0.84 a 140a
Interaction between Ni & Pb con.
NiO Pb0 17.06 ab 9.23b 12.94d 4,34 a 1.72 de 2.42d 261b | 0.707d 1.055 ef
NiO Pb15 15.85¢ 8.88 bc 12.19¢ 4,32 a 1.62f 2.02 defg 242d | 0.696d 1.035 ef
Ni0 Pb30 13.31e 7.15¢ 10.10 g 3.14b 1.40 h 1.69 fgh 2.09e | 0.548ef | 0.824fg
NiO Pb45 13.35¢ 7.28¢ 10.34 g 3.35b 1.40 h 1.70 fgh 210e | 0.599¢e 0.827 fg
Nil5 Pb0 11.44 f 6.25f 8.92h 3.11b 1.22i 1.50 h 1.81f | 0.500 fg 0.717 g
Nil5 Pb15 13.21e 7.10¢e 10.13 g 3.61b 1.34h 1.64 gh 2.05e | 0532f 0.818 fg
Nil5 Pb30 17.31a 9.17b 13.06 d 4.32a 1.79¢ 2.21 de 2.68a | 0.729d 1.102 de
Nil5 Pb45 16.41 bc 9.27b 12.24 e 4.29a 1.67 ef 2.11 def 254c¢ | 0.714d 1.053 ef
Ni30 Pb0 16.07 ¢ 8.91 bc 19.20 b 4.25a 2.64 b 3.32 bc 0.23 1 0.797 ¢ 1.061 ef
Ni30 Pb15 5751 8.31 cd 12.06 e 1.70 de 161f 2.90c 0.34k | 0.346 h 1.323 cd
Ni30 Pb30 14.38d 8.08d 11.08 f 3.49b 1.50¢g 3.02 bc 0.22 0.909 b 0.727¢g
Ni30 Pb45 16.26 ¢ 9.06 b 12.20 e 444 a 1.69 de 3.02 bc 051i 1.031a 1.899 b
Ni45 Pb0 7.12h 9.10b 13.02d 2.07 cd 1.74 cd 3.35b 0.82g | 0535f 2.424 a
Ni45 Pb15 8.99¢g 5.07¢g 7.021i 2.50c 0.93] 1.94 efg 0.64h | 0.473¢g 2.199 a
Ni45 Pb30 5221 10.09 a 20.37 a 143e 2.81la 3.92a 0.40j 0.319h 1.399 ¢
Ni45 Pb45 16.18 ¢ 9.04 b 18.70 c 443 a 2.61D 3.44 b 0511 1.023 a 1.809 b

*Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.42. Effects of nickel, lead and their interactions mean of total glycoside content of G. triacanthos (G.), L. leucocephala
(L.) and R. pseudoacacia (R.) leaves.

Glycoside mg/g dry weight
Treatments Methanol extract Water extract Ethylacetate extract
G. | L. | R. G. | L. | R G. | L | R
Nickel con. (mg.kg soil)
Ni 0 1.39Db 42.03 ¢ 1.33b 1.24b 27.33 ¢ 1.26 Db 0.73b 9.47c 0.79b
Ni 15 0.48d 36.28 d 0.46d 1.34 a 23.57 d 142 a 0.83a 7.89d 0.87a
Ni 30 144 a 55.03 a 1.38a 0.80c 35.80 a 0.85¢ 0.68 ¢ 12.27 a 0.71c
Ni 45 0.81c 4746 b 0.78 ¢ 0.49d 30.89 b 0.50d 0.46d 10.73b 0.48d
Lead con. (mg.kg™ soil )
Pb 0 1.39a 38.42d 1.35a 122 a 24.99 d 1.28 a 0.68b 8.55d 0.711b
Pb 15 112D 39.93 ¢ 1.07b 1.15b 26.02 ¢ 1.20b 0.66 b 891c 0.706 b
Pb 30 0.70d 60.63 a 0.66d 1.07c¢c 39.45a 1.09c¢c 0.63¢ 13.64 a 0.655 ¢
Pb 45 091c 41.82b 0.88 ¢ 0.43d 27.13b 0.46d 0.74 a 9.25b 0.773a
Interaction between Ni & Pb con.
NiO Pb0 2.44 a 38.251 2.34a 121e 25.08 h 1.23d 0.75¢e 8.36 h 0.81e
Ni0 Pb15 1.61 b 42279 152b 1.32d 27.40 g 1.35¢ 0.84 d 9.63 ¢ 0.91d
Ni0 Pb30 0.53i 57.46 C 0.51h 1.81b 37.43¢C 1.85b 114 ¢ 13.06 ¢ 1.22¢c
NiO Pb45 0.99¢g 30.13 | 0.95f 0.61 k 19.39 k 0.623 j 0.21] 6.83i 0.22 i
Nil5 Pb0 0.36 ] 28.21'm 0.321i 1.93a 18.29 | 2.04 a 1.24 b 6.22 1.32b
Nil5 Pb15 0.31 jk 27.10n 0.30i 1.73¢c 17.39 m 1.82b 1.15¢ 5.67 k 1.19¢c
Nil5 Pb30 0.34 jk 47.42 f 0.33i 1.16f 31.12f 1.21d 0.73 e 10.32 f 0.75f
Ni15 Pb45 0.91h 42.40 g 0.89 g 0.54 | 27.49 g 0.60 j 0.20 j 9.35g 0.21i
Ni30 Pb0 153c 50.16 e 1.50 b 0.94 h 32.25¢e 1.02 f 0.27 hi 11.21e 0.28 h
Ni30 Pb15 1.40d 55.31d 1.32¢ 0.84i 36.18 d 091¢ 0.30 gh 12.30d 0.31h
Ni30 Pb30 1.62b 75.36 a 1.54b 1.03 g 49.25 a 1.07e 041f 17.08 a 04149
Ni30 Pb45 1.19f 39.28 h 114 ¢ 0.39m 25.34 h 0.41 k 1.72 a 8.48 h 181la
Ni45 Pb0 1.25e 37.08 j 1.22d 0.81i 24.14 i 0.84 h 0.44 f 8.41h 0.43¢g
Ni45 Pb15 1.16f 35.03 k 111e 0.72j 2312 0.73 i 0.35¢g 8.06 h 041g
Ni45 Pb30 0.29 k 62.27 b 0.24 0.25n 40.00 b 0.211 0.23ij 14.09 b 0.24 i
Ni45 Pb45 0.54 i 55.48 d 0.55h 0.190 36.29 d 0.20 | 0.81d 12.34d 0.84 e

*Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.43. Effects of nickel, lead and their interactions mean of total alkaloid content of G. triacanthos (G.), L. leucocephala (L.)
and R. pseudoacacia (R.) leaves.

Alkaloid mg/g dry weight

Treatments Methanol extract Water extract Ethylacetate extract

G. | L. | R. G. | L. | R. G. | L | R
Nickel con. (mg.kg soil)
Ni 0 1.66¢c 457¢ 0.46 a 0.070a 0.21d 0.0010 ¢ 0.142a 0.464 c | 0.0020 c
Ni 15 1.63d 454 ¢ 0.44 a 0.069 a 0.22¢ 0.00098 d 0.140a 0.458 ¢ | 0.0020 ¢
Ni 30 2.01b 4.88 a 042b 0.062 b 0.28b 0.011a 0.129 b 0.538b | 0.022a
Ni 45 2.20a 467D 0.30 ¢ 0.046 c 0.30 a 0.010b 0.093c 0.609a | 0.021b
Lead con. (mg.kg™ soil )
Pb 0 2.00 ab 479 ¢ 040b 0.063 b 0.272a 0.0062 a 0.128 b 0.555a | 0.013a
Pb 15 1.489 ¢ 4.15d 0.34¢ 0.053d 0.206 b 0.0047d 0.106 d 0.407b | 0.010c
Pb 30 2.022 a 4.88 a 0.39b 0.059 ¢ 0.258 a 0.0060 b 0.119c¢c 0.552a | 0.012b
Pb 45 1.994 b 4.83Db 0.49 a 0.073 a 0.271a 0.0059 ¢ 0.151a 0.556a | 0.012b
Interaction between Ni & Pb con.
NiO Pb0 1.88 de 5.13d 0.50 bc 0.81a 0.25 bc 0.0013i 0.163 a 0.53 cd 0.0023 g
NiO Pb15 1.74 ¢ 4.83f 0.49¢ 0.075b 0.24 bed 0.0011 k 0.152 ¢ 0.49e 0.0021 gh
Ni0 Pb30 1511 4.15 hi 04le 0.064 c 0.13¢g 0.0009 | 0.120 f 041f 0.0018 hi
NiO Pb45 1511 4,17 h 0.42¢ 0.062 ¢ 0.21 def 0.0009 | 0.131e 0.42f 0.0018 hi
Nil5 Pb0 1.32k 3.61] 0.34f 0.053d 0.18 f 0.0008 m 0.112¢g 0.36 g 0.0016i
Nil5 Pb15 145] 4.08 i 04le 0.063 ¢ 0.20 ef 0.0009 | 0.125 ef 041f 0.0018 hi
Nil5 Pb30 1.93d 5.33b 0.52 ab 0.081 a 0.26 b 0.0011 ij 0.164 a 0.54c 0.0023 g
Nil5 Pb45 1.84 ef 5.15d 0.51 abc 0.080 a 0.25 bc 0.0011 jk 0.160ab | 0.52cde | 0.0023¢g
Ni30 Pb0 2.89b 5.19 cd 0.53a 0.081 a 0.39a 0.0113c 0.162 a 0.79b 0.0230 b
Ni30 Pb15 1.74 g 4.84 f 0.19i 0.029 ¢ 0.24 bed 0.0106 f 0.060 j 041f 0.0216 d
Ni30 Pb30 1.60 h 4.45¢ 0.45d 0.064 ¢ 0.22 cde 0.0098 g 0.140d 0.44 f 0.0194 e
Ni30 Pb45 1.82f 5.03 e 0.51 abc 0.074 b 0.24 bc 0.0109d 0.154 bc 0.51 de 0.0222 ¢
Ni45 Pb0 1.92d 5.25¢ 0.24 h 0.036 f 0.26 b 0.0115b 0.073 i 0.53 cd 0.0232 b
Ni45 Pb15 1.031 2.83 k 0.28¢g 0.044 e 0.14 g 0.0061 h 0.090 h 0.29 h 0.0125f
Ni45 Pb30 3.05a 5.61a 0.17 0.026 g 0.41a 0.0122 a 0.052 k 0.84a 0.0244 a
Ni45 Pb45 2.82¢c 498 e 0.50 abc 0.077 ab 0.38a 0.0108 e 0.157 abc 0.78 b 0.0221c

*Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.44. Effects of nickel, lead and their interactions mean of totall steroid content of G.
triacanthos (G.), L. leucocephala (L.) and R. pseudoacacia (R.) leaves.

Treatments Steroid mg/g dry weight
Methanol extract Ethylacetate extract

G. | L. R. G. | L. | R
Nickel con. (mg.kg™ soil)
Ni 0 0.044a 0.034 b 0.0253 b 0.0672 a 0.0314c 0.026 ¢
Ni 15 0.045a 0.033b 0.0246 c 0.0672 a 0.0301d 0.025d
Ni 30 0.040 b 0.077 a 0.0260 a 0.0613 b 0.0570 a 0.031b
Ni 45 0.029c 0.044 b 0.0248 ¢ 0.0435¢ 0.0543 b 0.034 a
Lead con. (mg.kg™ soil )
Pb 0 0.040b 0.041b 0.0263 a 0.060 b 0.0457 a 0.0312 a
Pb 15 0.032d 0.030b 0.0225¢ 0.050 d 0.0374 b 0.0233 b
Pb 30 0.038 ¢ 0.077 a 0.0261 ab 0.058 ¢ 0.0449 a 0.0309 a
Pb 45 0.047 a 0.040 b 0.0259 b 0.071a 0.0448 a 0.0309 a
Interaction between Ni & Pb con.
NiO Pb0 0.0515a 0.039b 0.0285b 0.0735cd 0.0359 f 0.0299d
NiO Pb15 0.0435¢ 0.036 b 0.0270 cd 0.0714d 0.0319h 0.0279 ef
NiO Pb30 0.0404 d 0.030b 0.0230 e 0.0619 f 0.0290 i 0.0229 h
NiO Pb45 0.0405d 0.031b 0.0230 e 0.0620 f 0.0289 i 0.0239¢
Ni15 Ph0 0.0360 e 0.027b | 0.0205g | 0.0540¢ 0.0250 0.0210j
Nil5 Pb15 0.0395d 0.029 b 0.0220 f 0.0600 f 0.0285 i 0.0225 h
Nil5 Pb30 0.0525 a 0.039b 0.0285b 0.0795 a 0.0325 gh 0.0295d
Nil5 Pb45 0.0505 ab 0.038 b 0.0275¢ 0.0755 bc 0.0345 fg 0.0285¢
Ni30 PbO 0.0505 ab 0.059 b 0.0275¢ 0.0765b 0.0605 bc 0.0445b
Ni30 Pb15 0.0185h 0.036 b 0.0265 d 0.0275j 0.0565 d 0.0275 f
Ni30 Pb30 0.0435¢c 0.177a 0.0235¢ 0.0665 e 0.0525¢e 0.0245¢
Ni30 Pb45 0.0485b 0.037b 0.0265 d 0.0745 bc 0.0585 cd 0.0275 f
Ni45 Pb0 0.0225¢g 0.039b 0.0285b 0.03451i 0.0615b 0.0295d
Ni45 Pb15 0.0275 f 0.021b 0.0145h 0.0415h 0.0325 gh 0.0155
Ni45 Pb30 0.01551i 0.062 b 0.0295 a 0.0245 k 0.0655 a 0.0465 a
Ni45 Pb45 0.0485 Db 0.057 b 0.0265d 0.0735cd 0.0575d 0.0435¢

* Means followed by the same letters within columns are significantly different at
Duncan test, and vice versa.

p <0.05 according to the
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Table 4.45. Effects of nickel, lead and their interactions mean of total terpenes content of G.
triacanthos (G.), L. leucocephala (L.) and R. pseudoacacia (R.) leaves.

Treatments Terpene mg/g dry weight
Methanol extract Ethylacetate extract

G. | L ] R. G. | L. | R
Nickel con. (mg.kg-" soil)
Ni 0 292¢c 351b 0.97c 3.12¢ 3.24b 0.78 c
Ni 15 2.87d 3.68a 0.87d 3.72b 3.39a 0.76 d
Ni 30 4443 3.14¢c 0.99b 416 a 2.89¢c 1.02a
Ni 45 3.22b 2.60d 1.39a 2.57d 2.39d 0.98 b
Lead con. (mg.kg-" soil)
PbO 341b 3.25¢ 1.22a 2.54d 2.99¢ 0.97b
Pb 15 3.69a 3.73a 0.92d 3.72b 3.44 a 0.63d
Pb 30 3.08d 2.64d 1.12b 3.50¢ 2.44d 1.08a
Pb 45 3.28¢ 3.31b 0.96¢c 3.79a 3.05b 0.86¢c
Interaction between Ni & Pb con.
NiO Pb0 2.16n 2.72h 0.65 I 2.17n 2511 0.611
NiO Pb15 4.23d 4.85c 0.71k 471c 451c 0.62 k
NiO Pb30 2.34m 2.70 h 0.80i 2.62 | 2.49 j 1.26d
NiO Pb45 2.95i 3.76 d 1.72a 2.97 i 3.46e 0.62 k
Nil5 PbO 3.9%e 497b 1.59d 391e 457 b 1.35b
Nil5 Pb15 3.20h 5.66 a 0.61m 3.59h 521a 051m
Nil5 Pb30 2.79 k 1.901 0.66 | 2.68 k 1.75n 0.350
Nil5 Pb45 1.56 p 2.20 k 0.62 m 4.69 d 2.02m 0.81h
Ni30 PbO 291j 2.76 ¢ 1.36e 3.67¢g 2.53h 0.73i
Ni30 Pb15 3.83f 2.60 i 0.76 j 259 m 2.39 k 092¢g
Ni30 Pb30 5.06 b 3.43f 1.33f 4.85b 3.16 ¢ 1.75a
Ni30 Pb45 595a 3.77d 0.51n 5.50a 3.48d 0.67
Ni45 Pb0 4.62c 2.55] 1.28¢ 148 p 2.351 1.19e
Ni45 Pb15 3.48¢ 1.80m 1.62c¢c 2.92 ] 1.66 0 0.45n
Ni45 Pb30 2130 2.54 1.69b 3.85f 2.34 1 0.96 f
Ni45 Pb45 2.67 1 349¢e 0.98 h 2.0210 3.22f 134c

* Means followed by the same letters within columns are significantly different at p < 0.05 according
to the Duncan test, and vice versa.
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Table 4.46. Effects of nickel, lead and their interactions mean of total tannin content of G.
triacanthos (G.), L. leucocephala (L.) and R. pseudoacacia (R.) leaves.

Treatments

Tannin mg/g dry weight

Methanol extract

Ethylacetate extract

G. L. R. G. | L. | R.
Nickel con. (mg.kg™ soil)
Ni 0 0.041c 1.90c 0.28 a 0.051c 3.44 a 0.78 c
Ni 15 0.041c 1.88d 0.27b 0.051c 340D 0.77d
Ni 30 0.051b 2.01la 0.25¢ 0.092 a 3.10c 0.94b
Ni 45 0.055a 1.92b 0.18d 0.088 b 2.19d 1.02a
Lead con. (mg.kg™ soil )
PbO 0.050 a 2.00 b 0.25b 0.074 a 3.06 b 0.935b
Pb 15 0.037 Db 1.72d 0.21d 0.061 c 2.56 d 0.705d
Pb 30 0.051a 2.02a 0.24c¢ 0.074a 291c 0.943a
Pb 45 0.050 a 1.99c¢c 0.29a 0.073b 3.60a 0.931c
Interaction between Ni & Pb con.
NiO Pb0 0.048 cd 2.17d 0.319b 0.059 f 3.93b 0.891f
NiO Pb15 0.041f 2.01i 0.296 g 0.055 h 3.65¢ 0.828i
NiO Pb30 0.038¢g 1.71m 0.2511i 0.046 i 3.09j 0.7011
NiO Pb45 0.038¢g 1.711 0.2521i 0.046 i 3.10i 0.705 k
Nil5 PbO 0.033 h 150 0 0.215k 0.041j 2.711 0.616 n
Nil5 Pb15 0.037¢g 1.68n 0.247 j 0.046 i 3.04 k 0.691m
Nil5 Pb30 0.049 ¢ 2.21b 0.323a 0.060 f 3.99a 0.907 d
Nil5 Pb45 0.047 cd 212 f 0.311d 0.057 g 3.84d 0.871¢g
Ni30 PbO 0.072b 214 e 0.314c 0.098 b 3.87c 1.341b
Ni30 Pb15 0.045¢ 2.01j 0.116n 0.092 d 1430 0.825i
Ni30 Pb30 0.041f 2.81 k 0.272 h 0.085¢ 3.35h 0.755
Ni30 Pb45 0.046 de 2.07¢g 0.304 e 0.095c¢c 3.74 ¢ 0.845 h
Ni45 Pb0 0.048 cd 2.18¢c 0.141m 0.098 b 1.73n 0.895¢e
Ni45 Pb15 0.026 i 1.17p 0.1711 0.054 h 211m 0.4790
Ni45 Pb30 0.076 a 23la 0.099 0 0.106 a 1.23p 1411 a
Ni45 Pb45 0.071Db 2.05h 0.301f 0.094 c 3.71f 1.305¢

* Means followed by the same letters within columns are significantly different at p <0.05 according

to the Duncan test, and vice versa.
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Table 4.47. Effects of nickel, lead and their interactions mean of total saponin content of water
extract of G. triacanthos (G.), L. leucocephala (L.) and R. pseudoacacia (R.) leaves.

Treatments Saponin mg/g dry weight

G. | L. R.
Nickel con. (mg.kg™ soil)
Ni 0 54.14a 32.10a 1.64a
Ni 15 26.24c 26.95b 0.70 b
Ni 30 34.45b 19.68 d 0.23¢c
Ni 45 24.14d 26.01c 0.70b
Lead con. (mg.kg™ soil )
PbO 46.64 a 29.29b 0.47c
Pb 15 33.50b 28.83 ¢ 1.17b
Pb 30 27.89d 15.70d 140a
Pb 45 30.93 ¢ 30.93a 0.23d
Interaction between Ni & Pb con.
NiO Pb0 73.13a 40.31c 0.000 d
NiO Pb15 64.69 b 42.19b 1.875b
NiO Pb30 38.44 ¢ 10.310 3.745a
NiO Pb45 40.31d 35.62 ¢ 0.938 ¢
Nil5 PbO 42.19¢ 38.44d 0.938 ¢
Nil5 Pb15 11.22n 31.88f 1.875b
Nil5 Pb30 17.81m 20.63 i 0.000 d
Nil5 Pb45 33.75h 16.88 | 0.000 d
Ni30 PbO 32.81i 15.94 m 0.000 d
Ni30 Pb15 37.49f 25319 0.938 ¢
Ni30 Pb30 35.63 ¢ 17.81 k 0.000 d
Ni30 Pb45 31.89j 19.69 j 0.000 d
Ni45 Pb0 38.43 ¢ 22.48 h 0.938¢c
Ni45 Pb15 20.63 k 15.94 m 0.000 d
Ni45 Pb30 19.69 | 14.06 n 1.875b
Ni45 Pb45 17.81'm 51.56 a 0.000d

* Means followed by the same letters within columns are significantly different at p <0.05 according

to the Duncan test, and vice versa.
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4.4 Effects of nickel, lead and their interactions on some anatomical studies

4.4.1 Anatomical characteristics of leaf, petiole, stem and root of G. triacanthos, L. leucocephala

and R. pseudoacacia species

G. triacanthos anatomical characteristic of the leaf including lamina and midrib were their thickness
increased with increasing Ni concentrations. Lamina and midrib of the leaf consist of cuticle, upper
epidermis, mesophyll, vascular bundle and lower epidermis. The highest values of the lamina and midrib
thickness (5.6, 24.1, 192.3, 70.4 and 23.7 micron) and (1.8, 7.4, 83, 43.8 and 6.2 micron) at 40x were
recorded for 30 or 45 mg.kg™ NiCl; concentrations, while the lowest values (3.9, 17.1, 151, 55.5 and 20.6
micron) and (1.4, 5, 64.8, 28.8 and 4.0 micron) were recorded in the control treatment. Most parameters
thickness of the lamina and midrib of G. triacanthos leaf increased with increasing the Pb concentrations
to 15, 30 and 45 mg.kg™ PbCl, as compared to the other treatment, except for the cuticle thickness of the
lamina which was non significant. Some of the interactions between concentrations of Ni and Pb also had
significant effects and increased thickness with using Ni and Pb on all the anatomical studies of G.
triacanthos leaf, (Table 4.48) and (Figures 4.4 and 4.5).

Anatomical characteristic of the petiole (periderm, cortex, fiber, accessory bundle, phloem and xylem)
thickness increased with increasing Ni concentrations of G. triacanthos species. The highest values of
periderm, cortex, fiber, accessory bundle, phloem and xylem thickness (7, 22, 10.3, 29.4, 11.2 and 15.8
micron) at 10x were recorded for the NiCl, application, while the lowest values (6, 15.2, 7, 18.8, 7.9 and
14.9 micron) at 10x were recorded in the control treatment. The petiole parameters thickness increased
with using PbCl, as compared to the control treatment and 30 mg.kg™, except the phloem was decreased
with increasing Pb concentration to 15 mg.kg?. The interactions between Ni and Pb also had significant
effects by using NiCl> and PbCl, on all the anatomical consistent of G. triacanthos petiole, as shown in
table (4.49) and figure (4.6).

Anatomical characteristic of the stem (periderm, cortex, fiber, phloem and xylem) thickness increased
with increasing Ni concentrations of G. triacanthos stem. The highest values of periderm, cortex, fiber,
phloem and xylem thickness (13.7, 21.8, 7.1, 9.95 and 117.1 micron) at 4x were recorded from 30 and 45
mg.kg? NiCl; concentration, while the lowest values (7.4, 13.9, 4.2, 7.9 and 61.6 micron) were recorded
in the control treatment. 30 mg.kg™ PbCl, concentration increased all stem component thickness treatment

as compared to the control and 15 mg.kg™. Some of the interactions between concentrations of Ni and Pb
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had significant effects and increased stem component significant thickness, whereas others decreased them
compared to the control treatment, (See Table 4.50 and Figure 4.7).

Anatomical characteristic of the root consist of periderm, cortex, phloem and xylem where their
thickness increased with Ni application. The highest values of periderm, cortex, phloem and xylem
thickness (10.4, 41.4, 28.9 and 5.9 micron) at 4x were recorded for 45 mg.kg™ NiCl, concentrations, while
the lowest values (8.7, 20.9, 12.9 and 5.3 micron) were recorded in the control treatment. The cortex and
phloem thickness increased with adding Pb concentration as compared to the control treatment and 15
mg.kg™, except the periderm and xylem which were decreased with adding the Pb to 15 and 30 mg.kg™
as compared to the control treatment. The interactions between Ni and Pb concentrations had significant
effects and cortex, phloem and xylem increased with increasing Ni or pb concentrations from 15 and 45
mg.kg™? NiCl; or PbCl, concentrations, except the periderm which was decreased with adding the Pb
concentration as compared to 15 mg.kg™ of G. triacanthos roots, as shown in Table 4.50 and Figure 4.8.
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Table 4.48. Effects of nickel, lead and their interactions mean of some anatomical characteristics of G. triacanthos leaf.

Lamina (Thickness micron, 40X Midrib (Thickness micron, 10x)

Treatments Cuticle Upper Mesophyll | Vascular Lower Cuticle Upper Mesophyll | Vascular Lower
Epidermis bundle Epidermis Epidermis bundle Epidermis

Nickel con. (mg.kg™ soil)
Ni 0 39D 17.1d 151.0c 55.5¢ 20.6 b 14D 50c 64.8 d 28.8¢ 4.0c
Ni 15 52a 22.3b 182.7b 59.7b 229a 1.5ab 54c 70.0c 38.1b 52b
Ni 30 56a 205¢c 175.1b 61.2b 23.7a 18a 6.1b 748D 43.8a 52b
Ni 45 52a 24.1a 192.3a 70.4 a 23.0a 1.7a 7.4a 83.0a 38.3b 6.2a
Lead con. (mg.kg™ soil)
Pb 0 5.2a 20.7b 185.2a 56.4 ¢ 20.9b 1.7a 6.0b 76.4 a 39.3a 5.4 ab
Pb 15 4.8a 23.6a 176.0 b 61.3b 22.1ab 1.8a 6.3b 71.2b 344hb 50b
Pb 30 4.7 a 18.1c 165.7 ¢ 63.5 ab 24.1a 1.2b 4.8¢ 69.6 b 34.9b 43¢
Pb 45 5la 21.8 b 174.2 bc 65.5 a 23.1 ab 1.8a 6.9a 75.5a 40.4 a 5.8a
Interaction between Ni & Pb con.
NiO Pb0 3.9 ef 15.1f 1326 53.7 de 19.0d 1.4 cde 3.3h 80.2 c-e 34.9 ef 3.4f
Ni0 Pb15 3.3f 18.3c-e | 153.5gh 79.2Db 20.8 bcd 1.4 de 4.7 fg 51.3i 1731 4.5 ef
NiO Pb30 3.1f 17.2 def 144.0 hi 44.2 fg 20.4 bed 1.3 de 5.1 efg 47.3i 23.4h 3.4f
NiO Pb45 5.2 cde 17.9cf | 173.7def | 44.8fg 22.4 ad 1.4 cde 7.0 bed 80.5 bcd 39.5cd 46¢€
Nil5 Pb0 3.9 ef 20.9 bc 223.2a 83.1ab 19.1d 1.4 cde 3.9gh 58.9 h 36.2 def 5.6 b-e
Nil5 Pb15 5.1 cde 26.1a 204.0 be 58.2d 21.6 bcd 1.5 cde 6.1 cde 73.8 efg 37.6 cde 4.5 ef
Nil5 Pb30 7.1b 20.7 bc 138.7 hi 44.2 fg 23.5a-d 1.3 de 4.4 fgh 74.3 defg | 37.5cde 4.8 de
Nil5 Pb45 4.6 def 215b 165.1 efg 53.2¢ 275a 1.7 b-e 7.2 bc 73.1fg 41.0c 5.9 bcd
Ni30 PbO 85a 254 a 175.9 def 476 f 24.8 abc 2.1 abc 10.3a 78.2 b-f 59.0a 6.2 bc
Ni30 Pb15 5.0 cde 21.6 b 181.2 de 36.2h 22.7 a-d 2.4a 6.3 cde 78.2 b-f 44.3 b 5.0 cde
Ni30 Pb30 4.6 def 15.5 ef 156.3 f-h 80.0 b 27.1a 10e 4.1gh 72.3 fg 38.0 cde 4.4 ef
Ni30 Pb45 4.1 ef 19.5b-d 187.1 cd 81.2ab 20.0 cd 1.6 b-e 3.7gh 7059 33.8f 5.3 cde
Ni45 Pb0 4.6 def 20.7 bc 209.2 ab 41.3¢g 20.8 bed 1.7 bed 6.2 cd 88.2a 2719 6.6 ab
Ni45 Pb15 5.7 cd 28.3a 165.5 efg 71.7¢c 23.1a-d 1.8 bed 8.1b 81.3 bc 38.1 cde 5.9 bcd
Ni45 Pb30 4.0 ef 18.9b-d 223.7 a 85.6 a 25.5 ab 1.1de 5.6 def 84.7 ab 40.8 ¢ 4.7 de
Ni45 Pb45 6.4 bc 28.1a 170.9d-g 82.9 ab 22.6 a-d 2.3ab 9.7a 77.8 cdef 47.3 b 7.4a

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.49. Effects of nickel, lead and their interactions mean of some anatomical characteristics of
G. triacanthos petiole at 10x.

Periderm | Cortex Fiber Accessory Phloem Xylem
Treatments bundle
Thickness (Micron)

Nickel con. (mg.kg™ soil)
Ni O 6.0b 15.2d 7.0c 18.8d 79c 149b
Ni 15 6.2b 22.0a 10.1ab 235¢ 8.7 bc 16.8a
Ni 30 6.9a 19.7b 10.3a 29.4a 112a 149b
Ni 45 7.0a 176 ¢ 9.3b 27.4b 9.6b 15.8 ab
Lead con. (mg.kg™ soil)
PbO 57b 16.6 ¢ 75¢ 235b 10.3a 15.4b
Pb 15 6.1b 17.8b 9.7ab 27.5a 8.3b 16.4 ab
Pb 30 7.1a 22.2a 9.2b 24.2b 9.1ab 136¢
Pb 45 7.2a 18.0b 10.3a 24.1b 95a 17.0a
Interaction between Ni & Pb con.
NiO Pb0 55¢f 13.7 hij 6.6 ghi 10.0f 7.7 ef 14.6 cd
NiO Pb15 5.7 def 17.2 d-g 6.2 hi 34.2a 4.8¢g 12.6 de
NiO Pb30 6.2cde 18.3 def 7.5 fgh 142¢ 10.8 bc 15.4¢
NiO Pb45 6.6 cde 116 7.8 fgh 169¢ 8.3 def 17.1c
Nil5 PbO 6.1 cde 19.2 cd 9.6 de 23.1cd 10.3 bcd 199b
Nil5 Pb15 5.7 def 19.2 cd 10.7 cd 21.7d 9.1 b-f 12.3 de
Nil5 Pb30 7.07 bed 36.6a 8.0 efg 209d 7.0f 10.7 e
Nil5 Pb45 6.0 cde 13.0ij 12.0 bc 28.5b 8.5 cdef 24.2 a
Ni30 Pb0 4.4 f 15.9 fgh | 8.2efg 334a 146 a 11.4e
Ni30 Pb15 7.06 bcd 13.4ij 7.6 fgh 26.6 bc 9.9 bcde 173 ¢
Ni30 Pb30 7.05bcd | 189cde | 13.1ab 34.7a 9.3 bcde 16.0c
Ni30 Pb45 9.1a 30.6b 12.3b 23.1cd 109b 15.0cd
Ni45 Pb0 7.8 bcde | 17.4 defg 58i 275b 8.8 bedef 156 ¢
Ni45 Pb15 6.1 cde 21.2¢c 145a 27.3 bc 9.4 bcde 235a
Ni45 Pb30 8.0ab 15.1 ghi 8.1 efg 27.0 bc 10.1 bed 12.6 de
Ni45 Pb45 7.13 bc 16.7 efg 9.0 ef 28.0b 10.1 bed 11.7¢

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the
Duncan test, and vice versa.
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Table 4.50. Effects of nickel, lead and their interactions mean of some anatomical characteristics of G. triacanthos stem and root
at 4x

Treatments _ Stem (Thick_ness micron) _ Root (Thickness micron)

Periderm | Cortex | Fiber | Phloem | Xylem | Periderm | Cortex | Phloem | Xylem
Nickel con. (mg.kg* soil)
Ni 0 74¢c 13.9¢ 4.2¢ 79b 61.6 C 8.7¢ 20.9d 12.9b 53b
Ni 15 77¢c 18.3b 6.0b 9.66 a 62.0c 104 a 29.6 ¢ 139b 5.7ab
Ni 30 89b 176b 6.0b 995a | 949b 95b 386D 13.0b 55ab
Ni 45 13.7a 21.8a 7.1a 9.64 a 117.1a 10.4 a 41.4 a 28.9a 5.9a
Lead con. (mg.kg soil)
Pb0 9.9b 13.2¢ 55b 9.09b 944a 112a 29.7b 179b 6.6a
Pb 15 8.2¢ 176 b 55b 8.65 b 67.7c 8.3c 35.3a 155¢c 50c
Pb 30 11.2a 23.3a 6.9a 9.81a 96.5a 9.0c 30.4b 156 ¢ 50c
Pb 45 8.4c 17.4b 55b 9.69 a 77.1b 10.4b 34.9a 19.7a 5.8b
Interaction between Ni & Pb con.
NiO Pb0 11.7b 54]j 3.0e 7.12f 55.9d 119b 27.5fg 9.0i 6.9 ab
NiO Pb15 46h 13.5i 39e 8.05ef | 67.5cd 6.8 ij 12.11 10.5 hi 5.7 bed
NiO Pb30 6.1 gh 199bcd | 6.2bcd | 8.08ef | 64.5cd 8.2 ghi 15.9 hi 10.4 hi 3.0f
NiO Pb45 7.1fg 16.8 fgh 3.8¢ 8.75 de 58.6 d 7.8 ghi 28.0 efg 21.8d 5.2 cde
Nil5 PbO 8.4d-g 14.9 hi 7.1b | 9.86bcd | 61.8d 155a 18.1h 15.8 ef 5.8 bed
Nil5 Pb15 7.9 efg 22.1b 70b 8.84cde | 416¢€ 7.2 hij 30.5 def 17.7¢ 4.1e
Nil5 Pb30 8.1 efg 179d-g | 5.7cd | 991ad | 67.0cd 8.2 ghi 26.5fg 9.6i 6.9 ab
Nil5 Pb45 6.3 gh 18.2 c-f 42e | 10.02abc | 77.7c 10.5 b-e 43.3b 12.6 gh 5.9 bed
Ni30 Pb0 8.9 c-f 15.4ghi | 59bcd | 9.28bcd | 114.7b 6.0 j 38.7 bc 24.2 cd 6.0 bed
Ni30 Pb15 9.9 b-e 15.1 hi 54d | 10.54ab 60.0 d 8.9 efg 56.7 a 8.3i 5.1 cde
Ni30 Pbh30 6.0 gh 19.1cf | 59bcd | 10.14ab | 100.0b 8.8 fgh 23.5¢ 54j 5.2 cde
Ni30 Pb45 10.9 be 206bc | 6.9bc | 9.84bcd | 105.1b 143 a 35.3 cd 14.0 fg 5.9 bed
Ni45 Pb0 10.7 bed 17.2e-h | 6.0bcd | 10.09ab | 145.1a 11.4 bc 34.7 cd 22.7d 7.6a
Ni45 Pb15 10.2 b-e 19.5cde | 5.6cd 7.190f 101.8b 10.2 c-f 42.0b 25.6 ¢ 5.0 cde
Ni45 Pbh30 245a 36.6a 9.8a 11.13a | 154.5a | 10.8bcd 55.8a 36.9a 4.8 de
Ni45 Pb45 9.5 b-e 14.11i 7.0 bc | 10.15ab | 67.5cd 9.2 d-g 33.0de 30.4b 6.1 bc

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Fig 4.2. Leaves (lamina) anatomy of G. triacanthos at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Ph30,
h. Ni15Pb45, i. Ni30Pb0, j.Ni30Pb15, k. Ni30Ph30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Ph30, p. Ni45Pb45) mg.kg-* soil.
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Fig 4.3. Leaves (midrib) anatomy of G. triacanthos at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g.
Ni15Pb30, h. Ni15Ph45, i. Ni30Ph0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Ph45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.4. Petiole anatomy of G. triacanthos at 4x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30Pb0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.

142




Fig 4.5. Stem anatomy of G. triacanthos at 4x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni1l5Ph0, f. Ni1l5Pb15, g. Nil5Pb30, h.
Ni15Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, o. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.6. Root anatomy of G. triacanthos at 4x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, o. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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L. leucocephala leaf anatomical characteristics consist of lamina and midrib which lamina and midrib
of the leaf consist of cuticle, upper epidermis, mesophyll, vascular bundle and lower epidermis. The
highest thickness values (4.3, n.s, 179.6, 61.8 and n.s micron) and (1.8, 5.2, 87.6, 43.3 and 5.9 micron) at
40x were recorded for 30 and 45 mg.kg™ NiCl, concentrations, while the lowest values (2.7, n.s, 139.5,
54.3 and n.s micron) and (1.1, 4.3, 62.5, 31.3 and 3.3) micron at 40x respectively were recorded in the
control treatment. The cuticle thickness of the lamina increased with increasing the Pb concentrations to
45 mg.kg™ PbCl, as compared to 30 mg.kg™, whereas each of upper epidermis and vascular bundle of the
lamina decreased with increasing the Pb concentrations to 30 mg.kg™?, whereas mesophyll and lower
epidermis which were non significant. The cuticle, upper epidermis, mesophyll and vascular bundle of the
midrib thickness decreased with increasing the Pb concentrations to 45 and 30 mg.kg™ as compared to the
control treatment and 15 mg.kg™, whereas the lower epidermis of midrib which was non significant. The
interactions between concentrations of Ni and Pb had significant effects and the upper and lower epidermis
of the lamina and mesophyll thickness of the midrib which were decreased with increasing Ni or Pb
concentrations for 30 or 45 mg.kg™® NiCl, or PbCl, concentrations, whereas all the other parameters
thickness of the lamina and midrib were increased with increasing Ni or Pb concentrations for 15, 30 and
45 mg.kg?, as shown in Table (4.51) and Figures (4.11 and 4.12).

Anatomical characteristics of the petiole consist of periderm, cortex, fiber, accessory bundle, phloem
and xylem were their thickness increased with increasing Ni concentrations. The highest values of
periderm, cortex, fiber, accessory bundle, phloem and xylem thickness (11.7, 18.0, 10.8, 52.5, 16.2 and
40.5 micron) at 10x were recorded for 15, 30 and 45 mg.kg™? NiCl, treatments, while the lowest values
(7.2, 14.6, 8.9, 45.6, 12.3 and 29.3 micron) at 10x were recorded in the control treatment. All parameters
thickness increased with increasing the Pb concentrations to 30 or 45 mg.kg™* PbCl, as compared to other
treatment, except periderm and xylem were decreased significantly with increasing the Pb concentrations.
The interactions between Ni and Pb concentrations had significant effects and increased thickness with
increasing Ni or Pb concentrations to 15, 30 and 45 and 30 mg.kg?* NiCl. or PbCl, concentrations on all

the anatomical studies of L. leucocephala petiole, as it appears in Table (4.52) and Figure (4.13).

Anatomical characteristic of the stem consist of periderm, cortex, fiber, phloem and xylem which
increased with increasing Ni concentrations. The highest values of periderm, cortex, fiber, phloem and
xylem thickness (18.2, 9.3, 9.2, 15 and 104.8 micron) at 4x were recorded for 45 mg.kg? NiCl;
concentrations, while the lowest values (15.3, 6.6, 6.5, 9.3 and 67.1 micron) at 4x were recorded in the

control treatment. The cortex and xylem thickness increased with using Pb application as compared to 15
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and 30 mg.kg* treatment, whereas the periderm, fiber and phloem thickness decreased with increasing the
Pb concentrations as compared to control and 15 mg.kg™. The interactions between concentrations of Ni
and Pb also had significant effects and increased with increasing Ni or Pb concentrations for 30 and 45
mg.kg? NiCl. or PbCl. concentrations on all the anatomical studies of L. leucocephala stem, (See Table
4.53 and Figure 4.14).

Anatomical characteristic of the root consist of periderm, cortex, phloem and xylem. The highest values
of periderm, cortex, phloem and xylem thickness (20, 69.5, 20.3 and 8.8 micron) at 4x were recorded for
30 or 45 mg.kg? NiCl, concentrations, while the lowest values (15.3, 47.7, 16.5 and 7.5 micron) at 4x
were recorded in the control treatment. The periderm and cortex thickness decreased with Pb
concentrations as compared to the control treatment, except the phloem increased with increasing Pb
concentration to 45 mg.kg™ as compared to 30 mg.kg?, whereas the xylem which was non significant.
The interactions between concentrations of Ni and Pb had significant effects and the cortex and phloem
thickness increased with increasing Ni or Pb concentrations to 30 and 45 mg.kg? NiCl, or PbCl,
concentrations, except the xylem which decreased with increasing Ni or Pb concentrations to 45 mg.kg™
NiClz or PbCl> concentrations as compared to the control treatment of L. leucocephala roots , (See Table
4.53 and Figure 4.15.
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Table 4.51. Effects of nickel, lead and their interactions mean of some anatomical characteristics of L. leucocephala leaf.

Lamina (Thickness micron, 40x

Midrib (Thickness micron, 10x)

Treatments Cuticle Upper Mesophyll | Vascular Lower Cuticle Upper Mesophyll | Vascular Lower
Epidermis bundle Epidermis Epidermis bundle Epidermis
Nickel con. (mg.kg soil)
Ni O 2.7¢c 16.5a 1395¢c 54.3 ¢ 16.7a 1.1b 43D 62.5d 31.3¢c 3.3¢c
Ni 15 3.2bc 16.8a 161.0b 57.1b 16.8a 16a 4.7 ab 70.9¢c 39.0b 47D
Ni 30 3.3b 16.9a 166.3 b 60.5a 17.0a 1.8a 4.6 ab 87.6a 39.2b 51b
Ni 45 43a 18.2a 179.6 a 61.8a 17.2a 1.8a 5.2a 78.4 Db 43.3a 59a
Lead con. (mg.kg soil)
Pb0 34D 19.9a 162.4 a 73.8a 18.1a 1.7a 5.1ab 87.4a 46.1a 51a
Pb 15 3.3 bc 176b 161.6a 64.0b 16.3a 20a 4.4 be 67.2b 34.1c 4.7a
Pb 30 29¢ 15.1c 161.5a 45.2d 16.2 a 1.4b 41c 65.4 c 349¢c 4.7a
Pb 45 39a 15.8¢ 160.9a 50.6 c 17.1a 1.3b 53a 79.3b 37.7b 4.6a
Interaction between Ni & Pb con.
NiO Pb0 2.7 de 18.3 abc 1154 e 71.1c 14.8¢ 1.2 cd 4.9 ab 71.8 f 26.5d 3.8 def
NiO Pb15 16f 13.8d 142.2d 67.6C 155¢ 1.3 cd 4.7 ab 56.2 g 30.1d 3.2 ¢f
Ni0 Pb30 2.6 def | 15.8 bed 125.1e 39.0 fg 18.3 bc 1.1lcd 2.7¢C 42.1h 27.0d 2.6 f
NiO Pb45 4.0abc | 18.1abc | 175.2bc 39.3 fg 18.0 bc 1.0d 4.9 ab 79.9¢ 41.6¢c 3.8 def
Nil5 Pb0 3.1 bed 21.5a 166.8 ¢ 78.3 ab 16.4 bc 1.3 cd 5.1ab 100.5a 52.8b 5.6 bc
Nil5 Pb15 2.7 de 18.4abc | 177.6abc | 72.7 bc 17.6 bc 2.4 a 5.8a 41.7 h 19.2¢ 3.6 def
Nil5 Pb30 2.9 cde 14.7 cd 180.8 ab 43.3 ef 17.9 bc 1.5cd 3.8 bc 86.6 bcd 58.2 a 5.9 bc
Nil5 Pb45 4.0 abc 12.6 de 119.1e 34.1¢g 154 ¢ 1.4 cd 4.3 abc 54.7 g 25.8d 3.7 def
Ni30 Pb0 3.1 bed 19.7 a 1779abc | 78.2ab 17.4 bc 2.1ab 5.4 ab 88.5 bc 44.7 ¢ 5.0 bed
Ni30 Pb15 4.1ab 19.7 a 146.2d 44.8 ef 141c 25a 29¢c 81.0 de 43.1c 4.4 cde
Ni30 Pb30 2.0 ef 19.9a 165.2 ¢ 42.1 ef 151¢ 1.3 cd 4.4 abc 98.1a 29.8d 4.9 bed
Ni30 Pb45 4.1ab 13.5 de 175. 8 bc 82.0a 21.4 ab 1.4 cd 5.9a 82.9 cde 39.2¢c 6.1 ab
Ni45 Pb0 4.7 a 20.0a 189.3a 67.7¢C 23.6a 2.3a 5.1ab 88.8 60.3 a 59b
Ni45 Pb15 49a 18.6abc | 180.6 ab 71.0c 18.1 bc 1.7 bc 4.0 abc 89.9 bc 44.2 ¢ 7.3a
Ni45 Pb30 4.0 abc 10.0e 175.1 bc 56.5d 135¢ 1.7 bc 5.6 ab 35.01i 24.5d 5.3 bc
Ni45 Pb45 3.5 bed 19.2 ab 173.5 bc 46.8 e 13.6 ¢ 1.5cd 6.0a 99.9a 44.1c 5.0 bed

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.52. Effects of nickel, lead and their interactions mean of some anatomical characteristics of
L. leucocephala petiole at 10x.

Periderm Cortex Fiber Accessory Phloem Xylem
Treatments bundle
Thickness (Micron)

Nickel con. (mg.kg™ soil)

Ni O 7.2¢c 146 b 89c 456 b 123¢ 29.3¢

Ni 15 7.7c 18.0a 9.5bc 50.7 a 15.1b 354D

Ni 30 10.4 b 17.1a 10.1ab 525a 16.5a 40.5a

Ni 45 11.7a 17.1a 10.8a 52.0a 16.2 a 37.8b

Lead con. (mg.kg™ soil)

PbO 10.0a 159b 10.1ab 449d 15.8a 38.6a

Pb 15 8.2¢ 16.9 ab 9.6 bc 475¢c 139b 38.0a

Pb 30 9.6ab 16.2b 9.0c 55.5a 16.4a 33.7b

Pb 45 9.2b 179a 105a 53.0b 140b 326D

Interaction between Ni & Pb con.

NiO Pb0 55¢g 11.1¢g 6.6 ¢ 30.3f 11.9 hi 35.3de
NiO Pb15 49¢ 18.5cd 9.6 cde 399¢e 11.2i 20.7 g

NiO Pb30 8.7 ef 10.8 ¢ 8.5 ef 59.8a 14.0 fghi 37.2 cde
NiO Pb45 9.8 de 17.9d 10.7 ¢ 52.6 cd 13.0 ghi 23.9 fg
Nil5 Pb0 10.3 b-e 11.3¢ 109¢ 43.4 ¢ 12.0 hi 38.7 cd
Nil5 Pb15 8.1f 20.5 bc 10.1cd 51.5cd 12.0 hi 42.5 be
Nil5 Pb30 7.6f 19.0 bed 7.1fg 54.9 abc 16.6 cde 26.3 f

Nil5 Pb45 4.7¢ 21.2b 9.9 cde 53.1 bed 19.8 ab 34.2 de
Ni30 Pb0 12.8a 14.4 ef 7.1fg 51.3 cd 18.7 bc 46.1 ab
Ni30 Pb15 75f 153¢e¢ 8.9 de 55.3 abc 17.1cd 49.8 a

Ni30 Pb30 10.1 cde 19.5bcd 10.2 cd 48.8d 209a 319e

Ni30 Pb45 11.1a-d 19.3 bed 14.2b 54.7 abc 9.4j 34.0 de
Ni45 Pb0 11.6 abc 29.6a 16.0a 54.6 abc 20.8a 34.3 de
Ni45 Pb15 12.2a 13.0 fg 9.6 cde 43.3 e 15.3 def 39.0 cd
Ni45 Pb30 11.8ab 15.6 ¢ 10.2 cd 58.4 ab 14.7 efg 39.5cd
Ni45 Pb45 11.1a-d 13.1fg 7.2fg 51.6 cd 13.9 fgh 38.3cd

* Means followed by the same letters with in columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.53 Effects of nickel, lead and their interactions mean of some anatomical characteristics of L. leucocephala stem and root
at 4x.

Treatments _ Stem (Thiclfness micron) _ Root (Thickness micron)
Periderm | Cortex | Fiber | Phloem | Xylem | Periderm | Cortex | Phloem |  Xylem
Nickel con. (mg.kg* soil)
Ni 0 153 b 6.6 ¢ 6.5¢ 9.3c 67.1c 15.3d 47.7¢C 16.5¢ 75¢c
Ni 15 18.1a 76b 6.8¢ 10.8 b 76.3b 16.8 ¢ 48.9 c 19.7 ab 7.7 bc
Ni 30 16.3b 9.3a 9.2a 10.5b 104.8 a 18.6 b 60.1b 20.5a 8.8a
Ni 45 18.2 a 9.0a 75b 15.0a 78.2 b 20.0a 69.5a 18.7b 8.3ab
Lead con. (mg.kg* soil)
Pb0 19.1a 7.8b 76b 12.0b 82.3b 20.2a 619a 20.6a 7.9ab
Pb 15 16.1b 72¢ 8.6a 13.7a 82.0b 16.6 ¢ 55.2b 176 b 76b
Pb 30 17.0b 10.1a 75b 109 ¢ 73.0c 16.2¢ 47.3¢c 15.7¢ 8.4a
Pb 45 158 b 7.4 bc 6.3¢C 9.1d 89.0 a 17.8b 61.8a 215a 8.5a
Interaction between Ni & Pb con.
NiO Pb0 17.9 bc 6.0 ef 9.5abc 9.6 ef 44.3 h 17.9 bed 51.0 efg 18.0 c-f 7.8 cde
NiO Pb15 94¢e 4.7¢ 70e 9.6 ef 715e€ 124 40.11 17.5 c-g 6.5 def
NiO Pb30 11.7 de 9.8 bc 5.1fg 10.7 ef 75.8 de 13.9 hi 55.0 de 13.9 hi 7.7 cde
NiO Pb45 22.2a 6.0 ef 45¢ 7.5gh 76.9 de 17.2 def 44.9 hi 16.6 e-i 8.0cd
Nil5 Pb0 22.1a 91c 8.8 bc 8.9 fgh 80.0d 15.4 fgh 59.2d 205¢ 6.2 ef
Nil5 Pb15 17.0 bc 9.0c 8.4 cd 13.9b 51.7¢ 17.6 cde 52.3 ef 19.5 cde 8.9 bc
Nil5 Pb30 18.3 bc 6.8 de 49fg | 11.0 cde | 625f 18.6 bcd | 50.0 e-h 18.8 cde 7.3 c-f
Nil5 Pb45 15.0cd 5.4 fg 5.3fg 9.3 efg 110.8b | 15.8 efg 34.0] 20.1cd 8.3 bc
Ni30 Pb0 17.2 bc 6.0 ef 7.2 de 12.3 bc 99.8¢c 17.7 cd 84.0b 289a 11.7a
Ni30 Pb15 17.6 bc 5.3fg 9.9ab 13.0b 130.7 a 19.2 bc 46.3 f-i 14.5 ghi 8.4 bc
Ni30 Pbh30 17.7 b 15.2a 105a 9.1 efg 80.3d 17.9 bed 40.21i 13.3i 8.8 bc
Ni30 Pb45 12.5de 10.6 b 9.2 abc 7.2h 108.3b 19.7b 70.0c 25.2b 6.4 def
Ni45 Pb0 19.0ab 9.8 bc 5.0 fg 16.8a | 105.0bc 29.9a 53.7 ef 15.0 f-i 59f
Ni45 Pb15 20.1ab 9.9 bc 9.2 abc 18.1a 74.3de | 17.1 def 82.0b 18.8 cde 6.6 def
Ni45 Pb30 20.4 ab 8.7¢ 9.5abc | 12.7bc | 73.4de 14.5gh 44.2 hi 17.0 d-h 9.8b
Ni45 Pb45 13.3d 7.4d 6.2ef | 12.3bcd | 60.0f 18.6 bcd 98.1a 24.1b 11.2a

* Means followed by the same letters with in columns are significantly different at p <0.05 according to the Duncan test, and vice versa.
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Fig 4.7. Leaves (lamina) anatomy of L. leucocephala at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni1l5Pb15, g.
Ni15Pb30, h. Ni15Ph45, i. Ni30Ph0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Ph45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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n
Fig 4.8. Leaves (midrib) anatomy of L. leucocephala at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g.
Ni15Pb30, h. Ni15Ph45, i. Ni30Ph0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Ph45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.9. Petiole anatomy of L. leucocephala at 4x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.10. Stem anatomy of L. leucocephala at 4x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni1l5Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30Pb0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.

153



m

Fig 4.11. Root anatomy of L. leucocephala at 4x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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R. pseudoacacia anatomical characteristics of the leaf consists of lamina and midrib. Lamina and
midrib of the leaf consists of cuticle, upper epidermis, mesophyll, vascular bundle and lower epidermis.
The highest value of lamina and midrib thickness (4.2, 26, 198, n.s, and 15.7 micron) and (2.1, 7.6, 121.4,
85 and 6.0 micron) at 40x respectively were recorded for 30 and 45 mg.kg™ NiCl. concentrations, while
the lowest value of lamina and midrib (3.2, 17.9, 140, n.s and 13.3 micron) and (1.6, 6, 94.8, 49.4 and 4.6
micron) were recorded in the control treatment. The lamina (cuticle and upper epidermis) and midrib
(vascular bundle) thickness were increased with increasing the Pb concentrations to 45 and 30 mg.kg™
PbCI, as compared to the other treatment, except the upper epidermis and mesophyll of the midrib which
decreased with increasing the Pb concentrations to 45 mg.kg™ as compared to the control treatment and
30 mg.kg?, whereas the mesophyll, vascular bundle and lower epidermis of the lamina and the cuticle
and lower epidermis of the midrib which were non significant. The interactions between concentrations
of Ni and Pb had significant effects and increased with increasing Ni or Pb concentrations 30 and 45
mg.kg™ NiCl; or PbCl, concentrations on all anatomical characterestics of R. pseudoacacia leaf, (Table
4.54) and (Figures 4.18 and 4.19).

Anatomical characteristics of the petiole consist of periderm, cortex, fiber, accessory bundle, phloem
and xylem were thickness increased with increasing Ni concentrations. The highest value of periderm,
cortex, fiber, accessory bundle, phloem and xylem thickness (7.5, 17.5, 10.0, 36.4, 19.1 and 26.1 micron)
at 10x were recorded for 30 or 45 mg.kg™ NiCl, concentrations, while the lowest values (5.3, 11.5, 7.2,
22.1,10.6 and 18.6 micron) were recorded for the control treatment. Each of periderm, fiber and accessory
bundle thickness were increased with increasing the Pb concentration to 30 or 45 mg.kg™ PbCl, as
compared to 15 mg.kg? treatment, except the cortex which was decreased with increasing the Pb
concentrations for 45 mg.kg* as compared to the control treatment, whereas the phloem and xylem which
were non significant. The interactions between concentrations of Ni and Pb also had significant effects
wherethey increased with increasing Ni or Pb concentrations for 15 or 30 or 45 mg.kg™ NiCl, or PbCl;

concentrations on all the anatomical studies, (Table 4.55) and (Figure 4.20).

Anatomical characteristics of the stem (periderm, cortex, fiber, phloem and xylem) thickness increased
with increasing Ni concentrations. The highest value of periderm, cortex, fiber, phloem and xylem (15.3,
13.4, n.s, 17.2 and n.s micron) at 4x were recorded from 45 mg.kg™ NiCl. concentrations, while the lowest
values (8.2, 11.1, n.s, 12.3 and n.s micron) at 4x were recorded in the control treatment. The periderm,

cortex, fiber, phloem and xylem thickness increased with increasing the Pb concentrations for 30 or 45
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mg.kg? PbCl, as compared to the control treatment and 15 mg.kg™. The interactions between
concentrations of Ni and Pb also had significant effects and increased thickness with increasing Ni or Pb
concentrations from 30 and 45 mg.kg™? NiCl. or PbCl, concentrations on all the anatomical parameters of
R. pseudoacacia stems, (Table 4.56) and (Figure 4.21).

Anatomical characteristics of the root (periderm, cortex, phloem and xylem) thickness were increased
with increasing Ni concentrations. The highest values of periderm, cortex, phloem and xylem thickness
(12.4, n.s, 22.9 and 8.8 micron) at 4x were recorded for 30 or 45 mg.kg™ NiCl, concentrations, while the
lowest values (7.6, n.s, 9.3 and 6.9 micron) were recorded in the control treatment. The periderm, cortex,
phloem and xylem thickness increased with increasing the Pb concentrations to 45 mg.kg? PbCl; as
compared to 15 and 30 mg.kg™* treatment. The interactions between concentrations of Ni and Pb also had
significant effects and increased thickness with increasing Ni or Pb concentrations from 15 or 30 or 45
mg.kg™ NiCl, or PbCl, concentrations on all the anatomical studies of R. pseudoacacia roots, (See Table
4.56 and Figure 4.22).
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Table 4.54. Effects of nickel, lead and their interactions mean of some anatomical characteristics of R. pseudoacacia leaf.

Lamina (Thickness micron, 40x) Midrib (Thickness micron, 10x)
Treatments Cuticle Qpper _ Mesophyll | Vascular I__ower_ Cuticle U_pper_ Mesophyll | Vascular L_ower_
Epidermis bundle Epidermis Epidermis bundle Epidermis
Nickel con. (mg.kg soil
Ni 0 3.2¢c 17.9d 1408 ¢ 37.0a 13.3b 16D 6.0b 94.8¢c 49.4 ¢ 46¢C
Ni 15 3.7Db 20.6 ¢ 161.2b 39.8a 13.7b 1.8ab 6.6b 95.3¢ 64.5b 4.7¢c
Ni 30 3.9ab 26.0a 198.0a 67.0a 13.7b 1.9ab 6.2b 1214 a 61.1b 6.0a
Ni 45 42a 23.6b 169.3 b 40.2 a 15.7a 2.1a 7.6a 112.3b 85.0a 54b
Lead con. (mg.kg™ soil)
Pb0 35D 239a 160.9a 40.0a 15.1a 1.0a 7.4a 100.3b 52.1d 53a
Pb 15 35b 18.6¢ 173.8a 39.0a 13.4a 2.1a 6.9 ab 113.7a 724D 52a
Pb 30 40a 21.2b 165.5a 66.7 a 13.7 a 1.7a 6.1b 116.2 a 76.8 a 51a
Pb 45 40a 246a 169.2 a 38.2a 14.1a 18a 6.0b 935b 58.6 5.1a
Interaction between Ni & Pb con.
NiO Pb0 35d 15.1 hi 129.4 fg 24.2b 15.11 abc 2.0 abc 5.6 def 88.6 efg 45.4 e 4.7 d-g
Ni0 Pb15 3.7cd 14.8 i 148.1 ef 34.0b 14.2 abcd 1.8 bc 45f 110.4 bed 63.0d 3.0h
Ni0 Pb30 3.7cd 22.1 cf 100.8 g 418D 10.6 d 16¢c 7.4 b-e 96.8 d-g 45.2 e 5.8 bcd
NiO Pb45 18e 19.8efg | 184.7 cde 48.0b 13.2 bed 1l2c 6.3 c-f 84.2 ¢ 44.0e 5.1 def
Nil5 Pb0 3.7cd 22.0 cde 147.6 ef 44.4 b 14.5 abcd 2.2 abc 7.2 bcde 95.8 d-g 50.7 e 3.8 gh
Nil5 Pb15 3.3d 16.3 ghi 219.8 ab 39.6 b 118 cd 1.7 bc 7.8 bed 95.4 d-g 62.9d 4.9 def
Nil5 Pb30 3.8cd 22.0 c-f 126.1 fg 42.4 b 14.5 a-d 15¢c 6.3 cde 104.5 cde 81.3¢c 4.4 fg
Nil5 Pb45 3.9bcd | 21.1 def 151.4 ef 32.7b 13.9 bed 1.9 bc 49f 85.6 fg 63.0d 5.6 b-e
Ni30 PbO 3.9 bcd 28.8ab | 216.2 abc 46.2 b 12.9 bed 15¢c 8.7 ab 95.8 d-g 475e 7.4a
Ni30 Pb15 3.2d 18.9 fgh 159.5 de 42.6 b 10.9d 1.88 bc 5.2 ef 247.8 a 62.2d 6.3 abc
Ni30 Pb30 3.8 bcd 24.3 cd 244.0 a 137.2a 16.8 ab 1.7 bc 5.5 ef 1414 a 89.1b 5.6 b-f
Ni30 Pb45 4.7 abc 319a 172.5 de 41.9b 14.2 abcd 2.7ab 5.4 ef 100.6 d-g 455e 4.5 efg
Ni45 Pb0 29d 28.7 ab 150.4 ef 45.1b 18.0a 1.8 bc 7.9 bc 121.1 bc 64.7d 5.3cf
Ni45 Pb15 3.7 cd 24.2 cd 167.7 de 40.0 b 16.5ab 3.0a 10.0a 101.2 d-g 101.6a 6.5ab
Ni45 Pb30 4.8 ab 16.2 ghi | 191.1 bcd 45.6 b 13.1 bed 2.2 abc 5.3 ef 123.0b 916 b 4.5 efg
Ni45 Pb45 56a 25.5 bc 168.2 de 30.3 b 15.13 abc 1.6 bc 7.3 b-e 103.7 def 82.0c 5.4 b-f

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the Duncan test, and vice versa.
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Table 4.55. Effects of nickel, lead and their interactions mean of some anatomical characteristics

of R. pseudoacacia petiole at 10 x.

Periderm | Cortex Fiber Accessory Phloem Xylem
Treatments bundle
Thickness (Micron)

Nickel con. (mg.kg™ soil)
Ni O 53b 115¢ 72c¢ 22.1c 10.6 b 18.6 ¢
Ni 15 55b 15.0b 9.0ab 29.1b 173 a 22.1a
Ni 30 53b 153 b 10.0a 29.3b 189a 26.7 a
Ni 45 75a 175a 7.7 bc 36.4 a 19.1a 26.1a
Lead con. (mg.kg™ soil)
PbO 5.5bc 216a 75b 27.2b 16.4 ab 23.0a
Pb 15 51c 135¢ 7.1b 21.1c 145b 22.6a
Pb 30 6.8 a 15.3b 95a 34.1a 18.1a 24.4 a
Pb 45 6.3ab 8.8d 9.8a 346a 16.9 ab 24.1a
Interaction between Ni & Pb con.
NiO Pb0 4.8 d-g 14.3 de 7.6d 24.6 ¢ 9.8d 19.1 cde
NiO Pb15 4.1 efg 13.0 efg 6.3d 13.4f 9.4d 17.4 de
NiO Pb30 5.8 a-e 11.9 efg 6.4d 39.0b 13.3cd 22.2 a-e
NiO Pb45 6.5a-e 6.7 1 8.4cd 115f 9.7d 156¢€
Nil5 PbO 2649 29.8a 7.8d 25.3¢ 7.8d 20.0 b-e
Nil5 Pb15 5.3 b-f 11.0 fg 7.3d 16.1f 13.3cd 18.0 cde
Nil5 Pb30 7.0 a-d 11.6efg | 9.1bcd 26.9 ¢ 22.8 ab 23.6 a-d
Nil5 Pb45 7.2 a-d 7.5 hi 11.7 abc 48.0 a 25.4ab 29.1a
Ni30 Pb0 6.5a-¢ 16.3 cd 7.0d 24.1¢ 19.0 bc 25.3 abc
Ni30 Pb15 3.2fg 11.5 efg 7.4d 22.5¢ 9.1d 27.3ab
Ni30 Pb30 6.5a-e 235b 13.7a 37.5 bc 24.6 ab 29.8a
Ni30 Pb45 5.1c-f 9.9¢gh 12.1ab 33.1cd 22.9ab 24.4 a-d
Ni45 PbO 8.2a 25.8b 7.6d 34.8 bed 29.1a 27.5ab
Ni45 Pb15 7.7 abc 18.7 ¢ 7.6d 32.3d 26.0ab 27.5ab
Ni45 Pb30 7.9ab 14.3 def 8.6cd 329cd 11.9cd 22.0a-e
Ni45 Pb45 6.4 a-e 11.2 efg 7.0d 45.7 a 9.6d 27.5ab

* Means followed by the same letters within columns are significantly different at p < 0.05 according to the
Duncan test, and vice versa.
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Table 4.56. Effects of nickel, lead and their interactions mean of some anatomical characteristics of R. pseudoacacia stem and

root at 4x.
Treatments _ Stem (Thick_ness micron) _ Root (Thickness micron)
Periderm | Cortex | Fiber | Phloem | Xylem | Periderm | Cortex | Phloem |  Xylem
Nickel con. (mg.kg* soil)
Ni O 8.2¢c 11.1b 6.5a 12.3b 39.9a 76b 39.2a 9.3c 6.9c
Ni 15 10.8b 11.2b 6.8 a 12.7b 40.1a 7.8b 42.3a 17.3Db 7.7 bc
Ni 30 12.1b 11.5b 7.2a 16.2a 42.6a 7.7b 40.8 a 229a 8.2ab
Ni 45 15.3a 13.4a 7.0a 17.2a 42.5a 12.44a 42.3 a 19.4 b 8.8a
Lead con. (mg.kg* soil)
Pb0 10.0¢ 9.6d 58¢c 12.4b 40.6 b 9.1b 45.0a 174 a 8.3a
Pb 15 12.3b 112¢ 6.5 bc 12.1b 40.0b 8.4b 36.6 b 12.7b 6.7b
Pb 30 10.1c 13.8a 8.0a 16.6 a 38.7b 70c 37.2b 19.1a 8.0a
Pb 45 14.1a 125b 7.2 ab 17.3a 45.8 a 11.1a 45.9 a 19.7a 8.4a
Interaction between Ni & Pb con.
NiO Pb0 6.0 f 10.2 fg 4.7d 12.5 bed 43.7 ab 9.1cde | 44.8abc 81lg 6.2 de
NiO Pb15 106 e 12.0 def | 6.2 bed 75d 35.8¢c 4.7h 33.2f 12.5 efg 51e
NiO Pb30 4.1f 11.0 efg 8.6 ab 158 b 36.0c 5.3¢gh 34.0f 9.4fg 8.0 bcd
NiO Pb45 12.2 de 11.0efg | 6.4 bed 13.3 bc 44.2 a 115bc | 45.0abc 764 8.2 bcd
Nil5 PbO 12.4 cde 9.4 fg 6.9 a-d 9.9cd 38.3 bc 5.9 fgh 41.6 a-e 16.8 cde 8.0 bcd
Nil5 Pb15 11.5de 8.6¢ 6.6a-d | 11.9bcd 46.6 a 8.9 de 37.4 def 10.7 fg 7.2cd
Nil5 Pb30 4.1f 15.0 bc 7.1 abc 13.0 bc 28.2d 5.9 fgh 43.3 ad 19.9cd 7.7 bed
Nil5 Pb45 154c¢ 11.6 ef 6.6 a-d 15.8b 474a | 10.6bcd | 46.7ab 216¢ 7.7 bed
Ni30 Pb0 11.0 de 55h 6.5a-d | 12.2 bed 459 a 6.8 e-h 48.7 a 22.3¢ 9.0 abc
Ni30 Pb15 3.8f 14.4bcd | 4.8cd 156 b 329cd 8.1 def 35.8 ef 14.9 def 6.6 de
Ni30 Pbh30 18.3b 9.5fg 8.6ab 13.3 bc 455a 8.4 def 33.2f 18.1 cde 7.0d
Ni30 Pb45 153 ¢ 16.6 b 8.8a 23.2a 46.1a 7.6efg | 45.0abc 36.4a 10.2a
Ni45 Pb0 10.7 ¢ 13.1cde | 5.1cd 15.1 bc 34.6¢c 145a 44.7 abc 22.2¢ 10.1a
Ni45 Pb15 23.1a 9.8 fg 8.5ab 13.0 bc 44.2 a 11.8b 40.1 b-f 12.9 efg 7.9 bcd
Ni45 Pb30 13.8cd 19.7a 7.6 ab 23.8a 45.3a 8.5 def 38.3 c-f 29.2b 9.4ab
Ni45 Pb45 13.5cd 10.8efg | 6.9a-d 16.9b 45.4 a 14.8 a 46.4 ab 13.4 efg 7.6 bed

* Means followed by the same letters within columns are significantly different at p <0.05 according to the Duncan test, and vice versa.
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Fig 4.12. Leaves (lamina) anatomy of R. pseudoacacia at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g.
Ni15Pb30, h. Ni15Ph45, i. Ni30Ph0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Ph45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.13. Leaves (midrib) anatomy of R.pseudoacacia at 40x; (a. NiOPb0, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Ph0, f. Ni15Pb15, g. Ni15Pb30,
h. Ni15Pb45, i. Ni30Ph0, j.Ni30Pb15, k. Ni30Ph30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.14. Petiole anatomy of R. pseudoacacia at 4x; (a. NiOPb0, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30Pb0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Phb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.15. Stem anatomy of R. pseudoacacia at 4x; (a. NiOPb0, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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Fig 4.16. Root anatomy of R. pseudoacacia at 4x; (a. NiOPbO0, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g. Ni15Pb30, h.
Ni15Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-! soil.
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4.4.2 Stomata characterestics (number, length and width) of stomata in upper (adaxial) and lower

(abaxial) surfaces of G. triacanthos, L. leucocephala and R. pseudoacacia

Results in the tables 4.57, 4.58 and 4.59 show that the effect of Ni and Pb were significant on some of
stomata characterestics such as number, length and width of stomata in upper and lower surface for each
of G. triacanthos, L. leucocephala and R. pseudoacacia leaves.

G. triacanthos genus there were no stomata on the upper leaves surfaces. Length stomata of lower
surface of G. triacanthos decreased significantly with increasing Ni concentrations for 45 mg.kg™ NiCl,
concentrations as compared to the control treatment. The highest value of stomata length in the lower
surface of G. triacanthos species was (36.8 micron) at 40x to the control treatment, while the lowest value
of stomata length in the lower surface was (34.3 micron) at 40x for 45 mg.kg™ treatment, whereas the
number and width of stomata which were non significant. The number, length and width of stomata in the
lower surface of G. triacanthos species affect non significantly with Pb concentrations. The interactions
between concentrations of Ni and Pb had significant effects and decreased with increasing Ni and Pb
concentrations especially for 30 or 45 mg.kg™ NiCl, or PbCl. concentrations on the number and length
of stomata in the lower surface of G. triacanthos, except the width of somata which was non significant
(Table 4.57) and (Figures 4.2 and 4.3).

The number of stomata in the upper and lower surfaces and length of stomata on the upper surface of
L. leucocephala were significantly decreased with increasing Ni concentrations to 45 mg.kg?* NiCl,
concentrations. The highest value of the number of stomata in the upper and lower surfaces and length of
stomata on the upper surface of L. leucocephala (5.2, 11.1 and 29.7 micron) at 40x for the control
treatment, while the lowest values (3.6, 8.8 and 26.1 micron) for the 45 and 30 mg.kg? NiCl;
concentrations, whereas width of stomata in the upper and lower surfaces and length of stomata in the
lower surface which were non significant. The number of stomata in the upper and lower surfaces, width
of stomata in the upper surface of L. leucocephala decreased with increasing the Pb concentrations for 30
or 45 mg.kg™ PbCl, concentrations as compared to the control treatment, whereas length of stomat in the
lower surface increased with PbCl, concentration to 30 mg.kg™. Also length of stomata on the upper
surface and with of stomata in the lower surface which were non significant. The interactions between
concentrations of Ni and Pb had significant effects and decreased with increasing Ni and Pb concentrations

for 45 mg.kg? NiCl, or PbCl, concentrations on the number of stomata in the upper and lower surfaces
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and width in the upper surface, whereas length of stomata in the upper and lower surfaces and width of
stomata in the lower surface which were non significant of L. leucocephala (Table 4.58) and (Figures 4.9
and 4.10).

The number of stomata in the upper and lower surfaces, length of stomata in the upper and lower
surfaces and width of stomata in the lower surface of R. pseudoacacia significantly decreased with
increasing Ni concentrations for 45 mg.kg™ NiCl,. The highest value of stomata number in the upper and
lower surfaces, length of stomata in the upper and lower surfaces and width of stomata in the lower surface
of R. pseudoacacia (5.9, 9.5, 19.6, 25.6 and 15.4 micron) at 40x were recorded in the control treatment,
while the lowest values (4.4, 7.6, 16.0, 18.1 and 11.8 micron) were recorded for 45 mg.kg? NiCl,
concentrations as compared to the control treatment, whereas width of stomata on the upper surface which
was non significant. The number and width of stomata in the upper surface of R. pseudoacacia increased
with increasing the PbCl, concentrations to 15 mg.kg™ as compared to the control treatment, also length
of stomata in the upper and lower surfaces, number and width of stomata in the lower surface which were
non significant. The interactions between concentrations of Ni and Pb had significant effects and
decreased with increasing Ni and Pb concentrations to 30 or 45 mg.kg™ NiCl. or PbCl, concentrations on
the number, length and width of stomata in the upper and lower surfaces of R. pseudoacacia ( See Table
4.59 and Figures 4.16 and 4.17).
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Table 4.57. Effects of nickel, lead and their interactions mean of abaxial stomata characteristics

of G. triacanthos species at 40x.

Treatments Number Length Width
Micron

Nickel con. (mg.kg™? soil)
Ni O 10.83 a 36.8 a 20.4 a
Ni 15 10.33 a 36.8 a 20.3 a
Ni 30 10.17 a 35.0 ab 20.3 a
Ni 45 10.08 a 34.3b 20.2 a
Lead con.(mg.kg™ soil)
PbO0 10.8 a 37.1a 20.2a
Pb 15 10.0a 35.4a 196a
Pb 30 10.3a 35.4 a 20.2 a
Pb 45 10.3a 35.1a 21.2a
Interaction between Ni & Pb con.
NiO PbO 11.7 ab 41.09 a 20.6 a
NiO Pb15 11.7 ab 36.2 bc 189 a
NiO Pb30 11.0ab 35.0 be 21.6 a
NiO Pb45 9.0 cd 34.9 bc 20.7 a
Nil5 Pb0 10.7 abcd 36.0 bc 18.7 a
Nil5 Pb15 10.3 abcd 37.0 abc 21.6 a
Nil5 Pb30 11.0 abc 38.5ab 19.5a
Nil5 Pb45 9.3 bed 35.5 bc 215a
Ni30 Pb0 10.0 abcd 35.3 bc 21.8a
Ni30 Pb15 8.3d 33.7 bc 175a
Ni30 Pb30 10.3 abcd 35.7 bc 19.9a
Ni30 Pb45 12.0a 35.4 bc 21.8a
Ni45 Pb0 10.7 abcd 35.7 bc 19.8a
Ni45 Pb15 9.7 abcd 34.6 bc 20.3a
Ni45 Pb30 9.0 cd 325¢ 19.9a
Ni45 Pb45 11.0 abc 34.4 bc 20.8 a

* There were no stomata at the adaxial leaves surfaces.

* Means followed by the same letters within columns are significantly different at p < 0.05 according

to the Duncan test, and vice versa.
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Table 4.58. Effects of nickel, lead and their interactions mean of some stomata characteristics of L.
leucocephala species at 40x.

Adaxial stomata Abaxial stomata
Treatments Number Length Width Number Length Width
Micron

Nickel con. (mg.kg™? soil)
Ni O 52a 29.7 a 155a 11.1a 33.2a 18.9a
Ni 15 4.2b 26.5b 15.0a 10.0b 31.8a 18.1a
Ni 30 3.6¢C 26.1b 13.8a 9.4 bc 30.0a 175a
Ni 45 36¢C 26.3b 14.6 a 8.8¢ 31.3a 16.9a
Lead con. (mg.kg* soil)
Pb0 4.4a 26.0 a 16.9 a 10.7 a 30.0b 17.3 ab
Pb 15 4.0 ab 28.3a 13.8b 9.4 bc 30.2b 16.4b
Pb 30 3.7b 26.3a 13.4b 9.0c 33.6a 18.9a
Pb 45 4.4 a 27.9a 14.8 b 10.2 ab 32.4 ab 18.9 a
Interaction between Ni & Pb con.
NiO PbO 6.3 a 28.1 ab 16.5 abc 11.7 ab 33.2ab 19.4a
NiO Pb15 5.0 bc 29.1 ab 14.8 abc 11.0 a-d 30.9 ab 17.1a
NiO Pb30 4.3cd 27.8 ab 13.1c 9.3 c-f 34.7 a 19.8a
NiO Pb45 5.0 bc 339a 17.7 ab 12.3a 34.0 ab 19.2a
Nil5 Pb0 5.7 ab 25.7b 18.3a 10.3 b-e 276 b 16.7 a
Nil5 Pb15 20f 26.9b 13.3¢c 10.3 b-e 31.9 ab 16.4a
Nil5 Pb30 4.3cd 26.6 b 13.8 bc 8.7 efg 33.4 ab 19.2 a
Nil5 Pb45 4.7 cd 26.9b 14.7 abc 10.7 a-e 34.2 ab 20.1a
Ni30 Pb0 3.0 ef 26.4 b 16.0 abc 11.3 abc 29.4 ab 16.7 a
Ni30 Pb15 4.7 bed 28.3 ab 13.0c 7.3¢ 27.4 b 159a
Ni30 Pb30 2.3 f 25.0b 13.4c 9.3 c-f 32.9ab 19.0a
Ni30 Pb45 43cd 24.7 b 129c¢c 9.7 c-f 30.2 ab 18.6 a
Ni45 Pb0 2.7 ef 240D 16.9 abc 9.3 c-f 29.8 ab 16.2 a
Ni45 Pb15 43cd 28.8 ab 14.3 abc 9.0d-g 30.6 ab 16.2 a
Ni45 Pb30 3.7 de 26.0b 13.3¢c 8.8 efg 33.4ab 176 a
Ni45 Pb45 3.7 de 26.2 b 13.4 bc 8.0 fy 31.3ab 17.7 a

* Means followed by the same letters within columns are significantly different at p <0.05 according
to the Duncan test, and vice versa.
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Table 4.59. Effects of nickel, lead and their interactions mean of some stomata characteristics of R.
pseudoacacia species at 40x.

Adaxial stomata Abaxial stomata
Treatments Number | Length Width Number Length Width
Micron

Nickel con. (mg.kg™? soil)
Ni 0 59a 19.6 a 12.0a 9.5a 25.6 a 154 a
Ni 15 56a 18.6 ab 119a 8.4b 229b 12.7b
Ni 30 55a 18.2b 10.8 a 8.2 bc 185¢ 119b
Ni 45 4.7Db 16.0c 10.9 a 7.6C 18.1¢c 11.8Db
Lead con. (mg.kg™ soil)
Pb0O 49b 18.2a 106 b 8.3a 22.0a 125a
Pb 15 6.3a 174 a 12.8 a 8.8a 216 a 13.0a
Pb 30 54b 18.1a 106 b 8.0a 20.7 a 125a
Pb 45 51b 18.6 a 11.7 ab 8.6a 20.7 a 13.4a
Interaction between Ni & Pb con.
NiO Pb0 6.3a 17.1 def 12.3 abc 7.7 cde 25.6 a 15.2 abc
NiO Pb15 6.7 a 17.8 def 13.4 ab 9.3 bc 25.6 a 16.6 a
NiO Pb30 6.3a 22.0a 11.0 abc 8.0 bcde 25.5a 14.2 a-d
NiO Pb45 4.3 cd 21.3 ab 11.5 abc 13.0a 25.6 a 15.5ab
Nil5 Pb0 5.3abc | 21.0abc 10.8 abc 8.3 bcd 22.4 bc 15.1 abc
Nil5 Pb15 6.7 a 17.8 def 144 a 9.7b 24.5 abc 9.5d
Nil5 Pb30 4.7bcd | 17.3 def 10.2 bc 9.3 bc 21.3 cd 12.8 a-d
Nil5 Pb45 5.7abc | 18.3 cde 12.2 abc 6.3 ¢ 24.5 ab 13.5a-d
Ni30 Pb0 4.3cd |19.7 abcd 91c 9.3 bc 19.4 de 11.0 bed
Ni30 Pb15 6.3a 16.7 def 11.6 abc 8.7 bed 20.8 cd 12.3 a-d
Ni30 Pb30 5.3 abc 17.7 def 10.8 abc 7.7 cde 17.6 ef 11.2 bed
Ni30 Pb45 6.0 ab 18.5 cde 11.6 abc 7.0 de 16.0 f 13.1a-d
Ni45 Pb0 3.7d 14.8 f 10.3 cd 8.0 bcde 20.6 cd 10.4 cd
Ni45 Pb15 5.3abc | 17.3 def 11.9 abc 7.3 de 16.6 ef 13.1a-d
Ni45 Pb30 5.3 abc 153 f 10.2 bc 7.0de 18.5 def 11.8 a-d
Ni45 Pb45 4.3 cd 16.4 ef 11.3 abc 8.0 bcde 16.7 ef 11.4 bed

* Means followed by the same letters within columns are significantly different at p <0.05 according to
the Duncan test, and vice versa.
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Without stomata

Fig 4.17. Upper (adaxial) leaf surface of G. triacanthos for the control treatment
at 40x, (NiOPb0 mg.kg soil).
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Fig 4.18. Stomata of lower (abaxial) leaves surfaces of G. triacanthos at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15PhO0, f.
Ni15Pb15, g. Ni15Pb30, h. Ni1l5Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45)
mg.kg-* soil.
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Fig 4.19. Stomata of upper (adaxial) leaves surfaces of L. leucocephala at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pho, f.
Ni15Pb15, g. Ni15Pb30, h. Ni15Pb45, i. Ni30Pb0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45)
mg.kg-* soil.
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Fig 4.20. Stomata of lower (abaxial) leaves surfaces of L. leucocephala at 40x; (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Ph0, f.
Ni15Pb15, g. Ni15Pb30, h. Ni1l5Pb45, i. Ni30Pb0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Phb45)
mg.kg-* soil.




Fig 4.21. Stomata of upper (adaxial) leaves surfaces of R. pseudoacacia at 40x; (a. NiOPbO0, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Ph0, f.
Ni15Pb15, g. Nil5Pb30, h. Ni15Pb45, i. Ni30Ph0, j.Ni30Pb15, k. Ni30Ph30, I. Ni30Pb45, m. Ni45Ph0, n. Ni45Pb15, o. Ni45Pb30, p. Ni45Pb45)
mg.kg-* soil.




Fig 4.22. Stomata of lower (abaxial) leaves surfaces of R. pseudoacacia at 40x ; (a. NiOPbO, b. NiOPb15, c¢. NiOPb30, d. NiOPb45, e. Nil5Ph0, f.
Ni15Pb15, g. Ni15Pb30, h. Ni1l5Pb45, i. Ni30PbO0, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb45) mg.kg-
L soil.
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Chapter Five
Discussions

5.1 Effects of nickel, lead and their interactions on seed performance and some

vegetative growth of G. triacanthos, L. leucocephala and R. pseudoacacia

Low seeds germination for the studied species were clear which may be due to germination
condition especially the high temperature, the average temperature during the germination period was
April—May (Table 3.1) that is more than the optimal temperature for most seeds germination. Regarding
the results of these species after seeds soaking for 24 hours, it was seen that the seeds coat of G.
triacanthos, was more rigid than R. pseudoacacia seeds, which is more rigid than L. leucocephala seeds.
This property is from the results of Tables 4.1, 4.2 and 4.3 where it was seen that the effect of Ni and Pb
on G. triacanthos germination performance was less than other species, which may due to the
accumulation of the metals in the coat of seeds, while the endosperm appeared to be lacking of Ni and Pb,
and the coats of seed can decrease the amount of Ni and Pb entering the seeds (Le"on et al., 2005).
Decreasing in germination velocity is clear where Ni is used for the three species because Ni is considered
as one of the essential mineral elements for plants which is required in small amounts for healthy growth
and development, Kun et al. (2021), Joseph et al. (2018); Abdel-Aziz et al. (2014). In many plant species,
increasing concentrations of Ni inhibit and delay seed germination and seedling growth, generally due to
the suppression of amylase and protease activity (Sergin and Kozhevnikova, 2006). Figure 3.2 it is shows
that the growth of each of L. leucocephala and R. pseudoacacia species was more than that of G.
triacanthos species, and this may due to genetic factors and the existence of root nodules, which the host
plants deliver energy as photosynthate, on the other hand receives nitrogen for its growth and development
(Yusufetal., 2011). The results fromtable (4.1) indicate that Ni or Pb or their interactions had significant
effects on some seeds performance and vegetative growth parameters. The percentage of seed germination
was non significant, but velocity of germination was significantly decreased with increasing
concentrations of the Ni, Pb and their interactions as compared to the control treatment. Morphologyical
parameters such as plant leaves number, plant leaf area, root length and root diameter were significantly
decreased with increasing Ni concentrations as compared to the control. Moreover, increasing levels of
nickel chloride decreased seed germination and the growth of plant and cause toxicity because nickel is

one of the essential micronutrients for germination of seeds and subsequent plant growth at low
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concentrations; whereas it becomes toxic with high concentrations in the plant and soil (Pavlova et al.,
2018). However the efficacy of elements tolerance depends on the species of the plant Singh (2020) and
Anwar et al. (2022). Also, the plant height and root diameter decreased with Pb application, except leaf
area which was increased with Pb concentrations as compared to the control treatment. Whereas,
increasing levels of Pb element inhibits and delays seedlings growth, it inhibits photosynthesis process,
declines in minerals nutrition, growth stunting, and other symptoms, and may lead to a cell death at high
level concentrations. All these disorders distressed normal physiological activities of the plant (Fazal,
2015). The interactions between Ni and Pb concentrations on the leaf area and root diameter were
significant and decreased with increasing NiCl> and PbCl, concentrations, except plant hight and plant
leaves number were increased with increasing NiCl> and PbCl> concentrations. The results show that Ni
and Pb were less toxic metals for G. triacanthos species. They also show that the low concentrations of
nickel chloride are required for the normal growth of plants. Whereas, increasing in nickel chloride levels
will reduce seed germination and subsequent plant growth as a result to toxicity (Ahmad et al., 2009).
However the tolerance efficiency will depends on the species of the plant. From the Figure (4.1), it is clear
that G. triacanthos has no root nodules, where Gledistsia genus is phyllogenetically located at the base of
the fabaceae family where there is no nodules among the species of this genus (Faria et al., 2002), however
the root form some hypertrophic outgrowth, where there are bacteria found inside structures which are
very like to infection threads in legumes, and nitrogenase enzyme is present in this material (Faria et al.,
2002). Same results were gained by many researchers. Existing of roots nodules reflects on the activity of
nitrate reductase enzyme, where it behaved inversely and the highest activity were recorded in G.

triacanthos species followed by L. leucocephala and R. pseudoacacia species.

L. leucocephala species, results of table (4.2) indicated that decrease in the percent of seed germination
may due to harmful effects of Ni and Pb on the mineral nutrients content, sugar transport, water balance,
distract membranes function and ion balance of cytoplasm particularly K ion (Kumar et al., 2019). This
study appears that the velocity of germination significantly increased with Ni application (Zayed et al.,
2012). The results indicate that the effect of Ni was toward increasing the vegetative growth, compared to
the Pb application, and this may due to Ni is consider as an essential element for the growth and
development of plants, whereas Pb is not, because Ni at low concentrations is one of essential
micronutrients for seeds germination and plant growth, yet, its toxicity appears with high concentration in
the soil and plants, although tolerance efficiency depends on the plant species (Fazal, 2015). Excessive

amount of toxic elements caused decrease in germination of seeds and growth of plants, whereas Pb is one
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of the heavy metals not essential in cell metabolism processes, but its absorption is very easy; thus so they
accumulated in different parts of plants. Pb element inhibits seed germination, also delays seedlings
growth, inhibits photosynthesis process, declines in minerals nutrition, growth stunting, and other
symptoms, and may lead to a cell death at high level concentrations. The root cells are responsible for the
transport of lead from the external medium to the interior of the cell using the cation channels of the
plasma membrane, in particular the Ca*? channels (Seregin and Kozhevnikova, 2008). All these disorders
distressed normal physiological activities of the plant (Fazal, 2015; Sharma and Dubey, 2005). The plants
already developed many tolerance mechanisms that are triggered as a response to the exposure to Pb
element, this element usually affects plant root systems which respond rapidly to either by callus synthesis
and deposition, ending Pb entering by creating a barriers, or uptakes large amount of Pb then restoration
in the vacuole which supplemented many changes in root branching and growth, and finally by
translocation the Pb to the hyper-accumulators plant shoots. The inhibitory effect of the studied heavy
metals Pb on seed germination could be the result of ionic toxicity on emryo viability and/or due to an
osmotic effect of tested solutions which impairs water uptake by seeds, the most important factor for
germination process. Many other possible causes of germination inhibition under heavy metal stress have
been reported in previous studies: alteration of selection permeability properties of cell membrane,
accelerated breakdown of stocked nutrients in the endosperm (Shafiq et al., 2008). The plant species L.
leucocephala was more tolerant to the increase of Niand Pb concentrations levels. Some species can grow
at higher metal concentrations, which are highly toxic to other species. The results show that Ni and Pb
were less toxic metals for L. leucocephala plant species. The same result was described by Shweti et al.
(2018) that Ni at low concentration is considered essential micronutrient for seed germination and the
growth for wheat (0.5, 1, 2, 4, 6 and 8 mM Ni as NiCl..6H20). However, toxicity will appears with high
concentration in the soil and plants. In addition Pavlova et al. (2018) studied the effect of Ni on Alyssum
markgrafii and A. mural seeds and where the ability to germination decreased with increasing the Ni
concentrations, whereas hypocotyl elongation were stimulated at low Ni concentrations, but the root
elongation was inhibited for both species, which firm that the plant roots were more sensitive than
hypocotyl to Ni element. Because it appears toxicity with high concentrations in the soil and plants;
However, tolerance efficiency depends on the plants species. The same results were obtained by Shweti
et al. (2018) who established that low concentrations of Ni are considered as stimulator for wheat seed
emerging, whereas, high concentrations were toxic, where it decreased significantly other plant

characteristics, which may due to activation of the stores to the rest of the root nodules, prompting root
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nodules dry weight (Sahu et al., 2020). Where Pb treatment causes a significant reduction in the seed
germination, length of shoot and many other characteristics when compared to the control treatment
(Mehboob et al., 2018, Muhammad et al.,2008, Seregin and Kozhevnikova, 2006; Le on et al., 2005).

The results in table 4.3 demonstrat that little amount of nickel chloride is required for stimulating R.
pseudoacacia seed performance and seedling growth, whereas increasing levels of nickel chloride
decreased seed germination and the growth of plant cause toxicity, because nickel is one of the essential
micronutrients for germination of seeds and subsequent plant growth at low concentrations, yet it becomes
toxic with high concentrations in the plant and soil. However the efficacy of elements tolerance depends
on the species of the plant (Kabira et al., 2018, Sharifi-Rad, 2017, Jaime et al., 2012; Singh et al., 2010).
Inhibition of root growth is clear in plants treated with Pb which agrees with Fazal, (2015) and Sharma
and Dubey (2005). Differences were observed between all the studied plant species regarding most of the
vegetative growth parameters because heavy metals uptake and accumulation vary even from species to
species within a genus (Kun et al., 2021), and the contaminants distribution in a plant is controled by the
plant physiological character, and the distribution depends on the mobility of the contaminant in the plant
tissues, on the type of plant, and the conditions of growth (Stofejova et al, 2021). Results show that high
concentrations of nickel were more toxic than lead, because of the higher differences between Ni
treatments than that of Pb element. The results were agree with that of Ahmad et al. (2009), who
established that Ni concentrations at low levels promoted significantly sunflower seed germination and
improved the growth of seedling, fresh and dry weights and germinating of seeds, while higher
concentrations caused a significant inhibition in seeds germination. Inversely Pb application causes a
significant decrease in plant root length, because those plants grow under the stress of heavy metals
suffering a shortage in the energy amount required for a good growth of the plants grown in stressed
environment (Tai et al., 2022; Kang et al., 2018). Heavy metals might cause an inhibition in root growth
that alters water balance and nutrient absorption, thereby affecting their transportation to the aboveground
plant parts and thus negatively affecting shoot growth and ultimately decreasing biomass accumulation
(Singh et al., 2016). The reduction of biomass could be the result of a direct effect of Pb on photosynthesis
or on the physiological processes of the plant (Sharma and Dubey, 2005). Metals and chemicals in higher
concentration the plant germination, growth and production are mainly associated with the physiological,
biochemical and genetic of the plant system (Sethy and Ghosh, 2013). Nodule growth may be linked to
total plant growth and depend upon environmental factors (e.g. nitrate supply, salt stress, drought stress)
which directly effects plant growth (Voisin et al., 2003).
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As it is clear from Figure 4.1 all the nodules for L. leucocephala and R. pseudoacacia species were
distributed on secondary roots. The rhizobia existed inside nodules fixed the atmospheric N into ammonia
which was considered a nitrogen source for the legumes. Increasing nodules number and dry matter and
some other parameters for L. leucocephala and R. pseudoacacia species may be due to the existence of
some rhizobia including that strains resistant to heavy metals and can stimulate the growth of plants under
the stress of heavy metal (De Angelis et al., 2022). Generally, it was noticed that effects of Pb was less
compared to Ni because lead not an essential element and is considered relatively unavailable for living
organisms due to the fact that immobilization in soil and the transportation from roots to plants is limited
(Kacalkova et al., 2014). The results show that all three plant under HMs stress showed different decline
in plant growth characterestics compared with the control. this may be due to the high content of heavy
metals in the soil, which limited the uptake of nutrients by the plants thus leads to a decrease in plant
growth.

5.2 Effects of nickel, lead and their interactions on some physiological

characterestics of G. triacanthos, L. leucocephala and R. pseudoacacia species

5.2.1 Photosynthetic pigments

Results from table (4.4) shows that the effect of Ni, Pb and their interactions was significant on some
photosynthetic pigments (chlorophyll a, b and total carotenoids) of the studied species. The chl a and b
increased with increasing Ni and Pb concentrations. Total carotenoids decreased with increasing the
elements concentration. The high Ni concentration has been found to change the photosynthetic pigments
such as Chla, Chl b and TC. Carotenoids are plant pigments that function as non-enzymatic antioxidants.
They are the main pigments known to be involved in protecting plant organs from stresses. At high
concentrations, Ni directly damages photosynthetic apparatus of leaf in several ways. It has been
recognized that magnesium is an essential constituent of heme group of chlorophyll; moreover, other
nutrients like iron and manganese are needed for metabolic activities of chlorophyll. Therefor, their lower
absorption rates can reduce synthesis of chlorophyll at high Ni concentration. In addition, Ni at high level
breakdowns remaining chlorophyll in chloroplast that causes chlorosis of leaves and ultimately necrosis
of plant parts (Batool, 2018). Pb ions significantly block -amino laevulinate dehydrogenase, the primary
enzyme for the manufacture of chlorophyll (Singh et al., 2012). The chlprophyll content of the three plants
after stress of higher concentration of HMs showed different degrees of decreased or increased compacted

to contral which may be due the fact that the heavy metals stress leads to the disruption of the chloroplast

180



structure and disruption of the electron transport chain, the Ni and Pb synergestic to Zn, since higher level
of Zn can displace the Mg cofactor in chloropyll thereby disrupting photosynthesis limiting growth and
causing plants to fade to green. The pollution with heavy metals has many deleterious effects; the most
important of them is the effect on chemical composition of plant tissues. Physiological phenomena
affected by Ni toxicity include changes in the concentration of photosynthetic pigments resulting in
reduction in net photosynthetic rate, stomatal conductance, transpiration rate, and water-use efficiency.
Excessive Ni contents have also been shown to alter the concentration of physiologically important
organic molecules such as soluble sugars, free amino acids, and soluble proteins. Heavy metal has
deleterious effects on the content and functionality of the photosynthetic pigments. This can be caused by
the inhibition of pigment synthesis or direct oxidative damage to the pigments. They comprise
impairments of chlorophyll synthesis resulting in chlorotic leaves, changed ratios of chlorophyll a and b
and photosynthetic activity, inhibition of photosynthesis induces oxidative stress, which can contribute to
the degradation of photosynthetic structures and induction of senescence, and to stress acclimation of
plants through signaltransduction processes. Heavy metals inhibit chlorophyll and carotenoid biosynthesis
and retard the incorporation of these pigments in photosystems. The decrease in pigment photosynthesis
as a consequence of reduced absorption of essential mineral nutrientsis an indirect reason for plant
chlorosis (Li et al., 2018; SaiKachout et al., 2015).

Soils should have an impact on chlorophyll since several elements, such as nitrogen (N), magnesium
(Mg), iron (Fe) and phosphorous (P) indirectly, are needed for chlorophyll production. Precipitation may
have an effect on the photochemical activity of chloroplasts because water is the medium used by plants
to transport nutrients. Mineral salts must be dissolved in water in order for plants to absorb them.
Consequently, there is a direct connection between the production of chlorophyll and water. The absence
of water in leaves affects the production of chlorophyll, encourages its breakdown, and hastens the
yellowing of leaves. Additionally, there is indirect evidence that soils and climate, particularly
temperature, work together to influence chlorophyll (Chl), suggesting that Chl could be a useful feature
for predicting how plants will react to climate change (Li et al., 2018). From the results appear that G.
triacanthos and L. leucocephala were less affected compared to R. pseudoacacia for Ni and Pb elements,
where the values of Chlaand TC were as follows: (G. triacanthos > L. leucocephala > R. pseudoacacia),
for Chl b as follows (L. leucocephala > G. triacanthos > R. pseudoacacia). Same results were obtained
from each of Kycko et al.,(2019), Batool (2018); Amini and Amirjani, (2013). These results confirmed by
Singh et al., (2012), who found that the effect of Pb and Ni on Chl a, Chl b and TC content of Black gram
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(Vigna mungo L.) seedlings were evaluated under 10, 50 and 100 uM concentration. These concentrations
significantly affected chlorophyll and carotenoid content of Black gram as compared to control. Pb and
Niat 10 uM concentration resulted in less significant effect on chlorophyll, a, b and total carotenoids. The
TC was less affected compared to Chl a and Chl b, while higher concentrations (50 and 100 puM)
significantly reduced chlorophyll and total carotenoid contents of the seedlings.

5.2.2 Enzymatic, non —enzymatic antioxidants and protein content

The results presented from tables (4.5 — 4.8) show that the effect of Ni, Pb and their interactions were
significant on some of the enzymatic and non enzymatic antioxidants. The POD, NR, AA and TPr
increased with increasing concentrations of Ni and Pb from 45 mg.kg™ of the studied species, except the
NR was decreased from 45 mg.kg™ of L. leucocephala and R. pseudoacacia. While the CAT, Pr and CHO
decreased with increasing concentrations of Ni and Pb from 45 mg.kg™* of the studied species, except the
CHO increased from 45 mg.kg™ of L. leucocephala. The Pb and Ni are considered as a dangerous
pollutant to plants, because they have an effect on many biological processes like photosynthesis,
carbohydrate synthesis and cell wall by decrease of exchange between inner and outer (Taha et al., 2008).
Antioxidant responses to avoid damages caused by ROS to cellular components, as well as to maintain
growth, metabolism, development, and overall productivity, the balance between production and
elimination of ROS at the intracellular level must be tightly regulated and/or efficiently metabolized. This
equilibrium between the production and detoxification of ROS is sustained by enzymatic and non-
enzymatic antioxidants. Excess ROS is harmful to the plant; thereby, to restore the cellular redox balance,
both enzymatic and non-enzymatic systems are activated to detoxify the toxic levels of ROS. The observed
increase in enzymatic activities and decrease in oxidative damage are closely related. The expression of
many antioxidant enzymes is positively correlated with higher tolerance levels against abiotic stresses
(Gull et al., 2019; Caverzan et al., 2016). Plant produce excesses ROS under complex heavy metals which
can rapidly damage biomolecular structure (DNA, RNA and protein) and membrances through lipid

peroxidation, leading to metabolic disorders and cell death in plants.

0Oy SOD H.0, POD H.O + O,
CAT

CAT play important role in H,O> decomposing the decrease in CAT activity of plants after HMs stress
is compensated by the increase POD activity to scavenge H20- . plant produce higher levels of AA under

stress condition. Ascorbic acid act as powerful antioxidant in plant, helps in neutralize harmful molecules
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of ROS that produce under stress condition, thus AA protect plant cell from damageenzzymes.many
plant required AA as acofactor for proper fanction, these enzyme involved in cell division cell elongation
and hormone synthesis. The majority of biological functions performed by proteins in cells (and
occasionally other biomolecules as well) are carried out by these biological macromolecules. Generally
speaking, plant proteins provide a variety of enzymatic, structural, and functional functions (such as
photosynthesis, biosynthesis, transport, and immunology). They also act as storage mediums to meet the
growth and nutritional demands of developing seedlings. All plant tissues contain proteins, which are
categorized as simple proteins and further broken down into four categories. These four plant protein
types; albumins, globulins, prolamins, and glutelins are mostly linked to seed storage proteins. Proteins
and carbohydrates are among the various nutrients that are kept in plants' storage organs. Typically, these
proteins are referred to as storage proteins (Rasheed et al., 2020). Their main purpose is to be converted
into amino acids, which serve as the fundamental units of emerging proteins in the subsequent generation
of growing plants (Khan et al., 2017). Protein content may increase in response to heavy metal stress. This
accumulation is believed to be notably due to the synthesis of defense proteins involved in the maintaining
the redox state of the cell such as ascorbate, or metal sequestration/detoxication (methalothionines,
glutathione, phytochelatins), Pandey and Sharma, (2002). In this study it was indicated that each of the
antioxidants value for the studied species was as follows: NR and AA (G. triacanthos > L. leucocephala
>R. pseudoacacia), POD and CHO (R. pseudoacacia > G. triacanthos > L. leucocephala), CAT (G.
triacanthos > R. pseudoacacia > L. leucocephala), Pr (L. leucocephala > G. triacanthos > R.
pseudoacacia) and TPr of G. triacanthos > L. leucocephala (shoot > root), except R. pseudoacacia (root
> shoot). These results were also confirmed by Mame et al., 2021, Hussain et al., 2020, Gull et al., 2019,
Andresen et al., 2018, Bielen et al., 2013, Singh et al., 2012, Yan et al., 2008, Dey et al, 2007; Tzvetkova
and Dimitar, 1996).

5.2.3 Mineral elements contents

The movement of metals ions from the soil solution via root to shoot is called translocation.
Translocation is primarily controlled by two processes. First is root pressure and second one is leaf
transpiration. Following translocation to leaves metal can reabsorbed from leaf cells. This rate of long
distance metal transport is different in the plants. The metal is then sorbed at the metal surface and moves
into the root cells through the cellular membrane using apoplastic (passive diffusion) and symplastic

(active diffusion) pathways (Sabreena et al, 2022; Verma et al., 2013). Lead is a metal of very low

183



mobility; most of its portion is retained in soil at the root level. Pb uptake by plants is passive and
conducted by the hairy root system and can penetrate leaves by their waxy cuticles. Once transported into
the plant, it can cause damages to membranes, enzymes and various protein components. Small
proportions of Pb may inhibit respiration and photosynthesis due to the disturbance of electron transfer
chain reaction (Doganlar and atmaca, 2011). Higher level of lead and nickel may disturb cell membrane
integrity affecting cell signaling and nutrients transport, overall lead can disrupt cell organelles and
cellular processes. The Pb and Ni are considered as a dangerous pollutant for plants, because they have an
effect on many biological processes like photosynthesis, carbohydrate synthesis and cell wall by decrease
of exchange between inner and outer (Amari et al., 2017). Results from the tables ( 4.9 — 4.38 ) show that
Ni or Pb or their interactions had significant effects on some mineral elements in the shoot, root and soil
of G. triacanthos, L. leucocephala and R. pseudoacacia species. Some of the macro, micro and heavy
metal elements increased with increasing concentrations of the Ni and Pb elements from the shoot, root
and soil of the three tree species. According this study, the highest accumulation of the plant organs, soil
and species was as follows: shoot > root > soil and G. triacanthos > L. leucocephala > R. pseudoacacia.
Some of the mineral elements increased with increasing Ni and Pb concentrations from 15, 30 and 45
mg.kg™? of the shoot, root and soil of G. triacanthos, L. leucocephala and R. pseudoacacia species as
follows; the mineral elements of G. triacanthos increased with increasing Ni, Pb and their interactions of
the shoot, root and soil: (P, Mg, SO4, Fe, Mn, Zn, Cd; N, P, K, Mg, Ca, SOs, Fe, Zn, As and SOg, Cu, Fe,
Zn, Pb, Rb, Ag), (P, Mg, Zn, Cd, As; P, Mg, SO and N, Mg, Ca, Cu, Zn) and (N, P, Mg, SOa, Cu, Zn,
Pb, Cd, As; N, P, Ca, SOg4, Cu, Fe, Mn, As, Rb and Ca, Cu, Fe, Mn, Zn, Ni, Ag, As). The mineral elements
of L.leucocephala increased with increasing Ni, Pb and their interactions of the shoot, root and soil: (N,
Mg, SOs; N, P, Ca, Fe, Ag and Mg), (SO4, As; N, P and N, P, Mg, Mn) and (Ca, Rb, As; N, P, K, Mg,
Ca, SOg, Cu, Fe, Rb, Ag, As and Mg, Mn, Pb, Cd, As) and the mineral elements of R. pseudoacacia
increased with increasing Ni, Pb and their interactions of the shoot, root and soil: (N, SO4, Cu, Fe; Mg,
Ca, Fe, As and SOg, Cu, Zn, Pb, Rb, Ag), (Cu, Fe, Mn; Ca, SO4, Mn and N, Mg, Cu, Zn, Ba) and (Mg,
Cu, Fe, Mn, Rb, Cd; P, Mg, Ca, Fe, Zn, Ni, Rb and N, Ca, SO, Cu, Fe, Zn, Ni, Ag). Heavy metals and
plants have complex relationships. Some of heavy metals are essential nutrients in trace concentrations
for healthy growth as plants require the nutrients for essential physiological functions. Both high and low
heavy metal concentrations in soil can have a negative impact on crop growth because these metals
interfere with how plants use their energy sources, such as respiration and photosynthesis, and they also

cause the organelles that make up their cells to age and eventually die. Because heavy metals build up in
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plant tissues and induce a variety of morphological, physiological, and biochemical reactions, plants react
differently to pollution depending on the species (Gratani et al., 2021; Rahul et al., 2016). The
concentration of these metals in the environment (air, soil, or water), bioavailability, cation exchange
capacity, the time since last vegetation, the climate, and numerous other variables. The distribution of
metals in various plant tissues is largely influenced by the mechanism of metal translocation in plants. The
degree of accumulation and dispersion of heavy metals in the upper vegetative portions are determined by
a number of variables, including biochemical, anatomical, and physiological ones. Instead of using the
low-metal-content soil, constant uptake and translocation can raise the metal concentrations in plant
tissues. The primary cause of such results appears to be the root activity, which appears to facilitate the
translocation of metals. The leaves of green plants, in particular, take a lot of heavy metals from the soil
and roots. The accumulation of heavy metals in plants depends on several factors such as plant species,
metal forms, soil parts, and properties such as solubility (Al-Heety et al., 2021; Bislimi et al., 2021). The
intraction among different elements such as (Ni and Pb) and essential nutrients likes N, P, Mg, Fe, Cu,
Zn and some non-essential elements in higher plants can exhibite anatagonistics or synergestic effect , in
the context of Ni and Pb, they might antagonistically affect the availability or uptake of N, P, S, Mg, Fe,
Cu ann vary depending on the spesific plant species the concentration of Ni and Pb the concentration and
shape of essential nutrients. Zn because higher level of Ni and Pb could be compete with these essential
nutrients for uptake by plant roots, potentially leading to nutrient imbalance and decrease plant health vice
versa for synergestic. It is important to note that the effect of antagonistic or synergism c Soil
characteristics strongly influence the solubility of metals. Under acid and oxidizing environments, most
of the HMs are readily mobile and are strongly retained under alkaline and reducing conditions. Plants use
root cells to limit and restrict the uptake and movement of HMs into the plant tissues. Such a process
involves various defense mechanisms (root sorption, metal precipitation and exclusion). Because heavy
metals are immobilized in the vacuoles of the root cells when plants are exposed to them, they become
less toxic, which may be a natural toxicity response of the plant and there is a high accumulation in the
roots of the plants. In the rhizosphere, a variety of root exudates serve as HM ligands to create HM
complexes, which limit the bioavailability and lethality of HMs. The accessibility of HMs from the soil to
the roots is further limited by the exclusion barriers that exist between the root and shoot system.
Following chelation, the HM ligand complexes are moved from the cytosol to non-toxic storage areas like
the vacuole, leaf petioles, leaf sheaths, and trichomes (Sabreena et al, 2022; Verma et al., 2013). For

maximum nutrient utilization efficiency, antagonistic (negative) nutrient interactions should be reduced
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and synergistic (positive) nutrient interactions should be increased when creating fertilizers with the
proper nutritional composition (René et al., 2017). The most deteriorating is the destruction of the
plasmalemma which ineffect disturbs the permeability for water and nutrients and lead to impaired plant
growth. The main proceses responsible for Pb accumulation in root tissues is the deposition of Pb as
pyrophosphate on cell wall. Particulary the pectic acid is most active in Pb sorption thus the Pb influenced
the elasticity and pasticity of cell wall. The stimulating effect of Pb once uptake by plant root may be
asecondary effect of the disturbance of transmembrane transportions, the same reasons of anatagonistic of
Pb with Zn. The interferance of Pb with Ca is of metabolic important Pb can mimic the physiological
behavior of Ca, thus can inhibit some enzyme. The differences between the species response to nickel and
lead may be due to the uptake of heavy metals from the soil solution depending on species, form and
concentration of metal, the soil. In this study, it is assumed that each of G. triacanthos > L. leucocephala
> R. pseudoacacia plants may be better adapted and are tolerant to heavy metal stress conditions and more
suitable for remediation of the soil because they have more ability to accumulation of hazard elements.
Same results were confirmed by (Aloud et al., 2022, Bislimi et al., 2021, Szwalec et al., 2018, Amari et
al., 2017, Palowsk et al., 2016; Stankovic et al., 2009).

The results from tables (4.27, 4.31 and 4.35) indicate that G. triacanthos, L. leucocephala, and R.
pseudoacacia were response to nickel and lead which may be due to the uptake of heavy metals from the
soil solution depending on species, form and concentration of metal, the soil or nutrient solution acidity
and organic matter composition. The phytoremediation process, which also affects the physical qualities
of the soils, can be strongly influenced by the soil conditions. Depending on the species, form, and
concentration of the metals, the acidity of the soil or nutrient solution, and the composition of the organic
matter, the changes in how different species react to nickel and lead may be caused by the uptake of heavy
metals from the soil solution. For example, increased pH from 5.5 — 6.5 decrease the availability of Pb
and Ni. However, it has been shown that at pH values between 5.5 and 7.5, phosphate or carbonate
precipitates limit the solubility of lead (Pb) in the soil, leaving only a minimal quantity of Pb available to
plants (Amari et al.,2017). A soil for phytoremediation should have physical and chemical characteristics
that maximize plant growth rates by creating hospitable conditions for the establishment of new plants.
The soil's physical characteristics, including texture, structural status, aeration, water conductivity,
compaction, saturated hydraulic conductivity, and penetration resistance, as well as the soil's
microenvironment (temperature, moisture content, and heat exchange), are crucial to the remediation

process. In many instances, it is advised to enhance the soils' physical qualities by adding ingredients in
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order to maintain high remediation rates (Solomou et al., 2022). The same results were confirmed by
(Sharma et al., 2022, Solomou et al., 2022; Seregin et al., 2006).

5.3 Effects of nickel, lead and their interactions on some phytochemical contents

The results from tables (4.40 — 4.47) found that effect of Ni or Pb or their interactions had a significan
effect on all phytochemicals parameters total phenolic, flavonoid, glycoside, alkaloid, steroid, terpene,
tannin and saponin. It showed that all the qualitative and quantitative phytochemicals increased with
increasing Ni and Pb concentrations. However, a number of important factors, including genotype, size
and maturity, soil conditions, fertilizer, irrigation, location, climate, and season, affect the variability of
phytochemicals in plants, in order to increase and improve the phytochemical content of plants, several
elements might be used (Usman et al., 2022, Shrestha et al., 2015; Godwill et al., 2013). This variation in
Ni concentration among plant species may be related to the differences of organic anions that secreted by
plant root that modified the pH in the rhizospher may considerably decrease Ni adsorption by soil and
then increase it is bioavailability. Plant under Ni or Pb stress, the absorption of nutrient, root development
and metabolosms are strongly related inaddition the photosynthesis , respiration and transpiration inhibite.
The quantitative phytochemicals of the studied plant dry leaves included these secondary metabolites TPC,
TFC, TGC, TAC, TSTC, TTEC, TTC and TSC. These phytochemicals were extracted with three solvents,
viz., methanol, water and ethyl - acetate. Qualitative and quantitave phytochemicals extracted were
affected by solvent polarity, the ratio of solvent and plant materials, material particle size, extraction
method and temperature. The plant developmental stage, plant components, and the extraction and
separation solvents have a direct impact on the phytochemicals (Wakeel et al., 2019). Different minerals
play different roles in the metabolism of medicinal plants. Numerous effects on plant metabolism result
from the severity or shortage of these factors. The concentration of these minerals in the soil, whether they
are activators or inhibitors, is crucial to the secondary plant metabolism. Additionally, minerals are
essential for these medicinally significant plants to reproduce. However, the metabolic activities of such
valued medicinal plants are negatively impacted by soils with differing mineral element compositions
(Mishra,et al., 2012). Same results were obtained from each of (Sobati-Nasab et al., 2021, Mansur et al.,
2020, Ogoko, 2018, Usman et al., 2018; Madhu et al., 2017). In this study has evaluated highest value of
qualitative and quantitave phytochemicals for three medicinal plants by three solvent extractions as

followes:

- TPC by methanol, water and ethyl acetate ( L. leucocephala > G. triacanthos > R. pseudoacacia).
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- TFC by methanol, water and ethyl acetate (G. triacanthos > R. pseudoacacia > L. leucocephala).
- TGC by methanol, water and ethyl acetate (L. leucocephala > G. triacanthos > R. pseudoacacia).
- TAC by methanol, ethyl acetate and water (L. leucocephala > G. triacanthos > R. pseudoacacia).
- TSTC by methanol and ethyl acetate (L. leucocephala > G. triacanthos > R. pseudoacacia).

- TTEC by methanol and ethyl acetate (G. triacanthos > L. leucocephala > R. pseudoacacia).

- TTC by methanol and ethyl acetate (L. leucocephala > R. pseudoacacia > G. triacanthos).
- TSC by water (G. triacanthos > L. leucocephala > R. pseudoacacia).

According this study, it was determined that the best solvent extraction method for all parameters was
methanol, except total saponin content (water) and the amazing species i.e L. leucocephala and G.

triacanthos for all parameters.

5.4 Effects of nickel, lead and their interactions on some anatomical studies of G.

triacanthos, L. leucocephala and R. pseudoacacia species

Results from the tables (4.48 — 4.59) show that effect of Ni or Pb or their interactions were significant
on all anatomical parameters for leaf, petiole, stem, root, adaxial and abaxial stomata number, length and
width. There are some anatomical changes which can caused by heavy metals such as Ni or Pb applied
alone or in combination caused an increase in thickness of leaves (lamina and midrib), petioles, stems and
roots of all seedling organs. These change may be due to decrease in cell division that resulted in an
increase in cell wall thickness and/or a disturbance in the activity and content of phyto-hormones like
auxin in the roots exposed to heavy metals may be the cause of a loss in root growth. High absorption and
accumulation of heavy metals in roots of different plants caused in different anatomical changes, in plants
affected by an increased Ni stress. The metal ions enter roots, they are stored in roots or translocate to
shoots through particularly xylem, but directly, absorb heavy metal from water in addition to translocation
from root, in some plants involves binding toxic metals at cell walls of roots and leaves, or storing them
in a vacuoles or complex them to certain organic acids or proteins and others plants make stable metal
complexes in the root cells to prevent metal translocation from the roots to above-ground tissues (Hamza
et al., 2020; Al-Saadi et al., 2013). The Pb and Ni related impact on the plant may result from direct

toxicity of metal accumulated in tissues, Amari et al. (2017). In the present study, the changes in the root,
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stem and leaves anatomical structure of three plants were consistent with translocation of heavy metals to
the cell wall of various tissues systems inadition implosion xylem conduct needed to be reinforced and
having liquded cell wall because heavy metal deposite in cell wall binded to lignin. Stomata’s density and
aperture are lowered by heavy metals. Stomata close as a result of the early effects of metal toxicity on
roots and stems, or as a direct result of toxic metals interacting directly with guard cells. An excess of both
essential and non-essential metals induces ion stress in plants and causes multiple direct or indirect effects,
which concern practically all physiological functions. In the absence of transpiration, e.g., when stomata
are closed, water movement is driven by the active pumping of solutes in roots. At hight amount of Ni,
and Pb induce a wide range of toxic effects to plants at morphological, physiological, and biochemical
levels. Minerals have a diversified role in medicinal plant metabolism. Each and every aspect of plant
biochemistry, physiology, anatomy, etc. is affected due to mineral nutrient composition of soils (Amari et
al., 2017, Chaudhari et al., 2016; Rucinska-Sobkowiak, 2016). The same results were obtained from each
of (Gao et al., 2019, Amari et al., 2017, Rucinska-Sobkowiak, 2016; Gupta et al., 2013). These result
agree with Khudhur and Omer (2015) who mentioned that stomata number on lower surface is more than
stomata number on upper surface. They also noted that stomata characteristics like number, length and
width are affected by genetic constitution, season, leaf position and leaf surface (upper or lower). In
addition the number and size of stomata are influenced by genotype and environment factors such as:
water availability, light intensity, temperature, and CO concentration. The higher the intensity of light,
the frequency of stomata on both leaf surfaces will also increase, although the increase in frequency is not
significant. Plants that grow in dry environments with high light intensity tend to have a lot of stomata,
but their size is small compared to plants that grow in wet and protected environments (Maylani et al.,

2020). The same results were obtained from Amari et al. (2017).

According to this study as shown on the anatomical properties that the highest thickenss or abnormality

or irregularity occurred in all the shapes of the three studied plants as follows:

- Leaf (Lamina): Cuticle (G. triacanthos > R. pseudoacacia > L. leucocephala), Upper Epidermis
(G. triacanthos > R. pseudoacacia > L. leucocephala ), Mesophyll (G. triacanthos > R.
pseudoacacia > L. leucocephala ), Vascular bundle (G. triacanthos > L. leucocephala > R.
pseudoacacia) and Lower Epedermis (G. triacanthos > L. leucocephala > R. pseudoacacia).

- Leaf (Midrib): Cuticle (R. pseudoacacia > G. triacanthos > L. leucocephala), Upper Epidermis

(R. pseudoacacia > G. triacanthos > L. leucocephala), Mesophyll (R. pseudoacacia > G.
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triacanthos > L. leucocephala), Vascular bundle (R. pseudoacacia > L. leucocephala > G.
triacanthos) and Lower Epedermis (G. triacanthos > R. pseudoacacia > L. leucocephala) .
Petiole: Periderm (L. leucocephala > G. triacanthos > R. pseudoacacia), Cortex (G. triacanthos
> L. leucocephala > R. pseudoacacia), Fiber (L. leucocephala > G. triacanthos > R.
pseudoacacia), Accessory bundle (L. leucocephala > R. pseudoacacia > G. triacanthos), Phloem
(R. pseudoacacia > L. leucocephala > G. triacanthos) and Xylem (L. leucocephala > R.
pseudoacacia > G. triacanthos ).

Stem: Periderm (L. leucocephala > R. pseudoacacia > G. triacanthos), Cortex (G. triacanthos >
R. pseudoacacia > L. leucocephala), Fiber (L. leucocephala > R. pseudoacacia > G. triacanthos),
Phloem (G. triacanthos > R. pseudoacacia > L. leucocephala) and Xylem (G. triacanthos > L.
leucocephala > R. pseudoacacia).

Root: Periderm (L. leucocephala > R. pseudoacacia > G. triacanthos), Cortex (L. leucocephala >
R. pseudoacacia > G. triacanthos), Phloem (G. triacanthos > R. pseudoacacia > L. leucocephala)
and Xylem (R. pseudoacacia > L. leucocephala > G. triacanthos).

Adaxial stomata: Number (R. pseudoacacia > L. leucocephala ), Length (L. leucocephala > R.
pseudoacacia) and Width (L. leucocephala > R. pseudoacacia).

Abaxial stomata: Number (G. triacanthos > L. leucocephala > R. pseudoacacia ), Length (G.
triacanthos > L. leucocephala > R. pseudoacacia) and Width (G. triacanthos > L. leucocephala >

R. pseudoacacia).
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AND
RECOMMENDATIONS



Conclusions

The current study concludes that:

1.

Soil contamination with Ni and Pb is a serious problem where they which affects the seed
performance which significantly decreased for 45 mg.kg? NiCl, or PbCl. concentrations for G.
triacanthos, L. leucocephala and R. pseudoacacia species, except velocity of germination of L.
leucocephala which increased with increasing concentration to 45 mg.kg™ NiCl, or PbCl..

The application of Ni and Pb elements decreased most of the morphological characterestics by 30
and 45 mg.kg™? NiCl, or PbCl; concentrations for the three plant species, except plant height, leaf
area, root dry matter and number of nodules of L. leucocephala and root diameter and nodules dry
matter of R. pseudoacacia were they increased with increasing the concentration to 45 mg.kg™
NiClz or PbCl,.

Ni and Pb affects on photosyntetic pigments Chl a and Chl b were increased at 45 mg.kg™?, except
TC was decreased at 45 mg.kg™ for the three species.

The adverse effects of Ni and Pb induced antioxidant defense activity in plants to remove the
possible toxic effects of free radicals, making the plants more resistant to heavy metal stress.
Enzymatic and non - enzymatic antioxidants such as the activities of POD, AA and TPr were
increased for 45 mg.kg™ NiCl, or PbCl, of the studied species. Whereas the NR was decreased for
45 mg.kg™ NiCl, or PbCl, for L. leucocephala and R. pseudoacacia species, except the NR was
increased for 45 mg.kg™ NiCl, or PhCl; for G. triacanthos species. The activities of CAT, Pr, CHO
were decreased at 45 mg.kg™ NiCl, or PbCl, of the studied species, except the CHO was increased
from 45 mg.kg™ of L. leucocephala species.

Some of macro, micro and non - essential heavy metals of the shoot, root and the soil were
decreased at 15, 30 and 45 mg.kg™ NiCl, or PbCl; of the studied species.

Soil contaminated with Niand Pb lead to increasing all the phytochemical parameters such as total
(phenolic, flavonoid, glycoside, alkaloid, steroid, terpene, tannin and saponin) with three solvent
extractions (methanol, water and ethylacetate) for 45 mg.kg™ NiCl, or PbCl, for all the studied

species.

. The plant grow in soil polluted with Ni and Pb affects on all the anatomical characterestics i.e leaf,

petiole, stem, root and stomata of G. triacanthos, L. leucocephala and R. pseudoacacia where

their thickness were increased especially for 45 mg.kg™* NiCl; or PbCl,.



8. The use of phytoremediation of soils from heavy metals depositions is of great interest with a low
cost. The most important proceeding that can be executed are the organization of green belts
around cities. In respect to this study results, it suggested that L. leucocephala had the best heavy
metal tolerance reactions, so it is recommended to cultivating this species in that areas
contaminated with heavy metals especially nickel and lead round Iraq and Kurdistan regions.



Recommendations

From the results of this study we can recommend the following:

1.

Further studies are required using other concentration of Ni and Pb which may give other results and

finding the toxicity of these elements.

Using other heavy metals such as Cd, Cr, Ag, As and Hg to study their effects on G. triacanthos, L.

leucocephala and R. pseudoacacia.

Conducting the experiment hydroponically for an exact study of the nutrient status of the plant under

the study factors.

Estimating some antioxidant enzyme on heavy metal stressed seeds of G. triacanthos, L.
leucocephala and R. pseudoacacia.
In the present study non enzymatic protectants have been studied. Studies on others like

glycinebetaine, glutathione, trehalose, organic acides, etc are suggested.

Further studies are required using other solvent extracts such as ethanol, chloroform, hexane and

acetone for qualitative and quantitative phytochemical analysis which may give accurate results.

Lipid peroxidation id the most reliable indicator for classifying genotypes are tolerant or sensitive

under stressful conditions, so measuring of malondialdehyde (MDA) is required.

Estimating hormones on stressed G. triacanthos, L. leucocephala and R. pseudoacacia species.

Estimating H2O: to determine the level of oxidative stress in the studied plants.
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