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Summary

This study was conducted in an open field in &dypm March 25 to August 28, 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, phytochemicand anatomical characteristics of three forest
tree species belonging to the Fabaceae fa@ikgditsia triacanthos, Leucaena leucocephala,
and Robinia pseudoacacialhe healthy legume seeds of these species were cultivated on
March 28", 2021. A factal 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'spibf two heavy metals: nickel chloride (Nl
and lead chloride (Pbg)] and alsotheir interactions on each species separately. These
concentrations were denoted as, Wiis, Nizo, and Nis for the first salt, and RbPhs, P,

and Phs for the seond.

The results revealed that neither Ni ®iynor theirinteractionshad a significarty effect
on the percentage @. triacanthosseed germination. However, plant leaf area exhibited a
significant increase at Nil5 and Ni30, as well as P15, R80P45, while no significantly
affecting the other vegetative growth characteristics compared to the control. On the other
hand L. leucocephalappeared to be more tolerant to increasing concentrations of Ni and Pb
metals. In the case &. pseudoacacjaNi application resulted in a significant increaseadnot
diameterfor all treatmentsjn additionthe nodulesdry matterat 15, Ni30 and N45. Pb
application, on the other hand, caused a significant increase in plant leaf area. No root nodules
were obseved in theG. triacanthosspecies. 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 lgrovitile 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 &alto the soil, which had affecton seed and
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seedling performancd.. leucocephalademonstrated greater tolerance to Ni and Pb heavy
metals compared to the other two species, with higher concentrations, especially 45tmg.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 congentratio
of 45 mg.kg!, chlorophyll a and chlorophyll b levels increased Gn triacanthos, L.
leucocephalaandR. pseudoacaciayhile total carotenoid levels decreased. Heavy metals were
found to have negative effects on the content and functionality of pmbbesiz pigments. The
reduction in pigment photosynthesis, resulting from the decreased absorption of essential
mineral nutrients, indirectly contributed to plant chlorosis. Comparing the respon&es of
triacanthos, L. leucocephalandR. pseudoacacito nickel and lead, it was observed tkat
triacanthosand L. leucocephalawere less affected thaR. pseudoacaciaThe values of
chlorophyll a and total carotenoid followed tmeagnitudeorder: G. triacanthos > L.
leucocephala > R. pseudoacagiahile forchlorophyll b, the order was. leucocephala > G.
triacanthos > R. pseudoacacia.

In terms of enzymatic and naamzymatic antioxidants, as well as nitrate reductase (NR)
enzyme activity, the study examined the effects of nickel, lead, and their ilttesa@nabove
enzyme G. triacanthos, L. leucocephalaand R. pseudoacaciaThe results revealed a
significant increase in peroxidase enzyme activity and a significant decrease in catalase enzyme
activity, proline, and total carbohydrate content in thedsaof three species with increasing
concentrations of nickel and lead, except for total carbohydrate content, which increased only
in L. leucocephala Ascorbic acidand total proteincontent increased significantly with
increasing concentrations of nickahd lead in all the studied species. NR enzyme activity
decreased significantly In leucocephalandR. pseudoacacjavhile it increased significantly
in G. triacanthos.In conclusion, there were general increases or decreases in the content of
certainantioxidants 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 theireiractions orthe macro, micro, and noin
essential heavy metalements in the shoots, roots, and ssals well as the physical and
chemical properties of the soil after planting, were observed to dec@aseparameterieg

concentrations of 15, 30nd 45 mg.kd 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, andG. triacanthos > L. leucocephala > R. pseudoacacia

The effects of NickeNi), 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 extrathiogsme
(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 usingewas the solvent foG.
triacanthos, L. leucocephaland R. pseudoacaciteaves. The extraction of qualitative and
guantitative phytochemicals was influenced by factors such as solvent polarity, the ratio of
solvent to plant materials, particle size bé tmaterials, 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 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 applicatios 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! ring.kg

seedlings ofs. triacanthos, L. leucocephala, and R. pseudoacacia.
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INTRODUCTION



Chapter One

Introduction

The honey locus{Gleditsia triacanthol white lead tregLeucaena leucocephgland
black locust(Robinia pseudoacacjare thredabaceadrees easily cultivated specigplanted
as landsgae in Iraqg and Kurdistan regiomhey are important for carbon restoration, soil
stabilization and landfillsand wastelandse-vegetationtheyproduce high levels of biomass
and enhanceolerate and can accumulate high levels of heavytaisein their aboveground
parts. These plants avsed for phytoremediation and decrease regeneration costs. They can
live in many stressed environmahtonditions excepfrost These species are fast growing
can reach maturityand produce seedsluring 67 months These species produce
phytochemicals or pharmacological activity compounds which are widely used in the human
therapy, veterinary, agriculture, scientific research and countless other(@heasiaet al.,
2022 Ssenkwet al.,2017).

The subject of heavy metals nowadays h#tsacted the attention of scholars worldwidee
to their risks to human and the ecosystem by polluting soil, water, and food, where soil is the
media for seed germinatioand plants growth and developmébBeswal and Laura, 2018).
Soil contamination of heavy metals due to many activities agdhdustrial waste, fertilizers,
pesticides, irrigation with wastewatgasoline, paint, mining waséad many other resources.
The two heavy metals that are foumgbst frequentlyin contaminated sitegre 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).idamib&nzymes can
therefore lessen or stop the toxic effectdR@S brought on by metal stre§Sharmaet al.,
2023 Nyiramigishaet al, 2021;KumariandAmarnath, 202

In small amounts, Ni is necessary for seed germination and normal plant grogvth

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 plantee most prevalergymptoms 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 extretpdigh soil Ni concentratinos(Ahmadet al,2009).Pbis highly toxic
heavy metalwhich is also called protoplasmic poison and it is a hazardous pollutant for

environment (Mehboobt al.,2018).Although it is not a necessagyementdor plants, it has



a negative impact on a vatye of physiological processes, including preventing seed
germination, preventing root formation, delaying seedling growth, reducing mineral nutrition,
these effects magadto a cell death at §h concentrations, and may kile plant (FazaR015;
Sharmaand 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 concentratior?bi\the soil saltion. Pb is generally
taken up by passive diffusion, mostly through intercellular spaces of the apoplast, following
the water movement within the plaiiun et al.,2021; Alvarezet al.,2019 Joseplet al. 2018.

As a result of an imbalance between R@S 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 $iests
create ROS as bgroducts of a variety of metabolic processes, including respiration and
photosynthesis. The builth of ROS disrupts physiological processes normally occurring and
damages bimolecules, cells, and tissugachde\et al.,2021 Ali et al, 2020Q. Antioxidants
are chemicals that are found in plants at lower concentrations than oxidizable substrates and
that significantly slow down or stop oxidatioBarotenoids and ascorbic acid are examples of
nortenzymatic antioxidants, whereas catal@3AT) and peroxidas(POD) are the two main
enzymebased antioxidant&Vhile norenzymatic antioxidants work by stopping free radical
chain reactions to prevent cell damage, enzymatic antioxidants work by dissolving and
expelling free radicals from the cells. Antioxidantelefe is present everywhere in nature, and
plants manufacture it to defend themselves against a varidtiptaf and abiotic challenges
(Renet al.,2021; SantosSanchezt al.,2019 Kartooriet al.,2018).

Species of theabaceae family are a rich soe of phytochemicals includinghenos,
flavonoids,glycosidesalkaloids tannins, terpenoids, steroidad saponinsyhich exhibit a
variety of health benefits, especially acéincer propertiesA major source of medication is
plants, which have a wedrange 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.-Rised
mediches 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 pldbtsmanet d., 2022;Saioet al.,

2015 Mishraet al.,2012.



As plantsis subjectto a variety of demanding environmental conditions over the course of
their lifetimes that have a negative impact on their growth and developmental prodesisss.
situations ofheavy metal stress, growing plants experience a variety of alteradftecting
their leaf, tiole, stem, and root systerf&araivaet al.,2020; Gacet al, 2019; Amariet al.,
2017).Numerous variables, including an element's properties, the tymel,ahe 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 ongaf 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
compromigs the capacitgf plant growth(Pandeyet al.,2022; Yada\t 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 mejals m
be the causof a reduction in root growitHamzaet al.,2020).

Nowadays, a variety of remediation, including physical, chemical and biological
remediation (microbial remediation and phytoremediation) approaches have been developed to
reclaim heavymetatpolluted 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 friendtiiod for

remediation of heavy metabntaminated soilfSharmeet al.,2023;Yan et al.,2020).

These two elementdNi and Pb)were selected because so few studies where conducted

about them, specially using both of them together on our gtladiyspecies.

The aim of this studis to investigate the effects of ldhdPbelements as soil pollutants
heavy metals onseed performance, morphologita physiological, phytochemicabknd
anatomical properties @. triacanthos L. leucocephaland R.pseuloacaciaasthree forest
species belorigg to fabaceae familgpnd enable these specieg¢alizephytoremediation in

Kurdistan regioriraq.
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Chapter Two

Review of Iterature

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

triacanthos, L. leucocephalaand R. pseudoacaciapecies

2.1.1 Botanical ascription

The honey locustalled Gleditsia triacanthoss a dealuous tree belonging t@lbaceae
family. GenusGleditsiacompriges 14 species which can oba height of 1825 m and 0.51
m diameterThe bark of trees is reddigirown 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 roogstem is branching and has a robust taproot. The
arrangement of the leaves is alternating, single or double pinRadse singlecompound
plants emerge early on short or dwarf branches, bé801lkaflets on a central stalk that is
15/ 20 cm long, and angreformed in buds. During the growing season, those doubly compound
plants neoform and producd 4 pairs of branches that each resemble a single doubly
compound leaf. Leaflets are i2Z®0 mm long, and they are widest near the base. They have
rounded tips tht occasionally have very little teeth. Flowers are tiny, 5 mm wide, regular, and
greenishwhite. On the same tree, frequently on different branches, are the male and female
blooms. Furthermore, there can be perfect blossoms. Fruit pods that 4éechb bng, flat,
curved, or twisted, and have leathery husks fall during the winter without op&eiedsare
beanlike; with a hard, impermeable seed coat:D%5cm long, dark browrsmooth (Danat
al., 2022; Heuzéet al.,2018).

White lead tred.e. Leucaena leucocephalaas known as a miracle tree because of its
worldwide success as a loliged, the fastgrowing, nitrogen fixing tree/shruli creates dense
thickets and grows up to 10 m tall throughout the cleared areas. An evergreen is a species of
Leucaena. The compound pinnate leavek.déucocephalare lineatlanceolate, 85 mm
long, 24.5 mm wide, slightly asymmetric, acute at tip, linredtong to weakly elliptic,
glabrous except on margins that are rounded to obtuse at base. Pinnutaanegieinerally-5
10.2 cm long and are bipinnate witt8pairs of pinnae bearingZD pairs leafletsThe 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 ardymmed. After the seed germination period of 4



to 6 monthsL. leucocephaldegins 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 dweter of 2 to 2.5 cm, 100 to 180 flowers per head, and 2 to 6 in
each group of leaf axilEach flower head produces 5 to 20 pods that are 11 cmto 19 cm long,
15 mm to 21 mm wide, lineayblong in shape, flat, with 8 to 18 seeds, Htacbrangebrown
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 th.wWitle 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 17,0001,000 seedg¢Hamadand Anwer 2021, Septina and Rivai, 2020

Black locustcalledRobinia pseudoacacia a mediunsize tree, 25 m tall, 60 cm dbh; trunk
irregular; crown open, irregular; branches short, brittle; the persistent stout spines on young
shoots are fond on mature wood; the smooth bark becomes redulein and deeply
furrowed with ageThe leaves are alternating, pinnate, deciduous, and hd@el&aflets on a
central stalk that is 280 cm long. Each leaf has two spines at the base, and the leadlets
oval, 3050 mm long, dull green, bristlgpped, and smootmargined. At the end of a new
branch, spectacular, white, pliee, fragrant flowers appear in loose, drooping clusters
approximately 14 cm longlhe fruit is a flat, elongated pod that iso7%0 cm long. It has a
thin-walled, silky husk that is dark to reddibhown, numerous on a central stalk, and stays on
the tree throughout the winter. Beginning around age 3, seed crops start to occur2very 1
years, with an abundant crop ever 3ears R. pseudoacaci#& similar to other secondary

forest legumes that grow quickfidallmann, 2020).

Seedsf G. triacanthos, L. leucocephatand R pseudoacaciaipenin late summer and early
autumnand pods are shed from September to April in katath Regiorand Iraq (Mustafa,
2009).



(A)

(B) (C)

Fig 2.1 Botanical descriptiorof (A) G.triacanthos, (B) Lleucocephaland (C) R pseudoacacia
species

2.1.2 Economical alues

Gleditsia species isplanted forsoil eroson control and for wind breakas shade and
ornamental treesivestockfeedand woodGleditsiaplanthave been widely used fraditional
chinese medicineThe fruits andhorns are used for treating apoplexy, headache, productive
cough, asthma and gpurative skirdiseases. It was reported tl@t triacanthosseed extracts
can be used as a natural source of phenolic conisamd as antioxidants; In additiextracts
of Gleditsiaplant possess important pharmacological activities in treating rhewhaatbritis,
as antimutagenic, anticancer atioeyhave significant cytotoxic actiwitagainst dferent cell
lines Panaet al.,2022).



L. leucocephalahas multipurpose uses, such as generationr@f/dod, timber, greens,
fodderand green manurét; alsoto provide shade and control soil erosibnleucocephalas
a plant rich in chemical compoundsich isdistributed in every part of the plamue to its
numerous pharmacological qualities, it has been utilized for therapeutic purposes.Hatwuelies
revealed that this plant contains a variety of secondary metabolites, including alkaloids,
tannins, flavemoids, saponins, and glycosidéss employed as an abortifacient, contraceptive,
and treatment for stomach aches in conventional medicineaftimaicrobial, anthelmintic,
antibacterial, antproliferative, antidiabetic, cancepreventive, diuretic, aninflammatory,
antioxidant,  antitumor,  antihistaminic, = nematicide, pesticide, antiandrogenic,
hypocholesterolemic, and hepatoprotective progemif this substandeave all been used in
medicine(Deivasigamani, 2018).

R.pseudoacacihas been introduced worldwide asommercially important multipurpose
tree because of its adaptability to environmental stresses, its rapid gmuvthe hedness 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 varfgtyes contain a lot of bioactive
substancesDifferent 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 showingdar amounts of anthocyaninghe 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 ca provide the human diet with polyphenol chemicals. A higher intake of
polyphenols can lower cardiovascular risk amdvpnt certain types of canc@@rwaet al.,
2010).

2.1.3 Climatic requirement

G. triacanthoswithin the naturatange, a large amaont of variation exists in both climate
and soil conditionsG. triacanthosoccurs naturally in humid and subhumid climate regions; it
grows naturally t&/60 m but has been planted from sea level 500 m in temperate latitudes
will grows toabove 2500 nin subtropical highlanddt does't grow in the shadow and only
establishes in open areds. triacanthosis tolerant to salinity and drought. Mean yearly
temperatures are 184 °C and mean annual precipitation is BI1B20 mm. Although it also

thrives orsaline soils, the best growth is seen in deep soils {pHr6wet, alluvial floodplains.



It frequently fails on shallow soils and performs poantygravelly or heavy clay soi{sleuzé
et al.,2018).

L. leucocephalas essentially a tropical speciesquiring warm temperatures for optimum
growth anchaspoor cold tolerance and significantly reduced growth during cool winter months
in subtropical area®©nly subhumid or humid regions with moderately long dry seasons (up to
6-7 months) support its grott 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 {0500), max. 210@n, mean annual temperature is&b °C, and its
mean annual rainfall is 653000 mm. Known to be intolerant of soils with low pH, low
phosphorus, low calcium, high salinity, high aluminium saturation, and waterlodging,
leucocephaldas frequenyl failed in these environmen{gayedet al,, 2018).

R. pseudoacacispeciess distribution optimum in suimediterranean to warm continental
climates. The trees are pioneers on disturbed soils or burneditsdlesinates early forest
regeneration in many native forest stands. The tree does not toleratoggihg or shade.
Altitude is over 800 m, raan annual tempettae should be35 - 40 °C, mean annual rainfall
should bel000-1500 mm Soil type is found on a wide range of soils but does well on

calcareous, wellirained loams with piange of 4.63.2, (Hallmann,2020.

2.1.4 Cultivation

Gleditsiais propagated bgeed,pre-soaled for 24 hours in warm water and theows in
spring in a greenhousH the seed has swollen, then it can be planted; if not, then soak it in
warm water for an additional 24 houk&hen filing away goortion 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 oumto 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 frora ttold(Tognettiet al.,2019).

Leuaenacan be planted by seed or 'bare stem' seedlings. Seeding rafkgha at depths
of 2-3 cm are usually recommendedrows 310 m apart Freshly harvesteucaenaoften
has a high degree of hard seed due to an impermeable waxy coat which brokebebefore
the seed will imbibe water and germinate. Scarification to break this dormancy usually involves

treatment with hot water (boiling water for dcend or acid (concentrated sulphuric acid for



5-10 min). Select ripe dried pods for their seettese can either be sown directly or in pots.
Rows of seeds can be planted, spaced (D cm apart (width according f@anned plant
height),(Sheltonet al.,1998.

Robiniareproduction is primarily vegetative, although it can also reproduce by keed.
sprouts from the roots and forms clones, particularly in sandy Borissponse 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 produegdone 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 auturamdonen 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 berdexgh far from the mother
plant(Giuliani et al.,2015.

2.2. Nickel and kadasheavy netals

Ni is one of thel 7 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 charg¢hat severely harm plant§he 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 theGeiilerally, accepted
Ni values in plant tissues are between®mg-kd of dry weight. Soitotal Ni contents vary
betweerb-150 mg-kg' dw. Theoveralluptake of Ni by plants depends dwetconcentration
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 itamobilization in the soil and limited
transport from roots to plants. The concentratiototdl Pb in uncontaminated soil fluctuated
within the range of 1®0 mg-kg'; however, in soil with lowevel contamination, Pb
concentration cabe expected to rge from 30 taA00 mg-kg' (Kacalkovaet al., 2014 and
Vatanseveet al.,2010).

2.2.1. Heavy metals definition andaurces



Worldwide, dealing with heavy metals toxicity is a major challenge for agricultural scientists
because they are in soil environmérave become a leading health concern, especwally f
plants, humanand animals (Haseedt al.,2022). Heavy metals are naolegradable by any
biological or physical process and are persistent in the soil for a long period, which pose a long
term threat dr the environment. According to their role in biological systems, heavy metals
can be grouped as essential and-essential Essential heavy metaiscluding Fe, Zn, Cu,

Mn, Mo andNi, areneededor physiological and lbichemical processeaBroughoutplant life
cycle,butwhen present in excesbey maybe hazardousNon-essential heavy metdige Pb
areextremely poisonouand have no known function in plants and may cause environmental
pollution and seriously affect a variety of physiological and twmcical processes in crop
plants and reduce agricultural productivigafle et al.,2022 Alvarezet al.,2019).

According toKhalid et al.(2017)soil contamination with pentially (eco)toxic heavy metal
is ubiquitous around the glob&oncentrabn 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 remediain methodgor heavy meta are generally based on physical, chemical
and biological approaches, which may be used in combination with one another tapclean
heavy metatontaminated soils to an acceptable and safe level.

Sacharet al. (2017)comparedhat 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 andwater by weathering of rocks and anthropogenic activities and are now
posing a serious health ridloth to people and plantsAmong them Niis a controversial
element because of debate on its essentiality ofessantiality in plants, while 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 photd®fitt activity, oxidative
stress etc. Plants also possess some natural andisthessd strategies to cope up with Ni
excess/toxicity. These strategies include growth regulators, antioxidative enaynias acids
as osmoprotectamind chelation of Ni wh metalloproteins and metallothionins.

According to Khalidet al. (2016) excessie buildup of heavy metalin agricultural soils
resultsin increased heavy metghtake by food crops and vegetables, which in turn may induce
serious healthisks tohuman beings. Heavy mesadre 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 bOmesg to potential harmful edicts
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 awétke effects that heavy metal
contaminated soils on human and environmental health, resulting in the improvement and
development of technologies for cleap of heavy metal contaminated are@entrasting to

organic contaminants, heavy mesabre somewhaunique by the fact that they are highly

resistant to either biologically or chemically induced degradation.

2.22. Effects of nickel and lead on someegd performace, morphological,

physiological and anatomical characteristics of gdants

2.22.1 Sed performance

Pavlovaet al. (2018) found that the effect of Ni on seedsAdfjssum markgrafiand A.
murale, an obligate and a facultative Ni hyperaccumularors respectively, distributed on the
Balkans. Seeds collected from natural populations o$peeies in Albania were germinated
with standard solutions of 0.5, 1, 2, 4, 6, 8 mM Ni as D&E.O in distilled water and
compared with germinated seeds in distilled walée results demonstrated that Ni had an
impact on germination process and diffeses were discovered not only between the species
but also between the population$he germinability decreased with elevation of Ni
concentrations. The relative frequency of germinatioA.imarkgrafiiwas more spread out
through time. The seeds Af muale displayed greater homogeneity and higher synchrony of
germination. The seeds & muralewere less sensitive (or tolerant to) when treated with
higher metal concentrations and germination was less influenced compdtechaokgrafii.

Lower concentridons of Nienhancechypocotyl 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 drtweth o
seedlings.

SharifrRad (2017)arried out a study to assess the phytotoxitNi on seed germination
of Hyssop(Hyssopus officinalid..); The experiments were performed inffdrent aqueous
concentration$0, 100 and 15@ Mof aforementionecheavy metals over the period of 14
sequential daysThe 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 germinationam be organized by the grade order of inhibitibimese results indicated a
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model system for varying concentrations of heavy metals for their phytotoxicity effects and
also for the seedsd ability to negapesoft he
irrigation waters and soilsShweti and Verma, (2018pund that the Nis an essential
micronutrient for seed germination at low concentrativvhen it is present in large
concentrations in the soil and in plants, it beconmegsc. However, the e#fctiveness of
tolerance varies depending on the variety of plane response of Ni on nine whed@ti{icum
aestivum L). cultivars. The seeds of wheat cultivars were germinated in petriplates lined with
whatman filter paper No.1 and treated with varioosaentration 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 sowk The lower concentration @#@g/L) of Ni has no adverse
effect on germination, while theidher 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.

Beziniet al (2019) evaluated the effect of Pb on germinatioMetlicagoarboreaseeds.
Sdutions of four concentrations 25, 50, 75 and J@0n 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-GR, 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 tha¥l. arboreaseeds were able erminate even at 100 ppm, which is a

concentration higher than critical limits for agricultural soils and irrigation wates. shows

that M. arborea may be considered as a moderately tolerant species, at least during the

germination phase, to metal sseand as a candidate with acceptable potential for
phytoremediationKabira et al. (2018) tested that the effects of Pb on seed germination of
Leucaena leucocephalahere increase in concentration of metal treatment from 25 to 100
ppm, significantly (p<@5) 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
speciesThespesia populneoiddseucaendeucocephalaand Delonex regiawere evaluated.
The resultsillestratedthat dose response of heavy metals were inversely proportional to
germination. The percentage germinatioh.déucocephalavas least affected by lead toxicity
while scoring the best germination resperamong the three tree species. Exposure high
concentration (125ppm) to Pb inhibited»fregiawhile much higher reduction was observed

for L. leucocephalaFurthermore, the phytotoxicity and tolerance index confirmed Bhat
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regia appeared to be the stotolerant species whereds, populneoidesandL. leucocephala

were moderately tolerant and less tolerant species resgg@gainst the Pb treatme&hafiq

et al.(2008) found that seed béucaena leucocephaleere 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 possibilgsowfing L. leucocephalan

areas contaminated with Pb.

Deswal and Lauré2018) observethe seed germination percentage was affected only at
relatively higher concentratiored Ni and Pb While atthe lower concentration of the heavy
metals 1 mM fo Ni and Pb there wasnly delay in the germinatiorirtekin et al(2020)
conducted a study to determine the effects of different doses (0, 100, 200, 400 and 800) mg L
1 of Ni andPb on seed germination of sorghum.the research, germination rate and mea
germination time were measured during germination to determine the impacts of heavy metals.
The results indicated that both germinatione and mean weradversely affected by heavy

metals. Increasing heavy metal doses negatively affected all investigatperties.
2.22.2. Morphological daracterestics

Patraet al. (2019) reported that the Nffacts growth and thenorphology of plants. The
mobility of Ni in the environment and the consequent contamination in soil and water is of
great concernAlso, the detrimental effects of excessive Ni on plant growth have been well
known for many yeard§.oxic impacts of Ni on plants include alterations in the growth of roots,
stems and leave$otal dry matter production was significantly affected by Ni alsth causes
deleterious effects on plant physiological procedsaryet al. (2022) found thenfluence of
Ni fertilizer at 0, 50, 100 and 158g.kg* concentrations on the vegetative parfTafonell
afoenumgraecum The resultshowedthat the heavy etal 50 mg.kg of Ni with control has
a significantimpacton the leight of plant.

Shweti and Verm#2018) foundthat the Niis an essential micronutrient for plant growth at
low concentrationlt becomes poisonous when the concentration is highdnsbil and in
plants. However the effectiveness of tolerance depends on the plants Sfeeiessponse of
Ni on nine wheatTriticum aestivuni.) cultivars with various concentratisrof Ni 5, 10, 25,

50 and 75mg/L respectively and distilled water wased 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 seedlingngh, shoot and root length and weight. The result
indicates that the low amount bl is required for wheat cultivars, hereas, the increasing
level of Ni reduced lant growth and cause toxicitBatool(2018)studiedthe bioaccumulation

of Ni in chickpea(Cicer arietinum L) and its impact othe growth Ni treatmehwas applied

in solution form 25, 50, 100 and 156fy.Lto the soil. A significant decreasing trend in shoot
length, number of branches, number of leaves and biomass yield was obfenadd
treatments as comparaacontrol. Accumulation of Ni in plant shoots was gradually increased
with increasing cotentrations of Ni applicatiorErtekin et al(2020) conducted a study to
determinethe effects of different doses 0, 100, 200, 400 andr8§@* of Ni and Pb on
seedling growth of sorghum. In tleudy root fresh weight and shoot fresh weight were
measured during seedling grbwto determine thefi@cts of heavy metalsThe results
demonstrated that seedling growth properties was adverstgteaf by heavy metals.
Increasing heavy metal doses negatively impacted all investigated prop&nties:. et al.
(2022) illustrated the Pb produced significapg@.05) effects on various growth parameters

of Albizia lebbek and Prosopis juliforaumber d leaves, leaf area and biomass of both
seedlings exhibited significanp<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 ppmdastrated much reduction in growth as compared with
control. The rise in absorption of Pb directly effects shoot growth and root length is also
reducedHowever at 25 ppm shoot growth &. lebbeckvas better than contrethile shoot
growth of P. juliflora was reduced. The shoot length was mdekreasedy increase in
concentration of Pb. The seedlings grown in control soils have better growth as compared with
Pb treated soils. The increase in concentration akeBbcedhe seedling size. The seedlings
which were treated with the 2im and 50 ppm were almost of same size but 75 ppm caused
much reduction irthe seedlings growthin both casesncreased concentration of Pb reduced
the dry weight. General fallouts of different limits showed that Rbtaxic element, which
caused much reduction in growth of both lebbeclkandP. juliflora.

Nas and Ali(2018) investigated thabmeheavy metals are easily absorbed and build up in
many areas of a plant while being neither a necessary element niogpday part in cell
metabolismThe [H, 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, Iswas lead, can result in a variety of hazardous
symptoms, including growth retardation (stunted growklapiraet al. (2018)confirmed that

the effects of Pb on seedling growthL@ucaena leucocephalaereincrease in concentration
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of metal treatmentrém 25 to 100 ppm, significange<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 lelucocephalegradually
redwed withan increasen concentrations of Pb as compared to conlehboobet al (2018)
noticed in an experimetie effectsof different cacentrations (0, 20, 40, 60, 80 &l@D) ppm

of Pb on growth performance of whedtriicum aestivurh as comparedo control Pb
treatment in the form of Pb acetate at 100 ppm completely inhibited the seedling grdwth of
aestivumas compared to control. Pb treatment at 20 ppm concentration produced significant
reduction in shoot length as compared to contAdl various Pb concentrations, root
development, an important growth characteristic, was foorm significantly inhibitedThe
treatment of Pb at 20 ppm produced significant (p<0.05) reduction in seedling dry agight
compared to controlsmail et al. (2013 reportedthe toxicity effects of Plon theroot length

and dry biomass of three tree speciBisespesia populneoidelseucaena leucocephaknd
Delonex regia The results revealed that dose response of heavy metals were inversely
proportional to root gneth and dry biomassExposing high concentration (125ppm) Pb
inhibited the root growth oD. regia while much higher reduction was observed [or

leucocephala.

Fahret al (2013)showed that Pb affects plants primarily through their root systelaust
roots quickly respond either by the production and deposition of callose, creating a barrier that
prevens Pb entering through the uptake of large amounts of Pb and its sequesiratien
vacuole accompanied by changes in root growth and branchitagrpar by its translocation
to the aboveground parts of plant in theecaf hyperaccumulators planBb has no biological
function but can cause morphological, physiological, and biochemical dysfunctions in plants.
Mami et al.(2011)conducted studyin order to evaluate twimmato(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. Redaliad that the reaction of varieties to
different heavymetal compounds and those doses is varied and Barakat variety has greater
resistance iimore indices. Also, heavy metdhds and different doses of these compounds
affectedsome growth indices. Kabet al. (2010) found that the effects of Pb on rootpah
and seedling length, leaf area, number of leas@slling dry weightr¢ot/shoo} and leaf area
ratios ofThespesia populnea were determined in greenhoasmder natural environmental
conditions with and without phytote metal ions at (5, 10, 120and 25 € mo | / | . Pb

treatments have a strong influence on the growth and developmEmagulneaby reducing
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significantly (P < 0.05) all the above parameters. Pb treatmentidat® € mo | / | prod
significant @ < 0.05) effects on seedling and roength and seedling dry weight &t
populneawhile Pb treatmentat1@ 5 e mo |l / | pr o B<«uOcOB)effectsiogshoof i c a nt
length, number of leaves and leaf area as compared to control. Tolerahc@dpulnea
seedling at 25 gvasdowdstlas copmredRdall atherdraatmardsn t

Oladeleet al(2017) reported that the seedling of bambara Vigina subterranegirrigated
with various concentrations of Pb(M@ (100,150 and 200ing.kg* show that a negative
relationship existed beeen the different metal concentrations in dwl and the growth
parametergstem height, root length, leaf area, fresh and dry weightpared to control
experimentMalar et al. (2014) conclude that the effect of Rixicity on physiological and
biochemical changes water hyacintt{Eichhornia crassipgsseedlingsThe plant growth was
significantly inhibited (50%) at1000mg/L Pb concentrationHuiying et al (2012) reported
that perennial ryegrasgLolium perenng as one of the widely used turdgs and forage
species, has a potential for bioremediation. Ryegrass seedlings were subjéctefand 3.2
mM of Pb(NQ). for 7 days in a hydroponic system maintained in a greenhouse. Both root and
shoot growths were inhibited by Pb compared withcihwtrol. Kadiry (2009)studiedthelead
Pbaccumulation and distributicand its effects on the growth®blanum melongerseedlings
whichwere growrunderpot culture conditions in a glasshouse with (75, 150 and 300)L. mg.
!, Growthcharacteresticsuchas root elongatiorplant height fresh and dry biomass of root
andshoot;and leaf areavere studiedThe reference values from the control treatment were
normal values for this plant growing in alkaline soils. When compared telelesV Pb

treatment, th 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 arieinum). Ni was applied to the soil a®lution 0, 25, 50, 100 and 1%0g. . A
significant decrease in carotenoid contents was observed with increasing concentrations of Ni
application.The plants also showed a similar declining pattern, which may baieeg|by
reduced pigment concentrations and reduced photosynthetic actaty et al(2020)
discovered that plants that grow in-Bintaminated soils can absorb the heavy metal and
transport it to different areas both intracellularly and extracellul&typoisoning 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, add Pb quantitative
acamulation occurred in the order leav@fie heavy metals lowered the total carotenoids'
guantity, and the reduction in total carotenad@pended on concentratiddaiKachoutet al.

(2015) conducteda study on thelements Ni and Pto annual &riplex (A. hortensisand A.

roseg to phytoremediate soils polluted with these heavy metals. The soils, which contained up
to 1674 mg Ni and 1334 mg Rig™ were sampled around metaintaminated site isouthwest

of France Some heavy metals accumulatedhe plans may have reached tox&vels on the
pigment contentsignificant increases in chlorophyll contewere observed in leaves for
atriplex varieties; o the other hand the carotenoid content wasraldocedvhen exposed to

high concentrations of pollutesbil. Singhet al (2012) carried out a study on the effect of Pb

and Ni on clorophyll a, b, carotenoids ofldck gram Yigna mungo ) seedlings were

evaluated under 10,50 and M concentr ati on. These concent

chlorophyl I, carotenoid of Bl ack gram as
concentration resulted in less significant effect otorcphyll, a, b and carotenoids,hie

higher concentratinrs 5 0 a n dsignifidarily redited carotenoid contents of the
seedlings.Abdalla and Mahmou¢R008 carried outan eperiment in the open field at station

of vegetable on the effect of Pb andadided in combinations as thawing acetate salts to the
sal mixture of sixmonthsold transplants oAcalypha wilkesiana Asclepias curassavica
Dodonaea viscosandTabernaemontana divaricat€éhe chemical analysis of the obtained the
resultsshowedthatcarotenoids contents in the leaves ofshelied shrubserereducedwith

increasing heavy metal concentrations
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2.2.23.2 Enzymatic and noni enzymatic antioxidants

Baran and Ekmekci2021) studied the antioxidant defence of safflower species

(Carthamus oxyacantha M. BiedmdCarthamus tinctoriug. exposed to NDO, 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 concentratiomfie POD activities of both species were most
prominent and consistently ireased in toxic Ni levels and magirbtectthem fromnegative
effect of HO2. El-Amier et al(2019) showed that theffect of Ni on the biochemical and
physiological processen P. sativumseedling which wasgrown in Hoagland solution treated
with (100 and 20PM of NiCl for 72 h in the growth chambéd?roline wasinduced due to the
toxicity of Ni concentrationThe activities of antioxidant enzyme catalase was induced unde
the treatments of the meta&irhindiet al. (2016) evaluated the physmochemical attributes,
antioxidant enzyme activity in soybedalycine max..) plants subjected to Ni stress, whére
showedan increase in total protein 22.58 % respectively, uhdeoxicity over the control.
The activities of peroxidase (POD) increases by 28.22 %, respectively, oventiad ToNi
treated seedlingfPompeuet al(2008) noticed that Ni at high concentrations can lead to
production of ROS resulting in oxidativachage at the cellular levelhey investigatedhie
antioxidative responses blicotiana tabacunto Ni 0.075 and 0.751M over a 72 h period
with special attention to poteatialterations in CAT. Aalysis revealed that CAT activity plays
a major role in th early response to Ni induced oxidative stress, particularly when the Ni
concentration used was loWe Macedcet al (2016) repored thatNi is needed by plants in
tiny doses for optimal growth, especially legumes because of its function in N metabolism.
Soybean plants inoculated wiBradyrhizobium japonicumvere cultivated in soil polluted
with five Ni rates 0.0, 0.1, 0.5, 1.0, and 1@0@. dm® Ni. The NR activity was not affected
indicating good biological nitrogen fixation for all plants. The reddislor of the nodules
increased with Ni rates confirms the good BNF due to Ni availability.

Zainabet al.(2021) observed in a study that the oxidative stress occurs when crop plants are
exposed to extreme abiotic conditions tRato the excessiverpduction and accumulation of
ROS Drought, high temperatures, heavy metals, salinity, @itrdviolet (UV) radiation are
only a few of the harsh abiotic factors or stresses that result in crop production and quality
lossesROS are highly reactive entisehat 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 thegeneration of antioxidantStaszaket al. (2020) who evaluated thgfant
physiological and biochemical processes can be severely harmed by Pb. The degree of a metal's
toxicity depends on its chemical forfAbin concentrations of 12.5 mM and 25 mM ongi
(Pinus sylvestrisseed germinatiorRedox changes occur in the cell as a result of the high
levels of ROS. The antioxidant cycle's effective fmzymatic activity predominated in the
early stages of germination processes, while in the late staggs)aitzactivity was observed

in the presence of Pb compoun&eneviratneet al (2017) revealedhat heavy metaPb
contamination in soils can impact various biochemipabcesses in plants, including
antioxidant production, protein mobilizatioMVheneverheavy 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 metabohgiditionally, under heavy

metal stress, the production loéat shock proteins has been not@eéngin and Munzuroglu
(2005) evualated an experiment on the effect of lead on the content of ascorbic aeaidyn 17

old bean seedlingsPhaseolus vulgar)s grown in Hoagland solution with various
concentrations of PiControl heavy metaireated plants were grown for 10 days in Hoagland
solution.The amount of ascorbic acid in tday-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. Thelgnts that had been exposed to IRkavy metals had the greatest impact on

the ascorbic acid contefhanet al.(2017) showed that proteitise sequence of amino acids
det er mi nes e ac hdimemsionalesiructdres andi itpecidjcufuenctidh such as
catalysis of biochemical reactions, mechanical support and immune protection.

Bielenet al. (2013) reported that plants growing on soils contaminated with excess levels
of metalsPb and Niexperience a disturbance of the cllfuedox 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 respongeslerstress conditions like exposure to excess metals as well
as under noistress 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 Mahmou¢2008 conducted audy in the open field at station afgetableon the
effect of lead Pb and nickel Nidded in combinations as thawing acetate salts to the soill
mixture of sixmonthsold transplants ofAcalypha wilkesiana, Asclepias curassavic

Dodonaea viscosandTabernaemontana divaricat&€he results indicated tal carbohydrates
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contents in the leaves of the studied shrubs were decreased with increasing heavy metal

concentrations.

2.2.23.3 Elementsconcentration

Baran and Ekmekci(2021) studied safflower species Qarthamus oxyacanthand
Carthamus tictorius) exposed to NiO, 0.50, 0.75 and 1.08M. Where he accumulation of
Ni was higher in roots than in stem and leaves for bp#tiesBislimi et al. (2021) showed
thatin contaminated site, the mean level of all the metatoihand different pas (rootand
leaf) of the plant were found to be significantly (p<0.01) higtian the uncontaminated site.

Palowsk et al. (2016) who evaluated thatoncentrations of Plin leaves ofRobinia
pseudoacacidrom several sites (three industrial citieand 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 observedtire cities. The high level of metal contamination of air in rural
areas may be a result of the lerange transport of emissions. The leaveR opseudoacacia
are good bioindicators of metal contamination of air in townscéres with different traffic
intensities and within the surroundings of industrial plants and railway tfackseudoacacia
was also used for the first time to assess the-tange transport of emissions.

Malaret al.(2014) concludethat the effect of Pb toxicity orhgsiological and biochemical
changes in water hyacin{Richhornia crassip@sseedlings. 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 leafissues (0.666). Hamzaet al (2020) illustrated heavy
metal accumulation ofluncus rigidus from different regions of the Basrah province in
Southern of Iraq. Specifically, the moentrations of lead and nickekere determined in the
roots and leaves oli¢ plant. The results indicated that the highest accumulation of the hea
metal was recorded for PI2.50+ 3.58 mg.kdand then iNi < 0.30 mg.kdg. As wellas Pb
concentrations id. rigidusvaried in different locations and parts of the plant frolatectable
in control to 12.6@Gnd 9.80 mg.k§ in leavesand rootgespectively fromtsition 1 and 10.76
and 9.50 mg.kg in station?2.

Kacalkovaet al. (2014) studied effects ofhe Ni and Pbon maize gea mayg sunflower
(Helianthus annuyswillow (Salixsmithiang, and poplarPopulus nigraand the realtionship
between the contaminants in soil and in plants. The total and available soil metal concentrations
in soil were investigatednly a low portion of risk elements were available flanps(6 % Ni

and 1.3 % Pb). Nand Pb showed a similar trend to element accumulation where the highest
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amountwas found in plant roots, higher in herbs than in trees (5.04 mddit, and 7.76 mg

PN kg?). Results also indicated that translocation of Ni abhdrBm roots to aboveground
biomass of willow and poplar was low (@8 % of risk elements was retained in rool&)e
highest translocation from plant roots to aboveground biomass of maize and sunflower was
found in thecase of Pb (760).

Stancovicet al (2009) suggested that the heavy metals Ni and Pb in leaves of the species
Paulownia elongatgrowing under urban and swisban conditions with the comparison to the
concentration of these elements in leaves of the spPael®wnia elongataand Pauownia
fortuneis howed average nickel C 0 n c mentalrplattiniBelam s o f
Crkva, Serbia, twice as low as the concentrations measured under extreme urban conditions
(6.62 g/ g)intlerimmédiate 4iaity of Sugpurban tréic lines. In as much as
Paulownia elongata&ndures urban conditions well, it can be recommended for cultivation in

parks, tree alleys, and wirgtotection zones along wab and regional traffic lines.

Nas and Ali (2018) whinvestigated that heavyetal 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 sailroot 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 retardatedyrowth (Stunted growth).

Kadiry (2009) carrid out a study on the lead accumulation apteadand itsimpactson
growth and nutrient contentSolanum melongenaeedlings were grown in pot culture
conditions in a glasshouse with 75, 150, and 8@ litre*. Growth parameterand mineral
elementLa Mg, K, P, Fe, Zn, Cu, and Mwheretested For this plant, which was grown in
alkaline soils, the control treatment yielded usual values. Comparing thdekigjhPb
treatment to the lovlevel Pb treatment, all mineral elements were typically blocked ffr@ing
taken up.Abdalla and Mahmoud,2008 conducteda study in the open field at station of
vegetable on the effect ®bandNi added in combinations as thawing acetate salts to the soil
mixture of sixmonthsold transplants ofAcalypha wilkesiana Asdepias curassavica
Dodonaea viscosand Tabernaemontana divaricat&he results indicated that N, P and K
contents in the leaves of the studied shrubs were decreased with increasing heavy metal

concentrations.

2.2.24 Phytochemicalconcentration
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Usmarnet al.(2022) noticed that the phytochemicals of the fabaceae family have industrial
and pharmacological importanc&his family is a big source of phytochemicals, namely,
flavonoids, saponins, alkaloi@dsd phenolic acids, wtih have an anttan@r propertyand the
use of these phytochemicals is increasing over.time

Ushieet 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 agitatenphyt@hemical
screening ofThaumatococcus danielas undertaken through controlled experimemtse
results showed that flavonoids, alkaloids, steroids, terpenes, tannins, glycosides and saponins
are present in the ethyl acetate leaf extracts. Quantitatadgsisr showed the order of the
concentrations in mg-gas follows:tannins (4.644);flavonoid (1.830); phenols (0.756);
alkaloids (0.578) and saponing0.440).

Islamet al (2021) utilizedwater, methanol and ethyl aceta@vent extaction methods to
perform a phytochemical screening dfragia involucrataleaves, where they found that
methanol demonstrated the higher number of secondary metabolites compargichiceédbe.
Methanolcontains phenols, alkaloids, flavonoids, tannins, saysoand terpenoids. Because
of diverse biological functions, these metabolites have particular interest in drug discovery
research and thus advance the medicinal research field.

Septinaet al (2020)andDeivasigaman{2018)demonstrated thdt leucocghalahas been
used in various traditional medicinal systemgreat multiple human diseases dhid plant
has ben reported to contain numeraexondary metabolited leavedike phenols alkaloids
cardiac glycosidesflavonoids, saponins, tanniagd triterpenoids

Kalooet al.(2018)andBhatet al.(2015)in their studiesisedR. pseudoacaciand different
solvent extracts to detect the presence of active constituents like akélmidnoids saponins,
tanninsand phenols. However, the [itdge results for the detection of flavonoidsniéns and
phenols were obtainehd the maximum yield of ethyl acetate extract of plant leaaetely
38.23% was obtained

Rajkumaret al (2015) showed that preliminary phytochemical screening of metica
extracts ofGarcinia 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 extractseth the presence of high amount
of tannins (0.92 + 0.281g.g?) and alkaloids (0.83 + 0.48g9.g?) in leaf extract. Thetudy

concluded that the methanolic extractsGarcinia imbertileaves posse. antioxidant activity
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due to the presence of significaamount of phenolic compounds which are the major
contributors of antioxidant activity.

Mishra et al. (2012) illustrated thaminerals have a diversified role in medicinal plant
metabolism. Severity or scarcity of these causes multifarious effecninmpétabolismDue
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 pestsThe concentration of these minerafdoth 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 plakaloids, flavonoids, glycosides,
phenolic compourgl 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 countihus biosynthesis of these bioactive molecutea plant
system are widely dependent on the availability of mineral elements in tHersstample N
in nitrates and ammonium salts, phosphorus (P) in phosphates, calcium (Ca), magnesium (Mg)
and potassium (K) in their salts as sulfates oorities,suphur (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 molybdenumir{Mo)

molybdates

2.2.25 Anatomical sudies

Pishchiket al.(2021) reported that the Mffects on thephysical barriers, such as plants cell
walls andthick cuticles which reduce thelevated levels of Ni entrancgaraivagt al.,(2020)
concludedthat soybean plants undeigh Ni concentrations. Ni Oa n d 2 ONJi exeeds.
provoked damage to root and leaf structures, causing anatomical disorders in thesé&tissues
leaf tissue, significant increases in palisade (11%) and spongy parenchyma (29%) were
detected in plants sprayed and exposed to Ni, wivere intrinsically related to stomatal
density and stomatal functionality.

Chaudharkt al(2016) placedPisum sativum Lseeds in petri dishes and allowed to grow
for 15 days irdifferent concentrationise. 100 ppm, 200 ppm and 300 ppfPbas[Pb(NOs)2]
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) reprted that anatomical differences foundLinffa cyclindrical and
Amaranthus viridiggrown 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 tiree spots were sigigantly higher than the controAnatomical 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. Henceikelysthat 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 &f cyclindricalandA. vridis grown on poluted soils is an indication of
HMs such as Pb present.

Amariet al. (2017)showed that concentrations of heavy metals in soil seldom reach a level
sufficient to cause osmotic disturbances in plants. Heavy metals influence watenydelithe
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 intemaof 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 neessential metals induces ion stress in plants and causes multiple direct or
indirect effects, whik concern practicl all physiological functionsStomata 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 occ¢heied in
leaves, the number and distribution of the stomata in unit leaf area have an important role in
these processes by adjusting £@, and moisture exchange between the leaves and the
atmosphere. Some studies mentioned the important role for stomab@mpen area in net
photosynthesis products and vegetative growth in some peach vargtbesata play @&
essentialrole in the regulation of gas exchange in flowering plants and are distributed
throughout the aerial epidermis. In leaves, the pattertoofata 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 im&ity and CQconcentrations have been shown to influence

the frequency at which stomata develop on led@asson and Gra008; Brownlee, 2001).

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

the surface of leaves for the detoxification of Pb was observetdaseolus mungandLens
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culinaris through light microscopy in leaves. Increase in number of stomatae iadaxial
(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 numbéomwigsa in relation with the absorption

of COx with increase itreatine kinasedK) enzymatic activity, creatine, glucose and reducing
sugars (p<.001) for both species unttee metal stress were observed

Kadiry (2009) examing an experiment on tHead (Pb) accumulation argpreadand its
effects on growth and nutrient conte@olanum melongenseedlings were grown in pot
culture conditions in a glasshous& 75, 150 and 300ng. litre!. A negative effect was
determined by Pb concentration on stbah parameters such as stomata length and width in
this study. The highest level of Pb generally inhibitedstbenata parameters esmpared wh

the lowlevel Pb treatment.

2.22.6 Soil phytoremediation

Kafle et al. (2022) investigated that e¢hcurrent 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
costeffective andenvironmentally friendly technique that utilizes plants to immobilize,
uptake, reduce toxicity, stabilize, or degrade the compounds that are released into the
environment from different sourceStudies have found that plants can be used for the
remediatbn 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 loplenu
mechanisms. Given the lewost 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 remediasoil fstbm the oganic and
inorganic pollutantsSolomouet 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 toxitfeets of pollution and ensure safety in the
consunption of agricultural productdviany hyperaccumulating plants have been identified
that can be used in soil cleansing, enhancing the applicability and replicability of the method.

The selection of the apppriate 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 namative specieddlowever, 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 regiee. ritive plants

are better adapted, have no impact on the regional ecological balance, and may be used without
violating any laws, theiuse is often more advantageous.

Nedjimi (2021) evaluated that toxic metal contamination of soil is a nejeironmental
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 afiucal fields. To clean up polluted
surroundings, numerous methods are employed. One of these is phytoremediation, which relies
on the use of hypesiccumulator plant species that can withstand significant concentrations of
hazardous HMs in the air, water, soil. Such a strategy uses green plants to remove, degrade,
or detoxify toxic metals. Five types of phytoremediation technologies have often been
empoyed for soil decontaminationphytostabilization, phytodegradation, rhizofiltration
phytoextractiorandphytovolatilization Traditional phytoremediation techniques have certain
drawbacks when used on a big scaleerefore using genetic engineering techniques like
transgenic tnsformation, d increase the effectiveness of plants as candidates for HMs
decontamination, nanoparticle addition, phytoremediation supported with phytohormones, and
plant growthpromoting bacteria inoculation have all been used. Al-Heetyet al. (2021)
showed that heavy met al sd ac c ulbobgialtindicator i n t h
of soil pollution. The plant leaf and soil samples were collected from 51 sites adjacent to power
generators in Ramadiiag. Six common plant species, nameWhizia lebbeckConocarpus
lancifolius Dodonaea viscosaEucalyptus camallensis Ficus microcarpa and Ziziphus
spinachristi were selected. The highest heavy metal content was fo@whiocarpus viscosa
leaves followed by Dodonaea viscosalhese two plants have a significant difference (p<
0.05) in the heavy metal contecimpared to other plants. The total average of plant heavy
metal cancentration was as follows: Ni 7.55 and Pb 649 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 plantleaves compared to the Food and Agriculture Organizatiorid 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 detoxdicatrategies (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 aréesasf processes involved in accumulation of heavy
metal in plants, including heavy metal mobilization, root uptake, xylem loadingia-abibot
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 onditions

Three tree species of fabaceae fan@BytriacanthosL. leucocephala and R. pseudoacacia
were selected because of rere of studies aboemtiwhereclassified by Dr. Serwan T. Al
dabbagh, FielcCrops and Medicinal Plants Departme@liollege of Agricultural Engineering
Sciences, Salahaddin UniversityErbil (Townsend and Guesi974. The healthy legume
seedgfigure 3.1) were collected fronthe campus of Koya Univetgj Iraqi Kurdistan Region
on March2", 2021 By manually climbing the 10 year old, straighdled, welformed trees,

the mature pods were directly harvested.

At a private field in Koya city located 4¥°38 E, 364N 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 stutig effects of concentrations 0, 15, 30 andntpkd * soil of
two heavy metals nickel chloride (N@}Fland lead chloride (Pbgland their interactions on

each species separately.

Seeds were soaked in ordinary water at room temperttu24 hours as described ®ah
Asif and Rathe(2018 for G. triacanthosOlorunmaiyeet al.(2019 for L. leucocephalaand
Romanet al.(2022 for R. pseudoacacjdhe planting of seedsn March25", 2021weredone
(2.5 cm in depthiising black polyethylene bags (sized 10x10x 30 cm) filled with 3 kg of loamy
soil that waswell mixed with the required concentrations of NiGt PbC$, and which were
denoted as NiO, Nil15, Ni30 and Ni45 for the first salt and Pb0O, Pb15, Pb30 andbPt#5

second salt respectively, with their interactions.

Each experimental uniconsists of 10 polyethylene bags. The pots were kepler
polyethylene then and saran fabfiigure 3.2) and thepots were watered when needeith

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

Figure 3.1 The seeds of (A) Griacanthos, (B) Lleucocephala and (C).Pseudoacacia
species.

Fig 3.2. (A) G. triacanthos(B) L. leucocephalaand (C) Rpseudoacaciaseedlingfour

monthsaged
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3.2 Meteorological éta
Maximum and nmimum tenperature, 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 31. Maximum and minimum emperature, he relative lumidity and the amount

of rain fall during the growing gason.

Month Air Temp. C° Relative Humidity% 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 a7 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 bharacteristics

3.3.1. Germination percentag€%) and velocity (Days)
Ahmadlooet al (2012) described seed germination (G) formula, as shown below:
' Lz
P 3 pTT
G (%) = Germination percentage
L = Total number of emerged seedlings

S =Number of planted seed

RanalandSantang2006)designech formula of velocity of germination as following:

- AAUO 00Fr O

where:
M: velocity of germination (days)
G: number of seedlings emerged on the day of observation

N: number of days countdcbm the day of sowing until the day of observation.
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Each

of thnlgpe pfaolalmewier s wer e taken

exper almdmmiiu g D t24Imoriths after seed germination

3.3.2. Vegetativegrowth (Khudhur, 2019and Al-Barzinji et al.,2015:

3.3.2.1.

3.3.2.2

3.3.2.3
3.3.24

3.3.2.5

3.3.2.6

3.3.2.7

3.3.2.8

3.3.2.9

3.3.2.10

3.3.2.11

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 maiaath

Number of leavesplant™

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 tonthg@int

of the main root by using metric tapeline.

Root diameter (cm): It was measured byernier calipelinstrument.

Leaf area (cn?): Plant leaf area calculated by the image J soévamscribed by
(Easlon and Bloom, 2014).

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

Dry weight of root (g): The rootsof plantswere oven driedo constant weight at
65°C.

Shoot dry matter (%): Calaulated by the following formulaas described by Al
Sahaf (1989).

EI AOGUAECEO

3 E'l'A@UAoo:Ao3 E'l'/‘E@NO&EE&%’Bn

Root dry matter (%): The following formula was &l tocalculatethe percentage
of theroot dry matter, as described by-8ahaf (1989).

o i TAGIUA & COA O 21 IAOUA E C EO
21 12D AOE CEDB"

Number of nodulesplant™
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3.3.2.14 Freshweight 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 constantgiveat
65°C.

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

. T AGIOAVAECEOD

. T AGIOMAOOA O — AC)LEO&&O\EE(Z;%%)T[

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

to make the following estimations

3.3.3 Estimation of the photosynthetic pigmentsantent: Chlorophyll a, b

and total carotenoids(mg/g fresh weigh)

The amount of lalorophyll a, b and total carotenoids were estimateidg method 80%
acetoneas mentionedy 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 patle and filtered by filter paper. The extraction placed in enk§lass vial (closed dark
bottle), to preent evaporation and avoid pheta@idation of pigments, and then read the results
by spectrophotometer at 663, 646 and 470 nm wave lengths. Chlbrapttylorophyll 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 ai 104*Chl b)/229

where, A is Absorbanc&hl a = chlorophyll a (mg/L)Chl b = cHorophyll b (mg/L) and TC

= total carotenoid¢mg/L).

For converting the concentration from mg/L to mg/g fresh weight, each igatugtiplied by

(extractionvolume / sample weight1000.
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3.3.4. Extraction and activity of enzymatic antioxidants

To deermine theactvity of the antioxidant enzyme®OD and CATsamples otheleaves
were crushed 1 gf fresh weight after cutting themith a clean knife into small pieces were
frozen the ground to a powder with mortar and pestle with 10 ml of (0.1M) gaien
phosphate organized at cold pH &Ber filtering using a centrifugat 1000 RPM for 10
minute The process was cad out under cold condition {€). Fresh leaves were kept in ice
during the course of homogenizatiofhe extracts were prepared @oalysis(Pitotti et al,
1995).

3.3.4.1 Peroxidase (POD) enzymedivity (egg?)

The activity of POD enzyme wateterminded according to the method describedN®szih
(1985, as clarified below

Material and used ®lutions
A- Guaicaolsolution: Prepare Yy mixing 136 ml of guaicaol in a volumetric flask and
then complete volume to 250 ml using distilled water.
B- Hydrogenperaide - H-O> solution at a concentration of 0.1%: Prepare by taking a
volume of 0.4 mlof 30% H20. andcompletingto 120 mlby using distilled water

Procedue

A. Mix 1 ml of H2O2 solutionwith 1 ml of guaicaolsolution(reaction mixture)

B. The enzymeactivity was estimated by adding 2 ml of the reaction mixtutéencuvette,
then 0.1 ml of the saple was added and the changeli®wed up absorption of light every
30 seconds for a period of 3 mtes at a wavelengibf 420 nm by spectrphotaneter

(model 7212000, China) Blank was prepared in the same way without a sample.

Calculation

The activity of tle POD enzyme was calculategt b

3/ DPOBRAICEAARET C

X AOE AED T > YQ4a Q
0/ $ AOEOE®DD B 1B

where:0.1: volume of thesample 0.01: one unit of enzymethe amount of enzyme that

increassin light absorptior(they are0.01 unis per minute at a wavelength420 nn).
3.3.4.2 Catalase (CAT) eazyme activity (sgg?)
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The activity of the CAT enzyme was estimated by a\WJ\$ spectrophotometer according
to Aebi (1974 method, whichuses the amount of change irsafbbance at 240m, (30 mMN)
of hydrogen peroxde and (50 mNlof phosphatéuffer has a pH of(7).

Solutions wsed

1 Solution A: prepared bydissolving1.742 g of K.HPQy in the distilled water after
completing the volum to 200 ml by usidggtilled water.

1 Solution B: prepared bydissolving1.3608g of KH2PQ; in the distilled water amh
completing the volunbo 200ml by usingdistilled water.

1 50 mM phosphate buffer (pH = 7) solution: Prepareby adding a limited amount of
solution B to 50 mL of solution A until it reaches pH

1 30 mM of H20: solution: prepared by taking 0.34l of 30% H.O. and completing

the volume to 100nl by using the buffer solution.

Procedure

Mix 0.1 ml of sample extract with 1.8 of buffer solution and then thl of hydrogen
peroxide solution added;tAhat moment the reaction will start, the materiaiseh well with
gentle knocks on thealls of test tubes, then read at 240mnJV spectrphotaneter (Model:
Agilent Technologies Cary Series USpectrophotometer) using quartz cuvettes and optical
density reading were taken every 30 seconds for 3 minBlask was prepared in the same

way without a sample.

Calculation

The activity of the CAT enzyme was calculated by:

3/ DOBRAICERARET C
3 Y040
T 8 @l p

#! W AOEQE®DD

since 0.1:volume of the sample, (0.0bne unit ofenzyme) the amount of enzyme that

increassin light absorptior(they are 0.01 units per mite at a wavelength of 240 ihm

3.3.4.3 Nitrate reductase (NR)enzyme a&tivity (emL™)
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The NR activityof studiedplant speciesvas done according the pocedure of Ahmaet
al. (2010).Freshleavesweighing 0.25g weretaken and cutt into 2 mm slicesising mortar
and pestleand icei cold incubation mediunthat containing 3ml of (0.05M) potassium
phosphate buffer (pH.8) and 3ml of (0.4M KNGs) soluton. Then two times tubesof the
mixturessamplewere evacuatedith a vacuum pumjor 5 min Thenthe mixtureplacedin a
water bath at 35°C for 75 min under dark conditions. At the etitepkriod, tubes were kept
in boiling water batl00 °Cfor 5 min to stop the enzyme activity and complete leaching of the
nitrite in the mediumAfter that0.2 ml of thefiltered sampldrom reaction mixture was taken
andaddedl ml of solution A and 1 ml of solution BSolution A:1.0% sulphanilamide in
(INT HCI). Solution B:0.025% N(1-Napthyl}ethylene diammonium dichloride (NEDD) in
double distilled water were added hen,allowed for 30 miruntil the pink coloumproduced
dueto diazotizationater which the volume was made up tanbwith double distilled \ater.
The ratio of material to medium was (1:6) w/Whe absorbance wasad byUV-Vis
spectrophotometeat 540 nm(Model DU 640B, Beckman, USA). Th&andercurve was
preparedy usingNaNG; 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 molt} ) of ascorbic acid was prepared digsolving appropriate amount
(0.49) of ascorbic acid in distilled water and stored glassstoppetb ot t | e at 4Ce
Solutions ofvariableconcentrations were prepared by diluting the stock stdrst@ution in

water before use.

- Methylene blue solution (MB):

(0.0004 mol dri) was prepared by dissolving 0.0126 g of methylene blu@dnml distilled
water.

B. Preparation of samples

2 ml of glacial acetic acid waslded to 2.5 g of leaves sampleich werecoarselypowdered.

The mixture was stirred for about 20 minutes and rapidly filtered using Buchner funnel,
transferred into100 ml vwometric flask and diluted to the mark with distilled water. The

samples were theeadby spectrophotometer
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C. Procedure

The spectrophotometric study was carried out by UV/VIS spectrophotometele( 721
2000, made in Chinato determine the amounts akcorbic acid in the samples. Fifty
microliters of a sample solution?®seatenam x e d
diluted up to 10 ml with distilled water. The absorption was measu@@baim Results were
expressed in mg of ascackacidper 100 g ofthedry samplgElbsheer2018)

3.3.5.2Proline (Pr) content (gml™)

Estimation of the concentration of proline in fresh leaves according to the method of Bates
et al.(1973). A weight of 0.5 g was taken from theshleaves and placed inp@rcelain mortar
and pestleandcrushedwell after addng 10 mlof sulfosalicylic acid (26, w/v) dissolving (3
g of sulfosalicylic acid in 100 ml distilled water), then separated by centrifuge atRFRIIO
for 10 minutes, taking 2 ml of the plant extraod 2 ml of glacial a¢& acid was added and 2
ml of ninhydrin reagent which wasrepared by mixing (1.25 g of niniadrine with 30 mL of
glacial acetic acid and 20 mL of (6 M)3PIQs phosphoric acidand the plant leave mixture on
a quiet fire with stirmg until melting andhe appearance of yellow colorhé@n the test tubes
were placed in a water bath at a temperature ofCG0r an hour (1 h), the appearance of the
red color,and leave the mixture on the room tempamafor 2 minutes, andadding4 ml of
toluene,and then it washakeduntil separatedhe red layerghen 3 ml of the upper layer was
colored with red (containing proline), then it svaneasured byptical spectrgphotometer
wavelengthat 520 nm and has three replicates for each paranidierblank containednly

the bluene These readings were comparedhagiandard curve gbureproline.

The standard curve of proline
The standard curve of prolimeeparedaccording to the method of Batetsal. (1973) using

a concentration, extraad fom pure prolined, 10, 30, 50, 70, 90, 11and130¢ g rhlAfter
that,2 ml of each dilution.e pure prolinewastaken and 2 ml of each of th&agial acetic acid
and2 ml nnhydrinwere added to ,ithen put it inwater bathiL00 °C for 60 minutes. @l the
solution and add 4 mifdoluene and mixing usg the est tube stirrer for one minutehé&n
reading waglone with the spectrophotometira wavelength of 520 nm, the standard curve
of prolinecomparing with the reading of samples.
3.3.5.3. Total arbohydrates (TCHO) %

0.1 g of dry leges were mird with © ml of distilled waterand then itwvasputin a water
bath at80°C for 30 minutesThen centrifuged a2000 RPMfor 10 min, After filt aration, the
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volume of the extract is reduced and placed in a bottle. Thenot timé extract was mixed
with 1 ml phenol(5 %), Mix well, then 5 ml of concentrated sulfuric acid.§@s) and 10 ml
of distilled water were added. Tin¢he samples wemmeasured bgpectrophotometeat 488
nm (Thiele and Palsson, 2010)

For finding the @arbohydrate 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 mikddmviof
phenol (5%) well and then 5 ml of concentrated sulfuric a@itiSQs) were addedSpectra
were observed at 488 nm to extract the relationship between concestratidnoptical
spectrophotometentensity readinggAl-Hayani, 2015) The percentage of total carbohydrates
was determined by the following formula:

\\\\\\\ #11 AA1 ORDAGEATTASOBA] OOEI |
A ommnpl ZOAl XIAECED P

3.36 Estimation of macro, micro elements and some heavy metals in the
plants shootroot and soil

Leaves were oven dried at 66°for 72 hoursurtill weight fixed and groundby electrical
grinder, thenstored in an airtight container with proper labeling prior to use. They were
subjected for analysis to determine the mineral contd#rgach plant and soil sampl@yan
et al.,2001).Analysis ofelements fothe different pets ofstudied planspecies 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 aestblished
analytical technique for qualitag and quantitative elemental evaluation. It is a multi

elemental, simultaneous technique and additionally adestructive too(Haschke, 2014).

Method analysis for somenutrient contents
Someotherselecteclementschemical and physical profies of the soils were determined

of Agriculture Consultancy and Agricultural Research Center/ Ainkawa /.Erbil
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Total phosphorus @6): Spectrophotometer at 882 nm was used for determination of total
phosphorus content after dgjed samples, as descridedMenage and Pridmoré&g73).

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

atomic absorptiospectrophotometer at 40%n, as mentioned b@hapman and Prat978§.

Total sulphate @6): Total sulphate was estimatedfter digested samples bysing
turbidimetric method by spectrophotometer at 420 nm as describ@dgig 2004).

Total organic nitrogen and protein (%) : Totalorganicnitrogen content was determined after
digesteddry samples by kjeldahl metho@he vale of nitrogen obtained was multiplied by
6.25 leading tots conversion t@rude proteiflUsmanet al.,2018; Ryanet al.,2001):

% N = 14x VA x N x W/100
Then,
% Crude Protein = 85 x %N

where :

14 = Atomic weight of itrogen

VA = Volume of acidwhich usedfor titration
N = Normality of HCI

W= Weight of the sample (g)

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 g2 | =

o.M 0.6
COs N.D
HCO3 0.08
CaCOs 44.6
Macro elements
N 0.000109
P 0.002%32
K 0.61
Mg 0.00333
Ca 9.94
SO 0.00022
Microelements %
Cu 0.0054
Fe 0.490
Mn 0.0679
Zn 0.0065
Ni 0.022
Noni 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

constituentsof G. triacanthos, Lleucocephalaand R. pseudoacaciary leaves

The qualitative and quantitative sbme phytochemicals foretstudied plants were done
on thelaboratories of Protein Research Center, Shahid Beheshti University, Tahran,slran. A

described byJshieet al(2022),Lahareet al (2021) andlslamet al.(2021), as follows:
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The leaves of the plant were properlyshead in tap water and rinsed in distilled water. The
rinsed leaves were hot daried for 3 days. The dried leaves of each plant were pulverized
using pestlendmortar to obtain a powdered form which was stored in airtight glass containers
at £C until ued. 10 g of powdered sampivas soaked in distilled watenethanoland
ethylacetat€00 ml, 100 mland100 mlseparately foR4 hrs at room temperatufever night
2071 23 °C). The extracts were then filtered and concentrated to a final volumerof &Gl

preparedo qualitative phytochemical analysis.

3.3.71 Qualitative determination of the phytochemical contents

Preliminaryqualitative phytochemical screening was carried out following standard
protocols.

1 Ferric chloride test for phenols: The test solutions were treated wittd3drops of 0.26
(v/v) ferric chloride. Presence of phenols/ phenolic compounds were confirmed by
brownish green or blue color.

1 Ferric chloride test for flavonoids: The test solution was mixed with a few drapserric
chloride solution and the presence of flavonoids compounds were confirmed by an intense
redcolor.

1 Keller-kilani test for glycosides:Crude extract was mixed withr@l of glacial acetic acid
containing 12 drops of 26 solution of FeGl The mixure was then poured into another
test tube containing &l of concentrated ¥$Qu. A brown ring at the interface indicated
the presence of glycosides.

1 Wagners test for dkaloids: Filtrate was treated with wagners reagent (lodine in Potassium
lodide). Formaibn of brown/reddish precipitate indicates gresence of alkaloids.

1 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 vas added from the sides of the test tube. Presesteroidsvas confirmed
by the formation of a brown ring at the junction of two layers and the green color of the
upper layer.

1 Salkowski test for terpenoids:Few drops of concentrated sulphuric acid slas/ly added
to the test solution and shaken properly and let stand at room temperature. Presence of

terpenoids was confirmed byreddish browrcolour.

M Test for tannins: Crude extract was mixed withrl of 2 % solution of FeGl A blue

green or blueblackor greenish browgoloration indicated the presence of tannins.
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1 Test for saponins Crude extract was mixed withrl 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 Quanttative determination of the phytochemical contenf mg/g dry weight).

Extraction method:

1- 5 g of each plantiry powder mixed to 8 mL of extracting solvent watémethanol/ ethyl
acetateseparately

2- Extract using 500 W sonication bath for 2 h

3Filtered through 0.45 em filter paper
4- Dried using freeze drier at93 °C

5- Prepare exctconcentration (1000 ppm)

6- Analyses using individual methods.

Calibration curve preparation:

Table 3. 3 Aliquot amount of standards rgparedfor each ghytochemicai

Examination Standard Concentration Detection
Category compound range wavelength (nm)

Phenolic content Gallic acid 0.57 110 mg/g 765
Flavonoid content Quercetin 17 25 mg/g 415
Glycoside content Glucose 0.1-100 mg/g 490
Alkaloid content Quinine 0.0051 5 mg/g 720
Steroid content B-sitosterol 0.0017 2 pg/g 565
Terpenecontent Pernol 0.0571 20 ug/g 550
Tannincontent Tannic acid 0.057 10 pg/g 490
Saponin content Solanine 17 100 % -

A. Determination of total phenolic content (TPC)

The total phenolic content was determined for individual extracts using thé Colaalteu
met hod. Briefly, 50 €L of extract solution
% (w/v) Foliri Ciocalteu reagent. After 5 mites 5 0 &CO; (G5%) Waa subsequently
added to the mixture and incubated at 50 °C for 1Outesgwith intermittent agitation.
Afterwards, the sample was cooled and the absorbance was measured utilizing a UV

Spectrophotometer at 765 nm against ankl without extract. The outcome data were
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expressed as mg/g of gallic acid equivalents in milligrams per gramgned dry extracias

shown below irFig. 3.3and Table 3.4

Fig 3.3. Total phenolic content bynethanolextractian of G. triacanthogG), L. leucocephaldl) and

R. pseudoacaciéR) specieg1. NiOPbO0, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15PbRj¥HPb15,

7. Ni15Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12. Ni30Pb45, 18i45Fb0, 14.
Ni45Pb15, 15Ni45Pb30.16. Ni45Pb45) mg.kg soil.

Table 3.4. The absorbance of different concentrations o&l§c acid used for preparing

standard airve for total phenolic contents.

= Gallic acid mg Abs. 765 nm
5 0.5 0.3
2 2 0.36
g 10 0.54
< 30 0.87
70 1.3
110 1.9

(=] 20 40

Fig 3.4 Stardard curvefor estimatingohenolic conent.

B. Determination of total flavonoids content (TFC)

The flavonoid contents of indidual exracts were measured as follovas! i
g u e r%(e/v) AlGl; selion én metharoé d

extract solution

or

20 €L (1 M) potassium acetat e

and

quot

100

of

mL

min at room temperature followdun the measurememtf absorbance at 415 nm against the

50
wi t
di s

blank. The outcome data were expressed as mg/g of quercetin equivalents in milligrams

quercetinper gram (mgdg) of dry extractas shown below ifig. 3.5& Table 3.5.
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Fig 3.5. Total favonoid content bynethanokxtraction of G. triacanthogG), L. leucocephaldlL) and
R. pseudoacaciéR) specieg1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15PbRj¥HPb15,
7. Nil5Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12. Ni30Pb45, 18i45M00, 14.

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

Table 3.5. The absorbance of different concentrations ofigrcetin used for preparing

standard airve for total flavonoid contents.

Quercetine mg Abs. 415 nm
E 1 0.05
e 5 0.21
j, 10 0.37
2 15 0.59
20 0.78
25 1.03

1 Y = 0.0402x - 0.0043
R? = 0.9963
0.8 e

(=] = 10 15 20
meg Quercetine

Fig 3.6 Standard curvéor estimatinglavonoid content

C. Determination of total glycosides content (TGC)

Add 50¢ | &4 phedid) solution (8% phenol by weigh ) t o
Add 20 €| ¢ onc eihinarsteeaine 8tand 10Imm at 90 °C-mearrgbath. Read

absorbance an 490nas shown below irFig. 3.7 & Table 3.6

100

e L

of
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Fig 3.7. Total glycoside conterity methanokextraction of G. triacanthogG), L. leucocephaldlL) and
R. pseudoacacigR) specieg1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15PbRjBPb15,
7. Ni1l5Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 2. Ni30Pb45, 13Ni45M00, 14.

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

Table 3.6. The absorbance of different concentrations oflugose used for preparing
standard wirve 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 Standardcurvefor estimatingglycoside conten

D. Determination of total alkaloidsc ont ent ( TAC): (Wagnerds t est

100 eL of =extract/standard was taken and p
potassium mercuric iodide solution (Wagner s

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 reqsiorbance atZD nm

against the blanks shown below irFig. 3.9 & Table 3.7.

Fig 3.9. Total dkaloid content bymethanolextractionof G. triacanthoqgG), L. leucocephaldL) and
R. pseudoacacigR) specieg1. NiOPbO0, 2. NiOPb15, 3. NiOPb30, 4. Ni@Bh5. Ni15Pb0, 6Ni15Pb15,
7. Ni1l5Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12. Ni30Pb45, 18i45M00, 14.

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

Table 3.7. The absorbance of different concentrations ofuigine used for peparing
standard wirve 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 curvéor estimatingalkaloid conten

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

100 €L of extract/ stcehnd doarod owans. ndxde d3 Ot ce L1 O
and then 30 ¢ L>S@ &nd miv caefallp. tAfteatheaahctidn is finished, the
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concentration othe steroidcan be measured ugi spectrophotometry at 565 nas shown
below in Fig. 3.11 & Table 3.8.

2 3 a 5 6 A
- .Y.‘-’QYOYOXO
¢ SBSS e e

11 12 13 14 15 16

10

Fig 3.11 Total geroid content bynethanolextractionof G. triacanthoqG), L. leucocephaldL) and
R. pseudoacaci@R) speciegl. NiOPb0, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45,85Rb0, 6 Ni1l5Pb15,
7. Ni1l5Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12. Ni30Pb45, 18i45M00, 14.
Ni45Pb15, 15Ni45Pb30,16. Ni45Pb45) mg.kg soil.

Table 3.8. The absorbance of different concentrations bfsitosterolused for prepaing
standard curveor total steroid contents.

b-si tostrol e ¢ 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

y = 0.2681x + 0.0427
R* = 0.9929

Abs, 565 nm
©co0o000O0O00
F N WA OO N B

0

g B-sitostrole
Fig 3.12 Standard curvéor estimatingsteroid content

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

100 €L of methanolic and et hyl acetate ext

chloroform and keep at room temper a%)wase f or

46



added and reddisbrown solution was measure at 550 @® showrbelow in Fig. 3.13 &
Table 3.9.

Fig 3.13 Total terpenecontent bymethanolextractionof G. triacanthogG), L. leucocephaldL) and
R. pseudoacacigR) specieg1. NiOPbO0, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15PbRjBPb15,
7. Nil5Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12. Ni30Pb45, 18i45M00, 14.

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

Table3.9. The absorbance of different concentrations aéqmol used for preparing standard
curve for total terpenecontents

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

i
0.9
0.8
o.7
0.6
0.5
0.4
0.3
0.2
0.1

(s ]

y = 0.0481x - 0.0096
R?* = 0.9979

Abs. 550 nm

(8] 5 10 15 20
mg pernol

Fig 3.14 Standard curvéor estimatingterpenes content

G. Determination of total tannins content (TTC): (Braemer test)
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100 €L of methanolic and et hyl acetate extr
alcoholic ferric chbride solution (50 w/v) and ket 40 °C for 30 min. The tanrsrcontent

was measuikat 490 nmas shown below irfFig. 3.15 & Table 3.10

Fig 3.15 Total fannin content bymethanolof G. triacanthos(G), L. leucocephala(l) and R.
pseudoacacigR) specieq1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Ni15PbOliB5Pb15,
7. Nil5Pb308. Ni15Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12Ni30Pb45, 13Ni45m00, 14.

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

Table 3.10. The absorbance of different concentrations afnnic acidused for preparing
standard wrrve for total tannin contents.

Tannic acid €g Abs. 490 nm
0.05 0.112
0.1 0.141
0.5 0.181
2 0.259
5 0.478
10 0.98

Abs. 490 nm

y =0.0839%x + 0.1116
R?Z = 0.9903

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

Fig 3.16 Standard curvéor estimatingannins content

H. Determination of total saponirs content (TSC)

48



1 mL of 80% aqueous extract/standard solution was hedtB8 &C for 1 h in a water bath.
Themixture wadilt erated, andtransferred to 10 ml of ethanolh& volume othis mixture was
reduced to 5 mby boiling in a hot water batiDiethyl etherwas added, and was shaken
vigorously in a separating funnefieg agueous layer was removed for purification by repeating
the steps described above. Total saponin content in the extracts was algestseuiaa
proceduress shown below irFig. 3.17.

Foam highmm)

Fig 3.17. Total saponin contenby water extractionof G. triacanthoqG), L. leucocephaldl) and R.
pseudoacacigR) specieq1. NiOPbO, 2. NiOPb15, 3. NiOPb30, 4. NiOPb45, 5. Nil5PbOliE5Pb15,
7. Ni15Pb308. Ni1l5Pb459. Ni30Pb0,10. Ni30Pb15,11. Ni30Pb30, 12. Ni30Pb45, 118450, 14.
Ni45Pb15, 15 Ni45P30,16. Ni45Pb45) mg.kg soil.

3.3. 8The anatomy of the studied plant species
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Plant materials athe studiedspecies were collected for preparation of the tissue sections by
paraffin methodss follow:

3.3.8.1 Paraffin nethod

The plant tissue@eaf, petiole, stem and root) cut into small pieces of approximai2lgrt
and the pieces of samples have be@red inFormalinAcetic-Acid-Alcohol (FAA) soluion,
prepared as a mixture 80 ml of (70 % alcoho] 5ml of glacial acetic acich ml of formdin
and 10 ml distill watérfor 24 hrs. After that, the samples have been dehydrated using series
concentrations of alcohol (9%, 100% and 100%), for 95 % (1 hr), then byl100% (3 - 4
hour9, and repeated by 108® concentration (3 4 hours) Then,the samples we placed in
xylene for 3- 4 hrs(Twice). After that the samples were embeduargde in a miture of xylene
and paraffin (11) at 60°Cfor 30 min., thertheywere transferred to pure paraffin and left at
60°C overnightFollowing that thepreparation of paraffin blocks were made and sections were
prepared with the thickness of 8 micrometer usingrdiiery microtome (Bright, MIC)The
sectiors wereput in the waterbath(25°C), wereput it on the slidesandthentheyput in the
oven60°Cfor afew minutesto melttheparaffin and thethey weradriedby speciainstrument
The sections were then stained using safran)(@nd fast green or light green%d). Finally
the sections were mounted by$drin Plastisizer Xylene (DPX);hE samples werprepared
and observed under light microscope (DM 300, Leica Microsystems, China) with camera
attached using Analysismiage with Analysis Software, themagnification for each part

separetlyNajmaddin and Saeed20) asit is clear inthe following figues;

CL UEL
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(©)

Fig 3.18 Leaf lamina cros ctionat 40xof (A). G triacanthos (B). L. leucocephalaand (C).R
pseudoacacia (CL)Cuticle layer, (UEL)Upper epidermis layer Mesophyll layef(PP) palisade
parenchymaand (SPspongy parechyma), (LEL) Lower epidermis layerand (VB)Vascular budle
(phloem and xylem)

51



LEL VB ML

©

Fig 3.19 Leaf midrib crosssection at Ox of (A). G triacanthos (B). L. leucocephalaand (C).R

pseudoacacia(ECL) Cuticle layer, (UEL)Upper epidermis layer(LEL)Lower epidermis layernVB)
Vascular bundle (phloem and xyleam)d (ML)Mesophyll &yer fpalisade land spongy).
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A)

(©)

)

(B

Fig 3.20 Petiole cross sectiomat 10x of (A). G triacanthos (B). L. leucocephalaand (C). R
pseudoacacia(P)Periderm, (AB) Accessory bundle¢C)Cortex, (F) Fiber, (PH) Phloem and (X)

Xylem.
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(©)
Fig 3.21 Stenrcross sectiomt 4xof (A). G triacanthos (B). L. leucocephaland (C).R pseudoacacia
(P)Periderm, (C) Cortex, (F)Fiber, (PH) Phloem and (X) Xylem
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(®
Fig 3.22: Rootcross sectiomt 4xof (A). G triacanthos (B). L. leucocephaland (C).R pseudoacacia
(P) Periderm, (C) Cortex, (PH) Phloem and (X) Xylem
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3.3.8. 2 Determination of stomata characteristics dhe studied plant species

On July 10, 20213 - 4™ full maturedhealthyleaveswere takerand 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 thiclopaltear 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 mmolish 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 Imag with Analysis SoftwargRai and Mishra2013).

3.3.8.2.1 Number of gomata

Slides of leaf impressionwas examined under 40x by light microscope. Numbers of
appeared stomata on lens field were counted for each adaxial and kzevaalirface.

3.3.8.2.2Length and width of domata

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

in micronwith scaled ocular lens.

Statistical analysis

The experimentwas conducted according to a factorial complete oamzed a@sign (F -
CRD). Whrere the element type Ni and &msidered as first factor, whereas the concentrations
were considered as the second facien bags were used as one experimental unit, with three
replications of each treatmefireatment meansere conpared by the analysis of variance test
( ANOVA) wusing the SAS statistical progr am.
comparing between treatment meaasd their interactions(Al-Mohammadi and Al
Mohammadi 2002).
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Chapter Four

Results

4.1 Effects of nickel, lead and their intera¢ions on seed performance and
some vegetative growth ofs. triacanthos, L. leucocephalaand R.

pseudoacaciapecies

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

Results shown inable 4.1found that neither Nihor Ph and their interactionsnon
significantly effects the perceageof G. triacanthosseeds germination, whereas the seeds
were germinateealier with increasing Ni and Pb concentrations corepato the control
treatment The germination velocity decreased atplication45 mg.kg! Ni and Pbrespect
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 parametetise control treatment did not differ significantly with
the treated plants for plant heigstemdiameter and the peragageof shoot and got dry
matter.Plant leaf area significantly increased athdgil5, 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 effectseach of stem diameter, plant
leaves number, and the percegeof shoot and root dry matter content, whereas increasing Pb
concentration to 48ng.kg! decreased plant height significantly to 27.2 cm caegbdo 31.4
and 29.5 cm for th&5mg.kg* and tke control treatmentUsing Pb at 18ng.kg* concentration
increased plant leaf area significantly to 21.%,anhereas increasing the concentration to 30
mg.kg! and45 mg.kg! decreased this parameter, which is stijnificantly higher than the
controltreatment. Using high concentration of Pb element causedigaificant increase in
root length, wile they caused a significant decrease in root diameter which reached 0.29 and
0.32 cm compared to theontrol treatmen{0.38 cm).The nteractions betwen Ni and Pb
effects on the vegetative growth differ according to the studied characteristics, where only the
interactions of 0 and 30 mg.kdli with different Pb concentrations increased the plant height
and plant leaves number significantly in comparisath the control treatment, whereas

differences between the control treatment and most other interadidnsiot differ
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significantly regarding the plants stems diameter. Interactions of 15 and 30™rhi.kdth
different Pb concentrations increased glant leaf area significantly compared to the control
treatment, whereas, the interactions of 45 mgMg cause a significant decrease in this
characteristic. Dry matter percentage of each of shoot and root was affecteigmbeantly

by each oNi and Pb application in comparison witte controlplants. Regarding root length
most interactions of Nlecreased them significantly. Most of the interactions were not differed
significantly except the significant increase in root diameter which reacA8dc:th for each

of NOPb15, N15Pb0, and Ni15Pb45 treatments respectiétip.regard tahe characteristics

of the vegetative growth, root noduleenot formed in Gleditsiplant genus (igure 4.1).

4.1.2. Effects of nickel, lead and their interactionsm seed performance, some vegetative
growth and nodules ofL. leucocephala

Results inable 4.2show that each ddi, Pbandtheir interactionsignificanty effectsthe
percenageand velocity of seed germination, and some growth parametdrsléucocephala
seedling. It is clarifiedhat increasing Ni concentration casgesignificant decrease in the
percenageof seed germination, where the highest value (38.4%) was recordée fayntro)
whereas the low value (22.3%) was recorded for itje toncentration (48ng.kg?). Also for
Pb application the highest germination peraget(34.3%) was recorded ithe control
treatment, while a lowegermination perceage(26.8%) was recorded for the 30 mg:kgNi
application increased velocity of segermination (42.5%) was recorded & mg.kgt, while
a lower velocityof germination (20.1%) was recorded to the control treatmetigh
concentration of Pt45 mg.kg') decreased the velocity of germination to 21.3 days compared
to the control Ni application significantly increased plangight at all concentrations, while
increaseglant leaf areaignificantlyat Nil5, Ni45 and shoot dry weighercentagat Ni30.

Both Ni30 andNi45 significantlyincreased root dry mattpercenageand nodules nubrer as
compare to control, whereaghey did not hava significant effect on the steciameter, plant

leaves numberoot lengthroot diameteand nodules dry matter percage At the same time

Pb had no significant effects on eadiplant heightstemdiameteyrootand nodules dry matter
percent whereas idecreased significantiylant leaves number, shoot dry matter, root length
and root diameter, exception plant leaf area and plant nodules number were increased
significantly with high concentratiofnteractiondbetween the highest concentrations levels of

Ni and Pb decreased the pereg@of seed gemination significantlyand some vegetative

characterestics such as plant leaves numibet length.On the other handhe velocity of
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germination plant height, plant leaf area, roor diametentdry matter plant nodules number
were significantly increased with two elements at high concentrgfi@ise 4.2.

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

The results ofdble 4.3 showthat Ni appication to the soikignificanty effects studied
characteristics for seeds performance and the growth of seedinty nodulesof R.
pseudoacaciaAn excepion compriseshe percerggeof root dry matter, where the differences
were not significant. Increasing concentration of [ddi® a decrease in the percageof seed
germination significantly to 16.4% for the highest Ni concentration (45 riy.kgmpared
with the @ntrol treatmen(57.5%). Fbwever, 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 comparedith the contrd plants (40.1 daysRegarding the effects of
Pb on seed performance, it is shown that there weresigoificant differences between Pb
concentrations witlthe control treatmenin respect to the percexgeand velocity of seed
germination. For the interaction between Ni and Pb,etlveere significant effects on the
percenage and velocity of seed germination, and it is appear that the interaction of low
concentrations of each of Ni and Pb (15 mg)kgave the best combination (74.7 % &6d2
days) for the perceageandvelocity of seed germinatiorRegarding the vegetative growth
and nodules, Ni application significantly increased root diameter and nodules dry mater
percentage at alf¢atments as compatrith control, whereas it decreased plant height, stem
diameter, plant leavesumber, plant leaf area, shoot dry matter, root length and plant nodules
number as compared to the control treatménere were nosignificant differences between
the control with most Pb concentrations especially for the plant height, stem dianaaier, pl
leaves number, percege of shootand rootdry matter, root diameter, and percege of
nodules dry matter, whereas plant leaf area significantly increased at all treatments and the
highest value was by adding Pb at concentration RWitB.regard tahenoduleshumber there
wassignificant differences between all Pb treatments, where the highest value found in the 30
mg.kg?, whereas the lowest value was in 45 mg.kgeatment. Mostinteractionsoccur
between Ni and Pb concentrations oe tlegetatie growth and nodules parametezffects
nonsignificantly comparedvith the control plants in respect to plant height, plant stem
diameteryoot dry matteand plant leaf area, whereas interactions of high concentrations of Ni

(30 and 45ng.kg?) cause asignificant decrease in plant leaves number, peageatf 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 controhtment plants(Table4.3).
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Table4.1 Effects of nickel, lead and their interactiomaean of seed performance ansbome vegetative growth @. triacanthos

Germination Plant Stem Plant Plant Leaf Shoot Dry Root Root Root Dry

Treatments Percent Velocity Height diameter Leaves Area (cn?) | Matter (%) Length | diameter Matter
(%) Days) (cm) (cm) Number (Cm) (cm) (%)
Nickel con. (mg.kg" soil)
Ni 0 50.1a 37.1a 28.9 ab 0.28 ab 14.8 a 17.7b 64.5a 26.0a 0.36 a 711a
Ni 15 54.0a 359a 27.7b 0.25b 125b 25.7a 57.0a 209b 0.33ab 82.8a
Ni 30 48.2 a 33.8a 30.9a 0.31a 154 a 26.4a 50.8 a 243 a 0.34 ab 77.6 a
Ni 45 55.7 a 29.7b 29.6 ab 0.28 ab 1l41a 8.3¢c 543 a 25.8a 0.30b 775a
Lead con. (mg.kg" soil)
PbO 54.8 a 36.2a 29.5ab 0.28 a 1l4.1a 16.9c 55.8a 23.9ab 0.38a 76.1a
Pb 15 55.7 a 35.1a 3l4a 0.29 a 13.6a 219a 60.7 a 23.3b 0.34 ab 759 a
Pb 30 48.1a 34.1ab 28.9bc 0.28a 1l4.1a 19.7b 57.0a 24.4 ab 0.29c 77.1a
Pb 45 49.4 a 31.2b 27.2c 0.28 a 14.9a 19.6b 53.0a 254 a 0.32 bc 79.7 a
Interaction between Ni and Pb concentrations
NiO PbO 53.0a 479 a 25.1 def 0.27 abc 11.4 de 142 cd 64.7 a 26.0 ae 0.33 bc 65.7ab
NiO Pb15 38.0a 38.4 bc 341a 0.33a 15.2 abc 22.7b 64.8 a 23.0dg 0.43a 66.7 ab
NiO Pb30 49.0 a 36.5cd 24.1 ef 0.23 bc 16.2 ab 16.3 ¢ 65.8 a 30.0a 0.37ab 78.7 ab
NiO Pb45 60.3 a 255¢g 32.3ab 0.30 ab 16.1 ab 16.3¢c 629 a 25.2 bf 0.30 bed 73.1ab
Nil5 PbO 49.7 a 36.9c 28.7 be 0.27 abc 14.9 ad 32.0a 43.4 a 21.2fg 0.43a 78.8 ab
Nil5 Pb15 63.7 a 28.1dg 30.0 ad 0.27 abc 11.1le 23.0b 64.4 a 19.3¢g 0.27 cd 83.0ab
Nil5 Pb30 51.0a 34.9 cf 29.7 ad 0.26 abc 12.0 cde 25.3b 55.8a 22.0efg 0.17e 76.7 ab
Nil5 Pb45 51.7a 35.3 cde 22.2f 0.20c 12.1 cde 225b 394a 21.1fg 0.43a 92.6a
Ni30 Pb0O 56.0 a 28.2dg 34.2a 0.30 ab 15.2 abc 11.5de 66.3 a 21.41g 0.37 ab 85.3 ab
Ni30 Pbl5 55.0a 46.0 ab 31l5ab 0.30 ab 14.4 ae 33.0a 543 a 23.0 ¢f 0.37ab 80.5 ab
Ni30 Pb30 41.7 a 38.5hc 32.3ab 0.30 ab 15.1 abc 31.0a 57.0a 23.1¢cg 0.33 bc 82.7 ab
Ni30 Pb45 40.0 a 31.0cg 25.6 cf 0.33a 16.7 a 30.3a 50.3 a 29.0ab | 0.30 bcd 61.7b
Ni45 PbO 60.7 a 31.6¢cg 30.0 ad 0.27 abc 14.9ad 10.0 ef 48.8 a 27.1 ad 0.37ab 74.6 ab
Ni45 Pbl5 66.0 a 27.8 efg 30.2abc | 0.27 abc 13.7 ae 9.0 ef 59.3 a 27.2 abc| 0.30 bcd 73.4 ab
Ni45 Pb30 50.7 a 26.5fg 29.8 ad 0.33a 13.0 be 6.0f 49.6 a 22.7 efg | 0.30 bcd 70.5 ab
Ni45 Pb45 45.7 a 32.9 cg 28.7 be 0.27 abc 14.7 ad 8.0 ef 59.3 a 26.1 ae 0.23 de 91.4a
species
* Means followed by the same letters withcolumnsare significantlydifferentat paccordirfy to@h& Duncan tesind vice versa.
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Table4.2 Effects of nickel, lead and their interactiomaean of seed performancesome vegetative growtland nodulesof L.

leucocephalaspecies
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 29.6 b 53.1b | 32.2ab| 0.55a 73.0b 5.50c 57.6a
Ni 15 33.3ab| 2l1ic 453 a 0.38a 9.3a 346a | 61.4ab| 30.0b 050a 8l.8ab | 5.33c 61.7 a
Ni 30 29.8b 425a 44.7 a 0.38a 9.7a 27.2c 70.8a | 32.0ab| 0.54a 84.0a 9.25a 60.3 a
Ni 45 22.3c¢C 245b 44.1 a 0.37 a 9.3a 35.4a | 65.3ab | 34.2a 0.50 a 85.4 a 8.41b 50.8 a
Lead con. (mg.kg' soil)
PbO 343 a 26.7b | 43.1ab 0.38a 95a 30.1b 72.0a 34.7a 0.55a 79.8a 6.33¢c 56.4 a
Pb 15 32.3ab | 33.7a 455a 0.40a 10.1a 31.7b 68.8 a 31.2b | 054ab| 822a 8.33a 67.6 a
Pb 30 26.8b 26.5b 445a 0.39a 9.8a 30.1b 55.6b | 31.6ab| 0.51ab| 83.2a 7.25b 55.3 a
Pb 45 30.3ab| 21.3c 40.9 b 0.36 a 8.1b 34.8a 54.1b 30.9b 0.49 b 789a | 6.58bc | 51.1a
Interaction between Ni and Pb concentrations
NiO PbO 37.3abc| 18.6de | 37.3bc | 0.40ab | 10.5ab| 24.0e | 60.4ad 44.0 a 0.53 bc 50.0c 3.3¢ 48.5 a
NiO Pb15 33.3ad 27.7¢c 455a 0.47 a 9.3 ad 32.4bc | 67.7abc| 30.5bd | 0.53 bc 89.0a 6.7 df 779a
NiO Pb30 38.3ab | 19.1de| 43.0a 0.37ab | 10.4ab | 28.5cd 30.5e | 30.2hkd 0.67 a 87.7a 6.7 df 52.1a
NiO Pb45 44.7 a 15.0e 339c 0.37ab 6.3e 33.5ab | 53.7 be 24.1d 0.47bc | 65.3bc 53f 52.0a
Nil5 PbO 32.3ae | 24.8cd 45.0a 0.37ab | 8.5cd 36.3ab | 75.6abc| 30.9bcd| 0.57 ab 90.1a 6.3 ef 54.7 a
Nil5 Pbl5 | 29.0 bf 209de | 454a 0.37ab | 9.8ad 32.5bc 85.8a | 28.1bcd| 0.53bc | 76.5ab | 7.3cde | 73.1a
Nil5 Pb30 | 27.0b-g | 19.3de | 455a 0.43ab | 10.2ac | 32.7bc | 50.2cde| 25.9cd 0.43c 73.7 ab 50f 66.3a
Nil5 Pb45 44.7 a 19.7de | 45.0a 0.37ab | 89bcd | 36.9ab | 34.0de | 359b 0.47 bc 86.7 a 2749 529a
Ni30 PbO0 44.7 a 43.0b 46.5a 0.37ab | 9.8ad 25.9de | 82.7ab | 28.9bcd | 0.53 bc 90.1a 9.0abc | 74.0a
Ni30 Pb15 44.7 a 58.3a 449 a 0.37ab 11.0a | 24.6de | 584ae | 32.2bc | 0.57ab | 8l1.5ab 10.7 a 62.7 a
Ni30 Pb30 16.3 fg 39.7b 448 a 0.40ab | 9.3ad 23.1e | 79.6abc| 352b | 0.50bc | 82.1ab | 83bcd | 63.8a
Ni30 Pb45 13.7g 29.1c 424ab | 0.37ab | 88bcd | 35.0ab | 625ad | 31.4bc | 0.57ab | 82.0ab | 9.0abc | 40.8a
Ni45 PbO 23.0cg | 206de | 43.3a 0.37ab | 9.5ad 34.1ab | 69.0abc| 34.9b 0.57ab| 89.0a 6.7def | 485a
Ni45 Pbl5 | 22.3dg 30.0c 46.1a 0.40ab | 10.1 ad 37.5a | 63.4ad 34.1b 0.53bc | 81l.6ab 8.7 bc 56.7 a
Ni45 Pb30 | 25.7 bg 28.0c 44.8 a 0.37ab | 9.3ad 36.1ab | 62.2 ad 349b 0.43c 89.2 a 9.0abc | 39.0a
Ni45 Pb45 | 18.3efg| 20.6de | 42.2ab 0.33b 8.2d 33.7ab | 66.4abc| 32.8bc | 0.47bc | 8l.6ab | 9.33ab | 59.0a
* Means fdlowed by the same letterswitn  c ol umns ar e signi fi cant | yuncdn tédstane viee mersa a t
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Table4.3 Effects of nickel, lead and their interactiomaean of seed performancesome vegetative growtland nodulesof R.
pseudoacaciapecies

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
(%) | (Days) cm | %) (%) (%)
Nickel con. (mg.kg" soil)
Ni O 575a | 40.1a| 28.33a 0.40 a 16.65a | 31.71a | 67.98a | 34.20a| 0.26¢c 69.46a | 10.67a | 49.43b
Ni 15 55.8a | 28.8b | 25.55hb 0.36 a 12.88b | 28.46b | 48.66b | 30.20b | 0.33b 66.46a| 9.42b 64.37 a
Ni 30 53.7 a 252c | 23.30c 0.32b 8.63 c 28.33b | 63.43ab| 28.83b | 0.34b 7160a| 825¢c 64.30 a
Ni 45 16.4b 248c | 24.11bc| 0.30b 8.40c 25.21c | 48.26b 25.1c 0.40 a 70.38 a 4.67d 62.20 a
Lead con. (mg.kgl soil)
Pb 0O 47.67ab|] 29.5ab | 26.4la 0.35a 11.46b | 24.54d 63.1a | 31.67a| 0.34ab | 70.23a| 9.33b | 58.99 ab
Pb 15 54.42a| 31.0a | 22.78b | 0.31b | 11.61ab| 3250a | 62.83a| 28.38b | 0.31b 73.6la| 6.67c 53.35b
Pb 30 38.1b 28.3b 2551a | 0.34ab | 13.50a | 29.54b | 56.48ab| 29..33b| 0.35a | 68.23a | 11.75a | 67.45a
Pb 45 43.3ab| 30.0ab| 26.58a | 0.36a 10.00b | 27.13c | 45.96b | 28.90b | 0.32ab | 65.83a| 5.25d | 60.50 ab
Interaction between Ni and Pb concentrations
NiO PbO 15.3b 38.9bc | 275b 0.37bc | 16.23a | 28.0dg | 71.7ab | 34.7ab | 0.23e 69.63a | 133a 44.1d
NiO Pb15 17.7b 451a | 25.6bc | 0.37bc | 15.23a 36.0a | 65.9ad 375a 0.23e 69.27a | 10.0cd | 49.1cd
NiO Pb30 21.7b 35.7 cd 27.0b 0.37bc | 18.47a | 32.3bc 72.7ab | 31.0bcd| 0.30cde| 65.80a | 12.3ab | 52.1 bcd
NiO Pb45 11.0b 40.5b 33.8a 0.47a 16.67a | 30.5be | 61.7ad | 33.1bc | 0.27de | 73.13a 6.7ef | 52.5bcd
Nil5 PbO 56.0 a 323ef | 25.6bc | 0.43ab | 11.13b | 25.3fg | 42.2bcd | 32.1bcd | 0.30cde| 68.90a | 10.0cd | 72.3ab
Nil5 Pb15 74.7a | 26.2fgh | 25.0bcd| 0.30cd | 16.00a | 32.8ab | 60.7ad | 31.0bcd| 037bc | 81.03a 7.0ef | 58.2bcd
Nil5 Pb30 25.7b 29.1ef | 259bc | 0.33cd | 16.87a | 27.7efg | 53.0 ad 29.1de | 0.37bc | 57.00a | 14.0a | 69.6 abc
Nil5 Pb45 72.3a | 27.6fgh | 25.6bc | 0.37 bc 7.53b | 28.0dg 35.8d 28.6de | 0.30cde| 58.90a 6.0ef | 57.3 bcd
Ni30 PbO0 58.3a 21.5i 256bc | 0.30cd 8.90b 28.8 cf 65.1ac | 30.0cde| 0.37bc | 65.13a | 8.0de | 63.0bcd
Ni30 Pb15 65.3a | 28.7efg | 21.9cde| 0.30cd 7.77b 29.7 be 82.6a 23.7fg | 0.30cde| 67.60a 6.3 ef 45.0d
Ni30 Pb30 53.7a | 24.7ghi| 21.1de | 0.37bc 9.43 b 295be | 64.3ad | 30.3cde| 0.40ab | 91.83a | 13.7a 86.1a
Ni30 Pb45 52.7a | 25.8fgh | 24.7 bcd| 0.30cd 8.43 b 25.3fg | 41.8bcd| 31.3bcd | 0.30cde| 63.80a 5.0 fg 63.1 bcd
Ni45 Pb0 61.0a | 25.5fgh | 275D 0.30 cd 9.57b 16.0h | 70.2abc| 29.9cde| 0.47a 77.27a | 5.3fg 56.6 bcd
Ni45 Pbl5 60.0 a 23.9 hi 18.7 ¢ 0.27d 7.43b | 31.5bcd| 42.1bcd| 21.3g | 0.33bcd| 78.53a 3.3¢g 61.2 bcd
Ni45 Pb30 51.3a 23.7 hi 28.1b 0.30cd 9.23b 28.7 cf 36.0cd | 26.5ef | 0.33bcd| 58.27a | 6.7ef | 62.0bcd
Ni45 Pb45 51.0a | 25.8fgh | 22.1cde| 0.30cd 7.33b 2479 | 44.6bcd| 22.6fg | 0.40ab | 67.47a| 3.3 g | 69.1abc
* Means fdlowed by the same letterstli n c ol umns are significantly di f,amelvieersa at
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aggregate
of root
nodules

(A) (B) (©)

Fig 4.1: The nodules statuse ¢A) G. triacanthos, (B) L. leucocephala and (C) R. pseudoacacia species
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4.2 Effects ofnickel, lead and their interactions onphysiological characterestics
4.2.1 Photosynthetic pgments

Resultsin thetable4.4 showthat the effect of NiPband their interactionaere significant on some
photosynthetic pigmentsr the studied specigshlorophyll a,chlorophyllb and total carotenoids)he
Chl a and Chb were increased with increasing Ni concentration$. triacanthosand L. leucocephala
speciesThehighest value of the Clal, Chl b (1.04 and 0.84ing/g fresh weighand (1.03 an@.93 mg/g
fresh weightfor two plart species@. triacanthosandL. leucocephalpwere recorded frorhh5, 30 and45
mg.kg* NiCl. concentrationas compared to the control treatmavitile the lowest valus(1.02 and 0.75)
mg/g fresh weighaind (1.02 and0.82) mg/g fresh weightvere reorded in the control treatmenithe
Chl a and Chb were increased with increasiRfpconcentration$or G. triacanthosandL. leucocephala
from 30 and 45mg.kg* PKCl, concentrationgs compared to the control treatmeni;egpt chl b ofG.
triacanthosspecies was decreased witbreasingo 15 and30 mg.kg* PbCL concentrations as compared
to the control treatmenthe interactions between Ni and &mncentationshad significaneffects onChl
a andChl b for theseplant speciesand increased with increasing Ni and Pb concentratloagdition,
the effect of Ni, Pb and their interactions were non significant on Chl a,Rx faseudoacacia

The content of TC were decreased ithe three plant species by increasing ttencentrationgo 45
mg.kg! of Ni and Pb as compared to the control treatm@&ft. were decreasedwvith increasingNi
concentrationsrom 45 mg.kg* NiCl, as compared to the control treatmarit G. triacanthos L.
leucocephalaand R. pseudoacaciapecies.The highest value of TG0.37, 038 and 0.38 mg/g fresh
weight were recorded in the control treatmiemtthreeplart speciesThe lowest value of C (0.36, 0.36
and 0.37 mg/dresh weight) forG. triacanthosL. leucocephala and R. pseudoacar@apectiely were
recorded from#5 mg.kg! NiCl, concentrationas compared to the control treatmér. were decreased
with increasing Plzoncentrationgor two plant specie$o 45 mg.kg! PbCl, as compared to the control
treatmentThe interactions between contertions of Ni and Pb also had significaftects onTC for G.

triacanthos L. leucocephala and R. pseudoacaasasame as for each element individually
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Table 4.4. Effects of nickel, lead and their interactionsiean ofsome photosynthesis pigmeratthe
studiedspecies.

G. triacanthos

L. leucocephala

R. pseudoacacia

the Duncan testind vice versa.

Treatments | chl. | chly | TC | chl. | chl, | TC chl. | ch, | TC
mg /g fresh weight
Nickel con. (mg.kg " soil)
Ni O 1.02b | 0.75b| 0.37a| 1.02lb | 0.82c | 0.376a | 0.97a | 0.32a| 0.38a
Ni 15 1.03d& | 0.76b| 0.36b | 1.028ab| 0.93a | 0.365b | 0.97a | 029a | 0.37b
Ni 30 1.04a | 0.83a| 0.36b| 1.08a | 0.90ab| 0.3&b | 0.96a | 0.31a| 0.37b
Ni 45 1.03ab| 0.84a| 0.36b | 1.08a | 0.89b | 0.3&b | 0.96a | 0.28a| 0.37b
Lead con. fng.kg*soil)
Pb O 1.06 b| 0.87a | 038a| 1.06b| 090b | 0.367b | 0.97a | 0.28a| 0.37a
Pb 15 093c| 0.62c | 0.37b| 091c| 0.77c | 0.3Mab | 097a | 0.31a| 0.37a
Pb 30 1.08a| 0.79b | 0.35¢c| 1.08a| 0.94a | 0.37la 097a | 0.31a| 0.37a
Pb 45 1.08a| 091a | 0.35c| 1.08a| 0.95a | 0.358c 097a | 0.30a| 037a
Interaction between Ni & Pb con.
NiO PbO 1.01c | 0.75cde| 0.39a| 1.01b | 0.77c| 0.39a |0.9Mab| 0.29ab| 0.38a
NiO Pb15 0.93d | 0.64ef [0.37b| 0.92c | 0.72c| 0.37bc | 0.9Mab| 0.33a| 0.38a
NiO Pb30 1.08 ab| 0.77be | 0.36¢c| 1.07a | 0.87b| 0.38b | 0.973a | 0.32ab| 0.38a
NiO Pb45 1.08 ab| 0.83 abc| 0.35¢c| 1.08a | 0.93a| 0.37bc | 0.97ab| 0.32ab| 0.38a
Nil5 PbO 1.07 ab| 0.86 abc| 0.37 b| 1.07a | 0.94a| 0.36d | 0.97ab| 0.25b| 0.37b
Nil5 Pb15 | 0.92d | 0.56f [ 0.37b| 0.89e| 0.87b| 0.37bc | 0.97ab| 0.30ab| 0.37b
Nil5 Pb30 1.05b | 0.67 def| 0.36c| 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 Pb0 1.07ab| 0.90ab|0.37b| 1.07a | 095a| 0.36d | 0.97ab|0.29ab| 0.37b
Ni30 Pb15 0.93d | 0.67 def| 0.37b| 091cd| 0.74c| 0.37bc | 0.97ab| 0.33ab| 0.37b
Ni30 Pb30 1.09a| 0.8lad |0.35c| 1.07a| 0.96a| 0.37bc | 0.97ab| 0.34a| 0.37b
Ni30 Pb45 | 1.08 ab| 0.94a | 0.35c| 1.08a | 0.96a| 0.35e | 0.97ab|0.27ab| 0.37b
Ni45 Pb0 1.07ab| 0.95a | 0.38a| 1.07a | 095a| 0.3%6d 0.97ab | 0.28ab| 0.37b
Ni45 Pb15 093d| 0.60f |0.37b| 0.90de| 0.73c| 0.37bc | 0.96b | 0.27ab| 0.37b
Ni45 Pb30 | 1.08 ab| 0.90 abc| 0.35¢| 1.08a | 0.96a| 0.37bc | 0.97ab| 0.27ab| 0.37b
Ni45 Pb45 | 1.08 ab| 0.93a | 0.35c| 1.08a | 0.96a| 0.35e | 0.97ab|0.31ab|] 037b
* Means followed by theame letters withn c ol umns are significantly
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4.2.2 Enzymatic and non- enzymatic antioxidants
4.2.2.1 Enzymatic antioxidants

Results in the tdbs 4.5, 4.6 and 4.7 indicatethat the effect of NiPb and their interactionsvere
significant onsome of the enzymatiantioxidantssuch as CAT, POD and NBf G. triacanthos L.
leucocephalandR. pseudoacacifieshleaves. Were he activity of POD wasicreased with increasing
Ni concentrationgo 45 mg.kg* NiCl, for three studied specie$he highestactivity of POD (2030.8,
1989.2 and 2418.3) g'wereobtained fromncreasing Ni concentrations 45 mg.kg! as comparedith
the control treatmerfor thethreestudiedspecieswhile the lowestactivitiesof POD (1692.5, 1366.7 and
1767.5)e g' wereobtained fromthe controlof three speciesThe activity of PODwas significantly
increased with increasing Pb concentratim5 mg.kg' PbCL concentrationsnly for R. pseudoacacija
whereas it nonr significant for other specie$he interactions between Ni and Pb elements on the activity
of POD wasrecorded fronincreasing Ni and Pb concentratidogt5 mg.kgt NiCl. or PbC} of the studied
species.

The activity of NR vhichincreased with increasing the Ni concentrations to 45 rmgkG. triacantho,
whereas the NR enzyme activilgcreasd with increasing the Ni concentraticns30 and45 mg.kg! of
L. leucocephalaand R. pseudoacacialhe highest activity oNR (0.20 ¢ M.*wasrecorded from45
mg.kg! as compared to the control treatmehG. triacanthosspecieswhile the lowest actities of NR
(0.17 ¢ M.*wasobtained fronthe controlof G. triacanthos Whereaghe highest activity of NRO(14
and 0.12¢ M.*wererecorded fronthe control treatmerfor L. leucocephalandR. pseudoacacjathe
lowest activities ofthe NR activity (0.11 and 0.096¢ M. wereobtainedfrom 45 mg.kg' as compared
to the control otwo speciesThe activityof NR significantly increasedith increasing Pb concentrations
to 15 mg.kg* NiCl; or PbC} for R. pseudoacacjawhreasNR activity significantly decreased with
increasing Pb concentrations to 30 mg.RpC}h for L. leucocephalandG. triacanthosThe interactions
between Ni and Pb elements on the activitiBfwereobtained fromncreasing Ni and Pb concentrations
to 45 mg.kg' NiCl, or PbC} of G. triacanthos L. leucocephalandR. pseudoacacia

The activity of CAT was significantly decreased with increasing Ni, Pb and their interattiidfs
mg.kg* NiCl; or PbC} of three studied species. The highest activity of CAT (327.5, 200.828h83)
¢ glwererecordedrom the control treatmemif three studied specieshile, the lowest activitie€139.2,
131.67 and 150.03 g* were recordedfrom 45 mg.kg* NiCl. concentrationsof G. triacanthos L.

leucocephalandR. pseudoacacigpeciesespectively
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4.2.2.2 Non- enzymatic antioxidants

As displayedin the tables4.5, 4.6 and 4.7 results show thabe effects of Ni and Pb and their
interadgions were significanion someof the nonenzymatic argxidants suctas Pr, AAand CHO ofG.
triacanthos, L. leucocephalaand R. pseudoacacideaves They show that proline (Pr)significantly
decreased with increasing the concentratafrNi to 45 mg.kg! NiCl> concentrationas compared to the
control treatmenof three studiedpeciesThe hpghestvalueof Pr (55.37, 75.0.and51.52 ¢ gl were
recordedrom the control treatmemf the three species, e the lowestvalues (35.74,58.5and40.79
¢ gl wereobtainedfrom 15 and45 mg.kg' as compared to the control treatmeh(. triacanthos, L.
leucocephalandR. pseudoacaciapeciesThe Prdecreased with increasing the concentrataiPbto
45 mg.kg! PbCh concentrationdor the studied species, excefpite Princreased with increasing Pb
concentrationso 45 mg.kg' PbChb for L. leucocephalaspeciesThe interaction between Ni and Rad
significant effect andlecresed onthe Pr for three studied specieat 45 mg.kg. The AA increased
significantly with Ni application for threstudiedspeciesThe highesvalueof AA (2.30, 2.03and 1.31)
gL were recorded frorB0 and45 mg.kg! NiCl, concentrationsis compared to the control treatment for
three studied species, whilee lowestvalues(1.50, 0.74 and 0.77)Lgt were recorded from the control
for three speciedVhereas the AA deeased withincreasingPb concentration foG. triacanthosandR.
pseudoacacigexcept it increased significantlty far leucocephalaThe interaction between Ni and Pb
had significant effect and deesed on the AA foiG. triacanthosand R. pseudoacaciat 45 mg.kd,
except it increased fdr. leucocephalat 45 mg.kg. The CHO decreased with increasing Ni, Pb and their
interactionto 45 mg.kg' NiCl, or PbC} for studied species, excefar the CHO which increased with
increasing Ni, Pb and their inationsto 45 mg.kg! only for L. leucocephalapeciesThe highesvalue
of CHO (1.04 and 1.22) % weobtainedrom the control folG. triacanthosandR. pseudoacaciapecies.
While the lowestvalueof CHO (0.29 and 0.93Y%wereobtainedfrom 45 mg.kg' NiCl. as compared to

the control treatment @. triacanthosandR. pseudoacaciapecies.
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Table4.5 Effects of nickel , lead and their interactiomaean of some enzymatic, neenzymatic antioxidants and nitrate
reductase activity o€s. triacanthosleaves

Enzymatic Antioxidants and Nitrate Reductase

Non-Enzymatic Antioxidants

Treatments Catalase Peroxidase Nitrate Ascorbic Acid Proline Total

( g9 ( oYg Reductase (gL (e gt Carbohydrate

(e M) (%)

Ni concentration (mg.kg® Soil)
Ni O 327.5a 1692.5b 0.17c 1.50d 55.37 a 1.04 a
Ni 15 2775hb 1873.3 ab 0.14d 219c 44.50 b 0.66¢
Ni 30 194.2 c 1699.2 b 0.18b 2.77a 37.34 c 0.76 b
Ni 45 139.2d 2030.8 a 0.20 a 2.30 b 35.74 c 0.29d
Pb concentration (mg.kgl Soil)
Pb 0 269.2 a 1837.5a 0.183ab 3.22a 48.70 a 0.60 b
Pb 15 1942 c 1738.3a 0.138c 1.49c 43.42 b 0.80a
Pb 30 236.33 b 1804.2 a 0.18b 2.63 b 39.30 c 0.78 a
Pb 45 238.3 b 1915.8 a 0.189a 1.49c 41.52 bc 0.58 b
Interactions between Ni and Pb
NiO Pb0O 496.7 a 1710.0b 0.20d 3.94c 63.35a 1.25b
NiO Pb15 240.0d 1753.3 b 0.17e 141 h 56.96 b 0.54d
NiO Pb30 216.7d 1593.3 b 0.20d 0.53] 51.23 bc 148 a
NiO Pb45 356.7 b 1713.3 Db 0.11¢g 0.13 k 49.92 c 0.87c
Nil5 Pb0 303.3c 1826.7 ab 0.14 f 1.63¢g 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 Pb30 363.3b 1736.7b 0.08 h 197 f 37.69 fg 1.18b
Nil5 Pb45 243.3d 1970.0 ab 0.17 e 250e 44.92 cde 0.06 g
Ni30 Pb0 136.7 f 1873.3 ab 0.22¢c 441D 42.46 def 031e
Ni30 Pb15 210.0d 1493.3 b 0.14 f 0.94i 34.04 g 1.17b
Ni30 Pb30 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 1.28b
Ni45 Pb0 140.0 f 1940.0 ab 0.17 e 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 0.23 b 491 a 33.27¢g 0.16 fg
Ni45 Pb45 140.0 f 2476.7 a 0.33 a 0.66 | 33.35¢g 0.10 g

* Means fdlowed by the same letters withn

col umns

ar e

significantly di f,Brelvieenersa at
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Table4.6. Effects of nickel, lead and their interactiomaean of some enzymatic, neenzymatic antioxidants and nitrate
reductase activity ok.leucocephta leaves

Enzymatic Antioxidants and Nitrate Reductase Non-Enzymatic Antioxidants
Treatments Catalase Peroxidase Nitrate Ascorbic Acid Proline Total
( g9 ( g Reductase (gL ( naly Carbohydrate
(&Y (%)
Ni concentration (mg.kg” Soil)
Ni O 200.83 a 1366.7 b 0.14 Db 0.74d 75.05 a 0.22c
Ni 15 133.33 Db 1535.8 b 0.19a 2.93 a 58.0d 0.23c
Ni 30 13250 b 1801.7 a 0.13c 1.66 c 66.55 b 0.45a
Ni 45 131.67 b 1989.2 a 0.11d 2.03 b 60.05 c 0.37b
Pb concentration (mg.kgl Soil)
PbO 195.8 a 1659.2 a 0.14b 1.08 c 63.80 c 031b
Pb 15 150.0 b 1644.2 a 0.18a 1.05c 70.42 a 0.30b
Pb 30 131.7 bc 1644.2 a 0.12c 2.07b 60.50 d 0.26 b
Pb 45 120.8 ¢ 1745.8 a 0.14b 3.16 a 64.92 b 0.40 a
Interactions between Ni and Pb
NiO PbO 310.0a 1143.3 e 0.10g 0.16 n 87.04 b 0.38 bcd
NiO Pb15 220.0b 1520.0 cde 0.19c 0.22n 71.15f 0.06 h
NiO Pb30 133.3¢c 1320.0 de 0.09¢ 1.841 82.54d 0.19 fgh
NiO Pb45 140.0 c 1483.3 cde 0.20 b 0.721 59.46 h 0.23 efg
Nil5 Pb0 200.0 b 1510.0 cde 0.15e 1.08 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¢c 1560.0 cde 0.20b 1.09 ij 24.23 | 0.06 h
Nil5 Pb45 86.7d 1513.3 cde 0.17d 8.13 a 91.85a 0.39 bcd
Ni30 Pb0 136.7 c 1836.7 bcd 0.19 bc 0.34m 70.50 f 0.23 efg
Ni30 Pb15 150.0 c 1960.0 abc 0.12f 1.59¢ 69.73 f 0.50 ab
Ni30 Pb30 113.3 cd 1853.3 bcd 0.09g 2.09e 48.27 | 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 2.78 c 66.50 g 0.51 ab
Ni45 PHL5 116.7 cd 1536.7 cde 0.16 e 0.91k 56.08 i 0.27 def
Ni45 Pb30 146.7 c 1843.3 bcd 0.09¢ 3.25b 86.92 b 0.21 fg
Ni45 Pb45 126.7 cd 2430.0 a 0.08 h 1.16 i 30.69 k 0.48 abc
* Means followed by the same letters within columns are significantly different p O 0.05 accandvddewesa.t o
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Table4.7. Effects of nickel, lead and their interactiomaean of some enzymatic , neenzymatic antioxidants and nitrate
reductase activity oR. pseudoacacideaves

Enzymatic Antioxidants and Nitrate Reductase Non-Enzymatic Antioxidants

Treatments Catalase Peroxidase Nitrate Ascorbic Acid Proline Total

( g9 ( oYg Reductase (gL ( naly Carbohydrate

(& (%)
Ni concentration (mg.kg® Soil)
Ni O 285.83 a 1767.5Db 0.128a 0.77c 51.52 a 1.22b
Ni 15 255.00 b 2291.7 a 0.112 b 091b 45.14 c 1.33a
Ni 30 17417 c 2390.0 a 0.124 a 131a 46.82 b 0.77d
Ni 45 150.00d 2418.3 a 0.095c 0.35d 40.75d 0.93c
Pb concentration (mg.kgl Soil)
Pb O 226.7 a 1914.2 b 0.102 c 1.38a 58.94 a 0.94b
Pb 15 209.2 a 2084.2 b 0.143 a 0.89Db 43.58 b 1.15a
Pb 30 208.3 a 2688.3 a 0.099 c 0.52c 38.25 ¢ 1.23a
Pb 45 220.8 a 2180.8 b 0.112 b 0.54 c 43.46 b 0.93 b
Interactions between Ni and Pb
NiO Pb0O 360.0 a 1543.3d 0.083i 2.16 b 49.38 ¢ 1.70a
NiO Pb15 250.0 b 1626.7 d 0.170 b 0.28 hi 49.31 ef 0.97 cde
NiO Pb30 276.7b 2090.0 bcd 0.126 de 0.53 f 48.30 f 1.18b
NiO Pb45 256.7 b 1810.0 cd 0.130 cd 0.09i 58.85 c 1.03 bcde
Nil5 Pb0 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 0.8le 39.84 h 1.15 bc
Nil5 Pb30 250.0 b 3243.3 a 0.060 | 1.00d 41.46 h 1.58 a
Nil5 Pb45 253.3b 2190.0 bcd 0.136 ¢ 1.63c 35.96 i 1.64 a
Ni30 Pb0 156.7 cd 2146.7 bcd 0.106 fg 29la 51.24 de 0.45¢g
Ni30 Pb15 186.7 c 2736.7 ab 0.180 a 1.53¢c 43.54 g 0.89 e
Ni30 Pb30 153.3 cd 2620.0 abc 0.110f 0.47 fg 40.88 h 1.09 bcd
Ni30 Pb45 200.0c 2056.7 bcd 0.100 gh 0.34 gh 51.62d 0.64 f
Ni45 Pb0 120.0d 2383.3 bcd 0.100 fgh 0.25 hi 71.69 a 0.68 f
Ni45 Pb15 153.3 cd 1823.3cd 0.090 h 0.97 de 41.54 h 1.58 a
Ni45 Pb30 153.3 cd 2800. 0 ab 0.100 gh 0.093i 22.35k 1.06 bcde
Ni45 Pb45 173.3 ¢ 2666.7 abc 0.080 i 0.093 i 27.42 | 0.41¢g
* Means folbwed by the same letters witlcolumns are sigrnifc ant |y di fferent at pandvic®veras
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4.2.23 Total protein content(TPr)

Resultgpresented in tabk.8showthat the effects of nickel, lead and their interactions were significant
on the total protein contés ofG. triacanthos L. leucocephalandR. pseudoacaciseedlings, exceor
the root of R. pseudoacaciavhich was noni significant. Total protein were highly affected by
contamination with heavy metals. It shows that total protein contetiis oddsincreased with increasing
the concentration of Ni frorB0 and45 mg.kg! NiClz or PbC} as compared to the control treatmémt
G. triacanthos and L. leucocephalaspecies.The total protein contentsionsignificanty for R.
pseudoacaciaioots,whereador the shooit increasedsignificantly with increasing the concentration of
Ni to 30 mg.kg* NiCl, as compared to the control treatment. The highest value dPtheontents of the
roots ofG. triacanthosandL. leucocephald2.848and 2.33%gkg-!were recorded fror80 and45 mg.kg
1 NiCl2 or PbC} concentrationswhile the lowest value (@92and 1.434pkg-! were recorded ih5 mg.kg
ltreatmentandthe control.The highest value of the total protein contends $hoot ofR. pseudoacacia
(1.975gkg-1) were recorded frorB0 mg.kg! NiCl. concentrationwhile the lowest value (427 gkg-1)
were recordetb 15 mg.kg" NiCl, concentrationThe concentration GfPr contents in the roots and shoots
were highly affected by soielementsfor variousspeciesthe lowest protein content was noted Rr
pseudoacacigplants grown on soil highly contaminated with Ni and Pb heavy metals46omg.kg
NiCl2 or PbC} concentrationsiscompared to other plant speciefieTtotal protein contenti the roots
and shots for G. triacanthos L. leucocephalaand R. pseudoacacialeclined with increasing pb
concentratiorto 15 and45 mg.kg' NiCl> or PbC}, exceptthe root of L. leucocephalancreased a0
mg.kg* PbC}  also the root oR. pseudoacaciavhich was no sigificant. The interactions between
concetrations of Ni and Pb also had significant effectglumnthree specgeon the total protein contents,

except the root dR. pseudoacaciehich was na significant
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Table4.8 Effects of nickel, lead and #r interactionsmean of shootand root total proteincontents
for the studiedspecies.

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 1848k | 2451 b| 1.434c 1.731b 1.952 a
Ni 15 2.834 a 1.692c | 2968a| 1.489c 1.427c | 1914 a
Ni 30 2.234 b 2.848a | 2.417b| 2.038b 1.975a | 1.898a
Ni 45 2.920 a 1.998b | 2.020c| 2.334a | 1.900ab| 1.785a
Lead con. (mg.kg"soil )
Pb 0O 2.898 a 2.117b | 2.767a| 1.517c 1.887a | 1.928a
Pb 15 2.478 b 1.943c | 2453 b| 1.928b 1.984a | 1.892a
Pb 30 2.573 b 2.731a | 2.414b| 2.238a 1.887a | 1.809 a
Pb 45 2.981 a 1.595d | 2.223b| 1.613c 1.275b | 1.921a
Interaction between Ni & Pb con.
NiO PbO 3.007 bcd 1.280ef | 2560 c| 1.190fg | 1.773cd | 2.047 a
NiO Pb15 2.617 de 1.417 ef | 2.380c| 1.350efg| 2.310ab| 2.010a
NiO Pb30 3.027 bed 3.193b | 2.433c| 1.780cde| 1.853cd | 1.860 a
NiO Pb45 3.110 bc 1.500 ef | 2.430c| 1.417 defg] 0.987 e | 1.890 a
Nil5 PbO 3.297 b 3.077bc | 3.763a| 2.060c | 2.130bc | 1.893 a
Nil5 Pb15 2.717 cde 1.400 ef | 2.450 c| 1.540 cdef| 1.617d | 1.960 a
Nil5 Pb30 2.640 de 1.563e | 2450c| 0.960g¢g 0.887e | 1.887 a
Nil5 Pb45 2.683 de 0.727 h | 3.210b| 1.397 defg] 1.073e | 1917 a
Ni30 Pb0 2.647 de 1.507 ef | 2.390 c| 1.530 def | 2.123 bc | 1.870 a
Ni30 Pb15 2.010¢g 3.790a | 2500c| 3.070b | 2.120bc | 1.913a
Ni30 Pb30 2.410 ef 2.817cd | 2.367c| 1.960cd | 2.670a | 1.787 a
Ni30 Pb45 1.860 g 3.280b | 2.410c| 1.590 cdef, 0.987e | 2.023 a
Ni45 Pb0 2.640 de 2.603d | 2.353¢c| 1.287efg| 1.520d 1.900 a
Ni45 Pb15 2.557 ef 1.163fg | 2.480 c| 1.750 cdef| 1.890 bcd| 1.683 a
Ni45 Pb30 2.213fg 3.350b | 2.407c| 4.250a | 2.137bc | 1.703 a
Ni45 Pb45 4.270 a 0.873gh | 0.840d| 2.050c | 2.053bc | 1.853a

* Means folbwed by the same letters witlcolumnsare signift ant 'y di f ferent at
according to the Duncan tesind vice versa
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4.22.4 Macro, micro and some of noressentialelementsfor shoots roots and soilcharacterestics
of G. triacanthos L. leucocephalaand R. pseudoaceia species

4.2.2.41 Macro, micro and someof non- essentialelementsfor shootsand roots of G. triacanthos
species

the resultsshown in tableg.9, 4.10, 4.11, 4.12, 4.13 and 4iddicate thathe effects of Ni and Pb and
their interactions were significant on somatrientsof the shoots antbotsof G. triacanthosseedlings.
Theyshows that some of the elements increased with increasing the concentration of Ni and ) from
30 and45 mg.kg' as compared to thenotrol treatment The macro elemen(®, Mg and SQ) increased
significanly with increasing the Ni concentration from 30 @admg.kg' NiCl. as compared to the control
treatmentexceptfor the N whichdecreased with increasing the Ni concentrabib@. triacarthosshoots
The highest value of thHe, Mg and SQ@ (0.0045, 0.0388and 0.0038) % respectively were recorded in
the 15, 30 and45 mg.kg' NiCl. concentrationsis comparedio the control treatment, hile the lowest
values (0.0024, 0.0267 0.002@®) % wererecorded in the control treatmeBtach of P and Mgncreased
significanty with increasing the Pb concentration from 30 4Bang.kg' PbCh as compared to the control
treatmentAn exception the N which decresed with increasing Pb concentratiomaf.B§*. The highest
valuesof P and Mg 0.00330 and0.037§ % were recorded in the 30 a8 mg.kg' PbCl. concentrations
as comparetb the control treatmentvhile the lowest valug(0.0@71 and0.0289 % were recorded in
the controland15 mg.kg! treament.The interactions betweesi and Pb concentratiorsad significant
effects orN, P,Mg and SQtheir concentratiomcreased with increasing Ni and Pb concentratiathe

45 mg.kg' NiCl, or PbC} concentrationas canparedo the controtreatment{SeeTable4.9).

Each ofFe, Mn andZn increasedsignificanly with increasingthe Ni concentrationdor 15 mg.kgt
NiClzconcentrationas canpared to the control treatment; Arcepton involvesthe Cuwhichdecreased
with increasing the Ni concentian of G. triacanthosshoots The highest valieof Fe, Mn and Zn
(0.0652, 0.00818 and 0.00657 were recorded in th&5 mg.kg® NiCl, as canpared to the control
treatment, Wile the lowest value (0.0538, 0.0113 and 0.000593% were recorded in the coolr
treatmentEach ofMn and Znwere increased with increasing the Pb concentrabi®® and45 mg.kg!
PbCk as compared to the control treatmeaxcept the Fevhich was decreased with increasing the Ni
concentrationThe highest valiseof Mn and Zn 0.00779 and 0.00642% wererecorded in théd5 mg.kg
1 PICI; concentrationas canpared to the control treatmenthive the lowest valug(0.0122 and 0.00505)
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% were recorded in the control treatment. The interactions between Ni and Pb had significasmbeffect
some nicro - elements such &u and Znwhichincreased with increasing Ni and Pb concentratiaine

15 and45 mg.kg* NiCl, or PbC} concentrationsis compared to the control treatmeltcepion anFe

and Mnthatdecreased with increasing the Mincentrationasit is clearfrom table4.10.

The heavy metaklementCd wasincreased with increasing the Ni concentratitmd5 mg.kg! NiCl,
concentrationsis compared to the control treatment, excepRiththatdecreased with increasingetiNi
concentratiorof G. triacanthosshoots The highest value afd (0.00066%6) wasrecorded in thets
mg.kg* NiCl, concentrationswhile the lowest valu€0.00021%b6) wasrecorded in the control treatment.
Theheavy metaklement<Cd and Asncreased wh increasing the Pb concentratim830 mg.kg* PbChb
as compared to the control treatment, exdeptthe Rb which decreased with increasing thb
concentratiorto 15mg.kg*. The highest valueof Cd and A0.000644 and 0.000696) were recorded
in the30 mg.kg* PbCk concentrationswhile the lowest valugof theCd and As (0.000212 and 0.000224)
% were recorded in the contralkeatment.The interactions between Ni and Pb concentrations had
significant effects osomeheavy metaélements such &b,Cd and Asvhichincreased with increasing
Ni and Pb concentratioim the 15, 30 and45 mg.kg" NiCl, or PbC} concentrationss canpared to the

control treatment sekable4.11.

Each ofN, P, K, Mg, Caand SQ whichincreased with increasing the dbncentratiorfor 15,30 and
45 mg.kg! NiCl, as corpared to the control treatmewit G. triacanthosroots The highest valugof N,
P, K, Mg, Ca and S®(0.004%, 0.003%, 1.152,0.0224 1882 0.00087) % were recordetb 15,30 and
45 mg.kg! NiCl; conentrations while the lowest value (0.0027, 0.00249, 0.6560.0110, 1.361,
0.00073) % were recorded i5 mg.kg* andcontrol treatmentEach ofN, P, Mg, and SQincreased with
increasing the Pb concentratitm30 and45 mg.kg' PbCh as canpared to th control treatmenfThe
highest valusof N, P, Mg, and S@ (0.00437, 0.003®, 0.0187and0.00096) % were recorded in th&5
or 30 mg.kg* PbCk concentrationswhile the lowest valueof N, P, Mg, and S@ (0.0033®, 0.0®78,
0.0146and 0.0072) % were reorded in the contraand30 mg.kg? treatment. The interactions between
Ni and Pb concentrations had significant effectdNpR, Mg Caand SQ whichincreased with increasing
Ni and Pb concentratioin the 15 or45 mg.kg* NiCl, or PbCh concentrationsiscompared to the control

treatmenbf G. triacanthogoots(SeeTable4.12).

The elements~e and Znincreased with increasing the Ni concentratit;m45 and 45mg.kg* NiCl

concentrationascompared to the control treatmetG. triacanthogoots.The highest valueof Feand
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Zn(0.122and 0.@75 % were recorded in the Xihd 45mg.kg* NiCl, concentrationsWhereashe lowest
values (0.0689 and 0.016Y % were recorded imthertreatmens. The micro element§~e) decreased
significantly with increasing the Pb concentration for &bC} treatmentsas compared to the control
treatment The highest value of thee (0.1224%) which wasrecorded in theontrol treatmentOn the
other handthe lowest valu¢0.0589%) wasrecordedo 30mg.kg* PbCk concentrationsThe interactions
betweenNi and Pb concentrations had significant effectsGu) Fe and Mn which increased with
increasing Ni and Pb concentrationthe 15 and45 mg.kg* NiCl. or PbC} concentrationsis compared
to the control treatment, eaptfor theZn which decreased with increasing tHéi and Pbconcentration
(SeeTable4.13).

The heavy metals increased with increasing the ddincentrationso 45 mg.kg! NiCl. concentrations
as compared to the control. The highest valueDdiP441 %) was recorded in the 4g.kg* NiCl
concentrationswhile the lowest valu€0.00@B08 %) was recorded in the control treatmerithe Pb
concentratiorhad non significant on he heavy metal element$ G. triacanthogoots. The interactions
betweerNi and Pb concentrations had significant effectsome heavy metal elements suchRasand
As which increased with increasing Ni and Pb concentrationthe 45 mg.kgt NiCl, or PbCh

concentrationsis conpared to the control treatmetable4.14).
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Table4.9. Effects of nickel, lead and their interactiommean of some macrenutrient xof G.

triacanthos shoot.

N P K Mg Ca SOy
Treatments
(%)
Nickel con. (mg.kg™ soil )
Ni O 0.0470a 0.0028b |0.839al 0.0267c 4.621 a 0.002@8 b
Ni 15 0.00453a 0.0024 b | 0.975al 0.0388a 4.586 a 0.002¢ b
Ni 30 0.0038B b 0.004Ba |0.733al 0.033% 4.938 a 0.002% b
Ni 45 0.004& a 0.0028b |0.764 a] 0.0334b 5.165 a 0.003% a
Lead con. (mg.kg™soil )
Pb O 0.0046! a 0.00271 b |0.911al 0.0295b 5.234 a 0.002& a
Pb 15 0.003% b 0.0B18a |0.717a| 0.0289% 4.720 a 0.0024 a
Pb 30 0.0042 b 0.002%6c |0.904al 0.0366a 4.867 a 0.003® a
Pb 45 0.0047 a 0.003®a |0.777al 0.0378a 4.489 a 0.002% a
Interaction between Ni & Pb con.
NiO PbO 0.0048 bcd | 0.02e | 1.232a| 0.0325fg | 5.273ab| 0.0022 e
NiO Pb15 0.004B de | 0.002F cde | 0.496a| 0.0128k | 4.149ab| 0.0024 de
NiO Pb30 0.004& bcd | 0.002B de | 1.054 a| 0.0411cde | 4.975ab| 0.003F ab
NiO Pb45 0.0049 bc 0.0032b | 0.572a| 0.0205j | 4.087 ab| 0.0024% de
Nil5 Pt 0.005Bb | 0.0@32cde| 1.090a| 0.0309fgh | 4.956 ab| 0.002B bcde
Nil5 Pb15 0.0043! cde | 0.0022 cde | 0.635a| 0.0274ghi | 4.266 ab| 0.003@® bcde
Nil5 Pb30 0.0042 de | 0.0023 cde | 1.122 a| 0.0365def | 4.117 ab| 0.0028 de
Nil5 Pb45 0.0043 de 0.002&8 bc | 1.052a| 0.0605a | 5.003ab| 0.00317 bc
Ni30 Pb0 0.0043 de 0.0032 b 0.672a| 0.0358ef | 6.009a | 0.0032 bcd
Ni30 Pb15 0.0033 g 0.0051 a 0.740 a| 0.0494b 5.409 ab| 0.003B bc
Ni30 Pb30 0.003%® ef 0.003® b 0.702a| 0.0257g-j | 4.372 ab| 0.002% cde
Ni30 Pb45 0.0028 g 0.005D a 0.816 a| 0.024%nij | 3.960 b | 0.003A bcde
Ni45 Pb0 0.0042 de 0.0030 b 0.651a| 0.0187k | 4.695ab| 0.0034 bcd
Ni45 Pb15 0.004® ef | 0.0022 bcd | 1.002a| 0.0261g-j | 5.055 ab| 0.002% bcde
Ni45 Pb30 0.003%! fg 0.002D e 0.737 a| 0.0432bcd | 6.005a 0.0038& a
Ni45 Pb45 0.0068&t a 0.002®% e 0.665a| 0.0453bc | 4.905ab| 0.0032 bcd
* Means fdlowed by the same letterswithn c ol umns are significantly

the Duncan testand vice versa
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Table4.10 Effects of nickel, lead and their interactionmean of some micro- nutrient of G.
triacanthos shoot.

Cu Fe Mn Zn Ni
Treatments
(%)
Nickel con. (mg.kg™ soil )
Ni O 0.00241 a 0.0538 b 0.0113 a | 0.00537 bc| 0.0303 a
Ni 15 0.00254 a 0.0652a | 0.00818b | 0.00657a | 0.0343a
Ni 30 0.00119 b 0.0588 ab | 0.00846 ab| 0.00451 c 0.0302 a
Ni 45 0.00274a | 0.0575ab | 0.00846 ab| 0.00569 ab| 0.0352 a
Lead con. (mg.kg™ soil)
Pb O 0.00219ab | 0.0666 a 0.0122a | 0.00505 b 0.0323 a
Pb 15 0.00219ab | 0.0514c | 0.00818b | 0.00483b 0.0328 a
Pb 30 0.00155 b 0.0566 bc | 0.00823 b | 0.00584 ab| 0.0315a
Pb 45 0.00295a | 0.0607ab | 0.00779b | 0.00642a | 0.0336a
Interaction between Ni & Pb con.
NiO PbO 0.00256 bc | 0.0913 a 0.0245 a | 0.00501 &f 0.0299 a
NiO Pb15 0.00263 bc | 0.0407 fgh | 0.00663 b | 0.00496 €f 0.0303 a
NiO Pb30 0.00224 bc | 0.0276h | 0.00762b | 0.00613 e | 0.0304 a
NiO Pb45 0.00220 bc | 0.0556 def | 0.00658 b | 0.00539 kf 0.0307 a
Nil5 PbO 0.00346ab | 0.0709cd | 0.00809 b | 0.00698 abq 0.0384 a
Nil5 Pb15 0.00085c | 0.0580cde| 0.00792b | 0.00426 deff 0.0301 a
Nil5 Pb30 0.00081c | 0.0582cde| 0.00777b| 0.00852a | 0.0303a
Nil5 Pb45 0.00505 a 0.0737 bc | 0.00895 b | 0.00651 ad 0.0385a
Ni30 Pb0 0.00072 c 0.0710 cd | 0.00895 b | 0.00458 ef 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 e 0.305 a
Ni45 o0 0.00206 bc | 0.0333gh | 0.00762 b | 0.00364 ef 0.0308 a
Ni45 Pb15 0.00252 bc | 0.0473 efg 0.0091b | 0.00703 abg 0.0406 a
Ni45 Pb30 0.00277 abc| 0.0880ab | 0.00861 b | 0.00444 f 0.0308 a
Ni45 Pb45 0.00361 ab | 0.0615cde| 0.00876b | 0.00769 ab| 0.0348 a
*Meansfol owed by the same | etters within columns are s

to the Duncan testind vice versa
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Table4.11. Effects of nickel, lead and their interactionsean of somenon - essentiaheavy metals

of G.triacanthosshoot.

Treatments Pb Rb Cd Ag As Ba
%
Nickel con. (mg.kg" soil)
Ni O 0.00219al 0.000749b | 0.000217 b | 0.0255ab| 0.000259 ab [ 0.536a
Ni 15 0.00281a 0.00149 a 0.000249b | 0.0280 a 0.000195b | 0.594 a
Ni 30 0.00186 a] 0.000589b | 0.000208b | 0.0179b 0.000537 a | 0.539 a
Ni 45 0.00258a] 0.000899b | 0.000665a | 0.0362a | 0.000416 ab | 0.567 a
Lead con. (mg.kg" soil)
Pb O 0.00209 a| 0.000937a| 0.000212b | 0.0241a 0.000224b | 0.563 a
Pb 15 0.00237 a| 0.000585b | 0.000257b | 0.0312a 0.000204b | 0.573 a
Pb 30 0.00206 a| 0.0011a 0.000644 a | 0.0262 a 0.000696 a | 0.527 a
Pb 45 0.00292a| 0.00116a | 0.000226b | 0.0262 a 0.000283b | 0.573 a
Interaction between Ni & Pb con.
NiO PbO 0.00205 b 0.546 a 0.000238 b | 0.0269 abc| 0.000243b | 0.546 a
NiO Pb15 0.00224 b 0.538 a 0.000188 b | 0.0211 abc| 0.000185b | 0.538 a
NiO Pb30 0.00216 b 0.525a 0.000243 b | 0.0333 abc| 0.000225b | 0.525a
NiO Pb45 0.00232 b 0.535a 0.00a98 b | 0.0206 abc| 0.000387 b | 0.535a
Nil5 PbO 0.00192b | 0.6404 a 0.000208 b | 0.0268 abc| 0.000240b | 0.6404 a
Nil5 Pb15 0.00201 b 0.592 a 0.000284 b | 0.0333 abc| 0.000220b | 0.592 a
Nil5 Pb30 0.00271ab| 0.539 a 0.000253 b | 0.0255 abc| 0.000155b | 0.539 a
Nil5 Pm5 0.00461 a 0.602 a 0.000253 b | 0.0265 abc| 0.000165b | 0.602 a
Ni30 Pb0 0.00221 b 0.542 a 0.000198 b | 0.0165 bc 0.000200b | 0.542 a
Ni30 Pb15 0.00218 b 0.536 a 0.000248 b | 0.0259 abc| 0.000193b | 0.536 a
Ni30 Pb30 0.00873 b 0.512 a 0.000192 b | 0.0213 abc| 0.00445 a 0.512 a
Ni30 Pb45 0.00219 b 0.568 a 0.000193 b 0.0082 c 0.000309b | 0.568 a
Ni45 Pb0 0.002180 0.523 a 0.000203 b | 0.0261 abc| 0.000213b | 0.523 a
Ni45 Pb15 0.00306 ab| 0.626 a 0.00031 b 0.0444ab| 0.000220b | 0.626 a
Ni45 Pb30 0.00251 b 0.532 a 0.0018% 0.0249 abc| 0.00096 a 0.532 a
Ni45 Pb45 0.00258 ab| 0.587 a 0.000259 b 0.0495 a 0.000273 b | 0.587 a
* Means fdlowed by the sme letterswith n col umns are significantly

the Duncan testind vice versa
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Table4.12 Effects of nickel, lead and their interactiomdean of some macrenutrient of G.

triacanthos root.

Treatments N P K| ™Mo [ ca [ o
)
Nickel con. (mg.kg" soil)
Ni O 0.002% bc| 0.0028 b 0.656 c | 0.0110b 1.361b | 0.0008b
Ni 15 0.0027 ¢ 0.0022 b | 0.728 bc| 0.0212a 1.882a| 0.0008Bb
Ni 30 0.004%a | 0.003Ba |1.068ab| 0.0224a 1.424b | 0.0008% a
Ni 45 0.003D b 0.003Ba | 1.152a| 0.0121b 1.337b | 0.000¢ a
Lead con. (mg.kg" soil)
PbO 0.003®b | 0.0028Bb 0.828a| 0.0161b 1.345a | 0.0002c
Pb 15 0.0031 c 0.0028 c 0.913a| 0.0187a 1.687a| 0.000% a
Pb 30 0.004F a | 0.003Ba | 1.063a| 0.0146¢c 1.524a| 0.000® b
Pb 45 0.0025d 0.003®a | 0.8a | 0.0172b 1.345a | 0.0005 bc
Interaction between Ni & Pb con.
NiO PbO 0.002@t ef | 0.001%e | 0.876a| 0.01207fg | 1.183b | 0.0007 fg
NiO Pb15 0.002B ef | 0.0028cd | 0.467a| 0.00810h | 1.234b| 0.001Da
NiO Pb30 0.005L b | 0.0037 ab | 0.808 a| 0.00813h | 1431 b | 0.000% h
NiO Pb45 0.0020 ef | 0.002F de | 0.471a| 0.01590d | 1.595ab| 0.000% h
Nil5 Pb0 0.0042 bc | 0.002% abc | 0.503 a| 0.01680cd | 1.596 ab| 0.0008 g
Nil5 Pb15 0.0022Z ef | 0.0013% f 0.830a| 0.0272% | 2.277 a | 0.0008 cdef
Nil5 Pb30 0.002® e | 0.0039ab | 1.089a| 0.01300ef | 1.872 ab| 0.000® defg
Nil5 Pb45 0.001B h | 0.0029 abc | 0.488 a| 0.02790ab | 1.781 ab| 0.000& defg
Ni30 Pb0 0.0024Lef | 0.0033 ab | 0.721a| 0.02575b | 1.248 b | 0.000B efg
Ni30 Pb15 0.006@B a | 0.0034ab | 1.314a| 0.03008a | 1.821 ab| 0.000% bc
Ni30 Pb30 0.004® cd| 0.003Bab | 1.127a| 0.01871c | 1.402b | 0.000& cde
Ni30 Pb45 0.005%5 b 0.003®a | 1.109a| 0.015dde| 1.225b | 0.0009 bcd
Ni45 Pb0 0.0047d | 0.002® bc | 1.214 a| 0.01002gh | 1.351 b | 0.0007 defg
Ni45 Pb15 0.001& fg | 0.098 abc | 1.041 a | 0.00943gh | 1.417b | 0.000% bc
Ni45 Pb30 0.005& b | 0.002® bc | 1.228a| 0.01903c | 1.389b | 0.001Q ab
Ni45 Pb45 0.001® gh| 0.003F ab | 1.125a| 0.00991gh | 1.183 b | 0.000% efg
* Means fdlowed by the same letters withcolumns are significantly differen a t p O O

to the Duncan tesaind vice versa
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Table4.13. Effects of nickel, lead and their interactionmean of some micre nutrient of G.

triacanthos root.

Treatments Cu Fe Mn Zn NI
%

Nickel con. (mg.kg" soil)
Ni 0 0.0032ab 0.0819b| 0.0127a| 0.0167b | 0.0318a
Ni 15 0.0031ab | 0.1224a| 0.0114a| 0.0222ab | 0.0307 a
Ni 30 0.0026 b 0.0765b| 0.0108a| 0.0169b | 0.0303 a
Ni 45 0.0035 a 0.0589b| 0.0102a| 0.0275a | 0.0333a
Lead con. (mg.kg" soil)
Pb O 0.0031ab | 0.1224a| 0.0114a | 0.0222ab | 0.0307 a
Pb 15 0.0026 b 0.0765b| 0.0108a| 0.0169b | 0.0303 a
Pb 30 0.0035 a 0.0589b| 0.0102a| 0.0275a | 0.0333a
Pb 45 0.0032ab | 0.0819b| 0.0127a| 0.0167b | 0.0318 a
Interaction between Ni & Pb con.
NiO PbO 0.00299 bcd | 0.0898 b | 0.00803 b| 0.02271 ad | 0.0305 a
NiO Pb15 0.00304 bcd | 0.0716 b | 0.00903 b| 0.00859 ¢f | 0.0306 a
NiO Pb30 0.00394b | 0.0779b | 0.02452 a| 0.02802 ab| 0.0309 a
NiO Pb45 0.00266 bcd | 0.0887 b | 0.00919 b| 0.00732 ef | 0.0351 a
Nil5 PbO 0.00240 bcd | 0.0901 b | 0.01912 a| 0.00812 def| 0.03005 a
Nil5 Pb15 0.00325bcd | 0.2497 a| 0.00925 b| 0.02074 Kf | 0.0302 a
Nil5 Pb30 0.00286 bcd | 0.0699 b | 0.00903 b| 0.0316 ab | 0.0314 a
Nil5 Pb45 0.00378 bc | 0.0800 b | 0.00805 b| 0.02853 ab| 0.0309 a
Ni30 Pb0 0.00296 bcd | 0.0746 b | 0.00826 b| 0.00859 ¢f | 0.0302 a
Ni30 Pb15 0.00328 bcd | 0.0825b | 0.01954 a] 0.00684f | 0.0302 a
Ni30 Pb30 0.00197 d 0.0825b | 0.00819 b| 0.0232 abc | 0.0307 a
Ni30 Pb45 0.00205 d 0.0637 b | 0.00726 b| 0.0293 ab | 0.0302 a
Ni45 Pb0 0.006025a | 0.0615b| 0.01992 a] 0.02206 ke | 0.0315a
Ni45 Pb15 0.0027%cd 0.0504 b | 0.00642 b| 0.02148 Bf | 0.0303 a
Ni45 Pb30 0.00233cd | 0.0635b| 0.00779 b| 0.02915ab| 0.0358 a
Ni45 Pb45 0.00303 bed | 0.0607 b | 0.00679b| 0.0374 a 0.0358 a

* Means folbwed by the same letters witlcolumnsa r e

the Duncan testind vice versa

signi ficant | acordingtof er ent
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Table4.14 Effects of nickel, lead and their interaction®ean of somenon - essentiaheavy metal of

G. triacanthos root.

the Duncan testand vice versa

Treatments Pb Rb Cd Ag As Ba
%
Nickel con. (mg.kg" soil)
Ni O 0.00291a | 0.00094a | 0.000256a | 0.0260a | 0.000308b | 0.5736 a
Ni 15 0.00286 a | 0.00142a | 0.000225a | 0.0221a | 0.000354 ab| 0.5476 a
Ni 30 0.00319a | 0.00115a | 0.000202a | 0.0178a | 0.000401a | 0.5589 a
Ni 45 0.00294a | 0.00113a | 0.000253a | 0.0261a | 0.000441a | 0.5598 a
Lead con. (mg.kg" soil)
Pb O 0.00306 a | 0.00102 ab| 0.000215a | 0.0259a | 0.000358 ab| 0.546 a
Pb 15 0.00282a | 0.00077b | 0.000241a | 0.0206a | 0.000435a | 0.583a
Pb 30 0.00309a | 0.00136a | 0.000229a | 0.0233a | 0.000371h | 0.587 a
Pb 45 0.00293a | 0.00149a | 0.000252a | 0.0222a | 0.000339b | 0.524a
Interaction between Ni & Pb con.
NiO PbO 0.00319 a | 0.000690 c| 0.0002635a| 0.0269 ab| 0.000299 de| 0.543 a
NiO Pb15 0.00310 a | 0.000627 c| 0.0002585a| 0.0244 ab | 0.000459 bcd 0.605 a
NiO Pb30 0.00302 a | 0.000298 c| 0.0002435a| 0.0256ab| 0.000218e | 0.601 a
NiO Pb45 0.00231a | 0.00216a | 0.0002588 a| 0.0272ab| 0.000259 de| 0.546 a
Nil5 PbO 0.00309 a | 0.00189 ab| 0.0002430 a| 0.0256 ab| 0.000308 de| 0.549 a
Nil5 Pb15 0.00277 a | 0.000692 c| 0.00®09a | 0.0163 ab| 0.000420 cdg 0.543 a
Nil5 Pb30 0.00325 a | 0.000902 bc¢, 0.000200a | 0.0200 ab | 0.000368 cdg 0.597 a
Nil5 Pb45 0.00237a | 0.00219a | 0.0002485a| 0.0263 ab| 0.000319 de| 0.503 a
Ni30 Pb0 0.00308 a | 0.000903 b¢, 0.000115a | 0.0203 ab | 0.000280 de| 0.549a
Ni30 Pb15 0.00300 a | 0.000887 bc, 0.0002430 a| 0.0205ab | 0.000260 de| 0.594 a
Ni30 Pb30 0.00308a | 0.00205a | 0.000209a | 0.0216 ab| 0.000667 a| 0.548 a
Ni30 Pb45 0.003595 a| 0.000762 b 0.0002430a| 0.0884b | 0.000399 cdg 0.545a
Ni45 Pb0 0.00287 a | 0.000593 c| 0.0002385a| 0.0307a | 0.000547 abq 0.543 a
Ni45 Pb15 0.00241 a | 0.000857 b¢, 0.0002530 a| 0.0211 ab| 0.000603 ab| 0.592 a
Ni45 Pb30 0.00305a | 0.00220a | 0.0002635a| 0.0260ab| 0.000234e| 0.604 a
Ni45 Pb45 0.00344 a | 0.000850 bg 0.0002585a| 0.0265ab | 0.000380 cdeg 0.501 a
* Means fdlowed by the same letterswitn  c ol umns ar e significantly
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4.2.2.4.2 Macro, micro and some of non essentialelementsfor shootsand roots ofL. leucocephala
species

Results othestudy shown in tabled.15, 4.16, 4.17, 4.18, 4.19 and 4i2@icated thathe effects of
Ni and Pb and their interactions were significant on sammeral elements of the shoots atsL.
leucocephalapecieslt wasfoundthat some of the elements incredsvith increasing the concentration
of Ni and Pb froni5, 30 and45 mg.kg! NiCl> or PbC} as compared to thentrol treatmentThe macro
elementsMg and SQ were increased with increasing the Ni concentration fi&érar 15mg.kg* NiCl,
as compared tmther treatmentof L. leucocephalashoots whereasthe N elementdecreased with
increasing the Ni concentratiom45mg.kg*. The highest valigof Mg and SQ macro element®.02695
and 0.01256) % regectively were recorded in thb and 15 mg.kg® NiCl, concentrationswhile the
lowest values@.01978and 0.0108) % were recorded in th&s mg.kg* andcontrol treatmentPbCh did
not affect significantly P, K, Mg and Ca elem&s) whereas it decreased N & content significantly
compared to the comtr treatment whib recorded the highest valug¢.00442 and 0.01B} %
respectively. The interactions between Ni and Pb concentratimeseasedCa concentrationwith
increasing Ni and Pb concentratitm45 mg.kg" NiCl, or PbCh as compared to the coatrtreatment,
exceptfrom theN, Mg and SQ whichweredecreased with increasing tNeand Pb concentratian the
45 mg.kg" NiCl,or PbChconcentrationas compared to the control treatmeiit exception Fe decreased
with Ni and Pb concentratidiTable 4.15).

Theconcentration of Fdecreased wittaddingNiClzas compared to the control treatméitte highest
value of the(Fe) micro elemen{0.015%) was recorded ithe controltreatment, wiile the lowest value
(0.008%) whichwasrecordedo 45mg.kg? NiCl, of L. leucocephalahoots The sme response appeared
with addingPbCb specially high concentratiorms the Cu and Fe elementé/herethe highest values of
Cuand Feg0.0@®7 and 0.a.35 % were recorde in the control treatment, while the lest values (0.0007
and 0.0056) %wvere recorded for 1mg.kg* treatmentsCu response was similar to that of Fe regarding
the effects ofPbCh application. Eachof Mn, Zn andNi did not affect significantly by thePbCb
concentrationsThe interactions beteen Ni and Pb concentrations had significant effectslionvhich
increased with increasing Ni and Pb concentrafam15 mg.kg' NiCl. or PbC} concentrationsas

conpared to the control treatmefitable4.16).

The concentration ofs elementdecreased with increasing the Ni concentratidogt5 mg.kg* NiClz

as corpared to the control treatmeoitL. leucocephalahoots The highest value ks (0.00B1 %) was
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recorded in the control trement, vhile the lowest value of th&s heavy metaélement40.00QL9 %) was
recorded in thé5mg.kg* NiCl. concentrationswhereas Ni application had rany significant effects on

Pb, Rb, Cd, Ag and Ba elements compared to the control treatment. Also the applicBb@t @fid not

have any significant effectsn Pb, Cd, Ag and Ba concentrations, while it increased shoots content of Rb
and As elements significantly compared to the control treatnmBmsinteractions between Ni and Pb had
significant effects oiRb and As which increased with increasing Ni afb concentratioto 30 or 45
mg.kg! NiClz or PbC} concentrationas conpared to the control treatme(Table4.17).

Regarding the effects dfiCl.andPbCh onL. leucocephalaoots,the elementsl, PandCaincreased
with applicationNi by 30 and45 mg.kg! NiCl, as canpared to the control treatment; Aaxcepton isthe
Mg elementwhich decreased witil5 and45 mg.kg' Ni concentratioras compared to the contrdihe
highest value ofl, Pand Ca0.003%, 0.0247 and1.05) % were recorded ithe30 and45 mg.kg! NiCl,
concentrationas compared to theontrol treatment, hile the lowest valug(0.0023, 0.001% and0.45
% respectively were recorded in the control treatei and45 mg.kgh. The macro elements and P
increased with incresing the Pb concentratido 15 and30 mg.kg! PbCh as canpared to the control
treatment Except the Mg elementvhich decreased witlincreasing thé?b concentrationThe highest
value of the mineral elemenkdg (0.00428 % wasrecorded in the control trément, while the lowest
value(0.00312 % wasrecorded in théhe 45 mg.kgt PbCh concentrationsThe interactions between Ni
and Pb concentrations had significant effectdlpR, K,Mg, Ca and S@whichincreased with increasing
Ni and Pb concentratidn the30and 45mg.kg* NiCl>or PbC} concentrationas corpared to the control
treatmeniTable4.18).

The microelementqFe) increased wittaddingNiCl2 as compared to the controéatment, where the
highest valu€0.0457 %) wasrecorded in th 15 mg.kg* NiCl, concentrationsis conpared to the control
treatment(0.0313 %) Ni application did nosignificant effects on each of Cu, Mn, Zn anddi&ments.

Also PbCh did not significant effect oiin, Zn and Ni elements, except the significantrdaseé in root
contain of Cu with alPbCk concentrations and, the significant decreased in Fe content wheg. k&'

PbCbk were applied.The interactions between Ni and Pb concentrations had significant effe€ts on
increased with increasing Ni and Rbncentrationto 45 mg.kg* NiCl2 or PbC} concentrationsas
compared to the control treatne except the Cu element decreased with increasing with Ni and Pb

concentration to 3thg.kg?, as shown imable4.109.
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The heavy metalementgAg) increasd with addingNiCl. as compared to the conttoéatmentThe
highest value ofAg) heavy metal element8.222%) was recorded in thies mg.kg* NiCl, concentrations
as compared to theontrol treatmenf0.0128%). As element decreased with other treatbr@scompared
to control. Each of Pb, Rb, Cd and Ba in the control treatment did not differ significanitty Ni
concentration asompared to the other treatmerf®d concentratiomad asignificanteffect on Rb, Ag
and As elementsf L. leucocephalaoots. Where thénighest valus (0.00162, 0.0232 and @064) %
wererecorded in the contraind 15mg.kg* treatmentthe lowest value€0.000594, 0.0132 and 0.00022
% were recordetb 45, 15 and 30mg.kg! NiCl. as compared to the control treatmeltte irteractions
between Ni and Pb concentrations had significant effec®bomhich increased with increasing Ni and
Pb concentratioim the 45 mg.kg' NiCl, or PbC} concentrationss canpared to the control treatment
exception the Ag and As decreased wittréasing Ni and Pb concentration at #§.kg* as compared

to control treatmeniTable4.20).
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Table4.15 Effects of nickel, lead and their interactiommean of some macrenutrient of L.

leucocephala shoot.

Treatments N il < i ca =0
(%)
Nickel con. (mg.kg" soil)
Ni O 0.0032b| 0.0048a | 0.98ab| 0.0223% 4.98 a 0.010% b
Ni 15 0.0045a| 0.004R2a | 1.30ab| 0.0208% 4.82a 0.012% a
Ni 30 0.003&b| 0.004@a | 0.9.0b | 0.01978 5.36a 0.0108B b
Ni 45 0.0038c | 0.00489 a 1.41a | 0.02695a 549 a 0.0112 b
Lead con. (mg.kg" soil)
Pb O 0.0042 a| 0.004® a 1.28a | 0.02006a 4.94 a 0.0118 a
Pb 15 0.0032b | 0.0045% a 1.03a | 0.02418a 5.03a 0.0104 c
Pb 30 0.003& b | 0.0045 a 1.02a | 0.0241% 5.04 a 0.011% ab
Pb 45 0.003% b | 0.0043 a 1.25a | 0.0215% 5.63a 0.010®B bc
Interaction between Ni & Pb con.
NiO PbO 0.004Dc | 0.004@ab | 1.26 ab| 0.03074abc | 3.81d 0.0089 g
NiO Pb15 0.003® c | 0.004& ab | 0.80b | 0.02011defg | 4.81 abcd| 0.009G% g
NiO Pb30 0.003®c | 0.0048 ab | 0.64b | 0.01892fg | 5.37 abcd| 0.0105 efg
NiO Pb45 0.003® c | 0.004@G ab | 1.22 ab| 0.01978defg | 5.93 abc| 0.013& ab
Nil5 Pb0 0.006@ a| 0.0048ab | 1.40ab| 0.01892efg | 5.24 abcd| 0.014F a
Nil5 Pb15 0.0032c | 0.004Bab | 1.29ab| 0.02955abc | 4.39 bcd | 0.011® cdef
Nil5 Pb30 0.0032c | 0.003Bb | 1.14ab| 0.02153cdef | 5.35 abcd| 0.011D cde
Nil5 Pb45 0.0054 b | 0.004Bab | 1.39ab| 0.01356fg 4.30 cd 0.012® bc
Ni30 Pb0 0.0032 c | 0.00377 ab | 1.23ab| 0.01481efg | 4.84 abcd| 0.0113 cdef
Ni30 Pb15 0.004@c | 0.004@Bab | 081b 0.01156g 5.05 abcd| 0.0103 efg
Ni30 Pb30 0.003Bc | 0.004@ ab | 0.50 b | 0.02397bcde| 5.33 abcd| 0.010B fg
Ni30 Pb45 0.003& c | 0.004T ab | 1.05ab| 0.02877abcd| 6.22a 0.0103 efg
Ni45 Pb0 0.0036c| 0.003®ab | 1.23ab| 0.01576efg | 5.87 &c | 0.0124 bcd
Ni45 Pb15 0.003% c| 0.0047M ab | 1.24ab| 0.03550a 5.88 abc | 0.0115 def
Ni45 Pb30 0.003& c | 0.004® ab 1.82a | 0.03233ab 4.12d 0.013® ab
Ni45 Pb45 0.0013d| 0.0048 a 1.34 ab | 0.02421bcde| 6.08 ab 0.00720 h
* Means fdlowed by the sametierswith n col umns are significantthey di ff e

Duncan testand vice versa
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Table4.16 Effects of nickel, lead and their interactionmean of some micre nutrient of L.

leucocephala shoot.

Treatments Cu Fe Mn Zn Ni
%

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

* Means followed bythe same letters wiihh columns are significantlg i f f er en't
to the Duncan testand vice versa

at
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Table4.17. Effects of nckel, lead and their interactionsnean of somenon - essentiaheavy metal of
L. leucocephala shoot.

to the Duncan testand vice versa

Treatments Pb Rb Cd Ag As Ba
%
Nickel con. (mg.kg" soil)
Ni O 0.0028a | 0.00173 a| 0.00027 a] 0.027 a 0.00031a| 0.50ab
Ni 15 0.0026 a | 0.00144 a| 0.00025a] 0.028 a 0.00029 a 0.55a
Ni 30 0.0024a | 0.017®a | 0.00022a] 0.023a 0.00013 b 0.44 b
Ni 45 0.0024a | 0.00131a| 0.00024a] 0.021a 0.00019 b 0.46 ab
Lead con. (mg.kg" soil)
Pb O 0.0025a | 0.0012b| 0.00023a| 0.024a | 0.00017b 0.453 a
Pb 15 0.0026a | 0.0011b| 0.00023a| 0.02a | 0.00022ab| 0.477a
Pb 30 0.0025a | 0.0024a| 0..00026a| 0.027a | 0.00025a| 0.482a
Pb 45 0.0027 a | 0.0016 ab| 0.00027a | 0.027a | 0.00027a| 0.533a
Interaction between Ni & Pb con.
NiO PbO 0.00282a | 0.00029 b | 0.000238a 0.025a | 0.000175bc| 0.44a
NiO Phl5 0.00283a | 0.0008b | 0.000254 4 0.027 a | 0.00028 abc| 0.44a
NiO Pb30 0.003%G a 0.0029 a | 0.000295 a 0.031a | 0.00035 ab 0.49 a
NiO Pb45 0.0B21 a 0.0031a | 0.000293 a 0.026a | 0.00452a 0.62 a
Nil5 PbO 0.00279a | 0.0009b | 0.000243 & 0.026 a | 0.000253 bc| 0.49a
Nil5 Pb15 0.00266 a | 0.00082 b | 0.000238 d 0.026 a | 0.0003 abc 0.59a
Nil5 Pb30 0.00216a | 0.0031a | 0.000230a 0.030a | 0.000303abq 0.47 a
Nil5 Pb45 0.00275 a 0.0009 b | 0.000298 & 0.030a | 0.0003 abc 0.63 a
Ni30 Pb0 0.00210 a 0.0027 a | 0.000182 a 0.026a | 0.000125c 0.44 a
Ni30 Pb15 0.00261 a | 0.00191 ab| 0.000228 & 0.020 a 0.00013 c 0.44 a
Ni30 Pb30 0.00219 a 0.0009 b | 0.000250 & 0.020a | 0.000135c 0.44 a
Ni30 Pb45 0.00259 a | 0.0018 ab| 0.0002354a 0.026 a 0.00012 c 0.44 a
Ni45 Pb0 0.00216 a 0.0009 b | 0.00024% | 0.020a | 0.000135c 0.44 a
Ni45 Pb15 0.00226 a | 0.00078 b | 0.000193 4 0.014 a 0.00016 c 0.44 a
Ni45 Pb30 0.00276 a 0.0026 a | 0.000248 @ 0.025a | 0.00023 bc 0.53 a
Ni45 Pb45 0.00262 a 0.0009 b | 0.000254 a 0.026 a | 0.000214 bc 0.45a
* Means fdlowed by the same letterswitn c ol umns ar e significantly
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Table4.18 Effects of nickel, €ad and their interactionsnean of some macrenutrient of L.

leucocephala roat

N P K Mg Ca S04

Treatments

(%)

Nickel con. (mg.kg" soil)
Ni O 0.002®D c 0.002B6 bc | 0.65ab| 0.00408a 0.64 bc 0.006B a
Ni 15 0.0028 c 0.0020ab | 0.44b | 0.00327b 0.45c 0.0068 a
Ni 30 0.003B b 0.002% a 0.71a | 0.00401a 0.73b 0.0064. a
Ni 45 0.0874 a 0.001% c | 0.52ab| 0.00307b 1.05a 0.0064 a
Lead con. (mg.kg" soil)
Pb O 0.0022 c 0.001®8b | 0.597 ab| 0.00428a 0.79 a 0.0064 a
Pb 15 0.003® b 0.0028a | 0.610a| 0.00361b 0.73 a 0.006Y a
Pb 30 0.003B a 0.0026.a | 0.377b| 0.00341bc 0.60 a 0.0067 a
Pb 45 0.0028 c 0.0012b | 0.735a| 0.00312 0.75a 0.0069® a
Interaction between Ni & Pb con.
NiO PbO 0.001®fg | 0.001®8 ghi | 0.57 b | 0.00290bcd | 0.59 bcde| 0.0679 c
NiO Pb15 0.002B efg | 0.0015 fghi | 1.13a | 0.00372b 1.19a | 0.006@ abc
NiO Pb30 0.0028! cde | 0.002% c 0.41b | 0.00360bc 0.89e 0.007® a
NiO Pb45 0.0025 defg | 0.0024 cd | 0.51b | 0.00610a | 0.68 abcd| 0.0064 abc
Nil5 PbO 0.0B29c | 0.0022Z def | 0.51b | 0.00570a | 0.72 abcd| 0.006B bc
Nil5 Pb15 0.0024 cdef | 0.001@ fghi | 0.29b | 0.00358bc 0.14e | 0.0065 abc
Nil5 Pb30 0.001% g 0.003& b 0.39b | 0.00140f | 0.70 abcd| 0.0067 abc
Nil5 Pb45 0.0028 defg | 0.0018eh | 0.55b | 0.00239%de | 0.24 de | 0.0068! abc
Ni30 Pb0 0.00241 cdef | 0.0013t hi 0.66 b 0.00577a | 0.78 abcd| 0.006® abc
Ni30 Pb15 0.0044 b 0.005% a 0.58 Db 0.00578a 0.90 abc | 0.007% abc
Ni30 Pb30 0.0038 cd 0.001% i 0.32b | 0.00276cd | 0.40 cde 0.0058 c
Ni30 Pb45 0.002% cdef | 0.001B fghi | 1.28a | 0.00170ef 0.85 abc | 0.006@ abc
Ni45 Pb0 0.002® efg | 0.002@ d-g 0.65b | 0.00275cd 1.04ab | 0.007® abc
Ni45 Pb15 0.002® cdef | 0.0014 fghi | 0.43 b 0.00135f 0.71 abcd| 0.0062 abc
Ni45 Pb30 0.0064 a 0.0023 de 0.39b 0.0058% 123 a 0.006®8 abc
Ni45 Pb45 0.00338 c 0.001® ghi 0.61b | 0.00230de 124 a 0.007%t ab
* Means fdlowed by the same letterswitn c ol umns ar e significantly

to the Duncan testand vice versa
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Table4.19 Effects of nickel, lead and their interactionmean of some micre nutrient of L.

leucocephala root.

Cu Fe Mn Zn Ni
Treatments
%
Nickel con. (mg.kg" soil)
Ni O 0.0017 a 0.0313 b 0.0034a | 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 O 0.0032 a 0.0461 a 0.0030 a 0.0026 a 0.0321 a
Pb 15 0.0015b 0.0313 b 0.0029 a 0.0024 a 0.0319 a
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 0.00336 ab | 0.00251 a 0.0314 a
NiO Pb15 0.000399 e 0.0318 ef 0.00277 ab | 0.00233 a 0.0303 a
NiO Pb30 0.000778 de | 0.0375def | 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
Nil5 PbO 0.00432 a 0.0683 a 0.00342 ab | 0.00252 a 0.0305 a
Nil5 Pb15 0.00219 lede 0.0235 f 0.00238b | 0.00211 a 0.0311 a
Nil5 Pb30 0.00239 &ce | 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 Pb0 0.002315 becke | 0.0511 bed 0.00217b | 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 acce 0.0324 ef 0.00288 ab | 0.00273 a 0.0303 a
Ni45 Pb0 0.00351 ab 0.0402 ef 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 | 0.00215 a 0.0303 a
Ni45 Pb45 0.003095 ab 0.0587 ab 0.0036 ab | 0.00198 a 0.0305 a
* Means fdlowed by the same lettewith n col umns are significantly diffe

the Duncan testind vice versa
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Table4.20 . Effects of nickel, lead and their interactionsean of somenon - essentiaheavy metal of

L. leucocephala root.

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg" soil)
Ni O 0.00338a| 0.00116ab | 0.000243a| 0.0128b | 0.00062a 0.553a
Ni 15 0.00313a| 0.00165a | 0.000199a| 0.0222a | 0.00024b| 0.565a
Ni 30 0.00312a| 0.00080ab | 0.000185a| 0.0184 ab | 0.00022b| 0.528 a
Ni 45 0.002812 @ 0.000357 b | 0.000184a| 0.0161ab | 0.00026 b| 0.545a
Lead con. (mg.kg" soil)
Pb O 0.003044a 0.00162a | 0.000206a| 0.0232a | 0.00033b| 0.558a
Pb 15 0.00324a| 0.00061b | 0.000208a| 0.0132b | 0.00054a 0.532a
Pb 30 0.00306 a| 0.00114 ab | 0.000203a| 0.0178ab | 0.00022b| 0.563 a
Pb 45 0.00310a| 0.000594b | 0.000195a| 0.0153b | 0.00026 b| 0.536 a
Interaction between Ni & Pb con.
NiO PbO 0.0037a | 0.00087 b | 0.000254 a| 0.0250ab| 0.00060b | 0.5350 a
NiO Pb15 0.0035a | 0.00061b | 0.000238 a| 0.00806 bc/] 0.0014a | 0.5422a
NiO Pb30 0.0031a | 0.00247 b | 0.000238 a| 0.00907 bc| 0.000235c | 0.6115a
NiO Pb45 0.0032a | 0.00068b | 0.000244 a| 0.00904 bc| 0.000254 c | 0.5227 a
Nil5 PbO 0.0030a | 0.00462a | 0.000254a| 0.0266a | 0.000284c | 0.5592 a
Nil5 Pb15 0.0032a | 0.00058b | 0.000204 a| 0.0165 abc| 0.00023c | 0.5494 a
Nil5 Pb30 0.0031a | 0.00081b | 0.000193a| 0.0245ab| 0.000203c| 0.5384 a
Nil5 Pb45 0.0032 a 0.00059b | 0.000145a| 0.0211 abc| 0.000228 c | 0.6113 a
Ni30 Pb0 0.0031 a 0.00072b | 0.000145a| 0.0214 abc| 0.000195c | 0.5441 a
Ni30 Pb15 0.0032 a 0.00090 b | 0.000199 a| 0.00819 bc| 0.000297 c | 0.5313 a
Ni30 Pb30 0.0033 a 0.00081 b | 0.000204 a| 0.0196 abc| 0.000190c | 0.5509 a
Ni30 Pb45 0.00299a | 0.00079b | 0.000193a| 0.0246 ab| 0.000210c | 0.4857 a
Ni45 Pb0 0.00238a | 0.00030b | 0.000170a| 0.0196 abc| 0.000217 c | 0.5953 a
Ni45 Pb15 0.0030 a 0.00034 b | 0.000190 a| 0.0202 abc| 0.000 225 c| 0.5066 a
Ni45 Pb30 0.00284a| 0.00049b | 0.000177 a| 0.0182 abc| 0.000242c | 0.5513 a
Ni45 Pb45 0.00299a| 0.00031b | 0.000199a| 0.00628c| 0.00023c | 0.5255a

* Means fdlowed bythe same letters withn

Duncan testand vice versa

col umns

ar e

significantly
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4.2.2.4.3 Macro, micro and some of non essentialelementsfor shootsand roots ofR. pseudoacacia
species

Tables4.21, 4.22, 4.234.24, 4.25 and 4.2éhowthe effects of Ni and Pb and their interactions were
significant on somenineral elements of the shoots andtsof R. pseudoacaciapecies It showsthat
some of the elements were increased with increasing the concentraioaraf Pb fronil5, 30 and45
mg.kg* NiCl; or PbC} as compared to theatrol treatmentThe macro elemen{®, Mg and SQ) in R.
pseudoacacisshootsincreased with increasing the Ni concentratton30 and45 mg.kg' NiCl; as
compared to the control iBmentwhereashe P elemens decreased with increasing the Ni concentration.
The highest valugof N, Mg and SQ (0.0035, 0.0653and0.02032) % respectively were recorded in the
30 and45 mg.kg! NiCl, concentrationswhile the lowest valug(0.00238, 0.05833and0.01540) % were
recorded in thd5 mg.kg? and thecontrol teatmets. The Nmacro elementiecreased with increasing
the Pb concentratioio 45 mg.kg! PbCh as compared tothertreatmens, while the P elementiecreased
with 15 mg.kg* Ni coneentration.On the other handhe difference between the control treatment with
other treatments were not significant regarding the K, Mg, Ca and&3pectively.The interactions
between Ni and Pb concentrations had significant effeckgpandSQ: which increased with increasing
Ni and Pb concentratico 45 mg.kg' NiCl,or PbChconcentrationas compared to the control treatment,
while the N and P elemestdecreased with increasing the &tid Pbconcentratiorto 30 or 45mg.kg*
(SeeTable4.21).

Themicro elementgCu, FeandMn) increased witladdingNiCl, as compared to the control treatment.
The highest valueof the (Cu, FeandMn) micro element$0.0866,0.108 and0.0181) % were recorded
in the 15, 30 and45 mg.kg? NiCl, concentrationgis canpared to the control treatmenthile the lowest
values (0.0434,0.029 and).0076) % were recorded in the control treatment. The micro elentantée
and Mnconcentrationsncreased witraddingPbC} as cormpared to the control treatmerithe highest
value of theCu, Fe and Mmmicro elementsQ.077, 0101and 0.0192% respectively were recorded in
the 15 mg.kg! PbCh concentrationgas compared to the control treatmamich records the lowest values
(0.067, 0.044 and 0.00Y%. The interactions bewen Ni and Pb had significant effects ©a Feand
Mn increased with increasing Ni and Pb concentraiiothe 15, 30 and 45 mg.kg!* NiCl, or PbCh as
compared to the control treatmemeither Ninor Pbnor their interactions had a significagffecton Zn

and Ni shoot contertdf R. pseudoacaciapecie{Table 4.22)
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The elementgRb) increased wittaddingNiCl, as compared to the control treatmemhereaghe As
elementdecreased witlsomeNi concentratios. The highest value of thgRb) heavy méeal elements
(0.001.86 %) was recorded in thd0 mg.kg! NiCl, concentrationss canpared to the control treatment,
while the lowest valug(0.0007/23 %) was recorded in the control treatmenhe heavy metal elements
(As) decreased wittadding15 and45 mgkg? PbCh as conparedto the control treatment.HE highest
value 0.00073 and 0.0007¥% wererecorded in the contr@nd30 mg.kg! treatmens, while the lowest
value of theAs heavy metatlement(0.00044 %) wasrecorded in th&5 mg.kg! PbChb. Wheraghe PbCh
did not affect on Pb, Rb, Cd, Ag and Ba mineral elemefise interactions between Ni and Pb
concentrations had significant effectsR®nand Cdwhich were increased witadding30 and 45mg.kg
1 NiCl,or PbC}concentrationas compared to ghcontrol treatmengxcept theAs elementvas decreased
with increasing the Ni concentratiathe resulicleared irtable (423).

The macrcelementgyMg andCa) of R. pseudoacacieootsincreased witladdingNiCl> as compared
to the control treatmme, whereaghe P elementlecreased with increasing the Ni concentrat@m80 and
45 mg.kg!. The highest valiseof Mg andCamacro elementf).03443and 5.19) % respectively were
recorded in the80 and45 mg.kg' NiCl, concentrationsas compared to theontrol treatment oRR.
pseudoacaciaoots. Howeverthe lowest valug (0.01827 and 3.919 % were reorded in the control
treatment. Each @@aandSQ; were increased with increasing the Pb concentraspecially tdl5mg.kd
1 PbCh as comparedio the catrol treatmentwhile the Mg elementdecreased with increasing thé
concentrationThe highest value of ti@éaand SQ mineral elements(060and 0.001%) % were recorded
in the 15 mg.kg! PbCk concentrationgs compared to the control treatment. \Whhe lowest value
(3.816and 0.0009) % were recorded in the control treatmeBach of N, P and K did not affect
significantly by thePbChk concentration.The interactions between Ni and Pb concentrations had
significant effects oi?, Mg andCawhichincreased with increasing Ni and Pb concentratiaghe15, 30
and45 mg.kg' NiClz or PbC} concentrationss canpared to the control treatment; Arcepion theN,

K andSQs which no significant of R. pseudoacacieoots(Table4.24).

The microelementgFe)increased witladdingNiCl. especially30 mg.kg* NiCl, concentrationg0.324
%) as compared to the control treatmenRofpseudoacacieoots,while the Ni micro elementiecreased
with addingNi concentratiorby the 15 mg.kg* NiCl> concentréionsas compared to the control treatment
(0.0306 %). Each of Cu, Mn and Zdoes notaffected significantly by addin®liCl> compared to the

control treatmentlThe micro elementdn) increased with increasing the Pb concentration frin@b as
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compared tohe control treatment. The highest valud/of micro elemen{0.0238%) was recordetb 45
mg.kg? PbCh, while the lowest valu¢0.0131%) was recorded in the control treatmefach of Cu, Fe,
Zn and Ni didnot affeced byPbCbconcentrationT he inteactions between Ni and Pb concentrations had
significant effects offre, ZnandNi increased with increasing Ni and Pb concentraorl5, 30and45

mg.kg* NiCl>or PbC}concentrationsis corpared to the control treatmefitable4. 25).

Each of PbCd, Ag and Ba elements were not affected significantly by addi6ty or PbC} or their
interactions The concentration oheavy metaklement(As) increased witaddingNiCl. by 15 mg.kg!
NiCl> concentrationg0.000674%) as compared tother treatmeist The Pb concentratioeffect was
significant on the heavy metal elemeljb and As).The heavy metal nutreints (Rb) was increased
significantly by addingl5 mg.kg' PkCl, concentrationgo (0.00261%) as compared to the control
(0.00123 %), whereasAs decreased with increasing Pb concentratama5 mg.kg' as compared to the
control treatmentThe interactions between Ni and Pb concentrations had significant effeBis and
As which increased with increasing Ni and Pb concentratmri5 and 45mg.kg* NiCl. or PbCh
concentrationsis compared to the control treatmemhile the Pb, Cd, Ag and Balementsvhich were

non significant(Table 4. 26).
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Table4.21 Effects of nickel, lead and their interactiommean of some macrenutrient of R.
pseudoacaciahoot.

N P K Mg Ca S04

Treatments

(%)

Nickel con. (mg.kg" soil)
Ni O 0.00277 b 0.002B a 1.792a | 0.05833b | 6.948a 0.0150 b
Ni 15 0.002B8 c 0.0022 a 1.993a | 0.04100c | 7.367 a 0.019% a
Ni 30 0.003% a 0.0012 b 1.518a | 0.06%6a | 7.171a 0.0196 a
Ni 45 0.003@tab | 0.0016t b 1.511a | 0.04100c | 7.013a 0.0202 a
Lead con. (mg.kg" soil)
Pb O 0.003@ a 0.001% a 1.74ab | 0.05461a 6.95a 0.018DB ab
Pb 15 0.003B a 0.001® b 2.15a 0.05424a 7.63a 0.0208 a
Pb 30 0.003@ a 0.00204 a 1.32b 0.05656a 6.85a 0.0178b
Pb 45 0.002€ b 0.00256 a 1.60ab | 0.05721a 7.07 a 0.018% ab
Interaction between Ni & Pb con.
NiO PbO 0.0028! cd 0.002B a 2.14a | 0.06091bc | 7.09 ab 0.0164 cde
NiO Pb15 0.003D ab | 0.002® ab 241a 0.07330b | 7.41ab 0.015% de
NiO Pb30 0.002% cd | 0.002G% abc 1.28a | 0.06400bc | 6.80ab 0.0163 cde
NiO Pb45 0.001B e 0.0023 a 1.33a | 0.03513ef | 6.50ab 0.0133 e
Nil5 PbO 0.0034L bc 0.0022 a 2.15a | 0.05662cd | 7.16ab | 0.0193 abcd
Nil5 Pb15 0.002® d 0.0018d 2.10a | 0.05505cd | 7.42 ab 0.0210t abc
Nil5 Pb30 0.0012 e 0.002% a 1.27 a 0.02736f 7.06 ab 0.015Z de
Nil5 Pb45 0.0012 e 0.002% a 245a 0.02497 7.84 a 0.0224%6 ab
Ni30 Pb0 0.0033 bc 0.0013 cd 1.26 a 0.07204b 7.72 a 0.015Q de
Ni30 Pb15 0.003® bc | 0.001® bcd 210 a 0.04232 7.94 a 0.021& abc
Ni30 Pb30 0.004Z a 0.0024 ab 1.39a 0.07413b 6.38 ab 0.0208. abcd
Ni30 Pb45 0.0018B e | 0.002(GB abcd 1.32a 0.07294b 6.65 ab 0.02138 abc
Ni45 Pb0 0.0028d 0.0012 bcd 141 a 0.02887 5.83b 0.0213B abc
Ni45 Pb15 0.003@ bcd | 0.001® bcd 1.99a 0.04626de 7.75a 0.023% a
Ni45 Pb30 0.0032 bc 0.0013 cd 1.36 a 0.06074bc | 7.17 ab 0.017Zbcde
Ni45 Pb45 0.0032 bc | 0.001% bcd 1.29a 0.0957% 7.30ab | 0.0182 abcde

* Means fdlowed by the same lettewithn columnsars i gni fi cantl y di ff éothent at
Duncan testand vice versa
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Table4.22 Effects of nickel, lead and their interactiommean of some micre nutrient of R.

pseudoacaciahoot.
Treatments Cu Fe Mn Zn N
%
Nickel con. (mg.kg" soil)
Ni O 0.0434 b 0.029 b 0.0076 b 0.00537 a 0.032 a
Ni 15 0.0812 a 0.111a 0.0181 a 0.00606 a 0.039 a
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 0.031 a
Lead con. (mg.kg" soil)
Pb O 0.067 b 0.044 b 0.0079 b 0.0063 a 0.0363 a
Pb 15 0.077 a 0.101 a 0.0192 a 0.0056 a 0.0360 a
Pb 30 0.075 ab 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 0.0375 a
Interaction between Ni & Pb con.
NiO PbO 0.021d 0.026 b 0.0063 ¢ 0.0063 a 0.0305 a
NiO Pb15 0.057 ¢ 0.032b 0.0081 bc 0.0065 a 0.0305 a
NiO Pb30 0.058 ¢ 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
Nil5 PbO 0.087 ab 0.071b 0.0092 bc 0.0061 a 0.0491 a
Nil5 Pb15 0.075 abc 0.249 a 0.031a 0.0056 a 0.0353 a
Nil5 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 Pb0 0.075 abc 0.048 b 0.0089 bc 0.0064 a 0.0352 a
Ni30 Pb15 0.096 a 0.075b 0.030 a 0.0064 a 0.430a
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 0.025 a 0.0041 a 0.0302 a
Ni45 Pb45 0.089 ab 0.265 a 0.0094 bc 0.0066 a 0.0302 a

* Means fdlowed by the same letters withn

the Duncan testind vice

versa

col umns ar e

significantly
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Table4.23 Effects of nickel, lead and their interaction®ean of somenon - essentiaheavy metal of
R. pseudoacaciahoot.

the Duncan testind vice versa

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




Table4.24 Effects of nickel, lead and their interactiommean of some macrenutrient of R.

pseudoacaciaoot.
N P K Mg Ca S04
Treatments
(%)

Nickel con. (mg.kg" soil)
Ni O 0.003R2a | 0.008® b 1.141 a | 0.01827c 3.919b 0.00106 a
Ni 15 0.003® a | 0.0092 a 1.279 a | 0.01964c 4.027 b 0.0012 a
Ni 30 0.003Cta | 0.0073c 1.105a | 0.03443a 4.536 ab 0.0009® a
Ni 45 0.002& a | 0.00784 c 1.237a | 0.02553b 5.191 a 0.0014 a
Lead con. (mg.kg" soil)
Pb O 0.003Ba | 0.0082 a 0.991a | 0.02754a 3.816b 0.0002 b
Pb 15 0.003Ba | 0.0072 a 1.273a | 0.02906a 5.060 a 0.001B a
Pb 30 0.002® a 0.008B a 1.228a | 0.01887 | 4.523 ab 0.0012 a
Pb 45 0.003Ba | 0.0086 a 1.269a | 0.02240b | 4.274ab 0.001@ ab
Interaction between Ni & Pb con.
NiO PbO 0.003Z7 a | 0.008& def | 0.797 a | 0.01432d 3.237c 0.001® abc
NiO Pb15 0.0032a | 0.007®efg | 1.411a | 0.02445c | 4.640 bc 0.0009 c
NiO Pb30 0.0028 a | 0.009%5 bcde| 1.212a | 0.01850cd | 3.962bc | 0.001B abc
NiO Pb45 0.003B a | 0.008%4 def | 1.143a | 0.01581cd | 3.840bc | 0.0011 abc
Nil5 PbO 0.003B a | 0.0899 cdef| 1.297 a | 0.02399%d | 4.159 bc 0.000g c
Nil5 Pb15 0.003Ba | 0.0108abc| 1.121a | 0.01892cd | 3.918 bc 0.0012 ab
Nil5 Pb30 0.003® a | 0.010Bab | 1.273a | 0.01679%d | 3.673bc | 0.001@ abc
Nil5 Pb45 0.0030 a | 0.007% fg 1.424a | 0.01884cd | 4.358 bc 0.001B abc
Ni30 Pb0 0.002® a | 0.009® abcd| 0.675a | 0.04687a 3.928 bc 0.0009 c
Ni30 Pb15 0.003® a | 0.0064 gh 1.217a | 0.03715 4.849 bc 0.001T abc
Ni30 Pb30 0.002&% a 0.0057 h 1.319a | 0.01980cd | 5.051 bc 0.000& c
Ni30 Pb45 0.0032 a | 0.0074 fg 1.207 a | 0.03392b 4.315 bc 0.001@ abc
Ni45 Pb0 0.003@ a | 0.0062 gh 1.196a | 0.02499% 3.939 bc 0.000&% ¢
Ni45 Pb15 0.002® a | 0.006% gh 1.343a | 0.03573b 6.835a 0.0013t ab
Ni45 Pb30 0.0022 a | 0.007G gh 1.107 a | 0.02040cd | 5.406 ab 0.001%F a
Ni45 Pb45 0.0029 a 0.0108 a 1.302a | 0.02102cd | 4.583 bc 0.000%B bc

* Means fdlowed by the same letters withcounrms ar e signi ficantly diff

to the Duncan tesand vice versa

erent
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Table4.25 Effects of nickel, lead and their interactiomdean of some micre nutrient of R.

pseudoacaciaoot.
Treatments . Fe Mn Zn A
%
Nickel con. (mg.kg" soil)
Ni O 0.0237 ab 0.174b 0.0143 a 0.00443 a 0.0764 a
Ni 15 0.0149 b 0.245ab| 0.0170a 0.00535 a 0.0306b
Ni 30 0.0207 ab 0.324a | 0.0199a 0.00523 a 0.0366 ab
Ni 45 0.0297 a 0.244ab| 0.0202 a 0.00422 a 0.0447 ab
Lead con. (mg.kg" soil)
Pb O 0.0224 a 0.225a | 0.0131b 0.00479 ab 0.0425 a
Pb 15 0.0223 a 0.286a | 0.0179 ab 0.00361 b 0.0380 a
Pb 30 0.0276 a 0.230a | 0.16®ab 0.00576 a 0.0338 a
Pb 45 0.0169 a 0.245a | 0.0238a 0.00505 ab 0.0739 a
Interaction between Ni & Pb con.
NiO PbO 0.0209 ab 0.090b | 0.00972 a 0.00264 b 0.035b
NiO Pb15 0.0203ab | 0.269ab| 0.0140a 0.00319 ab 0.035b
NiO Pb30 0.0443 a 0.247 ab| 0.00907 a | 0.00603 ab 0.030 b
NiO Pb45 0.00914 b 0.089 b 0.0245 a 0.00588 ab 0.205 a
Nil5 PbO 0.0339ab | 0.218ab| 0.0245a 0.00732 a 0.030 b
Nil5 Pb15 0.00836b | 0.258 ab| 0.00901 a 0.00281 b 0.031b
Nil5 Pb30 0.00902b | 0.197ab| 0.00812a | 0.00577ab 0.031b
Nil5 Pb45 0.00863b | 0.307ab| 0.0265a 0.00548 ab 0.030 b
Ni30 Pb0 0.00823 b 0.384a | 0.00883a | 0.00489 ab 0.055 b
Ni30 Pb15 0.0263 ab 0.317ab| 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 0.321ab| 0.0196 a 0.00553 ab 0.030 b
Ni45 Pb0 0.0265 ab 0.209 ab| 0.00925 a 0.00435 ab 0.49b
Ni45 Pb15 0.0341 ab 0.302ab| 0.0233a 0.00476 ab 0.049b
Ni45 Pb30 0.0292 ab 0.203ab| 0.0236 a 0.00446 ab 0.044 b
Ni45 Pb45 0.0292 ab 0.263ab| 0.0247 a 0.00331 ab 0.031b
* Means fdlowed by the same letterswithn c ol umns are significantly

to the Duncan testand vice versa
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Table4.26 Effects of nickel, lead and their interaction®ean of somenon - essentiaheavy metal of
R. pseudoacaciaoot.

Treatments Pb Rb Cd Ag As Ba
%
Nickel con. (mg.kg! soil)
Ni O 0.00279 a | 0.002099 a| 0.000266 a| 0.0276 a | 0.000447b | 0.563 a
Ni 15 0.00274 a | 0.002184 a| 0.000256 a| 0.0268 a | 0.000674a| 0.614 a
Ni 30 0.00256 a | 0.001569 a| 0.000386 a| 0.0302a | 0.000347b | 0.640a
Ni 45 0.00304 a | 0.001614 a| 0.000311 a| 0.0288a | 0.000400b | 0.573a
Lead con. (mg.kg" soil)
PbO 0.00292 a| 0.00123 b | 0.000359 a| 0.0239a| 0.000574a| 0.5801a
Pb 15 0.00263 a| 0.00261 a | 0.000295 a| 0.0322 a | 0.000416 ab| 0.5998 a
Pb 30 0.00262 a| 0.00148 b | 0.000313 a| 0.0313 a | 0.000508 ab| 0.5968 a
Pb 45 0.00296 a | 0.00214 ab| 0.000252 a| 0.0260a | 0.000369b | 0.6126 a
Interaction between Ni & Pb con.
NiO Pb0O 0.00288 a | 0.00077 c | 0.000264 a| 0.0244a | 0.000370c| 0.517 a
NiO Pb15 0.00276 a | 0.00243 abg 0.000295 a| 0.0314a| 0.000310c| 0545a
NiO Pb30 0.00259 a | 0.00247 abg 0.000254 a| 0.0268 a | 0.000820 ab| 0.534 a
NiO Pb45 0.00294 a | 0.00274 abg 0.000254 a| 0.0278 a| 0.000289c| 0.655a
Nil5 Pb0O 0.00262 a | 0.00255 abg 0.000259 a| 0.0268 a | 0.001040a| 0.602a
Nil5 Pb15 0.00276 a | 0.00301 ab| 0.00264 a| 0.0282 a | 0.000555 bc| 0.657 a
Nil5 Pb30 0.00289 a | 0.00073 c | 0.000249 a| 0.0256 a | 0.000540 bc| 0.601 a
Nil5 Pb45 0.00270 a | 0.00245 abg 0.000254 a| 0.0264 a | 0.000562 bc| 0.598 a
Ni30 Pb0 0.00258 a | 0.00078 c | 0.000520 a| 0.0228 a | 0.000541 bc| 0.602 a
Ni30 Pb15 0.00273 a | 0.00088 bc| 0.000280 a| 0.0259a| 0.000349c| 0.653a
Ni30 Pb30 0.00219 a | 0.00218 abg 0.000496 a| 0.0499 a| 0.000234c| 0.652a
Ni30 Pb45 0.00276 a | 0.00244 abg 0.000249 a| 0.0222 a| 0.000264c| 0.653a
Ni45 Pb0 0.00363 a | 0.00081 c | 0.000397 a| 0.0215a | 0.000347c| 0.601a
Ni45 Pb15 0.00245a | 0.00415a| 0.000342 a| 0.0432a| 0.000451c| 0.545a
Ni45 Pb30 0.00266 a | 0.00056 c | 0.000254 a| 0.0227 a | 0.000440c| 0.601a
Ni45 Pb45 0.00343 a | 0.00094 bc| 0.000254 a| 0.0276 a | 0.000364c| 0.545a
* Means fdlowed by the same letters withn c ol umns are significantly

to the Duncan testand vice versa
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4.22.4.4 Somephysicaland chemical properties of the soi of G. triacanthos, L. leucocephala
and R. pseudoacaciapeciesafter the end of the eperiment

The resultsareshow inthetables4.27, 4.28, 4.29, 4.30, 4.31, 4.32, 4.33, 4.34, 4.35, 4.36 24387
4.38the effects of Ni and Pb and their interactions were significatitemineral elements anchemical
and physicatharacteristic®f the soilsafter plantingfor three plant species such @s triacanthos L.
leucocephalaand R. pseudoacaciaeedlings.They showthat some of thechemical and physical
characterestiosf the soilancreased with increasing the concentration of NiRindrom 30 and5 mg.kg

1 NiCl. or PbC} as compared to thenotrol treatment.

Chemical and physical characterestéshe G. triacanthossoil such a£C, O.Mand CaC@ were
increased witlincreasinghe concentration of Niofr 30 and45 mg.kg! NiCl. as canpaed to the control
treatment exceptpH and HCQ which decreased with increasing the concentration ofdW5 mg.kg*
NiCl> as compared to the control treatmaffhereas the C¢€xraused not detected G. triacanthosThe
highest value of th&C, O.Mand CaC® from the soilof G. triacanthosseedlingq0.68ds/m 0.563%
and46.8%) were recorded from5 mg.kg' NiCl, concentrationsEC soil characteresticisicreasedvith
increasingPbCh concentratioras compared to the control treatmevitereagpH, O.M,HCOzand CaC®
decreased with increasing the concentra@ib@l> as compared to the control treatmdiite highest value
of the EC from the soil 06. triacanthosseedlings (0.8 ds/m) wasrecorded from45 mg.kgt PbChk
concentrationswhile the lowest valug(0.35ds/m) wasrecorded in the control treatmefite interactions
between Ni and Pb concentrations had significant effectsoome ofthe soil chemical and pysical
characteristics such &C and O.Mwhich increased with increasing lind Pb concentratioin the 45
mg.kg? NiClz or PbC} concentrationsis compared to the control treatment, excepiptheHCOs and

CaCQ decreased with increasing the Ni andd®bcentratios asit appeas intable4. 27.

The macro elementd, P, K and Mg decreasedignificantly with addingNiCl, as compared to the
control treatment, except the $Sidcreased with increasing the Ni concentratio5 mg.kg! of G.
triacanthossoil. The Ca elemerdid not affect by Ni concentratiofihe highest valuesf N, P, K and Mg
(0.002®, 0.003%, 2.166and0.00365 % were recordedh the control treatments and iig.kg?, while
the lowest valueg0.002@, 0.0024, 0.0988 and0.00227) % were recorded in tlentrol and 1%r 30
and45 mg.kg' NiCl; concentratnsas compared to the conttoéatmentThe highest value of the SO

mineral elements0(00L42 %) was recorded in thé5 mg.kg!, while the lowest value of the the $O
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(0.00@®6) % was reorded in the control treatmerithe macro elements N, P, Mg and i@ereased to
adding 30 o#5 mg.kg' PbCk as compared5 and contraireatments, except ti80, which was decreased
with increasing the Pb concentration46 mg.kg' (0.000® %) as compared to control treatmefihe
highest values ofN, P, Mg and Ca 0.00294, 0.0036, 0.02906and 1.150) % were recorded in th&0
and 15mg.kg?* PbC} concentrationswhile the lowest value€(00193, 0.0026}, 0.01887and 11.028%6
were recorded in th&5 or 30 mg.kg* and thecontrol treatmentAlso, the K element whichwas non
significant The interactions between Ni and Pb concentrations had significant effesimerthe macro
elements such &4, P,Mg, Caand SQ which increased with increasing Ni and Pb concentraitiotihe
30 and45 mg.kg' NiCl, or PbC} concentationsas compared to the control treatment, excepKthveas
decreased with increasing the Ni and Pb concentrag#énsig.kg!, (Table 428).

The microelementsCu, Feand Znincreased with increasing the Ni concentratiars30and 45mg.kg
1 NiClzconcentrationas compared to the control treatmdiite highest value of Cu, Fe and @00760,
0.563 and 0.00753) were recorded in th80 mg.kg* NiCl. concentrationswhile the lowest values
(0.00551, 0.493 and 0.0058%) were recorded in the coattreatment.The micro elements Cu and Zn
increased witladdingthe PbCb, where thehighest values (0.@582and 0.00763%6 were recorded in
the 30 and.5 mg.kg' PbCh concentrationandthe lowest values (0.00443 and 0.006Z3)vere reorded
in the corrol treatment. Wereaghe Pb didnot affect significantly each Fe, Mn and Ni elements. The
interactions between Ni and Pb concentrations had significant effestsranmicro eleents such aSu,
Fe, Zn and Ni wichincreased with increasing Ni and Pimcentrationin the 15 and45 mg.kg* NiClzor
PbCbk concentrationsas compared to the control treatmeAn excepion is the Mn elemnt which

decreased with increasing 30 mg.kg* concentrationsasit appeaiin table (4.29.

The heavy metaélementsPb, Rb and Agincreased withaddingthe Ni where thehighest valus
(0.00377, 0.0051@nd 0.025) % were recorded in the 38g.kg* NiClz concentrationswhile the lowest
values of Pb, Rband Ag(0.00187, 0.0033&nd 0.0406¥ were recorded in the conttoéatmentThe Cd
and Ba elements did not significant effect by Ni concentrati@ontrariwisethe elements As decreased
with adding NiC} significantly to 0.000451% for 18ng.kg?, whereas its concentration increased
significantly with increasing’bCk concentration to 48ng.kg* (0.000122%) ascompared to the control
treatment (0.00064%), and the®bCb hadnot any significant effects on other elemeriike interactions
between Ni and Pb concentrations had significant effecsooe tle heavy metaelements such as Ag

and Aswhich increased with increasing Ni and Pb concentratimthe 45 mg.kg' NiCl2 or PbCh
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concentrationss canpared to the control treatmenthile the Pb, Rb, Cd and Ba elements which were
non significant(Table 4.30).
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Table4.27. Effects of nickel, lead and their interactionsean of the physical and chemical

characteristics othe soil ofG. triacanthos

EC pH o.M COs HCO3 CaQ03
Treatments (ds/m) (%)
Nickel con. (mg.kg! soil)
Ni O 0.33d 8.0®a | 0.517c N.D 0.0376 a| 44.8b
Ni 15 0.45c 793b | 0.513d N.D 0.0260b | 25.3d
Ni 30 0.58b 7.64d | 0.555b N.D 0.0215c | 34.0c
Ni 45 0.68 a 765c | 0563a| ND 0.0188d | 46.8 a
Lead con. (mg.kg" soil)
Pb O 0.35d 8.150a| 0.553b N.D 0.035a | 43.2a
Pb15 0.50c 7.800c| 0.558a| N.D 0.025b | 39.0b
Pb 30 0.55b 7.813b| 0.540c N.D 0.021d | 37.1c
Pb 45 0.63a | 7.548d| 0.498d N.D 0.022c | 31.4d
Interaction between Ni & Pb con.
NiO Pb0O 0.30f 8.20a | 0.55c N.D 0.043a | 48.0a
NiO Pb15 0.30f 8.20a | 0.55c N.D 0.043a | 48.0a
NiO Pb30 0.30f 8.20a | 0.55c N.D 0.033c | 440c
NiO Pb45 0.40e 7.79d 0.42f N.D 0.0324d | 39.0f
Nil5 Pb0 0.30f 8.00c | 056D N.D 0.0322e | 36.0h
Nil5 Pb15 0.40e 8.00 c 0.57 a N.D 0.0238g | 25.0i
Nil5 Pb30 0.50d 8.10b | 0.48d N.D 0.0237h | 20.0j
Nil5 Pb45 0.60c 760e | 0.44e N.D 0.0244f | 20.0j
Ni30 Pb0 0.40e 8.20a | 0.55c N.D 0.0411b | 420¢e€
Ni30 Pb15 0.60c 7.52f 0.55¢ N.D 0.01771 | 36.0h
Ni30 Pb30 0.60c 7.46 i 0.56 b N.D 0.01270 | 38.0¢g
Ni30 Pb45 0.70b 738k | 056b N.D 0.0144n | 20.0j
Ni45 Pb0 0.40e 8.20a | 0.55c N.D 0.0227i | 47.0b
Ni45 Pb15 0.70b 7.48h | 056D N.D 0.0162m| 47.0b
Ni45 Pb30 0.80 a 7.49 g 0.57 a N.D 0.0180k | 46.5¢c
Ni45 Pb45 0.80 a 7.42 ] 0.57 a N.D 0.0183 | 46.5¢C
* Means fdlowed by the same letterswithn col umns are significantly

according to the Duncan teahd vice versa
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Table4.28 Effects of nickel, lead and their interactionmean of some macrenutrient of the soilof

G. triacanthos

to the Duncan test and vice versa

N P K Mg Ca SOq
Treatments
(%)
Nickel con. (mg.kg" soil)
Ni O 0.002® a 0.003Db | 2.166a| 0.00365a | 11.999 ab| 0.000Bc
Ni 15 0.002® b 0.003&% a | 0.988b| 0.00316b | 12.046 ab| 0.0006 d
Ni 30 0.00238 b 0.002%6c | 1.320b | 0.00352a | 11.797b| 0.001Db
Ni 45 0.002@ c 0.0028c | 1.089b| 0.00227c 12.501a| 0.0012 a
Lead con. (mg.kg" soil)
Pb O 0.002® b 0.003B b | 1.540 ab| 0.00245¢c 11.028c | 0.001® a
Pb 15 0.0018 c 0.0026t c | 1.314 ab| 0.00301b 13.150a| 0.001Ba
Pb 30 0.002% a 0.0036G a | 1.059b| 0.00366a | 12.133b| 0.001Da
Pb 45 0.0028 b 0.0026 c | 1.656a| 0.00348a | 12.0324b| 0.0008® b
Interaction between Ni & Pb con.
NiO PbO 0.002@ efg | 0.002& c | 3.042a| 0.00256efg | 10.722 cd| 0.0007 fg
NiO Pb15 0.0014 fg 0.0042 ab | 2.867a| 0.00306de | 13.611a| 0.001®d
NiO Pb30 0.00438 a 0.001®d | 1.042c| 0.00604a | 10.584 cd| 0.0006& gh
NiO Pb45 0.003B b 0.003%¥ c | 1.712 bc| 0.00290ef | 13.079 ab| 0.000&t gh
Nil5 PbO 0.002% de 0.0043tb | 0.798 c | 0.00250efg | 11.619 ¢ | 0.0007 efg
Nil5 Pb15 0.001® fg 0.003Bc | 1.091c| 0.00216fgh | 13.792a | 0.000% fg
Nil5 Pb30 0.0028& bc 0.005Qta | 0.896c | 0.00422c | 11.945bc| 0.000% h
Nil5 Pb45 0.0021 ef 0.002& c | 1.168c| 0.00376cd | 10.828 cd| 0.000& g
Ni30 Pb0 0.0029D bc 0.0032c | 1.042 c| 0.00253efg 9.992d 0.000% de
Ni30 Pb15 0.0028 def 0.00% e | 0.852c| 0.00493p 13.447a| 0.00194 b
Ni30 Pb30 0.002D ef 0.002&c | 0.735c| 0.00146n 13.047 ab| 0.0009B def
Ni30 Pb45 0.0024 ef 0.002& ¢ | 2.678 ab| 0.00518b 10.704 cd| 0.000& gh
Ni45 Pb0 0.00138 efg 0.001®9d | 1.279c| 0.00221fgh | 11.778 bc| 0.001Bc
Ni45 Pb15 0.0018 efg | 0.001®D de | 0.445c | 0.00188gh | 11.749 bc| 0.000B efg
Ni45 Pb30 0.0028 cd 0.0042 ab | 1.565 bc| 0.00292f | 12.958 ab| 0.0023% a
Ni45 Pb45 0.001et g 0.0012d | 1.065c| 0.00209gh 13.519a| 0.0002 efg
* Means followedby the sameetters with n c ol umns are significantly
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Table4.29 Effects of nickel, lead and their interactiommean of some micre nutrient of the soil of

G. triacanthos

* Means fdlowed by the same letters withcolumns are significantly tlif er ent a't p O
Treatments - iz Mn Zn A
(%)
Nickel con. (mg.kg" soil)
Ni O 0.0053 b 0.493 b 0.135a 0.00589 b 0.0725 a
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| 0.069 a 0.00737 a 0.0853 a
Lead con. (mg.lg™ soil)
PbO 0.00443 b 0.506 a 0.131 a 0.00623 b 0.0327 a
Pb 15 0.00628 a 0.518 a 0.069a 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 0.511 a 0.069a 0.00707 ab 0.0306 a
Interaction between Ni & Pb con.
NiO PbO 0.00332 f 0.414 b 0.348 a 0.00472 d 0.0295 b
NiO Pb15 0.00412 ef | 0.489ab| 0.055b 0.00596 cd 0.199a
NiO Pb30 0.00592 bcde| 0.586a | 0.067 b 0.00591 cd 0.0285 b
NiO Pb45 0.00702 abcd| 0.489ab| 0.075b 0.00699 abcd 0.0326 b
Nil5 Pb0 0.00398 ef | 0.48ab | 0.052b 0.00622 abcd 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| 0.056Db 0.00754 abc 0.0304 b
Ni30 Pb0 0.00559 cdef | 0.552ab| 0.055b 0.00736 abc 0.0387 b
Ni30 Pb15 0.00814 ab | 0.534ab| 0.083b 0.00851 ab 0.0445 b
Ni30 Pb30 0.00789 abc | 0.604 a 0.056 b 0.00679 abcd 0.0451 b
Ni30 Pb45 0.00879 a 0.561 a 0.078 b 0.00757 abc 0.0305 b
Ni45 Pb0 0.00483 def | 0.567 a 0.069 b 0.00664 abcd 0.032 b
Ni45 Pb15 0.00789 abc | 0.566 a 0.074 b 0.00869 a 0.0453 b
Ni45 Pb30 0.00667 abcd| 0.493ab| 0.067 b 0.00799 abc 0.228 a
Ni45 Pb45 0.00415 ef 0.509ab| 0.070b 0.00619 bcd 0.0291 b

the Duncan testand vice versa
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Table4.3Q Effects of nickel, lead and their interaction®ean of somenon - essentiaheavy metabf

the soilof G. triacanthos

Treatments Pb Rb Cd Ag As Ba
(%)

Nickel con. (mgkg™ soil)
Ni O 0.00187 b | 0.00331b | 0.000223 & 0.0406 b 0.00111 a 0.495 a
Ni 15 0.00237 b | 0.00378 ab| 0.000287 aj 0.0486ab | 0.000451b| 0.519a
Ni 30 0.00377a | 0.00519a | 0.000322a 0.0525a | 0.000647 ab| 0.490 a
Ni 45 0.00263 ab| 0.00404 ab| 0.000343 a 0.0508a | 0.000677 ab| 0.480a
Lead con. (mg.kg" soil)
Pb O 0.00275a | 0.00377 a | 0.000293a 0.0502a | 0.000640b| 0.492a
Pb 15 0.00258a | 0.00385a | 0.000256 & 0.0433a | 0.00044b 0.524 a
Pb 30 0.00316a | 0.00392a | 0.0003624a 0.0471a | 0.000584b| 0.502a
Pb 45 0.0®15a | 0.00478 a | 0.0002654a 0.0518 a 0.00122 a 0.467 a
Interaction between Ni & Pb con.
NiO PbO 0.00187 ab| 0.00283 a | 0.000197 a] 0.0406 bcd | 0.000875b| 0.501 a
NiO Pb15 0.00249 ab| 0.00371a | 0.000198 a 0.0357d | 0.000323b[ 0.500 a
NiO Pb30 0.00219 ab| 0.008B1a | 0.000268 a] 0.0456 abcd| 0.000400 b| 0.486 a
NiO Pb45 0.000941 b| 0.00443 a | 0.000232 a 0.0406 bcd | 0.00284a| 0.491a
Nil5 PbO 0.00226 ab| 0.00313 a | 0.000231 a] 0.0454 abcd| 0.000276 b| 0.530 a
Nil5 Pb15 0.00251 ab| 0.00328 a | 0.000238 a] 0.0506 abcd| 0.000226 b| 0.591 a
Nil5 Pb30 0.00245 ab| 0.00415a | 0.000342a 0.0387 cd | 0.000578 b| 0.544 a
Nil5 Pb45 0.00227 ab| 0.00458 a | 0.000336 af 0.0595 abc | 0.000726 b| 0.414 a
Ni30 Pb0 0.00384 ab| 0.00479 a | 0.000263 a 0.0505 abcd| 0.000658 b| 0.419 a
Ni30 Pb15 0.00453 a | 0.00484a | 0.000243 @ 0.0407 bcd | 0.000585b| 0.525a
Ni30 Pb30 0.00415a | 0.00520 a | 0.000532 a 0.0569 abcd| 0.000633 b| 0.537 a
Ni30 Pb45 0.00255 ab| 0.00592 a | 0.000251a 0.0616 ab | 0.000712b| 0.479a
Ni45 Pb0 0.00302 ab| 0.00434 a | 0.000480a 0.0644 a 0.000752 b| 0.517a
Ni45 Pb15 0.000801 b| 0.00413 a | 0.000347 a] 0.0459 abcd| 0.000627 b| 0.480 a
Ni45 Pb30 0.00386 ab| 0.00351 a | 0.000306 a 0.0472 abcd| 0.000727 b| 0.439 a
Ni45 Pb45 0.00284 ab| 0.00417 a | 0.000241 a 0.0455 abcd| 0.000603 b| 0.484 a

* Means folbwed by the sametters witlin columns are significantlgg i f f er ent

to the Duncan test and vice versa
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Chemical and physical characteresticthefl. leucocephalaoil changed significantly witNiCl> and
PbCb application, where each of tlieC and HCQ increasedignificantly to 0.63 ds/nand 0.B9 % for
30 and 15ng.kg* NiCl. treatments as compared to the control treatment whichighestvalues of pH,
O.M andCaCQ (8.06, 0.58 % and 47.42)vere recorded in the control treatment. Whereas the CO
causednot detectedf L. leucocephalasoil. Each ofEC and O.Mwere increasedignificantly with
increasing the concentrationsRICh as compared to the control treatmemijle pH, HCQand CaC®
decreasedignificantlywith increasing the concentrationfthCh to 45 mg.kg* as compared to the control
treatment. The highest value of the B@& O.M(0.55ds/mand0.56%) were recordedadlr the45 mg.kg
1 PbChk concentrationswhile the lowest value (0.40ds/mand 0.518 %) were recorded in thentrol
treatmentThe highest vlaes of pHHCOz; andCaCQ( 8.13, 0.0383 % and 46.9 %) for 15 and control,
while the lowest values (7.68, 0.0241 % and 46.5d¥%#5 mg.kg*. The interactions between Ni and Pb
concentrations hadgnificant effects on the soshemial and physical chiacteristicsEC and O.M were
they increased with increasing Ni and Pb concentraiiorthe 15 or 30 mg.kg? NiCl, or PbC}
concentration®s compared to the control treatment, excepiptheHCO; and CaCQ were decreased

with increasing the Ni and Pb camrationsasit shown intable (4.31).

The mineral elements df. leucocephalasoils. N, P, K and Ca were decreasbg addingNiCl, as
compared to the control treatment, exceptMgeandSQw element was increased with increasing the Ni
concentrdon. The highest valsof N, P, K and Cg0.0024, 0.002&, 1.21%nd 12.0%% were recorded
in the control treatment df. leucocephalasoils, while the lowest valug(0.0012, 0.001®, 0816and
10.63 % were recordetb 30 and45 mg.kg' NiCl, concentations The highest values of thdg andSQu
(0.00559 and).00038) % were recordedh the 30 or 45 mg.kg! concentrationswhile the lowest values
(0.003221 and).00®4) % were recorded in theontrol and45 mgkg™. The macro elements and P
increased wh increasing the Pb concentratitn30 and45 mg.kgt PbChk as compared to the control
treatment, except the Mg and S&ement were decreased wits and 30mg.kg! Pbconcentration. The
highest valus of N and P(0.0240 and 0.0028 % were recorded inhe 45 and 30 mg.kg? PbCh
concentrationswhile the lowest value(0.00L81 and 0.0024) % were recorded in the contrahd 15
PbCk treatmers. The highest values of the Mg and £50.00506and0.00B0 % were recordeth the30
and 15mg.kg? treatmet ascompared to thether treatmentdVhile the K and Ca element which were
non significant.The interactions between Ni and Pb concentrations had significant effeletg which
was increased with increasing Ni and Pb concentrati@® mg.kg' NiCl, or PbChas compared to the

control treatment, however the R,Mg andCawereincreased with increasing Ni and Pb concentration
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in the 15, 30 and 45 mg.kgNiCl. or PbC} concentrationss compared to the controkatment except
the K andSQ; which were decreased with increasing Ni and Pb concentrdfiable 4.32).

The microelementd~e, Mn and Zrdecreased withddingNiCl> as canpared to the control treatment,
the highest valueof Fe,Mn and Zn(0.548,0.119 and 0.0078) were recorded in the otrol treatment,
the lowest values ( 0.417, 0.057 and 0.0059) % at 30 amdg4&g*. The Cu and Ni which were non
significant. The micro elemenfCuand Zr) decreased with increasing the Pb concentraa@0 and 45
mg.kg* PbCh, where thehighest vale of Cu (0.0063and 0.0069 % were recorded in the control
treatmentThe Fe and Ni elements which were non significkiareover,45mg.kg* PbCh increased Mn
significantly to (0.118%). The Fe and Ni did not significant effect by Pb concentrafibwe.interactions
between Ni and Pb concentrations had significant effectdrowhich increased with increasing Ni and
Pb concentratiofor 45 mg.kg* NiCl. or PbC} concentrationsis canpared to the control treatment. An
excepion areCu, Feand Znelementsvhich decreased with increasing tNeand Pbconcentratiorat 15
and 30 mg.kg?, while the Ni element which was non significaffable 4.33).

The element Rbwas decreased with increasing the Ni concentrations 6o 45 mg.kg' NiCl.
concentratiosas compared to the control. The highest value oRinbeavy metal elemer§0.0108%)
was recorded ithe control treatment, lile the lowest valu€0.00428%)was recorded in the 4%g.kg*
NiCl> concentrationsAdding NiCl. did not affect significanty each Pb, Cd, AgAs and Ba content
compared to the control treatmefhe Pb concentration was naignificant on the heavy metal elements
of L. leucocephalaoils compared to other treatmenihe interactions between Ni and Pb concentrations
had signiicant effects orRb, Cd and As whickvere increased with increasing Ni and Pb concentration
to 30 and45 mg.kg' NiCl, or PbC} concentrationas conpared to the control treatment, while the Pb, Ag
and Ba did not significant effect by Ni and Pb concatibn(Table 4.34.
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Table4.31 Effects of nickel, lead and their interactionsean of the physical and chemical
characteristicsof the soilof L. leucocephala

EC pH o.M COs HCO3 CaQ03
Treatments (ds/m) )

Nickel con. (mg.kg! soil)
Ni O 0.38d 8.06a| 0.58a N.D 0.037b | 47.42 a
Ni 15 0.55b | 7.87b| 0.48d N.D 0.039a | 46.38c
Ni 30 0.63a | 7.77c| 049c N.D 0.034c | 46.13d
Ni 45 0.40c |7.52d| 057b N.D 0.023d | 46.63b
Lead con. (mg.kg" soil)
Pb O 0.40c 8.13a| 0.518d N.D 0.0383b| 46.8b
Pb 15 0.45b | 7.74b| 0.518c 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| 46.5¢c
Interaction between Ni & Pb con.
NiO Pb0O 0.30e 8.2a| 055e N.D 0.04 f 48.0 a
NiO Pb15 0.30e 8.2a 0.55e N.D 0.04 f 48.0 a
NiO Pb30 0.40d |7.99d| 0.59b N.D 0.04 f 47.2 b
NiO Pb45 0.50c 7.88f| 0.64a N.D 0.02 ] 46.5d
Nil5 Pb0 0.30e [8.10b| 0.51f N.D 0.04 d 47.0 c
Nil5 Pb15 0.50c 7.98e|l 0.48¢g N.D 0.04 c 47.0 c
Nil5 Pb30 0.70 a 7.69i| 0.46h N.D 0.04 a 46.0 e
Nil5 Pb45 0.70a |7.72g| 0.45i N.D 0.02 g 455 f
Ni30 Pb0 0.50c 8.00c| 0.46h N.D 0.04 b 46.0 e
Ni30 Pb15 0.60b 7.67)| 0.48¢g N.D 0.04 b 46.0 e
Ni30 Pb30 0.70a |7.71h| 0.48¢g N.D 0.02g 455 f
Ni30 Pb45 0.70a |7.72g| 0.56d N.D 0.02g 47.0 c
Ni45 Pb0 0.50c 8.20a| 0.55e N.D 0.02 k 46.0 e
Ni45 Pb15 0.40d 7.11 0.56 d N.D 0.02i 46.5d
Ni45 Pb30 0.40d |7.40k| 0.58c N.D 0.02 h 47.0c
Ni45 Pb45 0.30e |7.40k| 0.59b N.D 0.02g 47.0c

* Means fdlowed by the same letterswithc ol umns are significantly differe
to the Duncan tesand vice versa
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Table4.32 Effects of nickel, lead and their interactionmean of some macrenutrient of the soilof

L. leucocephala

N P K Mg Ca S04
Treatments
(%)

Nickel con. (mg.kg" soil)
Ni O 0.0026a | 0.002¢ a 1.219a 0.00322c | 12.05a 0.000& b
Ni 15 0.001® c 0.002& a 0.919b 0.00331c | 11.23b 0.000D c
Ni 30 0.0028 b 0.0026! a 0.816 b 0.0043% | 10.71c 0.0003 a
Ni 45 0.0012 c 0.001® b 0.991b 0.00559a | 10.63c 0.000%t d
Lead con. (mg.kg" soil)
Pb O 0.0018 ¢ | 0.002B bc 0.929 a 0.00402b | 11.127a| 0.000% a
Pb 15 0.001& c 0.0024 c 1.032a 0.00407b | 11.124a| 0.000® a
Pb 30 0.002B b 0.00268 a 0.962 a 0.00506a | 11.219a| 0.0006t b
Pb 45 0.0020a | 0.0022 b 1.0238a | 0.00331c | 11.152a| 0.0007 a
Interaction between Ni & Pb con.
NiO PbO 0.0012 defg| 0.002@ d 1.291ab | 0.00462bc | 11.153 cd | 0.0004 abcd
NiO Pb15 0.0018 cdef | 0.0022 d 1.342 a 0.00153f 13.994 a | 0.0005 cdef
NiO Pb30 0.001% cck | 0.0042 a | 0.806 cde | 0.00498bc | 10.919de | 0.0008 fg
NiO Pb45 0.004Ba | 0.003®c 1.442 a 0.00176f | 12.143 bc | 0.000% ab
Nil5 PbO 0.0016 efg | 0.0037 ab| 0.7801de | 0.00298 | 11.071d | 0.0008 efg
Nil5 Pb15 0.0018 fg | 0.003®bc | 1.202abc | 0.00283 | 11.057d | 0.0006 efg
Nil5 Pb30 0.0022 bc | 0.0025d | 1.179 abcd | 0.00425cd | 12.626 b | 0.0007 def
Nil5 Pb45 0.001et efg | 0.002@d 0.513 e 0.00315% | 10.148 def| 0.0007 cdef
Ni30 Pb0 0.0028 b 0.0014 ef 0.765 de | 0.00360de | 11.126 cd | 0.000D abcd
Ni30 Pb15 0.00192 cdef | 0.0015 de | 0.883 bcde | 0.00530b 9.449 f 0.0002 abc
Ni30 Pb30 0.0022 b 0.0034 bc 0.706 e 0.00493bc | 11.179 cd | 0.000& bcde
Ni30 Pb45 0.0022 bcd | 0.0034 ab | 0.912 bcde | 0.00358de | 11.089cd | 0.0001® a
Ni45 Pb0 0.0013® g 0.001% ef | 0.879 bcde | 0.00493bc | 11.156 cd | 0.0003 gh
Ni45 Pb15 0.0024 bcd | 0.001DBfg 0.699 e 0.00662a 9.995 ef | 0.0008 bcd
Ni45 Pb30 0.001® defg| 0.0008& g 1.155 abcd | 0.00606a | 10.155 def| 0.000® hi
Ni45 Pb45 0.001%¥ efg | 0.000B g 1.229 ab | 0.00473bc | 11.228 cd 0.0003 i

* Means fdlowed by the same letterswitn  c ol umns ar e significantly

to the Duncan tesaind vice versa
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Table4.33 Effects of nickel, lead and their interactiomaean of some micre nutrient of the soil of

L. leucocephala

Treatments Cu Fe Mn Zn N
%
Nickel con. (mg.kg" soil)
Ni O 0.0053 a 0.548a | 0.119a 0.0078 a 0.0346 a
Ni 15 0.0056 a 0.569a | 0.064b 0.0064 b 0.0351 a
Ni 30 0.0060 a 0.417b | 0.062b 0.0059 b 0.0384 a
Ni 45 0.0052 a 0.447b | 0.057b 0.0061 b 0.0379 a
Lead con. (mg.kg" soil)
PbO 0.0063 a 0.523ab| 0.062b 0.0069 ab 0.0372 a
Pb 15 0.0064 a 0.435b | 0.051b 0.0062 bc 0.0347 a
Pb 30 0.0048 b 0.566a | 0.071b 0.0061 c 0.0365 a
Pb 45 0.0046 b 0.458b | 0.118a 0.0072 a 0.0376 a
Interaction between Ni & Pb con.
NiO PbO 0.00698 ab 0.482a | 0.084b | 0.00729 abc| 0.039a
NiO Pb15 0.00819 a 0.637a | 0.0509b| 0.00849 a 0.0329 a
NiO Pb30 0.00214 f 0.569a | 0.0753b| 0.00778ab | 0.0342a
NiO Pb45 0.00404 de 0.506a | 0.269a | 0.00782ab | 0.0329 a
Nil5 PbO 0.00598 bc 0.563a | 0.0594b| 0.00639 bcd | 0.0383 a
Nil5 Pb15 0.00829 a 0.565a | 0.0464 b | 0.00702 &cd 0.0326 a
Nil5 Pb30 0.00451cde | 0.578a | 0.085b | 0.00628 bcd | 0.03359 a
Nil5 Pb45 0.00214ef 0.572a | 0.0631b| 0.00611cde | 0.0335a
Ni30 Pb0 0.00693 ab 0.562a | 0.0577b | 0.00729 abc | 0.0384 a
Ni30 Pb15 0.00408 de 0.273b | 0.0505b 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 0.259b | 0.0685b | 0.00723abd 0.0384 a
Ni45 Pb0 0.00539 lode 0.484a | 0.0508b | 0.00655bcd | 0.0337 a
Ni45 Pb15 0.00502 cde 0.264b 0.0554 b | 0.00594 cde 0.040 a
Ni45 Pb30 0.00539 lode 0.542a | 0.0530b 0.00462 ef 0.0325 a
Ni45 Pb45 0.00477 cde 0.497a | 0.0699b | 0.00749 abc 0.046 a
* Means fdlowed by the same letterswitn  c ol umns ar e significantly

to the Duncan tesand vice versa
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Table4.34 Effects of nickel, lead and their interaction®ean of somenon - essentiaheavy metabf
the soilof L. leucocephala

Treatments Pb Rb Cd Ag As Ba
%

Nickel con. (mg.kg" soil)

Ni O 0.00254 a| 0.0108 a| 0.000296 a| 0.0504 a| 0.00073 ab| 0.522 a
Ni 15 0.00260 a| 0.00353 b| 0.000303 a| 0.0506a| 0.00060b | 0.448 a
Ni 30 0.00247 a| 0.00373 b| 0.000297 a| 0.0475a| 0.00063 ab| 0.527 a
Ni 45 0.00289 a| 0.00428 b| 0.000776 a| 0.0467a| 0.0014a | 0.503a
Lead con. (mg.kg" soil)

PbO 0.00294 a| 0.00428 a| 0.000769 a| 0.0455a| 0.00065ab| 0.524 a
Pb 15 0.00278 a| 0.00395a| 0.000305a| 0.0506 a| 0.00074 ab| 0.457 a
Pb 30 0.00271 a| 0.00976 a| 0.000292 a| 0.0478 a| 0.00054b 0.519a
Pb 45 0.00207 a| 0.00432 a| 0.000305a| 0.0514a| 0.00140a | 0.500 a

Interaction between Ni & Pb con.

NiO PbO 0.0028 a | 0.0043 b | 0.000310 b | 0.0454 ab| 0.000585 b| 0.481 ab
NiO Pb15 0.0026 a | 0.0060 b | 0.000291 b | 0.0485 ab| 0.000871 b| 0.538 ab
NiO Pb30 0.0024 a | 0.0287 a | 0.000296 b | 0.0549 ab| 0.000680 b| 0.597 ab
NiO Pb45 0.0023 a | 0.0041b | 0.000286 b | 0.0528 ab| 0.000772 b| 0.473 ab
Ni15 PbO 0.0029 a | 0.0029 b | 0.000248 b | 0.0447 ab| 0.000567 b| 0.491 ab
Nil5 Pb15 0.0028 a | 0.0040b | 0.000362b| 0.0609 a | 0.00088% | 0.409 b
Nil5 Pb30 0.0024 a | 0.0031b | 0.000307 b | 0.0505 ab| 0.000461 b| 0.419b
Nil5 Pb45 0.0024 a | 0.0042b | 0.000298 b| 0.0461 ab| 0.000492 b| 0.473 ab
Ni30 PbO 0.0029 a | 0.0062b | 0.000281b| 0.0389 b | 0.000902 b| 0.640 a
Ni30 Pb15 0.0029 a | 0.00153 b| 0.000286& | 0.0527 ab| 0.000622 b| 0.412 b
Ni30 Pb30 0.0033a | 0.0032b | 0.000281 b | 0.0465 ab| 0.000652 b| 0.586 ab
Ni30 Pb45 0.00079a | 0.0041b | 0.000342 b | 0.0518 ab| 0.000357 b 0.469 ab
Ni45 PbO 0.0032a | 0.0038b | 0.00224 a | 0.0528 ab| 0.000557 b| 0.482 ab
Ni45 Pb15 0.008Ba | 0.0042b | 0.000281b| 0.0402 b | 0.000592 b| 0.469 ab
Ni45 Pb30 0.0028 a | 0.0040b | 0.000286b | 0.0391 b | 0.000382 b| 0.476 ab
Ni45 Pb45 0.0028 a | 0.0049b | 0.000296 b | 0.0548 ab| 0.00399 a| 0.585 ab

* Means followed by th same letters with columns are signifc ant | vy

to the Duncan testind vice versa

di fferent at
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Chemical and physical characteresticsh&fR. pseudoacaciaoil includingEC, pH, O.Mand HCQ
wereincreasedy addingNiCl. as compared to the control treatment,egtthe CaCQ whichdecreased
with addingNiCl2 as compared to the control treatmé&fhereas the Céhot detectedf R. pseudoacacia
The highest value of theC, pH, O.Mand HCQ for the soil ofR. pseudoacaciaeedlings @.425 ds/m
8.05, 0.56% and0.04858%) were recordedor 15 or 45mg.kg* NiCl, concentrationsWhile the lowest
values (0.325 ds/m, 7.720.52 % and 0.0432%) were recorded in the control treatmehihe EC and
HCO; were increased witincreasingPbCh cocentrations from5 to 45 mgkg? PbCh as compared to
the control treatment, whereas iitd, O.M and CaC@were decreased with increasing the concentration
from15 to45 mg.kg! PbCh as compared to the control treatment. The highest value of thadaCO;
(0.45ds/mand 0.048%%) were recordeddfr the45 mg.kg' PbCh concentrationswhile the lowest value
(0.30 ds/mand 0.0448%) were recorded in the control treatmenhe interactions between Ni and Pb
concentrations had significant effectsswil EC, O.M andHCOs wereincreasd with increasing Ni and
Pb concentratiom the 45 mg.kg' NiCl. or PbC} concentrationgs conpared to the control treatment,
except the p and CaC@were decreased with increasing the Ni and Pb concentratisihgppear from
thetable (4.35).

The macro, micro and some noeesentioal heavy metal elementfRofpseudoacacisoils Whereas
each of thenacro element@N, P, K and Mg) were decreased waldingNiCl, as compared to the control
treatment, except the 3@as increased with increagitheNiCl> concentration. The highest vafief N,

P, K and Mg macro element$0.002®, 0.003&, 2.166 and0.00365 % were recorded in the control
treatmeniand 15mg.kg*. While the lowest valus(0.002@, 0.00245, 1088 and0.00227 % respectively
wererecorded in thd5 and45 mg.kg! NiCl. concentrationsThe Ca element which was non significant.
The macrcelements (NP, Mg andCa) were increased witidding30 or 15mg.kg? PbCk as compared
to the control treatment, exceps which weredecreased ith increasing thélbCl> concentration. The
highest value of the mineral elements lN,Mg and Ca @.0®9%, 0.003%®, 0.00366and 13.150Y%
respectively were recorded in th& or 30 mg.kg? PbChk concentrationsas compared to the control
treatmen(0.001%B, 0.002@l,0.00245and 11.028%. The highest value @Q; (0.001(% %) was recorded
in the control treatment, hile the lowest valueOQ(00®9 %) was recorded in the45 mg.kg't PbCh
concentrationdn addition the K element which was non significartte interactions between Ni and Pb
concentrations had significant effects onMMg,Caand SQ were ircreased with increasing Ni and Pb

concentratiorin the 15 and30 and45 mg.kg! NiCl, or PbC} concentrationgs compared to the control
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treatment, excephe K wasdecreased with increasing the Bind Pb concentrationas itclear in table

(4.36.

The micro elements (Cu, Rad Zn) were increasesignificantly to(0.00760, 0.0563 and 0.007%5%
with 30 mg.kg' NiCl, concentrationss canpared to theontrol treatment and 3@g.kg. While the
lowest value (0.00485, 0.493 and.00589)% respectively were recorded in themg.kg?* and thecontrol
treatmens. The Mn and Ni which were non significarithe micro elements Cu and Zn were increased
significantly with addingPbCh concentration for the Cu elemergsd by 15 mg.kg* PbCh for the Zn
elementascompared to the control treatment. The highest gadfd€u and Zn micro elements (0882
and 0.00763W respectively were recorded in tB8 and15 mg.kg* PbChk concentrationgreatmerns.
While the lowest valug(0.00443 and 0.00628) were recorded in the control treatmeBach of Fe, Mn
and Ni did not significant effect by Pb concentrati®he interactions between Ni and Pb concentrations
had sgnificant effects orCu, Fe, Zn and Nwere increased witaddingNi and Pb concentratioin the
45mg.kg* NiCl, or PbC} concentrationas compared to the control treatmexcept thevin which was

decreased with increasing the Ni concentratésnt apear inthe table(4.37).

The noni essential heavy metals (Pb, Rb and Ag) were increased significa(@p@377, 0.00519 and
0.525) % with increasing the Ni concentrations tor8@.kg* NiCl. as compared to the control treatments
(0.00187, 0.0033and 0.040% %, while Cd, As and Ba which were non significafithe heavy metal
element(As) was irtreased with increasing titb concentratiorio 45mg.kg* PbChk as compared to the
control treatmentThe highest value of thH@s) heavy metal eleme®.00682%) was recorded in thé5
mg.kg! concentrationsis conpared to the control treatmef@.00®09 %) . Whereas addin@bChk did
notaffect significantly on each of Pb, Rb, Cd, Ag and Ba elements respeclifielynteractions between
Ni and Pb concermtionshad significant effecon Ag which wasincreased with increasing Ni and Pb
concentratiorio 45 mg.kgt NiCl;or PbC} concentrationsas compared to the control treatmenihile Pb,
Rb, Cd, As and Ba which were non significant effect by Ni and Rberdrationthe resulbf table (4.38).

Table4.35. Effects of nickel, lead and their interactiommean of the physical and chemical
characteristicsof the soilof R. pseudoacacia
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EC pH o.M COs HCOs Ca(03
Treatments (ds/m) (%)
Nickel con. (mg.kg? soil)
Ni O 0.325c 7.76c | 0.52c N.D 0.04323 d 48.00 a
Ni 15 0.425a | 805a| 0.51d N.D 0.04733 ¢ 46.90 d
Ni 30 0.400 b 7.77b | 055b N.D 0.04855 b 47.31b
Ni 45 0.425a | 7.72d | 0.56 a N.D 0.04858 a 47.20 c
Lead con. (mg.kg" soil)
Pb O 0.30d 8.13a | 0.543 a N.D 0.0446 d 47.63 a
Pb 15 0.4@Mc 7.99b | 0.540 Db N.D 0.0464 c 47.48 b
Pb 30 0.430b 7.69c | 0.533c N.D 0.0483 b 47.07 d
Pb 45 0.4%a 7.50d | 0.532c N.D 0.0485 a 47.24 c
Interaction between Ni & Pb con.
NiO PbO 0.300 c 8.20a | 0.55c N.D 0.04270 o 48.0 a
NiO Pb15 0.300 c 8.10b | 0.55c N.D 0.04270 o 48.0 a
NiO Pb30 0.300 c 7.38 i 0.50g¢g N.D 0.04360 n 48.0 a
NiO Pb45 0.400 b 7.37 i 0.48 h N.D 0.04390 m 48.0 a
Nil5 PbO 0.300 c 8.20a | 0.54d N.D 0.04420 | 48.0 a
Nil5 Pb15 0.500a | 8.10b 0.50g¢g N.D 0.04540 k 4709
Nil5 Pb30 0.500a | 800c | 051f N.D 0.04970 f 46.1 k
Nil5 Pb45 0.400 b 791d| 051f N.D 0.05000 c 46.5 |
Ni30 Pb0 0.300 c 8.10b | 0.53¢e N.D 0.04570 | 47.5c
Ni30 Pb15 0.400 b 7.83e | 055c N.D 0.04870 g 47.8 b
Ni30 Pb30 0.400 b 7.75f | 0.56b N.D 0.04980 e 46.96 i
Ni30 Pb45 0.500a | 7.43h | 0.56b N.D 0.05001 b 46.97 h
Ni45 Pb0 0.300 c 8.00c | 055c N.D 0.04580 i 4709
Ni45 Pb15 0.400 b 793d | 056D N.D 0.04860 h 47.1 f
Ni45 Pb30 0.500a | 764g | 0.56b N.D 0.04990d 472 e
Ni45 Pb45 0.500 a 7.32] 0.58 a N.D 0.05002 a 475d
* Means fdlowed by the same letterswithn c ol umns ar e si gni f i c a ntdthey

Duncan testand vice versa

Table4.36 Effects of nickel, lead and theinteractionsmean of some macrenutrient of the soil of

R. pseudoacacia.
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* Means followed by the sae letterswith n col umns are significantly diffe
to the Duncan testand vice versa

N P K Mg Ca SO4
Treatments
(%)
Nickel con. (mg.kg! soil)
Ni O 0.002Pa | 0.003D b 2.166 a 0.00365a 11.999 ab 0.000B ¢
Ni 15 0.002®B b 0.003% a 0.988 b 0.00316b 12.046 ab 0.0006 d
Ni 30 0.00238 b 0.0024 ¢ 1.32b 0.00352a 11.797 b 0.001D b
Ni 45 0.002 c 0.0023 ¢ 1.089 b 0.00227c 12.501 a 0.0012 a
Lead con. (mg.kg" soil)
Pb O 0.002® b 0.003B b | 1.540ab| 0.00245c 11.028 ¢ 0.001® a
Pb 15 0.0018 c 0.002@tc | 1.314ab | 0.00301b 13.150 a 0.001B a
Pb 30 0.002% a 0.003% a 1.059 b 0.00366a 12.133 b 0.001D a
Pb 45 0.002%8 b 0.002® c 1.656 a 0.00348a 12.0324 b 0.000® b
Interaction between Ni & Pb con.
NiO PbO 0.002® efg | 0.002& c 3.042 a | 0.00256efg | 10.722cd 0.000%7 fg
NiO Pb15 0.0018 fg | 0.0042 ab | 2.867 a | 0.00306de 13.611 a 0.00138d
NiO Pb30 0.004B8a | 0.001®%d 1.042 c 0.00604a 10.584 cd | 0.0006 gh
NiO Pb45 0.003B b 0.003¥ c | 1.712bc| 0.00290ef 13.079 ab | 0.0006% gh
Nil5 PbO 0.0@37 de | 0.0043t b 0.798 ¢ | 0.00250efg 11.619c | 0.0007 efg
Nil5 Pb15 0.001® fg 0.003B c 1.091 c | 0.00216fgh 13.792 a 0.000%7 fg
Ni1l5 Pb30 0.002% bc | 0.005(1 a 0.896 ¢ 0.00422c 11.945 bc 0.0004 h
Nil5 Pb45 0.002B ef | 0.0028! c 1.168c | 0.00376cd 10.828 cd 0.000& g
Ni30 Pb0 0.0029 bc | 0.0032 c 1.042 ¢ | 0.00253efg 9.992d 0.000% de
Ni30 Pb15 0.002B def| 0.00% e 0.852 ¢ 0.00493b 13.447 a 0.0014 b
Ni30 Pb30 0.002D ef | 0.002% c 0.735 ¢ 0.00146h 13.047 ab | 0.000SB def
Ni30 Pb45 0.0024 ef | 0.002& c | 2.678ab| 0.005Bb 10.704 cd | 0.000& gh
Ni45 Pb0 0.0018B efg| 0.001® d 1.279 ¢ | 0.00221fgh | 11.778 bc 0.001B c
Ni45 Pb15 0.0018B efg | 0.0014 de | 0.445c | 0.00188gh 11.749 bc | 0.0008 efg
Ni45 Pb30 0.0028 cd | 0.0042 ab | 1.565 bc | 0.00292¢f 12.958 ab 0.002% a
Ni45 Pb45 0.0016t g 0.0012d 1.065 c | 0.00209gh 13.519 a | 0.000& efg

Table4.37. Effects of nickel, lead and their interactiomaean of some micre nutrient of the soil of
R. pseudoacacia.
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Treatments Cu = i A M
%

Nickel con. (mg.kg soil)
Ni O 0.00550b | 0.493b | 0.068 a 0.00589 b 0.0725 a
Ni 15 0.00485b | 0.510 ab| 0.109 a 0.00710 a 0.0289 a
Ni 30 0.00760a | 0.563a| 0.068 a 0.00755 a 0.0397 a
Ni 45 0.0588 b 0.534 ab| 0.069 a 0.00737 a 0.0853 a
Lead con. (mg.kg! soil)
Pb O 0.00443b | 0.506a| 0.131a 0.00623 b 0.0327 a
Pb 15 0.00628a | 0.518a | 0.0695a| 0.00763 a 0.0796 a
Pb 30 0.00682a | 0.565a| 0.113a| 0.00699 ab 0.0834 a
Pb 45 0.00588a | 0.511a | 0.0698 a| 0.00707 ab 0.0306 a
Interaction between Ni & Pb con.
NiO PbO 0.00332 f 0.414b | 0.348 a 0.00472 d 0.0295 b
NiO Pb15 0.00412 ef | 0.489 ab| 0.055 b 0.00596 cd 0.199 a
NiO Pb30 0.00592 bcdg 0.586a | 0.067 b 0.00591 cd 0.0285 b
NiO Pb45 0.00702 abco 0.489 ab| 0.075b | 0.00699 abcd 0.0326 b
Nil5 PbO 0.00398 ef | 0.488 ab| 0.052 b | 0.00622 abcd 0.0236 b
Nil5 Pb15 0.00501 def| 0.485 ab| 0.067 b | 0.00738 abc 0.0293 b
Ni1l5 Pb30 0.00683 abcd 0.576 a| 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 Pb0 0.00559 cdeff 0.552 ab| 0.055b | 0.00736 abc 0.0387 b
Ni30 Pb15 0.00814 ab | 0.534 ab| 0.083 b 0.00851 ab 0.0445 b
Ni30 Pb30 0.00789 abc| 0.604 a| 0.056b | 0.00679 abcd 0.0451 b
Ni30 Pb45 0.00879a | 0.561a| 0.078b | 0.00757 abc 0.0305 b
Ni45 PbO 0.00483 def| 0.567 a | 0.069 b | 0.00664 abcd 0.0392 b
Ni45 Pb15 0.00789 abc| 0.566a| 0.074 b 0.00869 a 0.0453 b
Ni45 Pb30 0.00667 abcg 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

* Means fdlowed by the same letters withcolumns are significantly défr e nt a't

Duncan testand vice versa

potlt@ 0. 05

Table4.38 Effects of nickel, lead and their interactionmean of somenon - essentiaheavy metal of

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

Nickel con. (mgkg™ soil)
Ni O 0.00187 b| 0.00331b | 0.000223 a| 0.0406b | 0.000636 ab | 0.483 a
Ni 15 0.00237 b| 0.00378 ab| 0.000287 a| 0.0486 ab| 0.000528 b | 0.566 a
Ni 30 0.00377 a| 0.00519 a | 0.000322 a| 0.0525 a 0.000652 a | 0.550 a
Ni 45 0.00263 alj 0.00404 ab| 0.000343 a| 0.0908 a 0.000522b | 0.492 a
Lead con. (mg.kg" soil)
Pb 0O 0.00275 a| 0.00377 a| 0.000293 a| 0.0502 a 0.000509 b | 0.539 a
Pb 15 0.00258 a| 0.00385a| 0.000256 a| 0.0433 a 0.000551b | 0.479 a
Pb 30 0.00316 a| 0.00392 a| 0.000362 a| 0.0471a | 0.000595ab | 0.531a
Pb 45 0.00215a| 0.00478 a| 0.000265a| 0.0518 a 0.000682 a | 0.542 a
Interaction between Ni & Pb con.
NiO PbO 0.00187 ab| 0.00283 a| 0.000197 a| 0.0406 bcd| 0.000537 ee | 0.540 a
NiO Pb15 0.00249 ab| 0.00371 a| 0.000198 a| 0.0357d | 0.000690 ed | 0.452 a
NiO Pb30 0.00219ab | 0.00281 a| 0.000268 a| 0.0456 ad | 0.000685 & | 0.499 a
NiO Pb45 0.000941 b, 0.00443 a| 0.000232 a| 0.0406 bcd| 0.000631 & | 0.441 a
Nil5 PbO 0.00226 ab| 0.00313 a| 0.000231 a| 0.0454 ad | 0.000422 de | 0.538 a
Nil5 Pb15 0.00251 abl 0.00328 a| 0.000238 a| 0.0506 ad | 0.000606 ed | 0.462 a
Nil5 Pb30 0.00245 ab| 0.00415 a| 0.000342 a| 0.0387 cd | 0.000439 cde| 0.642 a
Nil5 Pb45 0.00227 ab| 0.00458 a| 0.000336 a| 0.0595 abc| 0.000647 ed | 0.623 a
Ni30 Pb0 0.00384 ab| 0.00479 a| 0.000263 a| 0.0505 ad | 0.000507 ke | 0.584 a
Ni30 Pb15 0.00453 a| 0.00484 a| 0.000243 a| 0.0407 bcd| 0.000627 ad | 0.496 a
Ni30 Pb30 0.00415 a| 0.00520 a| 0.000532 a| 0.0569 ad 0.000777 a | 0.493 a
Ni30 Pb45 0.00255 ab| 0.00592 a| 0.000251 a| 0.0616 ab | 0.000697 abc| 0.628 4
Ni45 Pb0 0.00302 ab| 0.00434 a| 0.000480a| 0.0644a | 0.000570 & | 0.495 a
Ni45 Pb15 0.000801 b| 0.00413 a| 0.000347 a| 0.0459 ad 0.000282 e | 0.505 a
Ni45 Pb30 0.00386 ab| 0.00351 a| 0.000306 a| 0.0472 ad | 0.000482 cde| 0.492 a
Ni45 Pb45 0.00284 ab| 0.00417 a| 0.000241 a| 0.0455ad | 0.000755 ab| 0.476 a

* Mears fdlowed by the same letterswith  c ol umns are significantly diffe
to the Duncan testand vice versa
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4.3. Effects of nickel, lead and their interactionson some @alitative and quantitative
determination of somephytochemicak total phenolic, flavonoid, glycosde, alkaloid,
steroid, terpene tannin and saponinof G. triacanthos L. leucocephala and R.

pseudoacaciadry leaves

4.3.1 Qualitative determination of the phytochemical constituentsof the studiedplant species

Table (4.39) presents theesults of the secondary metaboliteeluding total phenole flavonoid,
glycosde, alkaloid, steroid, terpene, tanramd saponirobtainedby usedwater, methanol and ethyl
acetate extracts @b. triacanthosL. leucocephalaand R. pseudoacacidry leaves.The methanol and
ethylacetate extracts revealed the presence of atetedphytochemicals, except foie saponins that
presence onlpy water extract. Wheredlse metahanol and ethyl acetate extractsvsh positive result
for phenols flavonoids, glycosides, alkaloids, steroic, terpenes and tanninsThe presence of
phytochemicals such gshenols flavonoids, glycosides andalkaloids of all extract solventsvater,
methanol and ethyl acetatlBowedpositive results o&. triacanthosL. leucocephalandR. pseudoacacia
dry leaves.The results of qualitative phytochemical analysisddferent plant speciesevealed the
existence of some bioactive constituents and their corresponding concentrations are presented in
increasing order of magnitudsaponis > phenols> flavonoids > glycosides > alkaloids > terpenes>
steroics > tanninswerepresence of a wide range of phytochemicals thus indicating.théacanthosL.
leucocephalaand R. pseudoacaciary leases provide theanticipatedpromising biologtal response.

While polarity of the solvent is the key concern in exirgcsecondary plant metaboliteBhis study,
primarily aimed to carry out a preliminary phytochemical screening to detect the major classes of bioactive
compounds presented fa. triacanthos L. leucocephalaand R. pseudoacaciary leaves and three
solventswater @queouys methanol, and ethyl acetate weised to determine the bgsdant species and
solvens can be used for extraction. The results obthinethe present study revedihe concentration

of the bioactive compounds of different plany leaves extracts. The methanol and etlagetate extracts

for theeplantdry leaves contain a higher content of bioactive compounds, which candé&us$erther

researches on thep@ants.
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Table 4.39. The qualitativescreeningphytochemicalfor G. triacanthos(G.), L. leucocephala(L. ) and R.

leaves bythree extract solventg water, methanol and ethyl acetate).

pseudoacaciéR.) dry

Phytochemical

Water extract

Methanol extract

Ethyl-Acetate extract

_ Name of the test | Observation
constituents G. L. R. G. L. R. G. L. R.
Phenols Folini Ciocalteu
Blue colour +++ +++ +++ ++++ ++++ | ++++ ++ ++ ++
method
Flavonoids Dowd method Red color ++ + ++ +++ ++ +++ + + +
PhenolSulphuric
Glycosides Yellow color + +++ + + ++++ + + ++ +
Acid solution
Alkaloids Wagner 6s | 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) tofv) * (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 tablé<lO, 4.41, 442, 4.43, 4.44, 445, 4.46 and4.47 indicatethat the effect
of Ni, Pb andtheir interactionsvere significant on quantitativehytochemial studies includingotal
phenolic, flavonoid, glycoside, alkaloidteroid, terpene, tanniand saponinfor G. triacanthos L.
leucocephalandR. pseudoacacidry leavesextracted by methanol, water and ethylacetate

For each of total phenolic (T, 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 (T®), terp@es (TTEC), tannins (TTC) content, only methanol and
ethylacetate were used as extracsotyents, whereas total sapon({i&C)was extracted only by water.

The highest value of thetal phenolic contenfTPC) was extracted;ifst by methanosolvent(44.76
and26.39 mg/g forG. triacanthosandR. pseudoacacidry leaves, second by watsolvent(9.54 and
5.96) mg/g forG. triacanthosandR. pseudoacacjahird by ethylacetatesolvent(6.27 and 2.3% mg/g
for G. triacanthosand R. pseudoacaciaespetively were recorded fron80 or 45 mg.kg' NiCl,
concentrationswhile the lowest value othe TPCwas extracted fomethanokolvent(34.08 and24 57)
mg/g forG. triacanthosandR. pseudoacacidry leaves, fowatersolvent(5.48 and 4.33) mg/g fdb.
triacanthos and R. pseudoacacjaand for ethylacetatesolvent (2.56 and 1.84 mg/g only for G.
triacanthosand R. pseudoacaciaespectively ere recorded in the contrdreatment, while the TPC
decreased by three solvent extraaftk. leucocephalas canpared to the control treatmefome of the
TPC which extracted byhree solvenfor thethreeplant speciesvereincreased with increasing tlitb
elementconcentrationdgrom 45 mg.kg! PbCh as compared to the control treatmehhe interactions
betweerthe Ni and Pb concentrations also had significant effects and increased with increasing Ni or pb
concentrations frord5 mg.kg' NiCl. or PbC} concentration®n the TPC of different plant species by
different solvent extractexcept the TPGf L. leucoc@halawas decreased by water solvent extrasit
sea in thetable (4.40).

Higher ptalflavonoidcontent (TFC)vere extracted frommethanol anavaterfor all plant specie$G.
triacanthosL. leucocephalandR. pseudoacac)ary leavesThe highest value of th& FCwas extracted,;
first by methanolsolvent (14.89,8.59 and 14.78 mg/g)for G. triacanthos L. leucocephalaand R.
pseudoacaciary leaves, second by wateolvent (3.83, 2.02 and 3.16) mg/g fo6. triacanthos L.
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leucocephalaand R. pgudoacacia third by ethylacetatsolvent (2.30, 0.77 andlL.96) ng/g for G.
triacanthos L. leucocephalaandR. pseudoacacidry leaves respectively were recordedthe control
and 15, 30 and 4g.kg*, while the lowest value ofhe TFCwas extractionsFirst by methanol solvent
(9.38, 7.94 and 119) mg/gfor G. triacanthosL. leucocephalandR. pseudoacacidry leaves, second
by water solvent4.62, 1.50 and 16 mg/g forG. triacanthos L. leucocephalaand R. pseudoacacja
third by ethylacetate (83, 0.59 and 0.92ng/g forG. triacanthosL. leucocephalandR. pseudoacacia
respectively were rezdedto 15, 30 andt5 mg.kg?! treatmens. Some of theTFC by the three solvent
extractions for the three plant species increased with increasing tHenkdne concentrationsom 30
and45 mg.kg' PbChk concentrations as comparedhe othetreatmens. 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 PbC} concentrationson the TFC of the three plant species by different solvent
extracts except the TFC was decreased by three solvent extragtsredicanthosasclear intable (4.41).

Totalglycoside content (TGQ)y three of the solvent extigons (methanol, water and ethgktate) for
one of theplant species(L. leucocephaladry leave¥ increased with increasy the Ni element
concentrationThe highest value of thEGC was extractions; iFst by the methanol solvent.@44,47.46
and 1.38)mg/g for three studied speciesecond by water solvent (88 mg/g only for L. leucocephala
, third by ethytacetate solvent (12.27 mg/gnly for L. leucocephaladry leavesrespectively were
recordedfor 30 and45 mg.kg' NiCl, concentrations as compartmlothertreatmers, while the lowest
value ofthe TGCwas extractions; First by methanol solvehd@,36.28and 0.46ng/g) for three studied
speciessecond by water solven23.57 mg/{ for L. leucocephalathird by ethylacetate solvent.89
mg/g) only for L. leucocephalary leaves respectively were recorded15mg.kg* NiClz concentration
while the TGC was decreased with increasing Ni concentr&iio®. triacanthosandR. pseudoacacia
by waterand ethylcetatesolvent extractionSome of thel GC by the different solvent extractions for the
different plant species were increased with increasing the Pb element concenfratiod® mg.kg
PbCb concentrations as compared to the control treatmiem interactions between the Ni and Pb
concentations had significant effects and increased with increasing Ni or pb concentratiorib{r8th
and 45 mg.kg* NiCl, or PbC} concentrationson the TGCof the different plant species by different

solvent extractsaspresented intable (4.42).

Adding NICkL increased significantly total alkaloidsontent (TAC) in G. triacanthosand L.
leucocephalavhere it extracted by methanol, where it reached to&ha04.88 mg/dor 45 and30 mg.kg
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las compared to 1fg.kg?, whereas it decreased significantb 0.30mg/g dry weighin the45 mg.kg

! for R. pseudoacaciascompared to the control treatmeWhenaddingNiCl; increased significantly
total alkaloids ta0.30 andd.011mg/g in the 45 or 15 mg.kg* for L. leucocephalandR. pseudoacacia
by wate as conpared to the control treatmeand 15mg.kgt. Adding NiClzto G. triacanthosthat
extracted withwater decreased significantly total alkaloids with increasMif|> to 0.046 mg/g for45
mg.kg* treatmentas compared to the control treatmenttal alkaloids increased withincreasing
concentrations oNiCl, to 0.609 and 0.022 mg/dor 15 and 45mg.kg* of L. leucocephalaand R.
pseudoacacidy ethyl acetatewhereas it decreaséa0.093 mg/dgn the 45mg.kg* for G. triacanthosas
compared to condt treatmentRegarding the effects of PkGh the studied species that extracted with
methanol lead to increasing the total alkaldid G. triacanthosL. leucocephalandR. pseudoacacia
speciedo 2.022, 4.88 an@.49 mg/g for 30 and 45mg.kg?, wheeas with wateland ethylacetattasing
PbCb increasd total alkaloid significantlyto 0.073and 0.151 mg/g for G. triacanthos whereasit
decreased significantl to 0.206 andl@ for L. leucocephalaandto 0.0047 and 0.@L.mg/g for R.
pseudoacaciavhen 15 or 45 mg.kgl. The interactions between the Ni and Pb concentrations had
significant effects andhcreased with increasing Ni obRoncentrations frorB0 and45 mg.kg! NiCl or
PbCbk concentration®n someTAC of the differentplant species by differ¢ solvent extractsas shown
in table @.43.

Using NiICl> increased significantly total steroid contefiSTC) in L. leucocephalaand R.
pseudoacaciary leavego 0.077, 0.026, 0.057 and 0.034 mg/g dry matter extracted with methanol and
ethylacetat solventsfor 30 and 45 mg.kg' as compared t@ther treatment Whereas addindNiCl.
decreased significantl(s. triacanthosspecies content of total steroid to 0.029 and 0.0435 mg/g for
methanol and ethylacetate extracts compared to the control tregdmdeinand 0.0672 mg/g) respectively
The concentration 45 mg.RdPbChincreaseds. triacanthoscontentof total steroid significantly to 0.047
and0.071 mg/g for methanol and ethyacetate extracts. Only the treatment 30'mRiypRY increased
total steoid significantly to 0.077 mg/@ L. leucocephalalry leavesvith methanol extraction, whereas
using ethylacetate with 15 mg.:kdPbCh decreased total steroid significantly to 0.03%g/g for L.
leucocephalaascompared ta@ontroltreatmentsWhereas wh methanol and ethylacetate solvents using
PbCb decreasd total steroid significantlp 0.0225 and 0.0233 mg/g fBr pseudoacaciahenl5mg.kg
! The interactions between the Ni and Pb concentrations had significant effectscerabéd with
increasing Ni or B concentrations frorB0 and45 mg.kg' NiClz or PbC} concentration®n the total

steroid content with ethylacetaselvent extracfor the three studied species, whereas with methanol
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solventextractwasdecreased with increasing higoncemationsof the different plant speciesas see in
the table 4.44).

Regarding total terpenesontent TTEC) addingNiCl, by 15 or 30 or 45mg.kg* increased total
terpenes significantly to 4.44, 3.683%.4.16, 3.39 and 1.02 mgdyy wightas compred to controland
15 treatmentfor G. triacanthos,L. leucocephalandR. pseudoacaciapeciesextractedwith methanol
and ethylacetate solvents. Adding Phi@treasedotal tepenes content significantly 69, 3.73, 3.79
3.44 and 1.08 mg/g dry wgt for G. triacanthosl.. leucocephalandR. pseudoacacispecieextracted
by methanol and ethylacetate solvents. Interactions between Ni and Pb treatments records significant
differences between them, when addiNgCl> and/ orPbC} increased total tpenes significantly foall
treatments compared to the control fér triacanthos,L. leucocephalaand R. pseudoacaciaising
methanol or ethylacetate solvenisis clearified intable @.45).

Using NiCl2 increased significantly total tannin cont¢TTC) extracted by methanol and ethylacetate
for G. triacanthosL. leucocephalandR. pseudoacaciapecies where highest values were 5,@501,
0.092 and 1.02 recorded for 30 orm§.kg*. NiCl; significancedecreased in tannins wih&liCl, was
adced where methanol was used as solvent extractionRfopseudoacaciand ethylacetate forl..
leucocephaldothtreatments the control gave the highest tannins (0.28 and 3.44) mg/g respdehiGly.
also increasedL. leucocephalaand R. pseudoacaciaconteit of tannins significantly in some
concentrations compared to the control treatment, exgeptiacanthosspeciesvhich their content of
tannins decreased with addi®pCh. The interactions between the Ni and Pb concentrations had
significant effects ashincreased with increasing Ni obBoncentrations frorh5,30 and45 mg.kg! NiCl,
or PbC} concentrationon the total tannin contemnof the differentplant species by different solvent

extractsasit displayedin thetable @.46).

Total aponincontent (TSC)extracted onlby water forthe studiedolant species# decreased with
increasing théNi element concentratisnas compared to the control treatméiite highest value of the
TSCwas( 54.14, 32.10 and 1.640g/g for G. triacanthos L. leumcephalaand R. pseudoacaciary
leaveswere recorded in the control treatmenhile the lowest value othe TSCwas (24.14,19.68and
0.23) mg/gfor G. triacanthosL. leucocephalandR. pseudoacacidry leavesvere recorded frorB0 or
45 mg.kg! NiCl, concentrationsThe TSC increased with increased the Pb element concentrations from
45and 30mg.kg! PbCl; concentrationas compared to the control treatmenly for L. leucocephaland

R. pseudoacaciapeciesvhere highest values (30.93 and 1.40 ghgtere recorded for the 4mnd 30
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mg.kg* concentrations, and f@. triacanthosaddingPbCk decreased the TSC significantly coangd to

the control treatmen6.64) mg/gThe interactions between the Ni and Pb concentrations had significant
effects andncreased with increasing Ni &b concentrations frorB0 and45 mg.kg* NiClz or PbCh
concentration®n the TSCfor L. leucocephalaand R. pseudoacacidry leavesby one of the solvent
extractgwater) as compared to otheeatmentsexcept forG. triacanthodecreased with increasing high

concentrationsas see in table @.47).
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Table 4.40. Effects of nickel, lead and their interactionsean of total phenolic content ofG. triacanthos(G.), L. leucocephala
(L.) and R. pseudoacaci4R.) 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 O 34.08 ¢ 45.27 a 24.74 ¢ 5.48b 12.08 a 4.33 ¢ 2.56d 6.62 a 1.84c
Ni 15 33.77c 44,48 b 24,57 c 5.49 b 11.78 b 4.46 c 2.80c 6.78 a 1.95b
Ni 30 41.38 b 40.65 ¢ 26.39 a 8.90 a 10.80 c 5.54 b 3.78 b 1.01c 2.35a
Ni 45 44.76 a 28.64 d 25.08 b 9.54 a 7.62cC 5.96 a 6.27a 1.82b 1.80c
Lead con. (mg.kg" soil)
Pb 0 41.04ab| 40.14b 26.00 a 7.89a 10.56 b 5.40 a 4.25a 4.03 a 1.84c
Pb 15 30.76 ¢ 33.43d 22.39b 6.73 b 8.92d 4.08 b 4.12 ab 410 a 1.62d
Pb 30 41.35a 38.16 ¢ 26.33 a 7.99 a 10.27 c 5.49 a 3.01c 3.97a 1.95b
Pb 45 40.84 b 47.32 a 26.05 a 6.80 b 12.53 a 5.32 a 4.02b 4.14 a 254 a
Interaction between Ni & Pb con.
NiO PbO 38.95 e 51.89 a 28.35 bc 6.15 cd 13.81 ab 5.06 d 3.01 fg 7.48 b 1.965 e
NiO Pb15 36.11 h 48.05 d 26.23 e 5.86 cd 12.87 c 443 e 2.89 g 7.03 ¢ 1.885 ef
NiO Pb30 30.32 jk 40.30 f 22.14 g 4.95 cd 10.81 e 3.89f 2.16 h 5.96 d 1.723 fg
NiO Pb45 30.95 40.85 f 22.25¢g 4.96 cd 10.84 e 3.94 ef 2.17h 6.03 d 1.783 f
Nil5 PbO 26.98 | 35.30¢g 19.31h 4.09 d 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 e 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 13.93 a 5.41d 3.30f 8.10a 2.312 cd
Nil5 Pb45 38.12f 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 51.05b 28.09 c 10.41 ab 13.31 bc 7.92b 2.98 fg 0.64 ] 2.40¢c
Ni30 Pb15 36.15 h 18.33 ] 26.23 e 10.08 ab 4.89i 4.92d 4.05e 1.15i 1.178i
Ni30 Pb30 33.10ii 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 4920 c 27.15d 6.04 cd 13.04 c 5.11d 5.68 ¢ 1.61h 3.082 a
Ni45 Pb0 39.14 e 22.32i 28.25 ¢ 10.91 ab 5.94 h 5.33d 8.81a 2.51f 1.406 h
Ni45 Pb15 20.63 m 27.31 h 15.05i 5.92 cd 7.174¢g 2.82 g 7.0b 2.06 g 1.717 fg
Ni45 Pb30 62.14 a 15.99 k 30.16 a 11.29a 4.40i 8.44 a 4.20 e 1.20i 1.025i
Ni45 Pb45 57.14 ¢ 48.94 ¢ 26.84 de 10.03 ab 12.97 c 7.25¢C 5.07 d 1.52 hi 3.062 a
*Means followed by the samletterswith n col umns are significantly di f andvicewetsa. at p O
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Table4.41. Effects of nickel, lead and their interactionsean of total flavonoid content ofG. triacanthos(G.), L. leucocephala
(L.) and R. pseudoacaci4R.) 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 O 14.89 a 8.13 bc 11.39c¢c 3.79a 154c 1.96 b 230a | 0.64b 0.94c
Ni 15 14.59 a 7.94c 11.09d 3.83a 1.50d 1.86 b 227b | 0.62b 0.92 ¢
Ni 30 13.12b 8.59 a 13.64 b 3.47b 1.86 b 3.06 a 0.33d | 0.77a 1.25b
Ni 45 9.38 ¢ 8.33 ab 14.78 a 2.61c 2.02a 3.16 a 0.59c | 0.59c 1.96a
Lead con. (mg.kg" soil )
Pb O 12.92b 8.37a 13.52 ab 3.44 b 1.83 b 2.65a 1.37b | 0.62b 13la
Pb 15 10.95 ¢ 7.34b 10.35¢ 3.03c 1.38c 2.13b 1.36b | 0.53c 1.34a
Pb 30 12.56 b 8.62 a 13.65a 3.10c 1.87a 271a 1.35b | 0.63Db 1.01b
Pb 45 15.55a 8.66 a 13.37 b 412 a 1.84Db 2.57a 1l41a | 0.84a 1.40a
Interaction between Ni & Pb con.
NiO PbO 17.06 ab 9.23 Db 12.94 d 4.34a 1.72 de 2.42d 261b | 0.707d| 1.055ef
NiO Pb15 15.85¢ 8.88 bc 12.19e 4.32a 1.62f 2.02defg | 2.42d | 0.696d| 1.035 ef
NiO Pb30 1331 e 7.15e 10.10g 3.14 Db 140 h 1.69 fgh 2.09e | 0.548 ef| 0.8241g
NiO Pb45 13.35e 7.28 e 10.34 g 3.35b 1.40h 1.70 fgh 2.10e | 0.599e| 0.8271fg
Nil5 Pb0O 11.44f 6.25 f 8.92h 3.11b 1.22i 1.50 h 1.81f | 0.500fg| 0.717g
Nil5 Pb15 1321 e 7.10e 10.13 g 3.61Db 1.34h 1.64 gh 2.05e | 0.532f | 0.8181g
Nil5 Pb30 17.31a 9.17b 13.06 d 4.32a 1.79¢c 2.21 de 2.68a | 0.729d| 1.102de
Nil5 Pb45 16.41 bc 9.27Db 12.24 e 4.29 a 1.67 ef 2.11 def 254c | 0.714d| 1.053 ef
Ni30 Pb0 16.07 c 8.91 bc 19.20 b 4.25a 2.64 b 3.32 bc 0.231 | 0.797c| 1061 ef
Ni30 Pb15 5.75i 8.31cd 12.06 e 1.70 de 1.61f 290 c 0.34k | 0.346 h| 1.323 cd
Ni30 Pb30 14.38 d 8.08d 11.08 f 3.49Db 1.50 g 3.02 bc 0.221 | 0.909b| 0.727¢g
Ni30 Pb45 16.26 ¢ 9.06 b 12.20 e 4.44 a 1.69 de 3.02 bc 0.51i | 1.031a| 1.899b
Ni45 Pk 7.12h 9.10 b 13.02d 2.07 cd 1.74 cd 3.35b 0.82g | 0.535f 2.424 a
Ni45 Pb15 8.99¢g 5.07g 7.02i 2.50 c 0.93] 1.94 efg 0.64h | 0473g| 2.199a
Ni45 Pb30 5.22i 10.09 a 20.37 a 1.43e 28la 3.92a 0.40j | 0.319h| 1.399c
Ni45 Pb45 16.18 ¢ 9.04 b 18.0 ¢ 4.43 a 2.61b 3.44 b 0.51i | 1.023a| 1.809b
*Means fdlowed by the same letterswitn - c ol umns are significantly different at p O 0.05
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Table4.42. Effects of nickel, lead and their interactionmean d total glycoside content o6. triacanthos(G.), L. leucocephala
(L.) and R. pseudoacaci4R.) leaves.

Glycoside mg/g dryweight
Treatments Methanol extract Water extract Ethylacetate extract
G. | L. | R. G. | L. | R G. L. | R
Nickel con. (mg.kg" soi)
Ni O 1.39b 42.03 c 1.33b 1.24b 27.33 ¢ 1.26 b 0.73b 9.47c 0.79b
Ni 15 0.48 d 36.28 d 0.46 d 1.34 a 23.57d 1.42 a 0.83 a 7.89d 0.87 a
Ni 30 1.44 a 55.03 a 1.38 a 0.80c 35.80 a 0.85c¢ 0.68 ¢ 12.27 a 0.71c
Ni 45 0.81c 47.46 b 0.78 ¢ 0.49d 30.89b 0.50d 0.46 d 10.73 b 0.48 d
Lead con. (mg.kg" soil)
Pb O 1.39a 38.42d 1.35a 1.22 a 24.99d 1.28 a 0.68 Db 8.55d 0.711 b
Pb 15 1.12 b 39.93 ¢ 1.07b 1.15b 26.02 c 1.20b 0.66 b 891c 0.706 b
Pb 30 0.70d 60.63 a 0.66 d 1.07 c 39.45 a 1.09c 0.63 c 13.64 a 0.655c
Pb 45 091c 41.82Db 0.88 c 0.43d 27.13b 0.46 d 0.74 a 9.25b 0.773 a
Interaction between Ni & Pb con.
NiO PbO 2.44 a 38.25i 2.34 a 121 e 25.08 h 1.23d 0.75 e 8.36 h 0.81e
NiO Pb15 1.61 b 42.27 g 1.52 b 1.32d 27.40 g 1.35¢c | 0.84d 963g | 0.91d
NiO Pb30 0.53i 57.46 c 0.51 h 1.81b 37.43 ¢ 1.85b 1.14 c 13.06 c 1.22 ¢
NiO Pb45 0.99 g 30.13 | 0.95f 0.61 k 19.39 k 0.623 ] 0.21] 6.83 i 0.22i
Nil5 PbO 0.36 ] 28.21m 0.32i 1.93 a 18.29 | 2.04 a 1.24b 6.22 ] 1.32b
Nil5 Pb15 0.31 jk 27.10 n 0.30i 1.73 ¢ 17.39 m 1.82b 1.15c¢ 5.67 k 1.19¢c
Nil5 Pb30 0.34 jk 47.42 f 0.331i 1.16f 31.12f 1.21d 0.73 e 10.32f 0.75f
Ni15 Pb45 0.91 h 42.40 g 0.89 g 0.54 | 27.49 g 0.60 j 0.20 | 9.35 g 0.21i
Ni30 PbO 1.53c 50.16 e 1.50b 0.94 h 32.25e 1.02 f 0.27 hi 11.21 e 0.28 h
Ni30 Pb15 1.40d 55.31d 1.32 c 0.84i 36.18d 091¢g 0.30 gh 12.30d 0.31h
Ni30 Pb30 1.62b 75.36 a 154 b 1.03 g 49.25 a 1.07 e 0.41f 17.08 a 041g¢g
Ni30 Pb45 1.19f 39.28 h 1.14 e 0.39m 25.34 h 041k 1.72 a 8.48 h 1.81a
Ni45 Pb0 1.25e 37.08 | 1.22d 0.81i 2414 | 0.84 h 0.44 f 8.41 h 0.43 g
Ni45 Pb15 1.16f 35.03 k 1.11e 0.72 23.12 ] 0.731i 0.35¢g 8.06 h 041¢g
Ni45 Pb30 0.29 k 62.27 b 0.24 0.25n 40.00 b 0.211 0.23j 14.09 b 0.24 i
Ni45 Pb45 0.54i 55.48 d 0.55 h 0.190 36.29d 0.201 0.81d 12.34d 0.84 e

*Means fdlowed by the same letterswitn c ol umns are significantly different at
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Table4.43 Effects of nickel, lead antheir interactionsmean of total alkaloid content ofG. triacanthos(G.), L. leucocephalgL.)
and R.pseudoacacigR.) 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 O 1.66 c 4.57 c 0.46 a 0.070a 0.21d 0.0010c 0.142a | 0.464 c| 0.0020c
Ni 15 1.63d 4.54 c 0.44 a 0.069 a 0.22c 0.00098 d 0.140a | 0.458 c| 0.0020c
Ni 30 2.01b 4.88 a 0.42b 0.062 b 0.28 b 0.011a 0.129b | 0.538b| 0.022 a
Ni 45 2.20a 4.67b 0.30c 0.046 c 0.30a 0.010b 0.093c | 0.609a] 0.021b
Lead con. (mg.kg" soil )
Pb O 2.00 ab 4.79 c 0.40b 0.063 b 0.272 a 0.0062 a 0.128b | 0.555a| 0.013a
Pb 15 1.489 c 4.15d 0.34c 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¢ | 0.552a| 0.012b
Pb 45 1.994 b 4.83 b 0.49a 0.073 a 0.271a 0.0059 c 0.151a | 0.556a| 0.012b
Interaction between Ni & Pb con.
NiO PbO 1.88 de 5.13d 0.50 bc 0.8la 0.25 bc 0.0013i 0.163a | 053 cd | 0.0023 g
NiO Pb15 1.74 ¢ 4.83 f 0.49c 0.075b 0.24 bcd 0.0011 k 0.152 ¢ 0.49e | 0.0021 gh
NiO Pb30 151 4.15 hi 04le 0.064 ¢ 0.13 g 0.00009 | 0.120f 0.41f | 0.0018 hi
NiO Pb45 151 4.17 h 0.42e 0.062 ¢ 0.21 def 0.00009 | 0.131 e 0.42f | 0.0018hi
Nil5 PbO 1.32k 3.61] 0.34f 0.053d 0.18f 0.0008 m | 0.112¢g 0.36 g 0.0016 i
Nil5 Pb15 145 4.08i 04le 0.063 ¢ 0.20 ef 0.00009 | 0.125 ef 0.41f | 0.0018 hi
Nil5 Pb30 1.93d 5.33b 0.52 ab 0.081 a 0.26 b 0.0011 jj 0.164 a 0.54c | 0.0023g
Nil5 P15 1.84 ef 5.15d 0.51 abc 0.080 a 0.25 bc 0.0011 jk | 0.160ab| 0.52 cde| 0.0023 g
Ni30 Pb0 2.89b 5.19 cd 0.53 a 0.081 a 0.39a 0.0113c 0.162 a 0.79b | 0.0230 b
Ni30 Pb15 1.74 9 4.84 f 0.19i 0.029 g 0.24 bcd 0.0106 f 0.060 j 0.41f 0.0216d
Ni30 Pb30 1.60 h 4.45¢ 0.45d 0.064 c 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 | 0.154bc| 0.51de | 0.0222c
Ni45 Pb0 1.92d 5.25¢ 0.24 h 0.036 f 0.26 b 0.0115b 0.073i 0.53cd | 0.0232b
Ni45 Pb15 1.03 1 2.83k 0.28 g 0.044 e 0.14 g 0.0061 h 0.090 h 0.29 h 0.0125 f
Ni45 Pb30 3.05a 5.61 a 0.17j 0.026 g 0.41a 0.0122a | 0.052k 0.84a | 0.0244a
Ni45 Pb45 2.82 ¢ 498 e 0.50 abc 0.077 ab 0.38 a 0.0108 e | 0.157abc| 0.78b | 0.0221c
*Means followed by theame letteswithi n c ol umns are significantly different. at
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Table4.44. Effects of nickel,lead and their interactionsnean of totall steroid content ofG.
triacanthos(G.), L. leucocephalgL.) and R. pseudoacaci4R.) leaves.

Treatments Steroid mg/g dry weight
Methanol extract Ethylacetate extract
G. | L. | R G. | L. R.
Nickel con. (mg.kg" soil)
Ni O 0.044 a 0.034b | 0.0253b| 0.0672a 0.0314 c 0.026 c
Ni 15 0.045 a 0.033b | 0.0246c| 0.0672a 0.0301 d 0.025d
Ni 30 0.040 b 0.077a | 0.0260a| 0.0613b 0.0570 a 0.031b
Ni 45 0.029 ¢ 0.044b | 0.0248c| 0.0435c 0.0543 b 0.034 a
Lead con. (mg.kg" soil )
Pb O 0.040 b 0.041b | 0.0263 a 0.060 b 0.0457a | 0.0312a
Pb 15 0.032d 0.030b | 0.0225c 0.050d 0.0374b | 0.0233b
Pb 30 0.038 ¢ 0.077a | 0.0261ab| 0.058c 0.0449a | 0.0309 a
Pb 45 0.047 a 0.040b | 0.0259b 0.071a 0.0448 a | 0.0309 a
Interaction between Ni & Pb con.
NiO PbO 0.0515a | 0.039b | 0.0285b| 0.0735cd 0.0359 f 0.0299d
NiO Pb15 0.0435 ¢ 0.036b | 0.0270cd| 0.0714d 0.0319h | 0.0279 ef
NiO Pb30 0.0404 d 0.030b | 0.0230e| 0.0619f 0.02901i 0.0229 h
NiO Pb45 0.0405d 0.031b | 0.0230e| 0.0620f 0.0289i 0.0239¢g
Nil5 PbO 0.0360 e 0.027b | 0.0205g| 0.0540¢ 0.0250j 0.0210]j
Nil5 Pb15 0.0395d 0.029b | 0.0220f 0.0600 f 0.0285i 0.0225 h
Nil5 Pb30 0.0525a | 0.039b | 0.0285b| 0.0795a 0.0325gh | 0.0295d
Nil5 Pb45 0.0505ab| 0.038Db 0.0275c | 0.0755 bc 0.0345 fg 0.0285 e
Ni30 Pb0 0.0505 & 0.059 b 0.0275c 0.0765 b 0.0605bc | 0.0445b
Ni30 Pb15 0.0185 h 0.036 b 0.0265 d 0.0275] 0.0565d 0.0275f
Ni30 Pb30 0.0435c 0.177 a 0.0235e 0.0665 e 0.0525 e 0.0245¢
Ni30 Pb45 0.0485b 0.037 b 0.0265d | 0.0745bc 0.0585cd | 0.0275f
Ni45 Pb0 0.025 g 0.039b 0.0285 b 0.0345 i 0.0615b 0.0295 d
Ni45 Pb15 0.0275f 0.021b 0.0145h 0.0415h 0.0325gh | 0.0155]
Ni45 Pb30 0.0155 i 0.062 b 0.0295 a 0.0245 k 0.0655 a 0.0465 a
Ni45 Pb45 0.0485b 0.057 b 0.0265d| 0.0735cd 0.0575d 0.0435c
* Means fdlowed by the same letterswithn  c ol umns ar e si gni f i diagid they

Duncan testand vice versa
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Table4.45. Effects of nickel, lead and their interaction®eanof total terpenes content db.
triacanthos(G.), L. leucocephalgL.) and R. pseudoacaci4R.) leaves.

Treatments Terpene mg/g dry weight
Methanol extract Ethylacetate extract

G. | L ] R. G. | L. | R
Nickel con. (mg.kg" soil)
Ni O 2.92c 3.51b 0.97 c 3.12¢c 3.24Db 0.78 c
Ni 15 2.87d 3.68 a 0.87d 372Db 3.39a 0.76 d
Ni 30 4.44 a 3.14c 0.99b 4.16 a 2.89c 1.02a
Ni 45 3.22b 2.60d 1.39a 2.57d 2.39d 0.98 b
Lead con. (mg.kg" soil)
Pb O 341b 3.25¢ 1.22 a 2.54d 2.99c 0.97b
Pb 15 3.69 a 3.73a 0.92d 3.72b 3.44 a 0.63d
Pb 30 3.08d 2.64d 1.12b 3.50c 2.44d 1.08 a
Pb 45 3.28¢c 331b 0.96 c 3.79a 3.05b 0.86 ¢
Interaction between Ni & Pb con.
NiO PbO 2.16n 2.72h 0.651 2.17n 2511 0.611
NiO Pb15 4.23d 4.85c 0.71 k 4.71c 451c 0.62 k
NiO Pb30 2.34m 2.70 h 0.80i 2.621 2.49 ] 1.26d
NiO Pb45 2.95i 3.76 d 1.72a 2.97i 3.46 e 0.62 k
Nil5 Pb0 3.94e 497 b 1.59d 391e 457 Db 1.35b
Nil5 Pb15 3.20 h 5.66 a 0.61m 3.59h 5.21a 0.51m
Nil5 Pb30 2.79k 1.901 0.66 | 2.68 k 1.75n 0.350
Nil5 Pb45 1.56p 2.20 k 0.62m 4.69d 2.02m 0.81h
Ni30 Pb0 2.91] 2769 136e 3.67¢g 2.53h 0.73 i
Ni30 Pb15 3.83f 2.60 i 0.76 | 259 m 2.39 k 0.92¢g
Ni30 Pb30 5.06 b 3.43f 1.33f 485b 3.16¢g 1.75a
Ni30 Pb45 595a 3.77d 0.51n 5.50a 3.48d 0.67 |
Ni45 Pb0 4.62c 2.55j 1.28¢g 148 p 2.351 1.19e
Ni45 Pb15 3.48 ¢ 1.80m 162c 2.92 ] 1660 0.45n
Ni45 Pb30 2130 2.54 ] 1.69b 3.85f 2.34 | 0.96 f
Ni45 Pb45 2.67 1 349e 0.98 h 2.0210 3.22f 1.34c

* Means fdlowed by the same letterswith c ol umns ar e significantly diffe
to the Duncan testind vice versa.
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Table4.46. Effects of nickel, lead and their interactionaean of total tannin content of G.
triacanthos(G.), L. leucocephalgL.) and R. pseudoacaci4R.) leaves.

Treatments Tannin mg/g dry weight
Methanol extract Ethylacetate extract

G. | L R. G. | L. | R.
Nickel con. (mg.kg" soil)
Ni O 0.041c 190c 0.28 a 0.051c 3.44 a 0.78 c
Ni 15 0.041c 1.88d 0.27b 0.051c 3.40b 0.77d
Ni 30 0.051b 201 a 0.25¢c 0.092 a 3.10c 0.94b
Ni 45 0.055 a 1.92b 0.18d 0.088 b 2.19d 1.02a
Lead con. (mg.kg" soil)
PbO 0.050 a 2.00b 0.25b 0.074 a 3.06 b 0.935b
Pb 15 0.037b 1.72d 0.21d 0.061 c 2.56d 0.705d
Pb 30 0.051 a 2.02a 0.24 c 0.074 a 291c 0.943 a
Pb 45 0.050 a 1.99c 0.29 a 0.073 b 3.60 a 0.931c
Interaction between Ni & Pb con.
NiO PbO 0048 cd | 217d 0.319b 0.059 f 3.93b 0.891f
NiO Pb15 0.041f 2.01i 0.296 g 0.055 h 3.65¢9 0.828 i
NiO Pb30 0.038g | 1.71m 0.251 0.046 i 3.09] 0.701 |
NiO Pb45 0.038¢g 1.711 0.252 i 0.046 i 3.10i 0.705 k
Nil5 Pb0 0.033 h 1500 0.215k 0.041 2711 0.616 n
Nil5 Pb15 0.037g 1.68n 0.247 | 0.046 i 3.04 k 0.691'm
Nil5 Pb30 0.049c 2.21b 0.323 a 0.060 f 3.99a 0.907d
Nil5 Pb45 0.047cd| 2.12f 0.311d 0.057 g 3.84d 0.871¢
Ni30 Pb0 0.072b 214 e 0.314 c 0.098 b 3.87c 1.341b
Ni30 Pb15 0.0% e 2.01] 0.116 n 0.092d 1430 0.825i
Ni30 Pb30 0.041f 281k 0.272 h 0.085 e 3.35h 0.755 ]
Ni30 Pb45 0.046 de| 2.07g¢g 0.304 e 0.095 ¢ 3.74 e 0.845 h
Ni45 Pb0 0.048cd| 2.18c 0.141m 0.098 b 1.73n 0.895 e
Ni45 Pb15 0.026 i 1.17p 0.1711 0.054 h 211m 0.479 0
Ni45 Pb30 0.076 a 231la 0.099 o 0.106 a 1.23p 1411 a
Ni45 Pb45 0.071 b 2.05h 0.301f 0.094 c 3.71f 1.305c

* Means fdlowed by the same letters withn

to the Duncan &, and vice versa.

columns ar e

significantly
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Table4.47. Effects of nickel, lead and their intedionsmean of total saponin content ofvater
extract of G. triacanthos(G.), L. leucocephalglL.) and R. pseudoacaci4R.) leaves.

Treatments Saponin mg/gdry weight

G. | L. | R.
Nickel con. (mg.kg" soil)
Ni O 54.14 a 32.10 a 164a
Ni 15 26.24 c 26.95b 0.70 b
Ni 30 34.45b 19.68 d 0.23¢c
Ni 45 24.14d 26.01 c 0.70b
Lead con. (mg.kg" soil )
Pb O 46.64 a 29.29b 0.47c
Pb 15 33.50b 28.83 ¢ 1.17b
Pb 30 27.89d 15.70d 140 a
Pb 45 30.93 c 30.93 a 0.23d
Interaction between Ni & Pb con.
NiO PbO 73.13 a 40.31 c 0.000d
NiO Pb15 64.69 b 42.19b 1.875b
NiO Pb30 38.44 e 10310 3.745 a
NiO Pb45 40.31d 35.62 e 0.938 c
Nil5 Pb0 42.19c 38.44d 0.938 c
Nil5 Pb15 11.22n 31.88f 1.875b
Nil5 Pb30 17.81m 20.63 i 0.000d
Nil5 Pb45 33.75h 16.88 | 0.000d
Ni30 Pb0 32.81i 1594 m 0.000d
Ni30 Pb15 37.49 f 2531¢g 0.938 c
Ni30 Pb30 35.63 ¢ 17.81 k 0.000d
Ni30 Pb45 31.89 ] 19.69 | 0.000d
Ni45 Pb0 38.43 e 22.48 h 0.938 c
Ni45 Pb15 20.63 k 1594 m 0.000d
Ni45 Pb30 19.69 | 14.06 n 1.875b
Ni45 Pb45 17.81m 51.56 a 0.000d

* Means fdlowed by the same letters withn
to the Duncanest and vice versa

columns ar e

significantly
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4 4 Effects of nickel, lead and their interactionson some anatomical studies

4.4.1 Anatomical characteristicsof leaf, petiole, $em androot of G. triacanthos L. leucocephala

and R. pseudoacaciapecies

G. triacarthosanatamical characteristic of the leafcluding lamina and midrib weréheir thickness
increased with increasing Ni concentratioheamina and ndrib of the leaf consist ofuticle, upper
epidermis, mesophyll, vaskar bundle and lower epidermighehighest valusof the lamina and midrib
thickness(5.6, 24.1, 192.3, 70.4 and Z3micron) and (1.8, 7.4, 83, 48 and 6.2micron) at 40xwere
recordeddr 30 or45 mg.kg' NiCl. concentrationswhile the lowest vals(3.9, 17.1, 151, 55.5 and 20.6
micron) and (1.4, 5, 64.8, 28.8 andd4micron) were recoded in the control treatmeri¥lost parameters
thicknessof the laminaand midribof G. triacanthodeafincreased with increasing the Pb concentration
to 15,30 and 45ng.kg? PbCk as compared to &othertreatment, excegor the cuticle thicknessof the
lamina which was non significarfome of thenteractions between concentrations of Ni and Pb also had
significant effects and increasehicknesswith using Ni and Pb on all the anatomical studies &.
triacanthosleaf, (Table4.48) and Figures4.4 and 4.5

Anatomical characteristic of the petidjgeriderm,cortex, fiber, accessory bundhloemandxylem)
thicknessincreased with increasing Ni concentratiaisG. triacanthosspecies. Théighest valus of
periderm,cortex, fiber, accessory bundfghloemand xylemthicknesg7, 22, 10.3, 294, 11.2and15.8
micron) at 10x were recordeaif theNiCl, application while the lowest valuse(6, 15.2, 7, 18.87.9and
14.9micron) at 10x were ecorded in the control treatmerithe petiole parametershicknessincreased
with usingPbCk as compared to the control treatmantl 30mg.kg?, except thgphloemwasdecreased
with increasing Plzoncentration td5 mg.kg?!. The interactions between Nic Pb also had significant
effectsby usingNiCl> andPbCh on all the anatomicatonsistenpf G. triacanthospetiole as showrin
table(4.49 andfigure (4.6).

Anatomicalcharacteristic of the ste(periderm, cortex, fibemphloemand xylen) thicknessincreased
with increasing Ni concentratiortd G. triacanthosstem The highest Vaes of periderm, cortex, fiber
phloemand xylemthicknesq13.7, 21.8, 7.19.95and 117.1 micronat 4x were recorded froB80 and45
mg.kg* NiCl. concentrationwhile the lowest Vaes (7.4, 13.9, 4.27.9and 61.@micron) were recorded
in the control tratment 30 mg.kg*! PbCk concentration increased all stemmponenthicknesdreatment

as compared to the control andrhg.kg®. Some of thenteractions between ooentrations of Ni and Pb
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had significant effects and increastem component significatttickness, whereas othefscreased them
compared tahecontol treatment(SeeTable4.50andFigure4.7).

Anatomical characteristic of the root consist @riderm, cortex, phloem and xylemhere their
thicknessincreased wh Ni application. The highest valueof periderm, cortex, phloem and xylem
thickness (10.441.4,28.9 and 5.9nicron) at 4xwere recordedofr 45 mg.kg* NiCl, concentrationswhile
the bwest value (8.7, 20.9, 12.9 and 5.@icron) were recorded in the control treatmehie cortex and
phloemthicknessincreased witraddingPb concentratioms compared to the control treatmant 15
mg.kg?, except theperiderm and xylenwhich weredecrased withaddingthe Pbto 15 and 30ng.kg?
as compared to the control treatméirite interactions between Ni and Bdncentration$iad significant
effects andtortex,phloemand xylemincreased with increasing Ni or pb concentrations fidand45
mg.kg! NiCl. or PbC} concentrationsexcept the peridernvhich was decreased wittaddingthe Pb
concentratioras compared th5 mg.kg! of G. triacanthogoots as showrin Table4.50 andFigure4.8.
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Table4.48. Effects of nickel, lead and their interactis mean of some anatontdal characteristics of Gtriacanthosleaf.

Lamina (Thickness micron, 40x) Midrib (Thicknessmicron, 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 39b 17.1d 151.0c 55.5¢ 206 b 14D 50c 64.8d 28.8 ¢ 40c
Ni 15 52a 22.3b 182.7b 59.7b 229a 15ab 54c 70.0c 38.1b 5.2b
Ni 30 56a 20.5¢c 175.1b 61.2b 23.7 a 18a 6.1b 74.8 b 43.8 a 5.2b
Ni 45 5.2a 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 20.7 b 185.2 a 56.4 c 209b 1.7a 6.0b 76.4 a 39.3a 5.4 ab
Pb 15 4.8a 23.6a 176.0b 61.3 b 22.1 ab 1.8a 6.3b 71.2b 34.4b 5.0b
Pb 30 4.7 a 18.1c 165.7 ¢ 63.5 ab 24.1a 1.2b 48¢ 69.6 b 349b 43c
Pb 45 51la 21.8b 174.2 bc 65.5 a 23.1 ab 1.8a 6.9 a 75.5a 40.4 a 5.8a
Interaction between Ni & Pb con.
NiO Pb0O 3.9 ef 15.1f 13261 53.7 de 19.0d 1.4 cde 3.3h 80.2 ce 34.9 ef 3.4f
NiO Pb15 3.3f 18.3ce | 153.5gh| 79.2b 20.8 bcd 1.4 de 4.7 fg 51.3i 17.3i 4.5 ef
NiO Pb30 3.1f 17.2def | 144.0hi | 44.2fg | 20.4 bcd 1.3 de 5.1 efg 47.3i 23.4h 3.4f
NiO Pb45 5.2cde | 17.9¢f | 173.7def| 44.8f1g 22.4 ad 1.4 cde 7.0bcd | 80.5bcd| 39.5cd 46 ¢
Nil5 Pb0 3.9 ef 20.9 bc 223.2a | 83.1ab 19.1d 1.4 cde 3.9 gh 58.9 h 36.2def | 5.6 be
Nil5 Pbl5 5.1 cde 26.1a 204.0 bc 58.2d 21.6 bcd| 1.5cde 6.1cde | 73.8efg | 37.6 cde 4.5 ef
Nil5 Pb30 7.1b 20.7 bc | 138.7 hi 44.2 fg 23.5 ad 1.3 de 44fgh | 74.3defg| 37.5cde| 4.8de
Nil5 Pb45 4.6 def 215b | 165.1efg| 53.2e 27.5a 1.7 be 7.2 bc 73.11fg 41.0c 5.9 bcd
Ni30 Pb0 8.5a 25.4a | 175.9def| 47.6f 24.8abc| 2.1abc 10.3a 78.2 bf 59.0a 6.2 bc
Ni30 Pb15 5.0 cde 21.6b 181.2de| 36.2h 22.7 ad 24 a 6.3cde | 78.2 bf 44.3 b 5.0 cde
Ni30 Pb30 4.6 def 15.5ef | 156.3 fh 80.0b 27.1a 10e 4.1 gh 72.3fg 38.0 cde 4.4 ef
Ni30 Pb45 4.1 ef 19.5bd 187.1cd| 81.2ab | 20.0cd 1.6 be 3.7gh 70.5¢g 33.8f 5.3 cde
Ni45 Pb0 4.6 def 20.7 bc | 209.2ab| 41.3g 20.8 bcd | 1.7 bcd 6.2 cd 88.2a 27.1g 6.6 ab
Ni45 Pb15 5.7 cd 28.3a | 165.5efg| 71.7c 23.1 ad 1.8 bcd 8.1b 81.3bc | 38.1cde| 5.9 bcd
Ni45 Pb30 4.0 ef 18.9bd 223.7 a 85.6 a 25.5 ab 1.1de 5.6 def 84.7 ab 40.8 c 4.7 de
Ni45 Pb45 6.4 bc 28.1a | 170.9dg 829ab | 22.6 ad 2.3ab 9.7a 77.8 cdef| 47.3b 7.4 a

* Means followed by the same latsewithin columns are significantly flif er ent at p O 0. Q&ndvce vesa d i

137

ng

t

(0]



Table4.49. Effects of nickel, lead and their interactionmean of some anatomical characteristics of
G. triacanthospetiole at 18.

Duncan testand vice versa

Periderm | Cortex Fiber Accessory Phloem Xylem
Treatments bundle
Thickness(Micron)
Nickel con. (mg.kg" soil)
Ni 0 6.0b 15.2d 7.0c 18.8d 79¢c 149b
Ni 15 6.2b 22.0a 10.1 ab 235¢c 8.7 bc 16.8 a
Ni 30 6.9 a 19.7b 10.3a 294 a 11.2a 149b
Ni 45 7.0a 176 c 9.3b 27.4b 9.6b 15.8 ab
Lead con. (mg.kg" soil)
Pb O 57b 16.6 ¢ 75¢c 235b 10.3 a 154b
Pb 15 6.1b 178 b 9.7 ab 275a 8.3b 16.4 ab
Pb 30 7.1a 22.2a 9.2b 242 b 9.1ab 13.6¢c
Pb 45 7.2a 18.0b 10.3 a 24.1b 9.5a 17.0a
Interaction between Ni & Pb con.
NiO PbO 55d 13.7 hij | 6.6 ghi 10.0f 7.7 ef 14.6 cd
NiO Pb15 5.7def | 17.2dg 6.2 hi 34.2a 48¢ 12.6 de
NiO Pb30 6.2cde 18.3 def | 7.5 fgh 142 e 10.8 bc 154c
NiO Pb45 6.6 cde 116 7.8 fgh 169e 8.3 def 17.1c
Nil5 Pb0 6.1 cde 19.2 cd 9.6 de 23.1cd 10.3 bcd 199b
Nil5 Pb15 5.7 def 19.2cd | 10.7 cd 21.7d 9.1 bf 12.3 de
Nil5 Pb30 7.07 bed 36.6 a 8.0 efg 20.9d 7.0f 10.7 e
Nil5 Pb45 6.0 cde 13.0 ij 12.0 bc 285D 8.5 cdef 242 a
Ni30 PbO 4.4f 15.9fgh | 8.2 efg 33.4a 146 a 114 e
Ni30 Pb15 7.06 bed 134 7.6 fgh 26.6 bc 9.9 bcde 17.3c
Ni30 Pb30 7.05bcd | 189 cde| 13.1ab 34.7 a 9.3 bcde 16.0c
Ni30 Pb45 9.1a 30.6 b 12.3b 23.1cd 109b 15.0 cd
Ni45 PbO0 7.8 bcde | 17.4 defg| 5.8i 275b 8.8 bcdef 15.6¢c
Ni45 Pb15 6.1 cde 21.2c 145a 27.3 bc 9.4 Irde 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 16.7efg | 9.0 ef 28.0 b 10.1 bed 11.7 e
* Means fdlowed by the same letterswitn  c ol umns are significantly
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Table4.50. Effects of nickel, lead and their interactionmean of some anatomical characteristics of G. triacanths®m and root
at 4x

Treatments _ Stem(Thickpess micron) _ Root (Thicknessmicron)

Periderm | Cortex | Fiber | Phloem | Xylem | Periderm | Cortex | Phloem | Xylem
Nickel con. (mg.kg" soil)
Ni 0 74c 13.9c 42c 79b 61.6 c 8.7¢c 20.9d 12.9b 5.3b
Ni 15 7.7¢c 18.3 b 6.0b | 9.66a | 62.0c 104 a 29.6 c 13.9b 5.7 ab
Ni 30 89b 176 Db 6.0b | 995a | 949D 95b 38.6b 13.0b 5.5ab
Ni 45 13.7 a 21.8a 7.1la 9.64a | 117.1a 10.4 a 41.4 a 28.9a 59a
Lead con. (mg.kg" soil)
Pb O 99b 13.2c | 55b | 9.09b | 944a 11.2a 29.7b 179b 6.6 a
Pb 15 82c 176 b 55b | 865hb 67.7cC 8.3c¢c 35.3a 155¢c 50c
Pb 30 11.2a 23.3a 6.9a | 9.81a 96.5a 9.0c 304 b 156 c 50c
Pb 45 8.4c 174b | 55b | 9.69a | 77.1b 10.4 b 349 a 19.7 a 58D
Interaction between Ni & Pb con.
NiO PbO 11.7 b 5.4] 3.0e 712 f 55.9d 119b 27.5fg 9.0i 6.9 ab
NiO Pb15 4.6 h 13.5i 39e 8.05ef | 67.5¢cd 6.8 12.11 10.5 hi 5.7 bed
NiO Pb30 6.1 gh 199 bcd | 6.2bcd| 8.08ef | 64.5cd| 8.2 ghi 15.9 hi 10.4 hi 3.0f
NiO Pb45 7.1fg 16.8fgh | 3.8¢ 8.75de | 58.6d 7.8 ghi 28.0 dg 21.8d 5.2 cde
Ni1l5 PbO 8.4dg 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 | 884cde| 416¢ 7.2 hij 30.5 def 17.7e 41e
Nil5 Pb30 8.1 efg 179dg | 5.7cd| 9.91ad | 67.0cd| 8.2ghi 26.5 fg 9.61i 6.9 ab
Nil5 Pb45 6.3 gh 18.2 cf 42e | 10.02abc| 77.7c | 10.5be 433 b 12.6 gh 5.9 bed
Ni30 PbO 8.9 cf 15.4 ghi | 5.9 bcd| 9.28 bed | 114.7 b 6.0 j 38.7 bc 24.2 cd 6.0 bed
Ni30 Pb15 9.9 be 15.1 hi 5.4d | 10.54ab | 60.0d 8.9 efg 56.7 a 8.31i 5.1 cde
Ni30 Pb30 6.0gh 19.1¢f | 59bcd| 10.14ab| 100.0b| 8.8fgh 23.5¢g 54] 5.2 cde
Ni30 Pb45 10.9 bc 20.6 bc | 6.9bc | 9.84bcd | 105.1b 143 a 35.3 cd 14.0 fg 5.9 bed
Ni45 PbO0 10.7bcd | 17.2eh | 6.0bcd| 10.09ab| 145.1a| 11.4bc 34.7 cd 22.7d 7.6a
Ni45 Pb15 10.2be | 19.5de | 5.6cd 7.19f | 101.8b| 10.2¢cf 42.0b 25.6 c 5.0 cde
Ni45 Pb30 24.5a 36.6 a 9.8a | 11.13a | 1545a| 10.8 bcd 55.8 a 36.9a 4.8 de
Ni45 Pb45 9.5 be 14.1i | 7.0 bc| 10.15ab| 67.5cd| 9.2dg 33.0de 30.4b 6.1 bc

* Means followed by the same letsewithh N c ol umns are significantly di f,Bnevioewersa at
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Fig 4.2 Leaves (laminganatomy of. triacanthosat 40% (a. NiOPbO, b. NiOB15, c. NiOPb30, d. NiOPb45, e. Nil5Pb0, f. Ni15Pb15, g. Ni15Pb30,
h. Ni15Pb45, i. Ni30PbO, j.Ni30Pb15, k. Ni30Pb30, I. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, 0. Ni45Pb30, p. Ni45Pb4%aihg.kg
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Fig 4.3. Leaves (midripanatomy of. triacanthosat 40x (a. NiOPbO, b. NiOPb15, c. NiOPb30, d. NiOPb45, e. Ni15Pb0, f. Ni15Pb15, g.
Ni15Pb30, h. Ni1l5Pb45, i. Ni30PbO, j.Ni30Pb15, k. Ni30Pb30, |. Ni30Pb45, m. Ni45Pb0, n. Ni45Pb15, o. Nig5Rib8RPb45) mg.kd soil.
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