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1. INTRODUCTION  

 

Soil pollution could be typified as the malfunctioning of 

soil as an environmental component following its contamination 

with certain compounds, particularly as a result of human 

activities. This definition should be broadened to specify limits 

as to permissible and non-permissible human interference with 

soil.  

Under that broad concept of soil pollution, salinization 

and/or sodification of normal soils may be considered as 

pollution process. Desertification of fertile soils as a result of 

different processes adversely affects the native soil productivity. 

Urban expansion on the expense of fertile soils is another type of 

desertification and both types could be considered as soil 

pollution processes that should be avoided for the sake of arable 

land.  The increasing impacts of civilization and management of 

national resources of earth led to serious confusion in the 

environmental balance of the earth that should be dealt with 

promptly. 

There is a long history of contamination accumulating in 

soils due to a number   of wrong practices. Soils contain and 

receive heavy metals such as Pb, Cd, As, Se, Cu, Zn and Hg etc. 

that can accumulated to very high contents and find their way to 

plants reaching toxic levels. Many of these metals are toxic, even 

in very small contents (e.g. Pb and As). Soil quality can be 

disturbed by the presence and input of such elements in very 

high contents. 
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Heavy metal pollution of soils is a serious problem not only 

in the highly industrialized western countries, but also in the 

developing countries. Contaminated sites may cause a severe risk 

for human health and ecosystem as a result of their motilities and 

solubilities. Soils also receive large quantities of trace metals 

from a variety of domestic and industrial wastes, seepage waters, 

fertilizer residues of agrochemicals and municipal sewage.  

One of the negative environmental impacts arising from the 

heavy metal pollution of soil is groundwater contamination. 

Water percolating through the soil may slowly extracts heavy 

metals which may eventually reach aquifers of underground 

water used for domestic purposes. Acidification of the soil 

accelerates this process. Pollutants retained in the soil may be 

released into the soil solution, displaced as water- immiscible 

liquids, or transported into the gaseous phase. 

Among the recently arising environmental pollution, several 

types of assessed chemical pollution should be overcome at least 

on a research scale through modern developed remediation 

practices. 

Soil remediation has to be considered when levels of toxic 

elements and substances present are encountered. The choice of 

the most suitable treatment depends on the nature of 

environmental hazards imposed by the presence of toxic 

substances in the soil, site characteristics, concentration and types 

of pollutants to be removed. The selection of treatment takes into 

account the risk assessment before, during and after remediation, 

but must also consider the cost of remediation and the designated 

use of the soil. 
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Thus, the  aim of the present investigation is to evaluate   the 

effectiveness of (I) some chemical and organic amendments in 

remediation of heavy metals contaminated soil. At the same time, 

a follow up the effects of interaction between rate of the applied 

amendment and incubation time on bioavailability of tested heavy 

metals. (II) Fungi inoculation in remediation of heavy metals 

contaminated soils. (III)  Calcium carbonate on the potentiality of 

panikum and sudan grass as hyperaccumulators of heavy metals 

from contaminated soil. 
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2.  Review of Literature 

 

2.1.  Heavy metals in soil  

The metals which classified as “heavy metals” if in their 

standard state they have a specific gravity of more than 5 g/cm3. 

There are known sixty heavy metals. Heavy metals get 

accumulated in time in soils and plants and could have a 

negative influence on physiological activities of plants (e.g. 

photosynthesis, gaseous exchange, and nutrient absorption), 

consequently reduced plant growth, dry matter accumulation and 

yield (Baker, 1981 and Devkota  et al., 2000).  In small 

concentrations, the traces of the heavy metals in plants or 

animals are not toxic (de Vries  et al., 2007)  Lead, cadmium 

and mercury are exceptions; they are toxic even in very low 

concentrations (Galas-Gorchev, 1991): 

Every 1000 kg of “normal soil” contains 200 g chromium, 

80 g nickel, 16 g lead, 0.5 g mercury and 0.2 g cadmium, 

theoretically . Monitoring the endangerment of soil with heavy 

metals is of interest due to their influence on groundwater and 

surface water ( Wieting, 1988 and Boukhalfa, 2007) on plants 

(Stimpfl et al., 2006; Pandeyand Pandey, 2008, and Stobrawa 

and Lorenc-Plucińska, 2008): animals and humans (De Vries 

et al., 2007 and Korashy and El-Kadi, 2008 and Lagisz and 

Laskowski, 2008). 

According to Calaci  et al., (2005), soil heavy metals are 

a great environmental problem and can be derived from different 

sources  such as  industrial  waste  disposal, river  and  harbor  
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dredging, element mining wastes, agriculture and atmospheric 

fallout. The great bulk of the earth crust is formed from igneous 

rocks (95%) where the tow chief rocks being granite and basalt. 

The average contents of Cd, Pb, and Zn are 0. 11, 14 and 75 ppm 

in the indicated crust ; 0.039 ,13 and 85 ppm in granite rocks and 

0.12, 8 and 120 ppm in basalt rocks, respectively (Elsokary, 

1981 and Kabata and Pendias 1984).   

Badawy  (1992) found that the order of contributions of 

the total heavy element content of the mineral fraction was clay 

> silt > sand, while much of cadmium and lead being found in 

the organic matter.  

Talaab (1994) reported that the bulk of nickel and Zn in 

Wales soils was associated with the clay fraction but copper was 

associated with both silt and clay, More recently, zinc and lead 

were showed by Benaissa and Elouchdi (2003) to be bound up 

to either clay or silt fractions. 

Soil physical, chemical and biological properties are also 

effective,  greatly control plant growth and survival in soil. Soil 

pH is one of the main factors controlling the solubility and 

bioavailability of heavy elements, such features should be 

generally improved with the pH falls down. Addition of organic 

matter (O.M) amendments, such as compost or manure, through 

affecting the soil pH and redox potential, is a common practice 

for immobilization of some heavy metals, to facilitate re-

vegetation of contaminated soils ( Fumic et al., 2003). 
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2.1.1 Sources of Heavy metals in soil  

Metals are natural component in soil. Contamination, 

however, has resulted from industrial activities, such as mining 

and smelting and metalliferous ores, electroplating, gas exhaust, 

energy and fuel production, fertilizer and pesticide application, 

and generation of municipal of waste (Blaylock and Huang, 

2000 and  Siegl, 2002). 

High levels of metals in soil can be phytotoxic producing 

poor plant growth and soil cover caused by metal toxicity can 

lead to metal mobilization in runoff water and subsequent 

deposition into nearby bodies of water. Furthermore, bare soil is 

more susceptible to wind erosion and spreading of contamination 

by airborne dust. In such situations, the immediate goal of 

remediation is to reclaim the site by establishing a vegetative 

cover to minimize soil erosion and pollution spread. 

The persistence of contaminants in soil is much longer than 

in other compartments of the biosphere, and contamination of 

soil, specially by heavy metal, appears to be virtually permanent 

metals accumulated in soils are depleted slowly by leaching, 

plant uptake erosion ,or deflation. 

In addition to natural constituents, heavy metals may enter 

the soil via atmospheric deposits, discharge from sewage 

treatment plants, application of sewage sludge as organic 

fertilizer or land fill material, polluted irrigation water and 

beneficial agricultural additives (Elsokkary, 1996).  

The use of wastewater and the application of organic waste 

compost are common practices in several areas. The application 



Review of Literature             7 
 

to agricultural lands has caused many people to express concern 

about the safety of his practice. 

They are concerned that the metals may either accumulate 

in soils to levels that cause phototoxic conditions or accumulate 

in plants at level that adversely affect the health of the consumer. 

There is also concern that metals borne by organic compost may 

leach out below plant rooting zones and contaminate 

groundwater supplies (Abdel-Sabour and Ali, 2000).  

In china, Wang (1997) stated that the operation of sewage 

sludge dispose is usually expensive and /or easy to contaminate 

the environment. He added that the heavy metals, organic 

pollutants and pathogens concentrated in sewage sludge during 

wastewater treatment are the main obstacles to land application 

of sewage sludge. In Scotland, Aitklen et al. (1997) indicated 

that (after using sewage sludge for 4 years) the high rate of 

applications increased the soil content of Zn, Cr, Ni, Cu, and Pb 

especially in depth of 10-15 cm. 

Several authors have studied the effect of long term 

application of sewage sludge on the total trace elements content 

and their availability in soil. Abdou and El-Nennah (1980) and  

Alloway  et al. (1984) stated that the sewage sludge usually 

contain relatively low to moderate concentrations of, Pb, Zn, Co, 

and Ni. They were responsible for metal contamination over 

much larger areas of land. These metals in the sludge originally 

exist in both organic and in organic forms and because of the 

high proportions of organic matter present in the sewage, various 

transformations are likely to occur to the metals after the sludge 

is mixed with the soil.  
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Abdel-Sabour et al. (1995) observed a significantly 

accumulation of Fe, Zn,  Pb, Cu and Co over 52 years of 

irrigation with sewage effluent in El-Gabal El-Asfar farm. 

Mosalem (1997) revealed that increasing irrigation period 

of sewage effluent at El-Gabal El- Asfar farm has increased both 

DTPA extractable and total Fe, Zn, Mn, Cu, Ni, Pb, Co and Cd 

elements in soil sample. 

Abdel–Aal  et al., (1991) studied the accumulation of 

heavy metals i.e.,  Fe, Mn, Zn, Cu, Pb, Ni, , and Cd in Abu-

Rawwash farm sandy soils irrigated with sewage effluents for 

different durations up to 10 years. Their Results showed a 

marked accumulation of the tested elements through both surface 

and subsurface soil layer particularly the most upper layer (5cm). 

The average annual increments for the above mentioned 

elements were 6.4, 1.1, 5.2, 1.6, 1.1, 0, 20, and 0.02. ppm 

respectively. In the same farm, El-Gendi  et al., (1997) found 

that the total contents of Zn, Cu, Mn, Fe, after 14 years of 

wastewater irrigation were approximately 170, 125, 53 and 5 

times greater than polluted soil. 

Badawy and Helal (1997) found that the contents of heavy 

metals Fe, Mn, Cu, Zn, Cd, Co, Ni, Pb, and Cr were increasing 

to be as high as 280-590 % of the initial contents after irrigation 

with industrial wastewater up to 4 years in Hilwan soils.   

2.1.2 Remediation of polluted soils: 

Soil remediation has to be considered when levels of toxic 

elements and substances present are encountered. The choice of 

the most suitable treatment depends on the nature of 

environmental hazards imposed by the presence of toxic 
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substances in the soil, sites characteristics, concentration and 

types of pollutants to be removed. The selection of treatment 

takes into account the risk assessment, during, and after 

remediation, but must also consider the cost of remediation and 

the designed use of land thus, it is of vital importance to assess 

methods and techniques for chemical and physical remediation. 

Practical experience obtained in this respect and scientific and 

technological aspects of this experience is important in order to 

keep a clean environmentally nearby (Yaron et al., 1996). 

2.1.3 The need for remediation  of  polluted soils 

There is a long history of contamination accumulating in 

soil due to number of wrong practices. Public and political 

pressure to solve a problem situation of this nature occurs when 

critical toxic levels are reached. 

 Soils contain and receive heavy metals (such as Pb, Cd 

As, Se, Cu, Zn, Hg) that can accumulated to very high contents 

and find their way to plants reaching toxic level, many of these 

metals are toxic, even in very small contents as consequence 

there would be a risk for ecosystems, agrosystems and health. It 

is suggested that knowledge of the mechanism that control the 

behaviour of heavy metals must be improved and can be used for 

risk assessment and proposition of remediation treatments  

(Berthelin and leyval, 2000). 

Heavy metal pollution of soils is a serious problem not only 

in highly industrialized western countries but also in the 

developing countries. Contaminated sites may cause severe risk 

for human health and ecosystems as a result of their nobilities 

and solubility. The extent and the character of polluted sites very 
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strongly. a sustainable part of some polluted sites consists of 

large areas with upper layers which could be diffusely polluted 

with pesticides, many pesticides are highly stable organic 

pollutants that are not easily biodegradable in soil (Frazer, 

2000).  

Accumulation of heavy metal in soils may be due to 

disposal of residue of coal combustion and some commercial 

products on land. Soil also receives large quantities of trace 

metals from a variety of domestic and industrial wastes, seepage 

waters, fertilizers residue of agrochemical and municipal 

sewage. Radionuclides may build up in some areas due to 

deliberate or accidental releases related to their use for energy 

production or for military purposes (Negri and Hinchman, 

2000). 

One of the negative environmental impacts arising from the 

heavy metal pollution of soil groundwater contamination. Water 

percolating through the soil may slowly extracts heavy metals 

which may eventually reach aquifers of groundwater used for 

Domestic purposes. Acidification of the soil accelerates this 

process. Pollutants retained in the soil may be released into the 

soil solution, displaced as water- immiscible liquids , or 

transported into the gaseous phase the form and the rate of 

release are depended on the properties on pollutants and the 

medium , as well as by environmental conditions. Non-adsorbed 

pollutants may be released from the soil through dissolution and 

volatilization process (Yaron et al., 1996).    
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2.1.3.1 Risk Assessment 

The hazard of toxic elements or compound present in soil is 

strongly related, on the one hand , to the state , mobility, and 

bioavailability of these substances and, on the other hand to the 

geologic and pedologic characteristics and the physiochemical 

and biological properties of the soil. The risk assessment 

comprises two parts. Firstly, diagnosis which is the 

characterization of nature of the soil pollution within the context 

of the soil properties. Secondly, prognosis which is a description 

of changes which may occur in the course of time in case of 

changes in the physical or biological parameters of the soil. 

Soil contamination with Zn, Ni, and Cu caused by mine 

wastes and smelter is known to phytotoxic to sensitive plants 

(Chaney, et al., 1999).  Life stock and wildlife have suffered 

from Se poisoning. One of the greatest concerns for human 

health is caused by Pb contamination. Exposure to Pb in food, 

water, soil or dust, excessive Pb exposure can cause seizure, 

metal retardation and behavioural disorders. The danger of Pb is 

aggravated by low environmental mobility even under 

precipitation. (Chaney, et al., 1999). 

2.1.3.1.1 Diagnosis  

Pollution may be localized or dispersed. Localized 

pollution can result from an accident during transport or storage 

(oil, chemicals, etc.) Or from specific activities (industrial plants, 

smelter, etc,) as a consequence of which, high concentration of 

potentially toxic materials may be found in places. Dispersed 

pollution occurs when pollutants are spread at low concentration 

over large areas. Pollutants in soil may accumulate as soil 
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amendments, fertilizers, phytosanitary treatments, from dust or 

vapours and be entrapped by some soil constituents. Geologic, 

pedologic, hydrologic, and geographic studies should be 

conducted, to obtain information on the polluted sites. The 

impacts of this environment on the mobility, bioavailability, and 

transformation of pollutants and, hence, their impact on the 

wider environment, are strongly dependent on these 

characteristics.  

Chemical analysis of collected samples would shed more 

information on the location of toxic substances, or of horizon in 

the soil profiles. The mobility (movement of substances within 

the soil), bioavailability (accessibility and availability of 

elements or substances to living organisms), retention, and 

transformation of toxic materials are strongly related to their 

physiochemical properties and their location in the soil solid 

phase. Potentially toxic elements of low mobility and 

bioavailability are of little risk to the environment. Thus, it is 

necessary to determine precisely not only the total amounts of 

toxic materials, but also their physiochemical status and their 

locations (Chaney, et al., 1999). 

2.1.3.1.2 Prognosis  

The prognosis has an impact in the way to manage 

contaminated soils. If the spatial spreading of the pollution as 

time goes on is expected to be negligible, it could be better to 

leave the site in its existing state. On the other hand, if the 

pollution is expected to spread rapidly, remediation has to be 

undertaken. Prognosis is an important part of the risk 

assessment. 
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As consequence, the risk can not be assessed only on the 

basis of the total amount of potentially toxic substances in the 

soil. The state of the soil and contaminants at the time of 

pollution, and its development with time; and challenges in the 

physiochemical or biological parameters of pollutants and soil 

(Chaney, et al., 1999). 

2.2 Remediation technologies for heavy metals-polluted 

soils 

Soil pollution may be localized or dispersed. Impacts of soil 

properties and environment on the mobility and biological 

degradation or status transformation are important. Diagnosis of 

the nature and extent of pollution are vital aspects to assess a true 

prognosis for the state of the soil to be remedied.  Soil pollution 

may be due to accumulation of certain heavy metals such as Pb, 

Cr, Cd, Hg, As and Ni or some organic compounds of toxic 

nature. Techniques remediating polluted soils are variables and 

depend on the nature of polluted soil and the polluting material(s) 

and substances (Yaron  et al., 1996). 

2.2.1 Physical Remediation 

2.2.1.1 Soil washing 

Soil washing and in-situ flushing involve the addition of 

water with or without additives including organic and inorganic 

acids, sodium hydroxide which can dissolve soil organic matter, 

water solvents such as methanol, and nontoxic cations 

complexing agents such as ethylenediamineteyraraacetic acid 

(EDTA), acids in combination with complexation agents or 

oxidizing / reducing agents. Biosurfactants, biologically produced 

surfactants may be promising agents for enhancing removal of 
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metals from contaminated soils and sediments (Mulligan, et al., 

2001). 

In-situ flushing is referred to washing of soil which may 

be done through a series of injection wells or through surface 

application of water or specific solution to the soil and allowed to 

percolate downward through the contaminated soil depth. The 

washing solution is often recovered through recovery wells. Soil 

flushing can be complicated by a variety of chemical reactions 

that can take place in the soil (Mulligan et al., 1998). 

The contaminated soil is mixed with wash water to which 

chemicals may be added to disperse clay and to chelae metals 

(Opatken, 1993). The soil and wash water are then separated and 

the soil is rinsed with clean water and removed from the process 

as a product. Soil particles can easily be separated because of 

their high settling velocity. The separated small particles carry 

higher levels of pollutants than the original soil and, therefore, 

should be targeted for either further treatment or secure disposal. 

Four approaches to increase metal mobility in heavy metal-

polluted soils have been suggested:  i) change in acidity, ii) 

change in ionic strength, iii) change in redox potential and iv) 

formation of mobile complexes.  

Soil washing is not a destructive technology, but 

contamination is only transferred from one contaminant phase to 

another. The resultant washing solution must then be treated to 

remove the contaminants and reduce the aqueous volume 

requiring disposal. Convential technologies are available to treat 

soil-washing solutions and manage the residues derived from 

them, but these technologies can significantly increase the cost of 
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a remediation. Once the washing solution has been used, it may 

need recycling to treat subsequent batches of contaminated soil, 

contaminated fine-grained materials separated from the washing 

solution must also be treated and /or disposed, although 

separation and treatment of these fines can be difficult ( Higgins  

et al.,1997). 

Sulphuric acid is a suitable choice as extractant because of 

its lower cost (Ososkov et al., 1997). Weak organic acids or their 

salts can be used as an environmentally friendly remediation 

substance. These acids have the capabilities of washing heavy 

metals without deteriorating the soil properties (Wasay et al., 

1998). 

Oxalate solutions have been tested as extractants for soil 

remediation. Acid oxalate dissolves the amorphous Al- and Fe- 

oxides and hydroxides and mobilizes the adsorbed inorganic as 

species. Oxalate also acts as a ligand for the cationic heavy 

metals, releasing them from exchangeable sites (Bhattacharya et 

al., 2002). 
 

2.2.2  Chemical Remediation  

2.2.2.1  In Situ Immobilization 

2.2.2.1.1  Apatite  

Contaminated soils can be treated in situ or ex situ to 

immobilize the pollutants. In situ treatment has the advantage of 

minimizing the exposure of site works and local residents to 

airborne pollutants. In situ immobilization of metals using 

inexpensive amendments such as minerals (apatite, zeolite or clay 

minerals) or waste by-product (beringite , iron-rich biosolids) is a 
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promising remediation methods. In polluted soils, metals can 

dissolved in the soil solution adsorbed on soil particles, 

complexed with soil organic compounds, or precipitated as solids. 

The main purpose of in situ remediation is to reduce the fraction 

of toxic elements that is potentially mobile or bioavailable 

(Vangronsveld  et al., 2000). 

Apatite has been used to remedy Pb contamination, apatite 

dissolution releases phosphate, which combines with Pb from 

highly insoluble Pb-phosphate minerals (Manecki  et al., 2000 ). 

Approximately 100% of the Pb applied  was removed from 

solution , representing a capacity of 151 mg Pb/g of apatite, while 

49% Cd and 29% Zn added were attenuated, with removal 

capacities of 73 and 41 mg/ g of apatite, respectively  ( Chen et 

al., 1997). 

The immobilizing capacity of hydroxyapatite (HA) for use 

as a soil additive for the in situ remediation of metal 

contaminated soils was investigated by Boisson  et al. (1999 a). 

Three different rates of HA (0.5, 1 and 5% by weight "w/w") 

were applied to metal (Zn, Pb, Cu, and As) contaminated soil in 

Belgium. Maize (Zea mays) and phaseolus bean (Phaseolus 

vularis) were grown and results showed that exchangeable metal 

contents in soil decreased with increasing HA application . Plant 

mineral analysis showed that contaminations of toxic metals in 

the leaves of plants decreased after HA application. 

  Boisson et al. (1999) evaluated the possible use of 

hydroxyapatite (HA) as a soil additive for the in situ remediation 

of metal contaminated soils. Three different concentrations of HA 
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(0.5%, 1%, and 5% by weight (w/w) were applied to a metal (Zn, 

Pb, Cu, Cd and As) contaminated soil.  

Test plants (Zea Mays cv. Volga and Phaseolus vulgaris cv. 

Limburgse vroege) were grown on all soils. Growth parameters 

were determined and mineral analysis (Cu, Zn, Pb, Cd, Ni, Mn, 

Mg, Ca, K, As and P) of plants was performed. Results obtained 

showed that the exchangeable metal contents in soil decreased 

with increasing HA application. Plant mineral analysis showed 

that concentrations of ‘toxic' metals in the leaves of the test plants 

decreased after HA application. At the 5% application level an 

increase of Zn, Cu, and Ni uptake was observed compared to the 

0.5% and 1% application rate. In contrast to metal uptake, As 

uptake was found to increase after HA treatment. The results 

illustrate that HA application for the remediation of metal 

contaminated soils can be effective, but is not self-evident. Strong 

immobilization of essential nutrients may lead to deficiency 

problems and mobilization of As may lead to an increased 

transfer to plants and animals and to an increased percolation of 

this element to the ground water. 

2.2.2.1.2 Rock Phosphate 

The effect of rock phosphate (RP) to reduce the bioavailable 

of Cd, Pb and Zn and the long-term stability of phosphate –

treated soil were evaluated in a loam soil contaminated with Zn 

and Pb ( Basta and Gradwohl, 1998). 

2.2.2.1.3   Clay Minerals  

Some clay minerals can be used to decontaminate by mixing 

these materials in situ at metal polluted sites.  Krebs and Gupta 

(1994) reported that, Na- montmorillonite and gravel sludge have 
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high adsorption capacities, when mixed with Zn- contaminated 

soil, since they reduced Zn values to below the permitted level 

under Swiss law, without causing plant physiological deficiency 

of Zn or other essential nutrients. 

Lombi  et al., (2002 a) investigated the efficiency of a 

bauxite residue (red mud) which is Fe- rich material to 

immobilize heavy metals in two soils, one contaminated by 

industrial activities. 

2.2.2.1.4   Organic Materials    

Organic agents (such as aminopolycarboxylic acid, organic 

acid, humic acid, biosurfactants, etc., ) play an important role in 

the remediation of heavy metals - contaminated soil, and their 

introduction into practice is a promising strategy to develop an 

efficient solution for this remediation (Sun et al., 2006). 

Dissolved organic matter (DOM) is an important and active 

component in both terrestrial and aquatic ecosystems, while soil 

DOM plays an important role in the pedogenesis, mineral 

weathering, and translocation of pollutants in soils. Soil DOM has 

important effects on the chemical and biological behaviors of 

heavy metals in soil-plant system, but its mechanism is not 

identified. The activity of heavy metals in soils was affected by 

the DOM produced from organic fertilizer. The main affecting 

mechanisms of soil DOM on behaviors of soil heavy metals were 

summarized as complexing with heavy metals, competing with 

metals for adsorption sites, and affecting soil pH value (Li and 

Yang, 2004) 

Ling  et al., (2004) reported that dissolved organic matter 

(DOM) is an important component of solutions in terrestrial and 
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aquatic ecosystems through its influence on acidity, nutrient 

availability, and toxicity. DOM could enhance the apparent 

solubility of organic pollutants and alter adsorption-desorption 

equilibrium of organic pollutants on soil. The enhancement of 

organic pollutants desorption in the presence of DOM could 

facilitate the mobility of organic pollutants in soil. On the other 

hand, the sorption of DOM by solid sorbents in soil could also 

enhance the retention of DOM-associated organic pollutants in 

soil. Furthermore, as a photosensitizer, DOM could promote the 

photogradation of organic pollutants in soil. And under certain 

condition, DOM also affected the hydrolysis of organic pollutants 

in soil solution. The effects of DOM on environmental behaviors 

of organic pollutants in soils were related to the physico-chemical 

characteristics of organic pollutants, DOM, and soil. 

2.1.2.1.5   Lime and Manure 

Sun  et al. (2004) conducted a pot experiment to study the 

bio-environmental effects of lime and organic manure application 

on red soil and paddy soil derived from red sandstone and 

polluted by multi-heavy metals. Their results indicated that 

liming decreased the content of soil bioavailable Cu and Pb 

extracted with 0.05 mol/L HCl, applying hog manure increased 

that of Cd. Soil bioavailable heavy metals (HMs) showed an 

apparent relationship with soil dissolved carbon. Applying lime 

and organic manure has a positive physiological effect on soil 

microorganisms. Many indexes, i.e. the number of soil 

actinomycetes, the content of HMs in the root of sweet potato, 

showed the remarkable relationship with soil bioavailable Cu, Cd 

and Pb.  However, some indexes of soil and plant only relative to 
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one or two soil bioavailable HMs. Soil microbial biomass carbon 

correspondent with soil bioavailable Cd. The daily mean value in 

the seedling stage showed a stronger relationship with soil 

bioavailable Cu and Pb. Therefore these two physiological 

indexes can reflect the change of soil metallic contamination. 

In a lysimeter set-up, compost addition to an industrial 

contaminated soil slightly reduced phytotoxicity to bean 

seedlings. The “Phytotoxicity Index” (on a scale from 1 to 4) 

decreased from 3.5 to 2.8. The same treatment also reduced metal 

accumulation in grasses: mean Zn, Cd and Pb concentrations 

decreased respectively from 623 to 135, from 6.2 to 1.3 and from 

10.7 to <6 mg kg−1 dry weight. When combined with inorganic 

metal immobilizing amendments, compost had a beneficial effect 

on plant responses additional to the inorganic amendments alone. 

Best results were obtained when using compost (C) + cyclonic 

ashes (CA) + steel shots (SS). Based on the first year evaluation, 

C + CA + SS showed to be an efficient treatment for amendment 

assisted phytostabilization of the contaminated Over-pelt soil, 

Ruttens  et al. (2006). 

Xu et al. (2007) studied the effects of three amendments 

(lime, manure, and sepiolite) on cadmium (Cd) and zinc (Zn) 

bioavailability in contaminated paddy soils by pot experiment 

with cultivating rape. Results showed that the yield of rape 

increased after amendments application. The treatment of lime 

and manure co-application showed the highest increasing yield by 

more than 170% comparing with no amendments application in 

the eight treatments. The amount of absorbed Cd and Zn in rape 

decreased after the three amendments application. Lime 
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application showed the best effect to decrease the heavy metal 

content in rape when amendments were separately applied. 

However, sepiolite could hardly decrease the content in rape after 

separately applied in contaminated soil. Accordingly, the 

carbonate combined and the Fe-Mn oxide fractions, which were 

unavailable in soil for rape, increased greatly. The uptake 

coefficient of Cd was higher than that of Zn. It indicated that Cd 

was more movable in soil and lime application could obviously 

decrease the uptake coefficient. The remediation efficiency was 

significantly improved in the treatment of co-application with 

lime and manure in Cd-Zn contaminated paddy soil. Compared 

with control (CK), it increased 13.5 times for Cd and 2.4 times 

for Zn, respectively. 

Puschenreiter  et al. (2002) was conducted a pot trial with 

two contaminated soils to investigate the effect of EDTA and 

ammonium sulfate on the accumulation of heavy metals into 

shoots of the low-biomass hyperaccumlator Thlaspi goesingense 

Hálácsy (Brassicaceae) and the high-biomass non-

hyperaccumulating plant Amaranthus hybridus (Amaranthaceae). 

Their results showed that the application of 1 g EDTA (kg soil) - 1 

metal extractability with 1 M NH4NO3 increased substantially, 

whereas the application of (NH4)2SO4 was less effective. The 

EDTA treatment increased the heavy metal concentrations in both 

plant species; however, the difference to the control was larger 

for A. hybridus. EDTA enhanced shoot concentrations in A. 

hybridus grown on soil Arnoldstein from 32.7 mg kg - 1 to 

1140 mg kg - 1 for Pb and from 3.80 mg kg - 1 to 10.3 mg kg - 1 for 

Cd. Cd concentrations in shoots of T. goesingense were also 
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increased by EDTA application, however, a slight decrease was 

observed for Pb. T. goesingense accumulated 2840 mg Pb kg - 1 

without any treatment. A decrease of shoot Pb concentration was 

observed in T. goesingense upon treatment with ammonium 

sulfate.  

2.2.2.1.6  Red Mud  

Contamination of soils with heavy metals and metalloids is a 

widespread problem all over the world. Low cost, non-invasive, 

in situ technologies are required for remediation processes. 

Lombi  et al., (2002) investigated the efficiency of a bauxite 

residue (red mud) to fix heavy metals in two soils, one 

contaminated by industrial. The red mud amendment shifted 

metals from the exchangeable to the Fe-oxide fraction, and 

decreased acid extractability of metals. The results suggest that 

specific chemisorption, and possibly metal diffusion into oxide 

particles could also be the mechanisms responsible for the 

fixation of metals by red mud. 

Gray  et al. (2006) evaluated the effectiveness of lime and 

red mud (by-product of aluminum manufacturing) to reduce 

metal availability to Festuca rubra . They reported that the 

application of both lime and red mud (at 3 or 5%) increased soil 

pH and decreased metal availability. Festuca rubra failed to 

establish in the control plots, but grew to a near complete 

vegetative cover on the amended plots. The most effective 

treatment in decreasing grass metal concentrations in the first 

year was 5% red mud, but by year two all amendments were 

equally effective. The results show that both red mud and lime 
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can be used to remediate a heavily contaminated acid soil to 

allow re-vegetation. 

Garau  et al. (2007) compared the efficiency of different 

amendments, notably red mud (a bauxite residue), natural zeolite 

and lime, to immobilize the heavy metals present in a polluted 

acidic soil [Pb (3266 mg kg− 1 d.m.), Cd (35.4 mg kg− 1 d.m.) and 

Zn (1495 mg kg− 1 d.m.)] and to influence several microbiological 

properties. They reported that the addition of all the amendments 

decreased significantly (P < 0.05) the solubility of Pb, Cd and Zn 

and the increase of soil pH was identified as a common 

mechanism of action for both red mud and lime. All the 

amendments reduced the number of heterotrophic fungi 

(P < 0.05) while only the lime addition influenced negatively the 

number of free-living N2-fixing bacteria. Furthermore, the 

addition of red mud and lime caused a significant change of the 

dominant culturable bacterial community. It is concluded that all 

the amendments considered influenced with a different extent the 

heavy metal mobility in soil as well as the structure and function 

of the resident culturable microbial communities. Red mud was 

the most effective at reducing the “mobile” form of the metals 

considered and at promoting bacterial abundance and soil enzyme 

activity. 

Ciccu   et al. (2003) tested the possibility of using red muds, 

bauxite ore processing waste, and/or fly ash produced by coal 

fired power stations for immobilizing the heavy metals contained 

in severely contaminated soils. The results of laboratory column 

leaching demonstrate that relatively small additions of fly ash or 
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red muds or a combination of the two, to the contaminated soils 

drastically reduces the heavy metal content in the effluent. 

2.2.3 Bio-remediation 

Soil microbial biomass parameters give useful information 

about  the restoration degree and quality of contaminated soils. 

These  parameters were studied in a field experiment where the 

effect  of  two organic amendments on the bioavailability of  

heavy metals in an agricultural soil and on their accumulation in 

Beta vulgaris
 and Beta maritima was assessed. The  soil was a 

calcareous Xeric Torriorthent and the total metal levels were (mg 

kg–1): 2706 Zn, 3235 Pb, and 39 Cu. The treatments were: fresh 

cow manure, olive husk, and inorganic fertilizer as a control. Two 

successive crops (B. vulgaris and B. maritima) were grown on the 

treated and untreated plots. The soil was sampled before each 

planting and after each harvest over a 15-days period. Biomass C 

and N increased in all plots, especially in the organically amended 

ones. The ratio CO2–C/biomass C decreased in olive husk and 

manure-treated plots, in comparison with the control, and also 

during the experiment, suggesting a beneficial effect of the 

organic amendments. In olive husk-treated plots a significant 

increase in the ratio of biomass C/total organic carbon (TOC) 

with time was observed. This indicated a reduction of heavy 

metal stress on the microbial population. The amendments 

showed, in general, a beneficial effect on soil quality and fertility, 

while microbial biomass parameters were found to be useful 

indicators of the evaluation of the remediation processes 

contaminated soils drastically reduces the heavy metal content in 

the effluent ( Clemente  et al., 2007).  
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  Wang et al. (2007) showed that Cu contamination had 

inhibitory effect on soil bacteria and actinomycetes, but no effect 

on soil fungi. Straw amendment increased soil fungi significantly, 

while earthworm inoculation could increase the numbers of soil 

bacteria and actinomycetes significantly but had little effect on 

soil fungi. When the Cu concentration was higher than 200 mg x 

kg(-1, soil microbial biomass carbon was depressed, but 

earthworm inoculation and straw amendment could enhance it, 

with most significant effect under the combination of these two 

treatments. Earthworm inoculation and straw amendment could 

enhance soil basal respiration markedly. When the Cu 

concentration was lower than 200 mg x kg(-1), treatment M had 

the highest soil basal respiration, being about 3.06-5.58 times 

higher than that of CK, while at Cu > or =200 mg x kg(-1), soil 

qCO2 followed the sequence of ME > E > M > CK. Treatments 

M and E had no effects on soil NH4+ -N. As for soil NO3- -N, 

treatment E could increase it significantly, but treatment M was in 

adverse. Treatment ME induced the lowest soil NO3- -N. In a 

definite degree, earthworm inoculation and straw amendment 

could mitigate the negative impact of Cu contamination on soil 

microflora  and microbial activity. In non-agricultural conditions, 

the natural role of plant growth promoting rhizobacteria (PGPR), 

P-solubilizing bacteria, mycorrhizal-helping bacteria (MHB) and 

arbuscular mycorrhizal fungi (AMF) in maintaining soil fertility 

is more important than in conventional agriculture, horticulture, 

and forestry where higher use of agrochemicals minimize their 

significance. These microbes initiate a concerted action when a 

particular population density is achieved. AMF also recognize 

their host by signals released by host roots, allowing a functional 
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symbiosis. AM fungi produce an insoluble glycoprotein, 

glomalin, which sequester trace elements and it should be 

considered for biostabilization leading to remediation of 

contaminated soils. Phytoextraction strategies, such as 

inoculation of plants to be used for phytoremediation with 

appropriate heavy metal adapted rhizobial microflora, co-

cropping system involving a non-mycorrhizal hyperaccumulator 

plant and a non-accumulator but mycorrhizal with appropriate 

AMF, or pre-cropping with mycotrophic crop systems to optimize 

phytoremediation processes, merit further field level 

investigations. There is also a need to improve our understanding 

of the mechanisms involved in transfer and mobilization of trace 

elements by rhizosphere microbiota and to conduct research on 

selection of microbial isolates from rhizosphere of plants growing 

on heavy metal contaminated soils for specific restoration 

programmes. This is necessary if we are to improve the chances 

of successful phytoremediation (Khan, 2005). 

         Vasudevan and Rajaram (2001) reported that aerobic 

conditions and appropriate microorganisms are necessary for an 

optimal rate of bioremediation of soils contaminated with 

petroleum hydrocarbons. In soils, the oxygen content depends on 

microbial activity, soil texture, water content and depth. A low 

oxygen content in soils has been shown to limit bioremediation of 

soils contaminated with petroleum hydrocarbons (Von Wedel et 

al., 1988) and in a laboratory experiment, mineralization of 

hydrocarbons from soil was severely limited when the oxygen 

content was below 10% (Freijer, 1986). Tillage is a mechanical 

manipulation of soil to improve soil conditions (Hillel, 1980). It 
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alters physical and chemical properties of soil in such a way that 

it stimulates microbial activity (Melope  et al., 1987). Tillage 

redistributes carbon, nitrogen and water and reduces spatial 

distribution within the soil (Rhykerd et al., 1999). Bulking 

agents are materials of low density that lower soil bulk density, 

increase porosity and oxygen diffusion, and can help to form 

water-stable aggregates. These activities increase aeration and 

microbial activity (Hillel, 1980). The aim of this study was to 

enhance the remediation of soil contaminated with oil sludge by 

the use of a bacterial consortium, inorganic supplements, bulking 

agents and compost. 

2.2.4   Phytoremediation 

Phytoremediation uses plants to remove pollutants from the 

environment. The use of metal-accumulating plants to clean soil 

and water contaminated with toxic metals is the most rapidly 

developing component of this environmentally friendly and cost-

effective technology. The recent discovery that certain chelating 

agents greatly facilitate metal uptake by soil-grown plants can 

make this technology a commercial reality in the near future 

(Raskin  et al., 1997). 

  Phytoremediation is an emerging technology that uses 

plants to clean up pollutants (metals and organics) from the 

environment. Within this field of phytoremediation, the 

utilization of plants to transport and concentrate metals from the 

soil into the harvestable parts of roots and above-ground shoots is 

usually called phytoextraction. Most traditional remediation 

methods do not provide acceptable solutions for the removal of 

metals from soils. By contrast, phytoextraction of metals is a 
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cost-effective approach that uses metal-accumulating plants to 

clean up these soils. Subsequently, the harvestable parts, rich in 

accumulated metals, can be easily and safely processed by drying, 

ashing or composting. Some extracted metals can also be 

reclaimed from the ash, generating recycling revenues. 

Phytoextraction appears a very promising technology for the 

removal of metal pollutants from the environment and may be, at 

present, approaching commercialization (Garbisu
 
and Alkorta, 

2001). 

  Environmental pollution affects the quality of pedosphere, 

hydrosphere, atmosphere, lithosphere and biosphere. Great efforts 

have been made in the last two decades to reduce pollution 

sources and remedy the polluted soil and water resources. 

Phytoremediation, being more cost-effective and fewer side 

effects than physical and chemical approaches, has gained 

increasing popularity in both academic and practical circles. More 

than 400 plant species have been identified to have potential for 

soil and water remediation. Among them, Thlaspi, Brassica, 

Sedum alfredii H., and Arabidopsis species have been mostly 

studied. It is also expected that recent advances in biotechnology 

will play a promising role in the development of new 

hyperaccumulators by transferring metal hyperaccumulating 

genes from low biomass wild species to the higher biomass 

producing cultivated species in the times to come. This paper 

attempted to provide a brief review on recent progresses in 

research and practical applications of phytoremediation for soil 

and water resources (LONE et al., 2008). 



Review of Literature             29 
 

Krämer, (2005) reported that the environmental pollution 

with metals and xenobiotics is a global problem, and the 

development of phytoremediation technologies for the plant-

based clean-up of contaminated soils is therefore of significant 

interest. Phytoremediation technologies are currently available for 

only a small subset of pollution problems, such as arsenic. 

Arsenic removal employs naturally selected hyperaccumulator 

ferns, which accumulate very high concentrations of arsenic 

specifically in above-ground tissues. Elegant two-gene transgenic 

approaches have been designed for the development of mercury 

or arsenic phytoremediation technologies. In a plant that naturally 

hyperaccumulates zinc in leaves, approximately ten key metal 

homeostasis genes are expressed at very high levels. This outlines 

the extent of change in gene activities needed in the engineering 

of transgenic plants for soil clean-up. Further analysis and 

discovery of genes for phytoremediation will benefit from the 

recent development of segregating populations for a genetic 

analysis of naturally selected metal hyperaccumulation in plants, 

and from comprehensive ionomics data – multi-element 

concentration profiles from a large number of Arabidopsis 

mutants. 

The improvement of the purity of natural zeolites coupled 

with their chemical modification capabilities in order to provide 

specific properties may provide a cost-effective alternative for the 

treatment of heavy metal contaminated soil and water. The 

application of natural zeolites in industrial pollution control is 

becoming important and the level of technical effort is 

increasingly expanding. The extent of application is unlikely to 
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be related solely to their low cost, but also to improved properties 

and performance characteristics, which will advance the practical 

implementation of natural zeolites' technology (Sabeha 

Kesraoui-Ouki, 1994). 

Heavy metal hyperaccumulation is becoming more and 

more interesting for ecological, evolutionary, nutritional, and 

environmental reasons. One model species, especially in the era 

of high throughput genomics, transcriptomics, proteomics and 

metabolomics technologies, would be very advantageous. 

Although there are several hyperaccumulator species known, 

there is no single model species yet. The Zn, Cd and Ni 

hyperaccumulator species Thlaspi caerulescens has been studied 

to a great extent, especially for Zn and Cd hyperaccumulation and 

tolerance. Its physiological, morphological and genetic 

characteristics, and its close relationship to Arabidopsis thaliana, 

the general plant reference species, make it an excellent candidate 

to be the plant heavy metal hyperaccumulation model species 

(Ana G. L. Assunção  et al., 2003). 

Phytoremediation, employs green plants in the remediation 

process. The technique represents an ever-growing area of 

research built on a sound technical basis. This technology draws 

heavily from a wide range of agronomic, biological, and 

engineering disciplines. Exploiting all plant-influenced 

biological, microbial, chemical, and physical processes to 

remediate contaminated sites is the goal of much research in this 

area. In certain situations, sites remediated with a plant- based 

technology are expected to have significant economic, aesthetic, 
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and technical advantages over traditional engineering solutions 

(Cunningham and Berti, 1993). 

The biosorption - as a part of bioremediation consists of a 

group of applications, which involvethe detoxification of 

hazardous substances instead of transferring them from one 

medium to another, by means of microbes and plants. This 

process is characterized as less disruptive and can be often carried 

out on site, eliminating the need to transport the toxic materials to 

treatment sites. The biosorption (sorption of metallic ions from 

solutions by live or dried biomass) offers an alternative to the 

remediation of industrial effluents as well as the recovery of 

metals contained in other media. Biosorbents are prepared from 

naturally abundant and/or waste biomass. The mechanism by 

which microorganisms take up metals is relatively unclear, but it 

has been demonstrated that both living and non-living biomass 

may be utilized in biosorptive processes, as they often exhibit a 

marked tolerance towards metals and other adverse conditions.  

One of their major advantages is the treatment of large volumes 

of effluents with low concentrations of pollutants (Gavrilescu, 

2004). 

Lombi  et al. (2002) evaluated the responses of different 

biological endpoints to in situ remediation processes. Three soil 

amendments (red mud, beringite and lime) were applied to two 

soils polluted by heavy metals. Oilseed rape, wheat, pea and 

lettuce were grown successively in pots on the untreated and 

amended soils and their yield and metal uptake were determined.  

In both soils all three amendments reduced phytotoxicity of heavy 

metals, enhanced plant yields and decreased the metal 
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concentrations in plants. The red mud treatment increased soil 

microbial biomass significantly. The microbial biosensors 

responded positively to the remediation treatments in the 

industrially-contaminated soil used in the experiment. Red mud 

applied at 2% of soil weight was as effective as beringite applied 

at 5%. The results also showed that since the biological systems 

tested respond differently to the alleviation of metal toxicity, a 

suite of biological assays should be used to assess soil 

remediation processes. 

2.2.4.1.  Phytoremediating plants  

Phytoremediation is the use of plants to partially or 

substantially remediate selected contaminants in contaminated 

soil, sludge, sediment, ground water, surface water, and waste 

water. It utilizes a variety of plant biological processes and the 

physical characteristics of plants to aid in site remediation. 

Phytoremediation has also been called green remediation, 

botano-remediation, agroremediation, and vegetative 

remediation. Phytoremediation is a continuum of processes, with 

the different processes occurring to differing degrees for 

different conditions, media, contaminants, and plants. A variety 

of terms have been used in the literature to refer to these various 

processes. This discussion defines and uses a number of terms as 

a convenient means of introducing and conceptualizing the 

processes that occur during phytoremediation. However, it must 

be realized that the various processes described by these terms 

all tend to overlap to some degree and occur in varying 

proportions during phytoremediation. Phytoremediation 

encompasses a number of different methods that can lead to 
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contaminant degradation, removal (through accumulation or 

dissipation), or immobilization: 

1. Degradation (for destruction or alteration of organic 

contaminants). 

A. Rhizodegradation: enhancement of biodegradation in the 

below-ground root zone by microorganisms. 

B. Phytodegradation: contaminant uptake and metabolism 

above or below ground, within the root, stem, or 

leaves. 

2. Accumulation (for containment or removal of organic and/ or 

metal   contaminants). 

A. Phytoextraction: contaminant uptake and accumulation 

for removal. 

B. Rhizofiltration: contaminant adsorption on roots for 

containment and/or removal. 

3. Dissipation (for removal of organic and/or inorganic 

contaminants into the atmosphere). 

A. Phytovolatilization: contaminant uptake and 

volatilization. 

4. Immobilization (for containment of organic and/or inorganic 

contaminants). 

A. Hydraulic Control: control of ground-water flow by plant 

uptake of water. 

B. Phytostabilization: contaminant immobilization in the soil 

Vegetated caps, buffer strips, and riparian corridors are 

applications that combine a variety of these methods for 
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contaminant containment, removal, and/or destruction. The 

different forms of phytoremediation are discussed individually 

below. With each phytoremediation method, it is necessary to 

ensure that unwanted transfer of contaminant to other media 

does not occur. Phytoremediation is potentially applicable to a 

variety of contaminants, including some of the most significant 

contaminants, such as petroleum hydrocarbons, chlorinated 

solvents, metals, radionuclide, nutrients, pentachlorophenol 

(PCP), and polycyclic aromatic hydrocarbons (PAHs). 

Phytoremediation requires more effort than simply planting 

vegetation and, with minimal maintenance, assuming that the 

contaminant will disappear. Phytoremediation requires an 

understanding of the processes that need to occur, the plants 

selected, and what needs to be done to ensure plant growth. 

Given the great number of candidates, a relatively limited 

number of plants have been investigated. Screening studies will 

be important in selecting the most useful plants. Extrapolation of 

results from hydroponic or greenhouse studies to actual field 

situations will require caution. Further field studies will be 

necessary. Verification of the applicability and efficacy of 

phytoremediation is likely to be required on a site-specific basis, 

at least until the technology becomes firmly proven and 

established. Phytoremediation requires a commitment of 

resources and time, but has the potential to provide a lower-cost, 

environmentally acceptable alternative to conventional remedial 

technologies at appropriate sites. 
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2.2.4.1.1 Plant Processes 

Phytoremediation takes advantage of the natural processes 

of plants. These processes include water and chemical uptake, 

metabolism within the plant, exudates release into the soil that 

leads to contaminant loss, and the physical and biochemical 

impacts of plant roots. 

Growth of plants depends on photosynthesis, in which 

water and carbon dioxide are converted into carbohydrates and 

oxygen, using the energy from sunlight. Roots are effective in 

extracting water held in soil, even water held at relatively high 

matric and osmotic negative water potentials; extraction is 

followed by upward transport through the xylem. Transpiration 

(water vapour loss from plants to the atmosphere) occurs 

primarily at the stomata (openings in leaves and stems where gas 

exchange occurs), with additional transpiration at the lenticels 

(gas exchange sites on stem and root surfaces). 

Carbon dioxide uptake from the atmosphere occurs through 

the stomata, along with release of oxygen. Respiration of the 

carbohydrates produced during photosynthesis, and production 

of ATP, necessary for the active transport of nutrients by roots, 

requires oxygen. Diffusion and advection of oxygen into the soil 

are necessary for continued plant survival; and high or saturated 

soil water content will greatly slow oxygen transport. Plants do 

not transport oxygen into roots (or into the surrounding water or 

soil), except for a relatively small number of plants (mostly 

aquatic, flood-adapted, or wetland plants) using specialized 

structures or mechanisms such as aerenchyma, lacunae, or 

pneumatophores. Few woody species can transport oxygen to the 
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root zone; flood tolerance of some trees, such as poplar, is likely 

due to coping mechanisms other than transport of oxygen. Plants 

require macronutrients (N, P, K, Ca, Mg, and S) and 

micronutrients (B, Cl, Cu, Fe, Mn, Mo, Zn and possibly Co, Ni, 

Se, Si, V, and maybe others). Lack of chlorophyll due to stresses 

on the plant, such as lack of nutrients, can result in chlorosis (the 

yellowing of normally green plant leaves). Nutrient uptake 

pathways can take up contaminants that are similar in chemical 

form or behaviour to the nutrients. Cadmium can be subject to 

plant uptake due to its similarity to the plant nutrients calcium 

and zinc, although poplar leaves in a field study did not 

accumulate significant amounts of cadmium (Pierzynski et al., 

1994).   Arsenic (as arsenate) might be taken up by plants due to 

similarities to the plant nutrient phosphate; however, poplars 

growing in soil containing an average of 1250 mg/kg arsenic did 

not accumulate significant amounts of arsenic in their leaves 

(Pierzynski et al., 1994).  Selenium replaces the nutrient sulfer 

in compounds taken up by a plant, but does not serve the same 

physiological functions (Brooks, 1998a and Pierzynski et 

al.,1994). 

Plant roots generally contain higher metal concentrations 

than the shoots despite the translocation mechanisms. An upper 

limit to the metal concentration within the root can occur. Root 

uptake of lead by hydroponically-grown plants reached a 

maximum concentration and did not increase further as the lead 

concentration of the solution increased (Kumar et al., 1995).  

Metals are generally unevenly distributed throughout a plant, 
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although in hyper accumulators the metal content of the leaves is 

often greater than other portions of the plant; for example, the 

greatest proportion of nickel in Alyssum heldreichii was found in 

the leaves (Brooks, 1998b).  Cadmium and zinc were found in 

both roots and shoots, although the shoots had higher 

concentrations of zinc (Brooks, 1998b). High concentrations of 

zinc were found in small hemispherical bodies located on the 

surface of some leaves of Thlaspi caerulescens (Brooks, 1998b).  

Phytoextraction occurs in the root zone of plants. The root zone 

may typically be relatively shallow, with the bulk of roots at 

shallower rather than deeper depths. This can be a limitation of 

phytoextraction. Remediation of lead-contaminated soil using 

Brassica juncea was limited to the top 15 cm, with insignificant 

lead removal from 15 to 45 cm (Blaylock et al., 1999).  Due to 

the scarcity, small biomass, slow growth rate, uncertain or 

specialized growing conditions of many hyper accumulators, or 

lack of hyper accumulators for some of the most serious 

contaminants, such as chromium, the effectiveness of hyper 

accumulators for Phytoextraction has been uncertain, especially 

if they can remove only a relatively small mass of metals from 

the soil. Solutions to this uncertainty include increased screening 

of hyperaccumulator candidate plants, plant breeding, genetic 

development of better hyper accumulators, genetic transfer of 

hyper accumulating abilities to higher-biomass plants, 

fertilization strategies that increase the biomass of hyper 

accumulators, or use of faster-growing, greater biomass metal-

accumulating plants that are not hyperaccumulators. Metals can 

be taken up by other plants that do not accumulate the high 
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concentrations of hyperaccumulators, for example,corn (Zea 

mays), sorghum (Sorghum bicolor), alfalfa (Medicago sativa L.), 

and willow trees (Salix spp.). The greater biomass of these plants 

could result in a greater mass of metals being removed from the 

soil even though the concentrations within the plants might be 

lower than in hyperaccumulators, since the metal concentration 

in the plant multiplied by the biomass determines the amount of 

metal removal.  McGrath (1998) points out, however, that the 

much higher metals concentrations achievable in 

hyperaccumulators more than compensate for their lower 

biomass. The suitability of hyperaccumulators as compared to 

non-hyperaccumulators will need to be resolved through further 

research and field trials of phytoextraction. Metals are taken up 

to different degrees. In one greenhouse study, phytoextraction 

coefficients (the ratio of the metal concentration in the shoot to 

the metal concentration in the soil) for different metals taken up 

by Indian mustard (Brassica juncea (L.) Czern) were 58 for 

Cr(VI), 52 for Cd(II), 31 for Ni(II), 17 for Zn(II), 7 for Cu(II), 

1.7 for Pb(II), and 0.1 for Cr(III), with the higher phytoextraction 

coefficients indicating greater uptake (Kumar et al., 1995). The 

effectiveness of phytoextraction can be limited by the sorption of 

metals to soil particles and the low solubility of the metals; 

however, the metals can be solubilized by addition of chelating 

agents to allow uptake of the contaminant by the plant. 

The chelating agent EDTA was used in a growth chamber 

study to solubilize lead to achieve relatively high lead 

concentrations in Indian mustard (Blaylock et al., 1997) and 
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EDTA and HBED solubilized lead for uptake by corn under 

greenhouse conditions (Wu et al., 1999). Potential adverse 

impacts of chelating agent addition, such as high water solubility 

leading to negative impacts on ground water, or impacts on plant 

growth, have to be considered (Wu et al., 1999).  In addition, 

increased uptake might be specific for one metal, such as lead, 

while decreasing uptake of other metals; for example, addition of 

citric acid or EDTA decreased uptake of nickel in the 

hyperaccumulator Berkheya coddii (Robinson et al., 1997). 

Some research with hyperaccumulating plants has achieved 

high levels of metal uptake when using plants grown in 

hydroponic solution. Extrapolation of the results of hydroponic 

studies to phytoextraction of metals from soils could be 

misleading, even using the same plants, due to the much greater 

bioavailability of metals in the hydroponic solution as compared 

to metals in soil. Such research indicates that uptake is possible, 

and identifies 

Appropriate plant species, rather than providing estimates 

of the actual concentrations. Phytoextraction coefficients under 

field conditions are likely to be less than those determined in the 

laboratory (Kumar et al., 1995). 

A small-scale field test application of phytoextraction was 

successfully conducted at the "Magic Marker" site in Trenton, 

NJ, by a commercial phytoremediation firm (Phytotech, Inc., 

which was acquired by Edenspace Systems Corporation in 

1999) under the Superfund Innovative Technology Evaluation 

(SITE) program. Lead was removed from soil using three crops 
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of Indian mustard in one growing season, with a decrease in soil 

concentrations of lead to acceptable levels (Blaylock et al., 

1999). 

Phytoextraction of organic contaminants is not as 

straightforward as for metals, in that transformations of the 

contaminants within the plant are more likely to occur. Ashing of 

metal-contaminated biomass and recovery of the metals may 

raise less concern than would the combustion of plant biomass 

containing organic contaminants, due to potential concerns over 

incomplete destruction of the organics and release of 

contaminants in the off-gases and particulate matter. 

Phytoaccumulation of organic contaminants has occurred. The 

explosive hexahydro-1,3,5- trinitro-1,3,5-triazine (RDX) was 

found to have accumulated in an unaltered form in the leaves of 

hybrid poplar, after uptake from a hydroponic solution 

(Thompson et al., 1999). This was viewed as a potential 

impediment to other forms of phytoremediation of RDX, such as 

rhizodegradation and phytodegradation, rather than as an 

application of phytoextraction. Accumulation of RDX in the 

poplar leaves could potentially result in food chain 

contamination.  
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Fig (1and 2) illustrated the mechanism of phytoremediation 

using plant to clean up soil. 

 

                      Figure (1): mechanism of phytoremediation  

 

 

             Figure (2): phytoremediation using plant to clean up soil 
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2.2.4.1.2.   Plants take up toxic metals  

In general, the uptake mechanism is selective and depends 

upon the structure and properties of membrane transporters, 

plants preferentially acquiring some ions over others. Hyper 

accumulator plants do not only accumulate high levels of 

essential micro nutrients, but can also absorb significant amounts 

of non-essential metal, such as Cd. 

Recent studies suggest that metal accumulation in the 

foliage may be a protective function against fungal, bacterial 

pathogen sand insect attack (Brooks, 1998 b). 

2.2.4.1.3.   Hyper accumulator species  

Hyperaccumulator are conventially defined as species 

capable of accumulating metals at level 100-fold greater than 

those typically measured in common non-accumulator plants. 

Thus, a hyperaccumulator   will concentrate more than 10 ppm 

Hg, 100 ppm Cd, 1,000 ppm Co, Cr, Cu and Pb; 10,000 ppm Ni 

and Zn (McGrath, 1998).  

Several agricultural and vegetable crops, ornamentals, and 

wild metal hyperaccumulating plants are being tested both in lab 

and field conditions for decontaminating the metalliferous 

substrates in the environment, to date approximately 400 plant 

species from at least 45 plant families have been reported to 

hyper accumulate metals (Baker, et al., 2000).  

Most of these plants belong to the families Brassicaceae 

(PI. Thlaspi, Alyssum), Compositae, Euphorbiaceae, Fabaceae, 

Liliacaea, Scrophulariaceae, Poaceae, Violaceae, which occur 

also in the native flora . nearly all of them are not agricultural 
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plants , thus there economic utilization is problematic (Huange, 

et al., 1997) A list of promising plants species for 

phytoextraction of metals and radio nuclides is given in table (1). 

Accumulation of elevated levels of metal is phytotoxic plants 

have developed strategies to defend against these potential stress. 

Metal tolerance may result from two basic strategies: metal 

exclusion and metal detoxification (Baker, 1981). The excluders 

prevent metal uptake into roots avoiding translocation and 

accumulation in shoots (De Vos, et al., 1991). 

Excluders have a low potential for metal extractions, but 

they can be used to stabilize the soil, and avoid further 

contamination spread due to erosion. Such a species is Agrostis 

tenuis (a pseudometallophyte) which avoids Cd, Cu, Pb, and Zn  

uptake by precipitating the metal in the rhizosphere  (Dahmani-

Muller,  et al., 2000). 

2.2.4.1.4 Plant mechanisms for metal detoxification  

Common non accumulator plants have evolved several 

mechanisms to control the homeostasis of intracellular ions. 

Such mechanisms include regulation of ion influx (stimulation of 

transporters activity at low concentration ion supply, and 

inhibition at high concentration), and extrusion of intracellular 

ions back into the external solution. 
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Table (1):  Plants with potential for the phytoextraction of 

various metals and radionuclides. 

Metal plant species Reference 

Cd Brassica juncea (L). Czern (Huang et al., 1997) 

Cr (VI) B.juncea (Huang et al., 1997) 

Cs Amaranthos retroflexus L.; B. 

juncea, B.oleraceae L.; Phalaries 

arundinaceae  L.;Phaseolus 

acutifolious A.Gray 

(Lasat et al., 1998) 

Cu B.juncea (Ebbs and Kochain, 

1998) 

Ni B.juncea Ebbs and Kochain, 

1998 

Pb B. camoetrise L.; B. carinata A. 

Br.; B. juanceae; B. napus l; B. 

nigra (L) Koch.; Helianthus 

annuus .L; Pisum sativumL.; Zea 

mays L.  

(Blaylock et al., 1997 

and Ebbs and 

Kochain, 1998) 

Se B.napus L.;Festuca arundianaceae 

Schreb; Hibiscus cannabinus L. 

(Banuelos et al., 

1997) 

U B. chinensis L.; B. junacea; B. 

narinosa L., Amaranthus spp. 

(Huang et al. 1998) 

 

Hyperaccumulator species possess additional detoxification 

mechanisms: Glutathione and organic acids metabolism plays a 

key role in metal tolerance in plants (Ma et al., 2001).  

Glutathione is the major low molecular mass thiol compound in 

plants. Glutathion occurs in plants mainly as reduced  GSH 
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(95%)  . its synthesis in mediate by the enzymes 

Glutamylcysteine synthetase and glutathione synthetase . 

Glutathione metabolism is also connected with cysteine and 

sulphur metabolism in plants. Cystiene concentration limits 

glutathione biosynthesis . low-molecular thiol peptides 

phtochelations (PCs) often called class \\\ metalothionniens are 

synthesized in plants from glutathione induced by heavy metal 

ions (Mejare and Bulow, 2001 and  Prasad and Strazalka, 

2002). 

PCs is a cytosolic, constitutive enzyme and is activated by 

metal ions Cd+2, Pb+2,  Ag+1,  Bi+3,  Zn+2, Cu+2, Hg+2, and Au+2. 

PCs thus, synthesised chelate heavy metals and form complexes 

and these complexes are transported through cytosol in ATP-

dependent manner through tonoplast into vacuole. Thus the toxic 

metals are swept away from cytosol. (Clemens, 2001). Plants 

under heavy metals stress produce free radicals and reactive 

oxygen species and have to withstand the oxidative stress before 

acquiring tolerance to toxic metals. Glutathione is then used for 

the synthesis of PCs as well as for dithiol (GSSG) production. 

The ascorbate- glutathione path way is involved in plant defence 

against oxidative stress . organic acids play a major role in metal 

tolerance (Ma, et al., 2001).  By forming complexes with metals 

, a process of metal detoxification. chelation of metals with 

excluded organic acids in the rhizosphere and rhizospheric 

processes is needed from an important aspect to investigation for 

remediation. These metabolic pathways underscore the 

physiological and biochemical and moleculare bases for heavy 

metal tolerance (Prasad and Strzalka, 2002). 
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2.2.4.2Mechanisms of metals uptake into roots and 

translocation to shoots 

Transport across root cellular membrane is important 

process which initiates metal absorption into plant tissues. The 

electrical charge prevents metal ions from diffusing freely across 

the lipophilic cellular membrane into the cytosol. Therefore, ion 

transports into cell must be mediated by membrane proteins with 

transport functions. Transmembrane transports possess an 

extracellular binding domain to which the ions attach just before 

the transport, and transmembrane structure which connects 

extracellular and intracellular media. The binding domain is 

receptive only the specific ions and is responsible for 

transporters specificity. The transmembrane structure facilitates 

the transfer of bound ions from extracellular space through the 

hydrophobic environment of the membrane into the cell. These 

transporters capacity (Vmax) and affinity for ion (Km). Vmax 

measure the maximum rate of ion transport across the cellular 

membranes. Km measures transporter affinity for a specific  ion 

and represents the ion concentration in the external solution at 

which the transport rate equals Vmax \ 2 . a low km value, high 

affinity , indicates that high levels of ions are transported into the 

cells even at low external ion concentration (Hart  et al., 1998). 

It is important to note that of the total amount of ions 

associated with the root, only a part is absorbed into cells. A 

significant ion fraction is physically adsorbed at the extracellular 

negatively charged sites (COO-) of the root cell walls, the cell 

wall bound fraction cannot be translocated to the shoots, and 

therefore, cannot be removed by harvesting shoots biomass 
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(Phytoextraction). Thus, it is possible that a plant exhibiting 

significant metal accumulation into the root, to express a limited 

capacity for Phytoextraction for example, many plants 

accumulate Pb in roots, but the translocation to shoot is very low 

in support of this, (Blaylock and Huang 1999) concluded that 

the limiting step for Pb Phytoextraction is the long distance 

translocation from roots to shoots.  

2.2.4.3   Advantages and disadvantages of phytoremediation  

When using phytoremediation there are many positive 

and negative aspects to consider. 

 The advantages and disadvantages are listed below in Table (2) 

(Brett  et al., 2003). 

Table(2). Advantages and disadvantages of 

phytoremediation 

Disadvantages Advantages 

May take several years to 

remediate 

Work on a variety on organic 

and in organic compound 

May depend on climatic 

conditions 

Can be either In situ \ Ex Situ 

Restricted to sites with shallow 

contamination within rooting zone 

Easy to implement and 

maintain 

Harvested biomass from 

Phytoextraction may be classified 

as a RCRA hazardous waste 

Low-cost compared to other 

treatment methods 

Consumption of contaminated 

plant tissue is also a concern.. 

Environmentally friendly and 

aesthetically pleasing to the 

public 

Possible effect on the food chain. Reduces the amount wastes 

to be land filled 
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Major advantages that is listed above the low cost. For 

example, the cost of cleaning up one acre of sandy loam soil at a 

depth of 50 cm with plants is estimated at $60,000-$100,000 

compared to $400,000 for the conventional excavation and 

disposal method. One reason for this low cost is 

phytoremediation may not require expensive equipment or 

highly specializes personnel, and can be relatively easy to 

implement (Brett  et al., 2003). 
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3. MATERIALS AND METHODS 

 

         Three short term experiments (laboratory and greenhouse 

pot experiment) were conducted in the Department of Soil and 

Water Research, Nuclear Research Center, Atomic Energy 

Authority, Inshas, Egypt, to study the effectiveness of (I) Some 

chemical and organic amendments in remediation of heavy 

metals contaminated soils. At the same time, a follow up the 

effects of interaction between the rates of applied amendment 

and incubation time intervals on bioavailability of tested heavy 

metals was taken into consideration. (II) Fungal inoculation in 

remediation of heavy metals contaminated soils. (III)  Calcium 

carbonate on the potentiality of panikum and sudan grass (as 

hyperaccumulators) in remediation of heavy metals 

contaminated soils.                                           

    

3.1  Soil sampling 

              Three highly polluted surface soil samples (0 – 30) cm, 

completely differed in their texture, were collected from El-

Cabal El-Asfar, Bahteem, Mostorod to represent the different 

sources of soil pollution (The soil collected from El-Cabal El-

Asfar farm was subjected to sewage effluent irrigation for more 

than 75 years, the soil collected from Bahteem area was 

subjected to sewage effluent irrigation for more than 30 years 

and the soil collected from Mostorod area was irrigated with 

contaminated industrial wastewater for more than 30 years). 
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Physical and chemical properties of the collected soil samples 

are presented in Table (3). 

         Statistical design of the experiment was a completely 

randomized (factorial) involving: (i) soil (3 soils), (ii) treatments 

(9 treatments) and incubation time (5 periods)  with 3 

replications. The tested treatments are as follows: 

(1). Untreated soils (control), (2) Treated soils with Charcoal  

(3). Rock phosphate  (4). CaCO3  (5).Compost at,  rate of 2 and 

4%, respectively. 

Tables (4, 5 and 6) are show the chemical analysis of some 

tested amendments (Charcoal, Rock phosphate and Compost).  

 

3.1.1 Laboratory analysis 

Soil samples were air-dried, crushed, sieved through a 2 mm 

sieve and the following analyses were carried out as follows:- 

• Particle size distribution was determined by the pipette 

method using sodium hexametephosphate as a dispersing 

agent (Piper, 1950). 

• Calcium carbonate content was estimated volumetrically 

using Collin‛s calcimeter according to Piper (1950). 

• Organic matter content was determined using potassium 

dichromate for organic matter oxidation and ammonium 

ferrous sulfate for back titration according to the method of 

Walkely and Black outlined by Jackson (1969). 

• Cation exchange capacity (CEC) was determined using 

sodium acetate as the saturating solution and ammonium 
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Table (4): Chemical analysis of charcoal 
 

Determinations Charcoal 

Calcium phosphate% 80 

Calcium carbonate%  7 

Carbon % 10 

Silicon oxide % 1 

Zn (ug g
-1

) 80 

Cd (ug g
-1

) 7 

Co (ug g
-1

) 10 

Cu (ug g
-1

) 1 

Fe (ug g
-1

) 195 

Pb (ug g
-1

) 0.8 

Mn (ug g
-1

) 
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  Table (5): Chemical analysis of rock phosphates of Safaga                

origin 

Components Safaga (Rp) 

Weight 

P2O5 26.5 

CaO 54.92 

MgO 0.30 

Al2O3 1.30 

Fe2O3 1.95 

K2O 0.03 

MnO 0.20 

Cr 2.40 

Zn 7.40 

Cd 0.20 

Co 0.50 

Cu 3.30 

Ni 3.30 

Pb 11.0 
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                  Table (6): Chemical analysis of compost 

Determinations Compost 

pH (1:5) 7.3 

EC (dS/m) 7.7 

C/N ratio 23:1 

O.M % 1.08 

N % 1.36 

P % 0.79 

K % 1.37 

Fe (ug g
-1

) 1250 

Cu (ug g
-1

) 47 

Mn (ug g
-1

) 271 

Zn (ug g
-1

) 103 

Cd (ug g
-1

) 0.88 

Pb (ug g
-1

) 8.5 

 

acetate as the replacing solution according to the method 

cited in Page et al.(1982). 

• Soil pH was determined in 1:2.5 soils – water suspension 

using a Beckman glass electrode (Jackson, 1969). 

• Electrical conductivity (EC) of the saturation extracts using 

a conductivity meter (Jackson, 1969). 

• Soluble ions in the saturated soil paste extract were 

determined according to Black et al. (1965) as follows 
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• Carbonate and bicarbonate by titration against 0.01 M HCl 

using phenolphthalein and methyl orange as indicators,  

• Chloride by titration against silver nitrate, 

• Calcium and calcium plus magnesium by titration  against 

sodium versinate (0.01 M Na-EDTA) using muroxide and 

eriochrome black T (EBT) as indicators,  

• Sodium and potassium by a Perkin-Elmer photometer, 

• Sulfate by subtracting the total determined soluble anions 

from the total     determined soluble cations. 

• Soil moisture content was conducted according to Richards 

(1947) using the Pressure Membrane Apparatus. Available 

water was determined as the difference between moisture 

held at 0.1 and 15 bars in case of the light-textured soils and 

the difference between moisture retained at 0.3 and 15 bars 

in case of the heavy-textured soils, Stackman (1966). 

• Heavy metals in soils were extracted using DTPA solution 

according to Lindsay and Norvall (1978) and were 

determined in DTPA- soil extract using an Atomic 

Absorption Spectrophotometer. 

3.1.2 Soil and plant analyses  

Soil sample and/or plant samples were digested and 

analyzed according to Chapman and Pratt (1961) Atomic 

absorption spectrometry (AAS) was used to assay the following 

elements Mn, Pb, Cd while, instrumental  neutron activation 

analysis (INAA) was used to determined Cu, Zn, Fe, Co.   
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3.1.3 Sample preparation, irradiation and counting 

techniques for instrumental neutron activation 

analysis (INAA). 

 Plant samples were collected, oven dried at 60-70 
0
C, as 

for soil sample, it was sieved through 2 mm mesh. 200 mg of 

soil sample and 300 mg of plant material demands the 

production of very homogenous specimen of small particle size 

by pulverizing with mortar. Quartz capsule was used for packing 

samples for irradiation, and transferred to the multi-channel 

analyzer for measurements. 

The irradiation operation was carried out in Inshas-second 

reactor (Et-RR-2 Type WW-S, 20MW) of the Egyptian Atomic 

Energy Authority. Table (7) outline the conditions utilized for 

analysis of each element determined in present study. Figs (3) 

and (4) showed an example of gamma ray spectrum of neutron 

irradiation standard reference materials of Orchard Leaves 1751  

and soil (S-5). These standards were used as a comparator 

material.  

Measurement of γ-ray activities were made with a Nucleus-

Tennlec apparatus with an 70.3 cm
3
 active volume of high purity 

Germanium detector, coupled to a nuclear data (ND) 

multichannel analyzer with Tc-243 amplifiers and ND ADC. The 

detector specifications include a relative counting efficiency of 

10% and measure FWHM of 1.72 KeV and peak-to-compton 

ratio of 49.1 for the 1332 KeV photopeak of  Co
60

.  Signals were 

assigned to one of 8192 channels and the spectra collected were 

stored on hard disk for later analysis. The specific activities 

(counts/microgram) for each activate nuclei were determine for 
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each counting period and masses of various elements in both 

NBS (National bureau of standards certificate of analysis) and 

(International Atomic Energy Agency) standard reference 

materials were determined via an adaptation of the comparator 

method for INAA (Instrumental neutron activation analysis), that 

is by dividing the photopeak areas of unknown by the specific 

activities of the relevant radionuclide. Dead time corrections for 

the decay of short-lived radioisotopes in presence of longer-lived 

isotopes such as 
24

Na and 
38

Cl were applied to each peak. In 

addition a correction factor for random summing effects was 

calculated and applied following the procedure by Kratochvil et 

al., (1986).   

3.2 Chemical remediation experiment 

3.2.1 Preparation 

100 g portions of the tested soil samples were taken and 

thoroughly mixed with the different amendments at rates of 2 

and 4% w/w  and incubated for 8 weeks  at ambient temperature. 

Soil moisture content was maintained for each soil at  60% of 

field capacity. Soil samples were taken at periods of 0, 2, 4 and 8 

weeks from beginning the incubation. It is worthy to mention 

that 0 time is equal 2 hours. Sub-samples of the ground soil were 

wet-ashed for heavy metal determinations. Another soil samples 

were used for pH, EC and OM determinations.  
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Table (7) Conditions utilized for elements determined by INAA 

                      (Nuclear data from Filby et al., 1970) 

 

Element Nuclear 

reaction     and 

product 

Half 

life 

Gamma energy 

(Kev) 

Count set, 

days 

Cu 
63

Cu(n,γ)
64

Cu
 12.7 h 1346 1, 2 

Zn 
64

Zn(n,γ)
65

Zn
 243 d 1115.5 10, 40 

Fe 
58

Fe(n,γ)
59

Fe 45.6 d 1099.3, 1291.5 10, 40 

Co 
59

Co(n,γ)
60

Co
 5.26 y 1173.2, 1332.5 10, 40 
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3.3 Bioremediation experiment 

3.3.1  Preparation  

This experiment was aimed to evaluate the role of fungi 

on remediation of heavy metal contaminated soils. In this 

experiment, the preparation of tested soils were carried out as 

abovementioned in the experiment (1). Fungal inoculants of 

Aspergillus parasiticus, Fusarium oxysporum and mixture of 

them were applied. Soil sample were taken at 0 (2 hours) 15, 30 

and 45 days of incubation for analysis of heavy  metals under 

study.  

 Fungal inoculants were propagate on media that prepared 

at the microbiology laboratory of Soil and Water Research 

Department.  

 

3.3.2 Estimation of heavy metals in fungal cells. 

 Accumulated heavy metals in fungal cells which 

incubated with soils at different intervals were determined in 

isolated fungal cells as following. 

From the fresh and carefully homogenized bulk soil, 10g is 

transferred into 90 ml sterile water (250 ml flask). The flask 

(dilution   10
-1

) was shaken (15 min on a horizontal or rotary 

shaker and left to settle the soil. Ten milliliters of this dilution 

(10
-1

) were pipetted into a 250 ml flask containing 90 ml of 

sterile quarter strength Ringer solution, hand shaken (with up 

and down movements). One milliliter of each diluted sample is 

transferred into 50 ml of broth Dox- medium, three or five 

parallel per sample in (100 ml flask). The tested flasks were 
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incubated for 14 days, then, the fungal cells are harvest and a dry 

weight was determined.  

Heavy metals contents (Mn, Pb, Ni, Cu, Zn, Fe, Co,) were 

determined in digested fungal cells by AAS and INAA as 

mentioned before. 

Czapek-Dox`s agar medium (Czapek 1902-1903 and Dox 

1910):- It contains (g/l): Sucrose 20.0, NaNO3 2.0, KH2PO4 1.0, 

MgSO4.7H2O 0.5, KCl 0.5, FeSO4.5H2O 0.001, CaCl2 0.001, 

Bacto-agar 15.0, and rose bengal (Merck) as a bacteriostatic 

agent (0.065). The contents of medium were dissolved by 

heating and boil for 10 min, adjusted at pH 6.5 and sterilized at 

121
o
C for 20 min.  

3. 4 Phytormediation experiment 

3.4.1 Preparation  

This experiment was conducted to evaluate the efficient 

of panikum (Panicum antidotal), and sudan grass (Sorghum 

bicolor sub sp. drummondii) as hyperaccumulators  for 

decontamination of heavy metal contaminated soils. Portions   of 

4 kg of each soil samples of the tested soils were  backed in 

plastic pots with 46 cm height and 35 cm diameter. Each soil 

sample was thoroughly mixed with recommended doses of 

nitrogen. Fifteen seeds of panikum or  sudan grass were planted 

in each pot. Seedlings were thinned to 5 seedlings pot. Dry 

matter yield was recorded. Samples of both plants were taken 

and prepared for chemical analysis. Four cuts of each plant were 

taken after 2 hours, 15, 30, 45 days. After  every cut, plants were 

harvested and sub-sample of each plant were taken, dried at 70 
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0
C, ground then digested using acid mixture made from sulfuric 

acid, nitric acid and perchloric acid.      

3. 5 Statistical analysis 

Data of the  three conducted experiments were statistically 

analyzed, using Statistical Software Program (PC-Mstat) 

according to Power (1985). Means of treatments were compared 

with the  Least Significant Deference (L.S.D) at 0.05 level 

according to Gomez and Gomez, (1984).   
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4. Results and Discussion 

4.1 Chemical remediation of contaminated Soils under study 

4.1.1 Effect of the applied soil amendments on the 

availability of the studied  heavy metals in El-Gabal 

Al-Asfar soil. 

Copper (Cu) 

Results in Table 8 and Figure 5 show that soil available 

copper content slightly decreased by appling compost at different 

rates as compared with the control treatment particularly at the 

beginning of the incubation period (2 h and 15 days). At the next 

periods, a sharp decrease in the available Cu content occurred 

with the high rate (4%) of application especialy after 60 days of 

incubation. Similar trend, but somewhat to a lower extent 

occurred with the application of rock phosphate. The lowest 

values of available Cu content in the soil were obtained with the 

application of calcium carbonate and charcoal at a rate of 4%. It 

could be concluded that available Cu content in the soil under 

study tended to decrease with increasing the incupation period  

up to 60 days where the lowest values were obtained. This holds 

true with all amendments. Comparison between amendments 

showed the superiorty of calcium carbonate in reducing the 

availability of Cu in the  soil especially when applied at a rate of 

4 % and incubated with the soil for a period of 60 days. The 

efficincy of the amendments under study in reducing Cu 

availability in the soil could be arranged as follows:calcium 

carbonate >charcoal> rock phosphate>compost. 
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From the study of equilibration time (Saxena and 

D’Souza, 2005), between the studied metal ions the following 

tendency is observed Pb2+>Cu2+>Zn2+>Co2+. The maximum 

removal of Pb2+, Cu2+ and Zn2+was attainedwithin 30 min of 

equilibrationand on the other hand Co2+ 

removal being very slow needed 84 h equilibration time. In 

the same time, the increase in the quantity of rock phosphate 

results in the increased removal of metal ions. The removal of 

heavy metal ions by rock phosphate is governed by dissolution 

of rock phosphate followed by subsequent precipitation 

The exact reaction mechanism responsible for the removal 

of metal ions by rock phosphate/ apatite is still unknown. But the 

sorption process, which generally involves species attachment 

from a solution to its co-existing solid surface by three types, 

namely surface adsorption, absorption or diffusion into the solid 

and precipitation or co precipitation appears to be the governing 

mechanism for the retention of metal ions by rock phosphate. It 

has been shown that the primary mechanism of metal ion 

removal by rock phosphate is governed by its dissolution in 

acidic environment followed by subsequent precipitation, recent 

evidences supports the removal to be governed by dissolution- 

precipitation mechanism. Hence, the process may be reduced to 

a generalized sorption process (Saxena and D’Souza, 2005). 

 

Cobalt (Co) 

As presented in Table 9 and graphically illustrated by 

Figure 6, available Co extracted from soil was slightly affected 

by the used amendments. Slight decrease in the availability of 

Co occurred with incubation time progress. This holds true with  
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Table 8: DTPA extractablecopper (mg kg-1) from EL-Gabal EL-Asfar 
soil as affected by the incubation period, the rate of applied 
amendments and their interaction. 

 
Period of incubation Mean 

60  

Day 

30  

Day 

15  

Day 

2 

Hours 

Rate of the 

applied 

amendments 

Applied 

amendments 

8.59 8.59 8.59 8.59 8.59 Control 

6.94 ٩٠>٥ ٧٧>٥ 7.55 8.54 2% 

7.32 ٥٢>٨ ٦٢>٨ ٠٤>٧ ١٠>٥ 4% 

Compost 

7.62 6.49 7.18 8.25 8.55                              Mean 

7.29 ٦١>٨ ٥٦>٨ ٣٦>٦ ٦١>٥ 2% 

6.99 ٦٩>٨ ٥٧>٨ ٩٦>٥ ٧٢>٤ 4% 

Rock 

phosphate 

7.54 6.31 6.97 8.57 8.30                            Mean 

5.61 ٢٥>٨ ٢٠>٥ ٥٦>٤ ٤٤>٤ 2% 

5.14 ٩٦>٧ ٨٣>٤ ٢٥>٤ ٩٢>٣ 4% 

Calcium 

carbonate 

6.48 8.65 5.80 6.20 8.27                            Mean 

6.10 ٩١>٧ ٥٥>٦ ٥٤>٥ ٤١>٤ 2% 

5.35 ٩٤>٧ ١٨>٥ ٣٠>٤ ٩٩>٣ 4% 

Charcoal 

6.68 5.66 6.14 6.77 8.15                            Mean 

8.59 8.59 8.59 8.59 8.59 Control 

6.49 5.06 5.59 6.96 8.33 2% 

6.23 4.43 5.39 6.80 8.28 4% 

Concentratio

n 

×  Time 

 6.03 6.52 7.45 8.32                             Mean 

 
LSD at 0.05           M: 0.209       C: 0.181      T: 0.209                    M x T:0.419 
                              C x T: 0.363          M  x C x T:  0.725      
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Figure 5: Effect of soil amendments applied at different rates  on the 

availability of copper in El Gabal El-Asfar soil as affected by 
(under) different incubation periods. 
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all amendments. The lowest content of available Co in the soil 

was obtained after 60 days of incubation. Comparison between 

the different amendments under study  indicats the superiority of 

calcium carbonate over the others particularly after 60 days of 

incubation. The efficincy of the amendments under study in 

reducing Cu availability in the soil could be arranged as 

follows: calcium carbonate > charcoal > rock phosphate > 

compost. 

 

Cadmium (Cd) 

    Results in Table 10 and Figure 7 show that application of 

compost slightly decreased the availability of Cd in the soil with 

increasing incubation period; no significant differences occurred 

between the rates of application. However, application of rock 

phosphate induced a high decrease in the available Cd content in 

the soil especially after (60 days) of incubation; significant 

difference occurred between the two rates of application (2 and 

4% ) especially after 30 and 60 days of incubation.High 

significant amounts of available Cd were attributed to 4% rate.  

       Concerning the effect of the application of calcium 

carbonate and charcoal on the availavility of Cd in the soil under 

study, results show that a highly significant decrease in the 

available Cd content occurred as compared to the other two 

amendments. More pronounced reduction was induced by 

application of both amendments at 4% rate. In general, Cd 

concentration in soil tended to decline with increasing incubation 

time.  
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Table 9: DTPA extractablecobalt (mg kg-1) from EL-Gabal EL-Asfar 
soil as affected by the period of incubation, the rate of applied 
amendments and their interaction. 

Period of incubation 

Mean 60 

 Day 

30 

 Day 

15 

Day 

2 

Hours 

Rate of the 

applied 

amendments 

Applied 

amendments 

٣:٤٢ ٣:٤٢ ٣:٤٢ ٣:٤٢ ٣:٤٢ Control 

٤١>٣ ٣٦>٣ ٢٨>٢ ٢١>٢ ٨٢>٢ 2% 

٤٠>٣ ١٩>٣ ٨٤>٢ ١٥>٢ ٩٠>٢ 4% 
Compost 

3.04 ٢ ٢:١٨:56 ٣:٤٠ ٣:٣٠ Mean 

٤٧>٣ ٥٥>٣ ٢٦>٢ ٨٧>١ ٧٩>٢ 2% 

٥٦>٣ ٥٦>٣ ١٣>٢ ٧٥>١ ٧٦>٢ 4% 

Rock 

phosphate 

٢:٩٩ 1.81 ٣:٥١ ٣:٥٦ ٢:٢٠ Mean 

٣٧>٢ 2.02 ٢٥>٣ ١٤>٢ ٠٥>٢ 2% 

٢١>٣ ٠٥>٢ ٥٩>١ ٩٣>٠ ٩٤>١ 4% 

Calcium 

carbonate 

٢:٥٨ 1.50 1.82 ٣:٢٣ ٢:١ Mean 

٢٥>٣ ٦٩>٢ ١٥>٢ ٠٨>٢ ٥٤>٢ 2% 

٢٢>٣ ٣١>٢ ٩٢>١ ٠٢>١ ١٢>٢ 4% 
Charcoal 

٢:٦٩ 1.55 ٣:٢٣ ٢:٥٠ ٢:٥٠ Mean 

3.42 ٤٢>٣ ٤٢>٣ ٤٢>٣ ٤٢>٣ Control 

2.63 ٣٥>٣ ٩٤>٢ ١٩>٢ ٠٥>٢ 2% 

٣٥>٣ ٧٨>٢ ١٢>٢ ٤٦>١ ٤٣>٢ 4% 

Concentratio

n 

 Time× 

 ٢:٣١ 2.58 ٣:٠٥ 3.37 Mean 

 

LSD at 0.05      M:0.049           C:0.043       T:0.049            M x C:0.085 

                                M x T:0.098          C x T:0.085            M  x C x T:0.170         
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Figure 6: Effect of soil amendments applied at different rates  on the 

availability of cobalt in El Gabal El-Asfar soil as affected by 
(under) different incubation periods. 
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Table 10: DTPA extractable cadmium (mg kg-1) from EL-Gabal EL-
Asfar soil as affected by the incubation period, the rate of 
applied amendments and their interaction. 

 

Period of incubation 

Mean 60 

Day 

30 

Day 
15 Day 

2 

Hours 

Rate of the 

applied 

amendments 

Applied 

amendments 

٥٨>٤ ٥٨>٤ ٥٨>٤ ٥٨>٤ ٥٨>٤ Control 

٥٤>٤ ٥٣>٤ ٤٠>٣ ٢٩>٣ ٩٤>٣ 2% 

٥٣>٤ ٤٩>٤ ٢٨>٣ ٢١>٣ ٨٨>٣ 4% 
Compost 

٥٣>٤ ٥١>٤ ٣٤>٣ ٢٥>٣ ١٣>٤ Mean 

٥٩>٤ ٦٤>٤ ١١>٤ ٢٣>٣ ١٤>٤ 2% 

٦٢>٤ ٦٩>٤ ٢٢>٣ ٣٦>٢ ٧٢>٣ 4% 

Rock 

phosphate 

٢ ١٥>٤.80 ٦٠>٤ ٦٦>٤ ٦٧>٣ Mean 

٢٢>٤ ٨٤>٢ ٢٣>٢ ٠٠>٢ ٨٢>٢ 2% 

٠٧>٤ ٠٧>٢ ٦١>١ ٩٨>٠ ١٨>٢ 4% 

Calcium 

carbonate 

١٩>٣ 1.49 1.92 2.46 ١٥>٤ Mean 

١٦>٤ ١٦>٣ ٧٣>٢ ٩٥>١ ٩٩>٢ 2% 

٠٦>٤ ٨٤>٢ ٨٥>١ ٢٦>١ ٥٠>٢ 4% 
Charcoal 

٣٦>٣ 1.61 2.29 ١١>٤ ٠٠>٣ Mean 

٥٨>٤ ٥٨>٤ ٥٨>٤ ٥٨>٤ ٥٨>٤ Control 

٣٦>٤ ٧٩>٣ ١٢>٣ ٦٢>٢ ٤٧>٣ 2% 

٣٢>٤ ٥٢>٣ ٤٩>٢ ٩٥>١ ٠٧>٣ 4% 

Concentration 

 Time× 

 ٤٢>٤ ٩٧>٣ ٤٠>٣ ٠٥>٣ Mean 

 

LSD at 0.05            M=0.059               C= 0.051              T= 0.059                M x T= 0.118 

                               C x T= 0.103          M x C=0.103        M x C x T= 0.205 
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Figure 7:  Effect of soil amendments applied at different rates  on the 

availability of cadmium in El Gabal El-Asfar soil as affected 
by (under) different incubation periods. 
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Potentiality of amendments in reducing the availability of 

Cd in contaminated soil could be ranked as follow: calcium 

carbonate > charcoal > rock-P > compost.       

One of the most common amendments added to soil to tie up 

heavy metals is phosphate. It is generally felt that phosphate 

essentially does not move downward in most soils. However, 

considerable phosphate leaching has been observed in 

connection with preferential flow, e.g., in tile-drained soils 

(Kirkham, 2006).Addition of phosphorus to soil is the basis of a 

patented process to reduce bioavailability of metals (Pierzynski 

and Hettiarachchi, 2002). The patent also describes the mixing 

of an oxide ofmanganese into soil to reduce metal 

bioavailability. The patent states that preferred phosphorus 

sources are phosphate rock, alkali and alkaline earth metal-

phosphates, ammonium phosphates, ammonium 

orthophosphates, orthophosphoric acid, and superphosphates. 

The patent gives data for bioavailability of Pb in polluted soil 

treated with phosphate rock or triple superphosphate, and the 

results show that both forms of phosphate are equally effective in 

reducing bioavailability. The study by Brown et al., (2004) 

showed that phosphate reduces Cd availability. 

Thawornchaisit and Polprasert (2009) showed that after 

the 60-day stabilization, the leachable concentrations of Cd in 

phosphate rock (PR-), diammonium phosphate (DAP-) and triple 

superphosphate (TSP- treated soils) reduced from 306mg/kg (the 

control) to 140, 34, and 12mg/kg with the stabilization efficiency 

as TSP>DAP>PR.  



Results and Discussion         72 
 

Results from the assessment of Cd speciation via sequential 

extraction procedure revealed that the soluble–exchangeable 

fraction and the surface adsorption fraction of Cd in the soils 

treated with PO4 fertilizers, especially with TSP, have been 

reduced considerably. In addition, it was found that the reduction 

was correspondingly related with the increase of more stable 

forms of cadmium: the metal bound to manganese oxides and the 

metal bound to crystalline iron oxides. Treatment efficiency 

increased as the phosphate dose (based on the molar ratio of 

PO4/Cd) increased. 

 

Zinc (Zn) 

Results in Table 11 and Figure 8 show that soil treated with 

compost at different rates did not show significant difference in 

available Zn contentafter 2 h and 15 day of incubation as 

compared with the control treatment. The values of extractable 

available Zn tended to decrease with increasing incubation 

period. Significant decrease in available Zn content occurredwith 

the application of compost at a rate of4 % especially after  60 

day of incubation. Similar trend was obtained with the other 

amendments under study with different extents. Comparison 

between the different soil amendments indicated the superiority 

of calcium carbonate and charcoal over the others. In this regard, 

the effects of amendments on decrerasing the availability of Zn 

in soil could be arranged as follow: calcium carbonate ≥ charcoal 

> compost ≥ rock phosphate. This treand was more pronounced 

after 60 day of  incubation. 
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Table 11: DTPA extractable zinc (mg kg-1) from EL-Gabal EL-Asfar 
soil as affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Period of incubation 
Mean 60 

Day 
30 

Day 
15 

Day 
2 

Hours 

Rate of the 
applied 

amendments 

Applied 
amendments 

٥٠>٣٢ ٥٠>٣٢ ٥٠>٣٢ ٥٠>٣٢ ٥٠>٣٢ Control 

78.29 ٤٨>٣٢ ٤٤>٣٢ ١٧>٢٧ ٠٣>٢٧ 2% 

29.09 ٢٩>٣٢ ٦٣>٣١ ٨٠>٢٦ ٦٥>٢٥ 4% 
Compost 

٣٤>٣٢ ١٩>٣٢ ٨٢>٢٨ ٣٩>٢٨ ٤٦>٣٠ Mean 

30.94 ٥٥>٣٢ ٦١>٣٢ ٤٤>٣٠ ١٤>٢٨ 2% 

30.62 ٦٠>٣٢ ٧٢>٣٢ ٤١>٣٠ ٦٧>٢٦ 4% 

Rock 
phosphate 

٥٥>٣٢ ٦١>٣٢ ١٤>٣١ ١٠>٢٩ ٣٥>٣١ Mean 

20.31 ٤٩>٣٠ ٧٩>٢٠ ٢٢>١٥ ٧٤>١٤ 2% 

19.80 ٠١>٣٠ ٨٩>١٩ ٢٦>١٥ ٠٥>١٤ 4% 

Calcium 
carbonate 

٠٠>٣١ ٣٩>٢٤ ٩٩>٢٠ ٤٣>٢٠ ٢١>٢٤ Mean 

21.39 ٤٨>٣٠ ٩٤>٢٠ ٦٤>١٧ ٤٨>١٦ 2% 

20.74 ٨٩>٢٨ ٠٦>٢٣ ٢٤>١٧ ٧٦>١٣ 4% 
Charcoal 

٦٢>٣٠ ٥٠>٢٥ ٤٦>٢٢ ٩١>٢٠ ٨٨>٢٤ Mean 

٥٠>٣٢ ٥٠>٣٢ ٥٠>٣٢ ٥٠>٣٢ ٥٠>٣٢ Control 

٥٠>٣١ ٧٠>٢٦ ٦٢>٢٢ ٦٠>٢١ ٦٠>٢٥ 2% 
٩٥>٣٠ ٨٣>٢٦ ٤٥>٢٢ ٠٣>٢٠ ٠٦>٢٥ 4% 

Concentration 
 Time× 

 ٦٥>٣١ ٦٧>٢٨ ٨٦>٢٥ ٧١>٢٤ Mean 
 

LSD at 0.05        M=0.162          C=0.140            T= 0,162          M x C= 0.281 

                            M x T= 0.324              C x T= 0.281          M x C x T= 0.562 
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Figure (8) Effect of soil amendments applied at different rates  on the 

availability of zinc in El Gabal El-Asfar soil as affected by 
(under) different incubation periods. 
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Partially, on line with us, Song et al., (2009)stated that the 

addition of phosphate substantially decreased the amount of 

metals (Cu, Zn, Cd, Pb, and Ni) in biosolids after a 10-day 

period; however, the amount of removal varied between the 

examined analytical techniques. 

Results after Castaldi et al., (2005) showed that zeolite, 

compost and calcium hydroxide amendments increased the 

residual fraction of heavy metals in the soils, and decreased the 

heavy metals uptake by white lupin compared with the 

unamended control. Among the three amendments, compost and 

Ca (OH)2 were the most efficient at reducing Pb and Zn uptake, 

while zeolite was the most efficient at reducing Cd uptake by the 

plants. 

 

Lead (Pb) 

Lead availability in soil was dramatically affected by 

addition of amendments and tended to decrease with the progress 

of incubation period (Table 12 and Figure 9). Availability of lead 

was highly decreased by the application of compost either either 

at a rate of 2 or 4%.The decrease in Pb availability was more 
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pronouncedafter 60 day of incubation. More significant 

decreases in lead concentration was recorded in soil treated with 

the other amendments under study. In this respect, application of 

calcium carbonate induced the highest decrease in lead 

availability, especially when applied at rate of 4 %, as compared 

to rock phosphate and charcoal amendments. Calcium carbonate 

is still surpassing other amendments in minimizing or binding 

the available Pb in soil. 

 

Table 12: DTPA extractable lead (mg kg-1) from EL-Gabal EL-
Asfar soil as affected by the incubation period, the rate of 
applied amendments and their interaction. 

 

Period of incubation 

Mean 
60 Day 

30  

Day 

15  

Day 
2 Hours 

Rate of the 

applied 

amendments 

Applied 

amendments 

٩٤>١٧ ٩٤>١٧ ٩٤>١٧ ٩٤>١٧ ٩٤>١٧ Control 

٨٦>١٧ ٧٤>١٧ ٤٤>١١ ٦٩>١٠ ٤٣>١٤ 2% 

٧٣>١٧ ٧٩>١٧ ٧٩>١٠ ١٤>١٠ ٠٩>١٤ 4% 
Compost 

٤٩>١٥ 10.41 ٨٠>١٧ ٧٦>١٧ ١١>١١ Mean 

٠٢>١٨ ٩٩>١٧ ٦٤>١٠ ٥٥>٩ ١٣>١٤ 2% 

٩٩>١٧ ٩٨>١٧ ٦٤>١٠ ٥٧>٨ ٨٠>١٣ 4% 

Rock 

phosphate 

٩٨>١٧ ٩٧>١٧ ١٨>١٣ ٠٠>١٢ ٢٩>١٥ Mean 

٦٢>١٦ ٤٨>١٠ ٨٥>٩ ٢٣>٨ ٣٠>١١ 2% 

٩٩>١٦ ٠٧>١٠ ٠٤>٦ ٢٤>٥ ٥٨>٩ 4% 

Calcium 

carbonate 

١٨>١٧ ٨٣>١٢ ٨٣>١٢ ٢٨>١١ ٩٤>١٢ Mean 

٧٠>١٥ ٣٧>١٤ ٩٥>١٢ ٧٢>١٠ ٤٤>١٣ 2% 

٣٤>١٦ ٣٢>١٤ ٤٧>١٠ ٣٩>٩ ٦٣>١٢ 4% 
Charcoal 

٦٦>١٦ ٥٥>١٥ ٧٩>١٣ ٦٨>١٢ ٥٢>١٤ Mean 

٩٤>١٧ ٩٤>١٧ ٩٤>١٧ ٩٤>١٧ ٩٤>١٧ Control 

٠٥>١٧ ١٥>١٥ ٣٠>١١ ٨٠>٩ ٣٢>١٣ 2% 

٢٦>١٧ ٠٢>١٥ ٤٩>٩ ٣٣>٨ ٥٢>١٣ 4% 

Concentration 

 Time× 

 ٤٢>١٧ ٠٣>١٦ ٩١>١٢ ٠٢>١٢ Mean 

 

LSD at 0.05 M:0.132      C:0.115      T:0.132M x C:0.229     M x T:0.265 

C x T:0.229                   M  x C x T:0.495 
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Figure 9: Effect of soil amendments applied at different rates  on the 
availability of lead in El Gabal El-Asfar soil as affected by 
(under) different incubation periods. 
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Chemical immobilization technology utilizing poultry waste 

(PW) along with a native plant (Panikum maximum Jacq.) 

application was assessed by Hashimoto et al.,(2008) for the 

attenuation of downward Pb dissolution and modification of Pb 

speciation in solid and liquid phases in the soil. They found that 

the PW application reduced water-extractable Pb by about 43% 

of that of the treatment without the PW and plant applications 

(Control). In our study, the application of organic compost 

induced reduction of available Pb by 30.3% at the end of 

incubation period relative to the native Pb concentration in origin 

soil.  

Similar observations in increased solubility of Pb and trace 

elements have been reported when natural amendments (e.g. 

wood ash and manure) were added to the soil. Ruttens et al., 

(2006) demonstrated that a 5% compost addition to a metal 

contaminated soil had greater Pb, Cd, Cu and Zn concentrations 

in leachate than the non-amended soil although these metal 

concentrations gradually decreased after 22 wk. The enhanced 

Pb by natural amendments can be explained by the fact that 

transport of Pb in the soil profile occurs mainly in the form of 

either colloidal-associations (Denaix et al., 2001) or dissolved 

organic matter complexes (Sauvé et al., 1998). Hashimoto et 

al., (2008) suggests that the use of incinerated poultry waste with 

a low organic C content improves the effectiveness of altering Pb 

species to more geochemically stable phases. In the same 

direction, Huang et al., (2006) found that the soils treated with P. 

chrysosporium and straw showed a much lower concentration of 

soluble-exchangeable Pb in contaminated soil.  
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The results of a pilot-scale field experiment on long-term 

efficiency of P amendments to immobilize Pb (Ma et al., 2008), 

indicated that phosphoric acid plus phosphate rock was the most 

effective in reducing Pb mobility and Pb bioavailability, whereas 

phosphoric acid was effective in reducing Pb leaching in the 

soils collected 4.5 years after P application. Overall, a mixture of 

H3PO4 and rock phosphate yielded the best results in Pb 

immobilization, with the least impact on soil pH and the least 

risk of potential eutrophication. 

Based on their field data, they conclude that phosphate 

amendments can be effectively used to immobilize Pb in 

contaminated soils, thus offering an alternative to the current 

phosphate remediation technology for the contaminated soil. 

However, caution should be exercised to maximize lead 

immobilization and minimize potential adverse impacts caused 

by the application of phosphate amendments to soils. Although 

H3PO4 is needed to catalyze the dissolution of a metal-stable 

solid, making it available for further immobilization reactions, its 

use should be taken with care. Phosphoric acid may decrease soil 

pH, especially in low buffering sandy soils, and consequently 

may cause leaching of P and other metals. Another possible 

strategy, which could work better, would be to reverse the 

sequence of P application, i.e., to add calcium phosphate and 

phosphate rock at the first phase and apply the phosphoric acid 

in the second phase, or add calcium phosphate or phosphate rock 

and phosphoric acid simultaneously. Thus, it would lead to the 

dissolution of cerussite and more insoluble P amendments at the 
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same time, favoring Pb immobilization and minimizing potential 

P and Pb leaching. 

The soil amendments, including check, compost, zinc oxide, 

calcium carbonate, calcium carbonate mixed with zinc oxide, 

and calcium carbonate mixed with compost, were conducted in a 

four replicates pot cultural study by Lee et al., (2004). They 

found that the amended soilsincubated for six months under 60% 

of water holding capacity, reflected a significant decrease in Cd 

concentration either in soil solution and DTPA or EDTA 

extractable in soils amended with calcium carbonate or calcium 

carbonate mixed with ZnO (or compost) (p < 0.01). 

 

Manganese (Mn) 

Data in Table 13 and Figure 10 show that there is no 

significant differences in the available Mn content in the soil 

after2 h and 15 day of incubation due to application of compost,  

as aompared with the control treatment.However, a slightly 

differences was noticed after 30 and 60 days of incubation. In 

this respect, there was no significant difference between the rates 

of applied compost. In case of rock phosphate, less content of 

available Mn was obtained after 2 h and 15 days of incubation  

as compared with the control treatment. This may be attributed 

to the chemical composition of phosphate rock. Remarkable and 

significant decrease in the availability of Mn was recorded after 

30 and 60 days of incubation. Slightly significant difference was 

obtained between the rates of rock phosphate especially after 60 

days of incubation.    
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Table (13): DTPA extractable Mn (mg kg-1) from EL-Gabal EL-Asfar 
soil as affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Period of incubation 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Rate of the 

applied 

amendments 

Applied 
amendments 

٦٥>٧١ ٦٥>٧١ ٦٥>٧١ ٦٥>٧١ ٦٥>٧١ Control 

٢٠>٧٠ ١٥>٧٠ ١٣>٦٥ ٦٣>٦٢ ٠٣>٦٧ 2% 

١١>٧٠ ١٢>٧٠ ٣٤>٦٢ ١٩>٦٠ ٧٢>٦٥ 4% 
Compost 

٦٩>٧٠ ٦٤>٧٠ ٣٧>٦٦ ٨٢>٦٤ ١٣>٦٨ Mean 

٩٨>٧١ ٣٨>٧٢ ٦٩>٥٩ ٣٨>٥٨ ٦١>٦٥ 2% 

٨٧>٧٢ ٣٥>٧٣ ٨١>٥٨ ١٧>٥٥ ٠٥>٦٥ 4% 

Rock 
phosphate 

١٦>٧٢ ٤٦>٧٢ ٣٩>٦٣ ٧٣>٦١ ٤٤>٦٧ Mean 

٥٢>٧٠ ٤١>٦٠ ٦٣>٥٦ ٦٣>٥٥ ٠٥>٦٠ 2% 

١٢>٧٠ ٨٨>٥٤ ٢٣>٥٢ ٥٤>٥١ ١٩>٥٧ 4% 

Calcium 
carbonate 

٧٦>٧٠ ٣١>٦٢ ١٧>٦٠ ٦١>٥٩ ٢٣>٦٣ Mean 

٥٢>٧٠ ٩١>٦٥ ٠١>٦٢ ٩٩>٥٥ ٦١>٦٣ 2% 

١٢>٧٠ ١٦>٦١ ٨٩>٥٤ ٢١>٥٢ ٥٩>٥٩ 4% 
Charcoal 

٧٦>٧٠ ٢٤>٦٦ ٨٥>٦٢ ٩٥>٥٩ ٩٥>٦٤ Mean 

٦٥>٧١ ٦٥>٧١ ٦٥>٧١ ٦٥>٧١ ٦٥>٧١ Control 

٨٠>٧٠ ٨١>٦٧ ٨٧>٦٠ ١٦>٥٨ ٢٦>٦٤ 2% 

٨٣>٧٠ ٨٨>٦٤ ٠٧>٥٧ ٧٨>٥٤ ٨٩>٦١ 4% 

Concentration 

 Time× 

 ١٠>٧١ ٩١>٦٧ ٢٠>٦٣ ٥٣>٦١ Mean 

 

LSD at 0.05 M:0.278         C:0.241      T:0.278          M x C:0.481 

                              M x T:0.555             C x T:0.481            M  x C x T:0.962 
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Figure (10) Effect of soil amendments applied at different rates  on the 
availability of manganese in El Gabal El-Asfar soil as 
affected by  different incubation periods. 
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Concerning the effect of calcium carbonate application on 

the availability of Mn, reaults in Table 13 and Figure 10 that 

there is a significant and progressive decrease in the available 

Mn content with increase the incubation period up to 60 days. 

The decreas was highly significant especially when calcium 

carbonate was applied at a rate of 4 % at the end of incubation 

period. Similar trend was obtained with application of charcoal. 

Comparison between soil amendments indicated the superiority 

of calcium carbonate and charcoal over rock phosphate and 

compost. In this regard, the effect of soil amendments on 

decreasing the availability   of Mn in soil could be arranged as 

follow: 

 calcium carbonate ≥ charcoal > rock phosphate > compost. 

 Also, results indicated that 60 days of incubation may be 

considered as a proper time for Mn stabilization in soil as 

affected by soil amendments.   

 

Iron (Fe) 

Results in Table 14 and Figure 11 show that available iron 

content decreased with increasing the incubation period from 30 

up to 60 days   due to application of compost at different rates; 

the is no significant differenes between the rates of application. 

Similar trainedwas achieved in the case of rock phosphate 

treatment. Highly significant decrease in the availability of iron 

occurred with the application of calcium carbonate and charcoal 

amendments, where the decrease in the availability of Fe 

becomes more obvious with increasing the incubation period 

from 30 up to 60 days.The effect of soil amendments on  
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Table 14: DTPA extractable iron (mg kg-1) from EL-Gabal EL-

Asfar soil as affected by the incubation period, the rate of 
applied amendments and their interaction. 

 

Period of incubation 
Mean 60 

 Day 
30 

 Day 
15  

Day 
2 

Hours 

Rate of the 
applied 

amendments 

Applied 
amendments 

٦٨>٦١ ٦٨>٦١ ٦٨>٦١ ٦٨>٦١ ٦٨>٦١ Control 

٦٥>٦١ ٥٧>٦١ ٠٨>٥٢ ٣٣>٥١ ٦٦>٥٦ 2% 

٦٤>٦١ ٤٨>٦١ ٣٤>٥١ ٣٢>٥٠ ٢٠>٥٦ 4% 
Compost 

٦٦>٦١ ٥٧>٦١ ٠٣>٥٥ ٤٤>٥٤ ١٨>٥٨ Mean 

٥٧>٦١ ٩١>٦٠ ٨٧>٥٥ ٩١>٥٤ ٣١>٥٨ 2% 

٤٦>٦١ ٢٩>٦٠ ٤٤>٥٥ ٥٦>٥٣ ٦٩>٥٧ 4% 

Rock 
phosphate 

٥٧>٦١ ٩٦>٦٠ ٦٦>٥٧ ٧٢>٥٦ ٢٢>٥٩ Mean 

١٢>٦٠ ٠٨>٥٠ ٠٧>٤٦ ٠٦>٤٦ ٥٨>٥٠ 2% 

٧٠>٥٩ ٥٧>٤٦ ٨٥>٤٤ ٣٥>٤٤ ٨٧>٤٨ 4% 

Calcium 
carbonate 

٥٠>٦٠ ٧٧>٥٢ ٨٧>٥٠ ٧٠>٥٠ ٧١>٥٣ Mean 

٥٦>٦٠ ٧٨>٥٧ ٩١>٥٠ ٤٩>٤٨ ٤٤>٥٤ 2% 

٩٢>٥٩ ٨٩>٦٥ ٣١>٤٨ ٨٩>٤٤ ٥٠>٥٢ 4% 
Charcoal 

٧٢>٦٠ ٧٨>٥٨ ٧٨>٥٣ ٦٩>٥١ ٢١>٥٦ Mean 

٦٨>٦١ ٦٨>٦١ ٦٨>٦١ ٦٨>٦١ ٦٨>٦١ Control 

٩٨>٦٠ ٥٨>٥٧ ٢٣>٥١ ٢٠>٥٠ ٩٩>٥٤ 2% 

٦٨>٦٠ ٣١>٥٦ ٩٩>٤٩ ٢٨>٤٨ ٨١>٥٣ 4% 

Concentration 
 Time× 

 ١١>٦١ ٥٢>٥٨ ٣٠>٥٤ ٣٩>٥٣ Mean 

 
LSD at 0.05      M:0.167          C:0.144         T:0.167            M x C:0.289 
                            M x T:0.333           C x T:0.0.289          M  x C x T:0.578 
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Figure 11: Effect of soil amendments applied at different rates  on the 

availability of iron in El Gabal El-Asfar soil as affected by 
different incubation periods. 
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decreasing the availability of Fe in the soil under study is 

somewhat similar to that of Mn with the exception of compost 

treatment where it was a slightly superior over rock phosphate 

especially after 60 days of incubation. Concerning the effect of 

the rate of amendments application on decreasing the availability 

of Fe , results show that, in general, a slightly differences 

occurred between them.  

It seems that the concentrations of manganese and iron in soil 

were nearly parallel to each other. At the same time, both of 

them have the same response to soil amendments.  

Previous studies also have demonstrated immobilization of 

heavy metals through amended of contaminated soils with a 

range of organic materials (Kiikkilä et al., 2002; Walker et al., 

2004; Castaldi et al., 2005). Kiikkilä  et al., (2002)  in their  

laboratory studies  used nine  different organic materials 

(composted sewage sludge, compost of organic household waste, 

mixture of compost and woodchips, mixture of compost and bark 

chips, garden soil, birch leaves, bark chips, humus or peat) 

amended to a soil contaminated with Cu 1600 mg kg-1; and 

having Fe 6100 mg kg-1; Zn 160 mg kg-1; Pb 130 mg kg-1. 

Copper immobilization, changes in microbial mass, microbial 

respiratory activity was studied. Exchangeable copper 

concentration was found to decrease after mulched treatment 

with garden soil (GS), sewage sludge (SS), compost (C) and 

compost mixed with bark chips and woodchips (C-B, C-W, 

respectively), but not in the treatments with bark chips, humus or 

peat, or control. The authors explained the probable reason for 

this was formation of complexes with particulate organic matter 
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carried down into the underlying soil from the mulch. They 

assumed that significant amounts of particulate organic matter 

were released from SS, C, C-W, C-B and GS when pH was 

above 6. Other studies have examined the effects of compost 

produced from olive leaves, olive husks and olive mill 

wastewater on metal mobility and plant availability (Walker et 

al., 2004; Castaldi et al., 2005). Compost produced from olive 

leaves and olive mill wastewater and cow manure were applied 

to pyritic (sulphide rich) soil contaminated with Cu 133 mg kg-1; 

Zn 521 mg kg-1; and Pb 220 mg kg-1, and containing 45713 mg 

kg-1 of Fe. The effect of heavy metal bioavailability and 

vegetation growth was studied in their pot experiments in which 

Chenopodium album L. was grown. Air dry compost and cow 

manure were added at the rate of 27 and 26 g per kg dry soil, 

respectively. Their results showed that the compost amendment 

to the soil lowered tissue concentrations of Pb, Zn, Fe and Mn, 

although Zn and Mn were still toxic. The cow manure was 

effective in decreasing heavy metal bioavailability, as it 

increased the soil pH, and supplied essential plant nutrients. 

Castaldi et al.,  (2005) studied the effect of a 10% (w/w) 

amendment of compost produced from olive husks (50%), 

sewage sludge (25%) and vegetal waste (25%) in pot 

experiments on soil contaminated with very high total 

concentrations of Pb (19 663 mg kg−1), Cd (196 mg kg−1) and Zn 

(14 667 mg kg−1). The amendment resulted in an 87%decrease in 

concentration of Pb in the aerial part of the plant grown-white 

lupin (Lupinus albus L.) compared to the control samples. The 

concentration of Zn in the aerial part of plants grown in the  
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compost amended soil was 31% lower than in the control 

sample. 

 
 
4.1.2Effect of the applied soil amendments on the availability 

of the studied  heavy metals in Bahteem  soil. 
 
 
Copper (Cu) 

Available copper content in the tested soil as affected by 

different amendments and incupation periods is presented in 

Table 12 and graphically illustrated by Figure 15. Results show 

that available Cu content slightly decreased after 2 hrs up to 15 

days of incubation due to application of compost at a rate of  2% 

. On the other hand, sharp decreases in available Cu content were 

obtained after 30 and 60 days of incubation. Similar trend with 

some exceptions was noticed when compost was added at a rate 

of 4% . Application of rock phosphate, calcium carbonate and 

charcoal induced the same effects. In this regard, the overall 

means reflected that addition of all amendments at the high rate 

(4%) resulted in a significant decrease in the availability of Cu in 

soil as compared with the low rate. Comparison between the 

different soil amendments indicates the superiority of calcium 

carbonate over the others. Charcoal came to the next followed by 

compost then the rock phosphate. Highly significant decreas in 

available Cu content occurred after 60 days of incubation. 

 

 

 



Results and Discussion         89 
 

 

 
Table 15: DTPA extractable copper (mg kg-1) from Bahteem soil as 

affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

4.86 4.86 4.86 4.86 4.86 Control 

4.03 2.86 3.65 4.79 4.80 2% 

3.81 2.83 2.90 4.72 4.80 4% 
Compost 

4.23 3.52 3.80 4.79 4.82 Mean 

4.32 3.65 3.92 4.80 4.91 2% 

4.02 2.91 3.44 4.81 4.94 4% 

Rock 

phosphate 

4.40 3.81 4.07 4.82 4.90 Mean 

2.54 1.94 1.99 2.08 4.13 2% 

2.34 1.74 1.78 1.88 3.95 4% 

Calcium 

carbonate 

3.25 2.85 2.88 2.94 4.31 Mean 

2.75 1.94 2.05 2.80 4.22 2% 

2.61 1.84 1.97 2.81 3.81 4% 
Charcoal 

3.41 2.88 2.96 3.49 4.30 Mean 

4.86 4.86 4.86 4.86 4.86 Control 

3.41 2.60 2.90 3.62 4.52 2% 

3.20 2.33 2.52 3.55 4.38 4% 

Concentration 

× 

Time 

 3.27 3.43 4.01 4.58 Mean 

 
LSD at 0.05     M: 0.252        C: 0.218         T: 0.252            M x C: 0.363 
                                  M x T: 0.503          C x T: 0.363          M  x C x T:  0.872   
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Figure 12: Effect of soil amendments applied at different rates on the 

availability of copper in Bahteem soil as affected by different 
incubation periods. 
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Cobalt (Co) 

Results in Table 16 and graphically illustrated by Figure 13 

show the effect of compost application on the availability of 

cobalt in the soil under study. The effect was more pronounced 

after 15 days of incubation only with 2% application rate. 

Increasing the rate of compost application  to 4% did not reflects 

any variation in cobalt content than those of control. Increasing 

the incubation periodinduceda significant decrease in available 

cobalt content with the two rates of compost application (2 and 

4%) concentration. The most significant decrease in cobalt 

content occurred after 60 days of incubation. The overall mean 

of compost rate did not reflecs significant variation between 

them. In the same time the overall means of incubation periods 

showed that the high decrease in cobalt content was induced at 

30 and 60 days of incubation. 

It was surprise that addition of rock phosphate either at a rate of 

2 or 4% increased the content of cobalt over those recorded with 

the control. This holds true at 2 hrs and 15 days of incubation 

periods. This may be attributed to the chemical composition of 

origin rock phosphate. Increasing the incubation perioddecreased 

the available cobalt content in the soil as compared with the 

control treatment. The highest decrease was obtained with the 

application of rock-P at a rate of 4 %  and after 60 days of 

incubation.   

In case of calcium carbonate addition, data showed 

significant decrease in available cobalt content after 2 hrs of 

incubation. The decrease progressed with increasing the 

incubation period up to 60 days. The highest decrease occurred  
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Table 16: DTPA extractable cobalt (mg kg-1) from Bahteem soil as 

affected by the incubation period, the rate of applied 
amendments and their interaction. 

 
Time Mean 

60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

٨١>١ ٨١>١ ٨١>١ ٨١>١ ٨١>١ Control 

٨١>١ ٥٢>١ ٢٥>١ ٠٤>١ ٤١>١ 2% 

٨١>١ ٨١>١ ٠٠>١ ٠٠>١ ٤٠>١ 4% 

Compost 

٨١>١ ٧١>١ ٣٥>١ ٢٨>١ ١:٥٤ Mean 

٨٥>١ ٩٣>١ ٢٥>١ ١٤>١ ٥٤>١ 2% 

٩٢>١ ٠٤>٢ ٧٤>١ ٠٥>١ ٦٩>١ 4% 

Rock 

phosphate 

٨٦>١ ٩٣>١ ٦٠>١ ٣٣>١ ١:٦٨ Mean 

٦٤>١ ٠٩>١ ٨٠>٠ ٦٦>٠ ٠٥>١ 2% 

٥٨>١ ٨٨>٠ ٧٠>٠ ٧٠>٠ ٩٦>٠ 4% 

Calcium 

carbonate 

٦٨>١ ٢٦>١ ١٠>١ ٠٦>١ ١:٢٧ Mean 

٦٦>١ ١٦>١ ٩٥>٠ ٧٢>٠ ١٢>١ 2% 

٥٥>١ ١١>١ ٨٤>٠ ٦٥>٠ ٠٤>١ 4% 

Charcoal 

٦٧>١ ٣٦>١ ٢٠>١ ٠٦>١ ١:٢٧ Mean 

٨١>١ ٨١>١ ٨١>١ ٨١>١ ٨١>١ Control 

٧٤>١ ٤٣>١ ٠٦>١ ٨٩>٠ ١:٢٨ 2% 

٧١>١ ٤٦>١ ٠٧>١ ٨٤>٠ ١:٢٧ 4% 

Concentration 

 Time× 

 ٧٦>١ ٥٧>١ ٣١>١ ١:١٨ Mean 

 

LSD at 0.05 M:0.172      C:0.149T:0.172       M x C:0.085 

                                M x T:0.344C x T:0.085         M x C x T:0.596  
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Figure 13: Effect of soil amendments applied at different rates on the 

availability of cobalt in Bahteem soil as affected by different 
incubation periods. 
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after 60 days of incubation when calcium carbonate was added at 

a rate of 4%. Similar trend was noticed with application of 

charcoal. 

In conclusion, the overall means indicated that calcium 

carbonate and charcoal were the best amendments followed by 

compost then rock phosphate. Interaction between the rate of 

amendments application and incubation time indicated that there 

was no significant difference between the two rates of 

application. and in the same time the best reduction in the 

availability f cobalt in treated soil was at 60 days of incubation. 

 

Cadmium (Cd) 

Available cadmium content in soil treated with compost at 

different rates was decreased with increasing the incubation 

period (Table 17and Figure14). Application of compost at a rate 

of 2% resulted in a gradual decrease in available cadmium 

content in the soil, the decrease was progressed with increasing 

the incubation period. The highest decrease was obtained after 

60 days of incubation and with the higher rate of application i.e. 

at the application rate of 4 %.  

Concerning the effect of rock phosphate, results show that   

available cadmium content in soil decreased after incubation for 

30 and 60 days.The decrease was significant only at application 

rate 4% rock phosphate.Similarly, calcium carbonate and 

charcoal resulted in a significant decreases in Cd content.   

In conclusion, the decrease of available cadmium content in 

the soil as affected by calcium carbonate addition surpassed 

those of charcoal, compost and rock phosphate. Also, increasing  
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Table (17): DTPA extractable cadmium (mg kg-1) from Bahteem soil 

as affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Time 
Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

٢١>٢ ٢١>٢ ٢١>٢ ٢١>٢ ٢١>٢ Control 

١٥>٢ ١٢>٢ ٢٧>١ ١٧>١ ٦٨>١ 2% 

١٦>٢ ١٢>٢ ٥٤>١ ٠٠>١ ٧١>١ 4% 
Compost 

١٧>٢ ١٥>٢ ٦٧>١ ٤٦>١ ١:٨٦ Mean 

٢٦>٢ ٣٨>٢ ٠٤>٢ ٧٧>١ ١١>٢ 2% 

٣٠>٢ ٤٨>٢ ٨١>١ ٠٦>١ ٩١>١ 4% 

Rock 
phosphate 

٢٦>٢ ٣٦>٢ ٠٢>٢ ٦٨>١ ٢:٠٨ Mean 

٠١>٢ ١٠>١ ٠٢>١ ٨٩>٠ ٢٦>١ 2% 

٩٣>١ ٨٢>٠ ٧٨>٠ ٥٦>٠ ٠٢>١ 4% 

Calcium 
carbonate 

٠٥>٢ ٣٨>١ ٣٤>١ ٢٢>١ ١:٥٠ Mean 

٩٦>١ ١٩>١ ٠٤>١ ٧٨>٠ ٢٤>١ 2% 

٩٤>١ ٠٥>١ ٧٩>٠ ٦٠>٠ ١٠>١ 4% 
Charcoal 

٠٤>٢ ٤٨>١ ٣٥>١ ٢٠>١ ١:٥٢ Mean 

٢١>٢ ٢١>٢ ٢١>٢ ٢١>٢ ٢١>٢ Control 

٠٩>٢ ٧٠>١ ٣٤>١ ١٥>١ ٥٧>١ 2% 

٠٨>٢ ٦٢>١ ٢٣>١ ٨١>٠ ٤٣>١ 4% 

Concentration 
 Time× 

 ١٣>٢ ٨٤>١ ٥٩>١ ٣٩>١ Mean 

 
LSD at 0.05      M:0.235          C:0.064        T:0.235         M x C:0.103 

                              M x T:0.471      C x T:0.103           M x C x T:0.815 
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Figure 14: Effect of soil amendments applied at different rates on the 

availability of cadium in Bahteem soil as affected by 
different incubation periods. 
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the rate of application of these amendments resulted in increases 

in reduction of Cd in soil. 

 

Zinc 

Results inTable 18 and illustrated inFigure15show that  

application of compost has a positive effect in decreasing the 

availability of Zn in soil as compared to the control. This holds 

true with all incubation periods and the two rates of compost 

application. Highly significant decrease in the available zinc 

content in the soil was obtained sfter 30 and 60 days of 

incubation. A slight difference was obtained between the two 

ratesof compost application. In case of rock phosphate addition, 

data revealed that available Zn content in the soil was 

significantly decreased after 30 and 60 days of incubation as 

compared with the control treatment. The decrease in the 

available zinc content was more pronounced with the application 

of rock phosphate at a rate of 4%. 

Also, the application of calcium carbonate induced the 

same effects occurred with the application of compost and rock 

phosphate where Zn content in soil was significantly decreased 

by the addition of either 2% or 4% rate. The decrease in 

available Zn content in the soil progressed with increasing the 

incubation period from 2 hours up to 60 days.Similar trend 

occurred with the application of charcoal. Highly significant 

decrease in the available Zn content in the soil was induced by 

adding calcium carbonate and charcoal when applied at a rate of 

4% . 
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Table (18): DTPA extractable zinc (mg kg-1) from Bahteem soil as 
affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

٣٧>١٢ ٣٧>١٢ ٣٧>١٢ ٣٧>١٢ ٣٧>١٢ Control 

٢١>١٢ ٢٢>١٢ ٥٧>٨ ٥٣>٨ ٣٨>١٠ 2% 

٧٠>١١ ٤٣>١١ ٠٧>٨ ٩٤>٧ ٧٩>٩ 4% 
Compost 

٠٩>١٢ ٠٠>١٢ ٦٧>٩ ٦١>٩ ٨٥>١٠ Mean 

٤٣>١٢ ٥٢>١٢ ٧٢>١٠ ٨٥>٧ ٨٨>١٠ 2% 

٦٥>١٢ ٥٧>١٢ ١٣>٨ ٣٩>٦ ٩١>٩ 4% 

Rock 
phosphate 

٤٥>١٢ ٤٩>١٢ ٤١>١٠ ٨٧>٨ ٠٥>١١ Mean 

٥٤>١٠ ٩٩>٦ ٤٤>٥ ٧٧>٣ ٦٩>٦ 2% 

٥٠>١٠ ٠٥>٦ ٠٨>٣ ٤٣>٢ ٥٢>٥ 4% 

Calcium 
carbonate 

١٣>١١ ٤٧>٨ ٩٦>٦ ١٩>٦ ١٩>٨ Mean 

٩٩>١٠ ٢٩>٩ ٧٢>٦ ٤٥>٤ ٨٦>٧ 2% 

٥٤>١٠ ٦١>٨ ٢٠>٥ ٦٠>٤ ٢٤>٧ 4% 
Charcoal 

٣٠>١١ ٠٩>١٠ ٠٩>٨ ١٤>٧ ١٦>٩ Mean 

٣٧>١٢ ٣٧>١٢ ٣٧>١٢ ٣٧>١٢ ٣٧>١٢ Control 

٥٤>١١ ٢٦>١٠ ٨٦>٧ ١٥>٦ ٩٥>٨ 2% 

٣٢>١١ ٦٧>٩ ١٢>٦ ٣٤>٥ ١١>٨ 4% 

Concentrati
on 

 Time× 

 ٧٥>١١ ٧٦>١٠ ٧٨>٨ ٩٥>٧ Mean 

 
LSD at 0.05 M:0.063       C:0.054T:0.063M x C:0.281 

                            M x T:0.126C x T:0.281       M x C x T:0.218   
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Figure (15) Effect of soil amendments applied at different rates on the 

availability of zinc in Bahteem soil as affected by different 
incubation periods. 
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In conclusion, the application of all soil amendment 

decreased the availability of zinc in the soil under study as 

compared with the control treatment. Application of calcium 

carbonate induced a highly significant decrease in Zn availability 

as compared with all other amendments especially when added 

at a rate of 4 % and after 60 days of incubation. 

 

Lead  

Available Lead content in soil treated with different 

amendments and incubated for different periodsis presented in 

Table 19 and graphically illustrated by Figure16. Results show 

that incorporation of compost into the soil resulted in a decrease 

in lead availability. This holds true with all incubation periods 

comparing with the control treatment. Highly significant 

decrease in available lead contentoccurred after 30 and 60 

daysfrom incubation. The decrease in thelead availability was 

more pronounced when compost added at a rate of 4%. On the 

other hand, application of rock phosphate increased the 

concentration of available lead at the beginning of incubation 

period over the control. This holds true under the two rates of 

compost. Available Lead content tended to decrease with 

increasing incubation period; the decrease was more obvious 

when rock phosphate was applied at a rate of 4 % compost 

concentration.  

Remarkable decrease in lead availability occurred with 

the application of calcium carbonate. It has the same effect like 

compost. Also, a sharp decrease in available lead content in the 

soil occurred with the application of calcium carbonate at a high  
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Table 19: DTPA extractable lead (mg kg-1) from Bahteem soil as 
affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

٠٨>٨ 
٠>٨
٨ 

٠>٨
٨ 

٠>٨
٨ 

٠٨>٨ Control 

٨٥>٦ 
١>٥
٤ 

٢>٦
٩ 

٩>٧
٨ 

٩٩>٧ 2% 

٥١>٦ 
٥>٤
٨ 

٦>٥
١ 

٨>٧
٨ 

٩٨>٧ 4% 
Compost 

٧:١٥ 
٩>٥
٨ 

٦>٦
٦ 

٩>٧
٨ 

٠٢>٨ Mean 

٥١>٦ 
٢>٤
١ 

٤>٥
١ 

٢>٨
٧ 

١٧>٨ 2% 

٣٧>٦ 
٨>٣
٨ 

١>٥
٢ 

٢>٨
٩ 

٢٠>٨ 4% 

Rock 
phosphate 

٦:٩٩ 
٣>٥
٨ 

٢>٦
٠ 

٢>٨
١ 

١٥>٨ Mean 

٢٤>٥ 
٢>٣
٦ 

٧>٤
٣ 

٧>٥
٥ 

٢١>٧ 2% 

٦١>٤ 
٥>٢
٦ 

٢>٣
٧ 

٧>٥
١ 

٩٢>٦ 4% 

Calcium 
carbonate 

٥:٩٨ 
٦>٤
٣ 

٣>٥
٦ 

٥>٦
١ 

٤٠>٧ Mean 

٦٣>٥ 
٨>٣
٣ 

١>٥
٨ 

٢>٦
٠ 

٣٠>٧ 2% 

١٠>٥ 
٣>٣
٠ 

٣>٤
٧ 

٠>٦
٨ 

٦٦>٦ 4% 
Charcoal 

٦:٢٧ 
٠>٥
٧ 

٨>٥
٨ 

٧>٦
٩ 

٣٥>٧ Mean 

٠٨>٨ 
٠>٨
٨ 

٠>٨
٨ 

٠>٨
٨ 

٠٨>٨ Control 

٠٦>٦ 
١>٤
١ 

٤>٥
٠ 

٠>٧
٥ 

٦٧>٧ 2% 

٦٥>٥ 
٥>٣
٨ 

٥>٤
٩ 

٩>٦
٩ 

٤٤>٧ 4% 

Concentratio
n 

 Time× 

 
٢>٥
٦ 

٠>٦
٢ 

٣>٧
٧ 

٧٣>٧ Mean 

LSD at 0.05      M:0.063       C:0.054            T:0.063          M x C:0.0.229 
                         M x T:0.126            C x T:0.229          M x C x T:0.218 
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Figure 16: Effect of soil amendments applied at different rates on the 

availability of lead in Bahteem soil as affected by different 
incubation periods. 
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rate (4 %) and after the incubation period of 60 days. Similar 

trend but high extent occurred with the application of charcoal.  

In conclusion, the decrease in lead availability in soil under 

study as affected by the application of the amendments under 

study could be arranged as follow: calcium carbonate > charcoal 

> rock phosphate > compost. Also, the highly significant 

decrease in the availability of lead was more pronounced after 60 

days of incubation and with high rate (4 %) of  the applied 

amendment.    

  calcium carbonate followed by charcoal surpassed those 

of rock phosphate and compost, respectively. In the same time, 

the highly significant reduction in the availability of lead was 

more pronounced at 60 day incubation interval with high 

concentration of applied amendments.  

 

Manganese 

Reasults in Table 20 and illustrated inFigure17show that 

application of compost decreased the available Mn content in the 

soil as compared to the untreated soil. There was no significant 

difference between the two rates of compost application. The 

decrease of Mn availability was more pronounced after 60 days 

of incubation. Application of rock phosphate, calcium carbonate 

and charcoal shows almostthe same trend. The main effect of 

soil amendments application did notshows significant differences 

between them.   

 It could be concluded that application of soil amendments 

under study has a slight effect on decreasing the availability of  
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Table (20): DTPA extractable manganise (mg kg-1) from Bahteem soil 
as affected by the incubation period, the rate of applied 
amendments and their interaction. 

 
Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

٢٤>٢٥ 
٢>٢٥

٤ 

٢>٢٥

٤ 

٢>٢٥

٤ 
٢٤>٢٥ Control 

٧٨>٢١ 
٣>١٨

١ 

٩>١٨

٠ 

٨>٢٤

٥ 
٠٧>٢٥ 2% 

٨٤>٢١ 
٩>١٧

٢ 

٢>١٨

٥ 

٧>٢٤

١ 
٠٤>٢٥ 4% 

Compost 

٢٢:٨٣ 
٤>٢٠

٩ 

٨>٢٠

٠ 

٩>٢٤

٣ 
١١>٢٥ Mean 

٣٧>٢٢ 
٠>١٩

١ 

١>٢١

٥ 

٣>٢٤

٩ 
٩٣>٢٤ 2% 

٥١>٢١ 
٦>١٧

٨ 

١>٢٠

٩ 

٨>٢٣

٩ 
٢٧>٢٤ 4% 

Rock 

phosphate 

٢٣:٠٤ 
٦>٢٠

٤ 

١>٢٢

٩ 

٥>٢٤

١ 
٨١>٢٤ Mean 

٣٤>١٩ 
٣>١٦

٩ 

٩>١٦

٤ 

١>١٩

١ 
٩٣>٢٤ 2% 

١٦>١٨ 
٢>١٥

٦ 

٣>١٥

٣ 

٥>١٧

٢ 
٥٣>٢٤ 4% 

Calcium 

carbonate 

٢٠:٩٢ 
٩>١٨

٧ 

١>١٩

٧ 

٦>٢٠

٢ 
٩٠>٢٤ Mean 

٠٧>٢٠ 
٩>١٦

٦ 

٠>١٨

١ 

٥>٢٠

٥ 
٧٧>٢٤ 2% 

٣٢>١٩ 
١>١٦

٩ 

٤>١٧

٩ 

٠>١٩

٦ 
٥٥>٢٤ 4% 

Charcoal 

٢١:٥٤ 
٤>١٩

٦ 

٢>٢٠

٥ 

٦>٢١

١ 
٨٥>٢٤ Mean 

٢٤>٢٥ 
٢>٢٥

٤ 

٢>٢٥

٤ 

٢>٢٥

٤ 
٢٤>٢٥ Control 

٨٩>٢٠ 
٦>١٧

٧ 

٧>١٨

٥ 

٢>٢٢

٣ 
٩٣>٢٤ 2% 

١٢>٢٠ 
٧>١٦

٦ 

٨>١٧

٢ 

٣>٢١

٠ 
٦٠>٢٤ 4% 

Concentrati

on 

 Time× 

 
٨>١٩

٩ 

٦>٢٠

٠ 

٩>٢٢

٢ 
٩٢>٢٤ Mean 

 

LSD at 0.05 M:0.336C:0.291            T:0.336              M x C:0.481 
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M x T:0.672C x T:0.481          M x C x T:1.163  
 

 

Figure (17) Effect of soil amendments applied at different rates on the 
availability of manganese in Bahteem soil as affected by 
different incubation periods. 
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Mn especially at the end of incubation periods and there was no 

high significant difference between the two rates of application. 

 

Iron 

Data in Table 21 and graphically illustrated by Figure 18 

show   that application of compost either at a rate of 2% or 4% 

had a positive effect on decreasing the availability of iron in the 

soil under study after itsincubation for different periods. A sharp 

decrease in the available iron content of the soil occurred after 

30 and 60 days of incubation. Slightly significant differences 

occurred between the two rates of application. 

Concerning the effect of rock phosphate addition, data 

reveal thatavailable iron content in the soil under consideration 

slightly decreased with the application of rock phosphate at a 

rate of 2 and 4% as compared  with the control treatmenet. 

Increasing the incubation period gradually decreasedthe 

available iron content in the soil. Similar trend occurred with the 

application of calcium carbonate, but the decrease in iron 

availability was somewhat higher than those obtained with rock 

phosphate especially at 4% rate. Similarly was the case with 

charcoal application. Comparison between the effect of the 

applied amendment on decreasing iron availability in the soil 

under consideration shows the following order : 

Calcium carbonate > charcoal >compost ≥ rock phosphate 
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Application of soil amendments under study at a rate of 

4% resulted in a higher decrease in iron availability in the soil 

under study than those induced by 2 % rate.   

 
Table 21: DTPA extractable iron (mg kg-1) from Bahteem soil as 

affected by the incubation period, the rate of applied 
amendments and their interaction. 

 
Time 

Mean 60 
Day 

30 
Day 

15 
Day 

2 
Hours 

Concentration Treatments 

٤٢>٢٥ 
٤>٢٥

٢ 
٤>٢٥

٢ 
٤>٢٥

٢ 
٤٢>٢٥ Control 

٧٢>٢١ 
١>١٨

١ 
٩>١٨

٧ 
٧>٢٤

٥ 
٠٦>٢٥ 2% 

٦١>٢١ 
٠>١٨

٣ 
١>١٨

١ 
٠>٢٥

٢ 
٢٦>٢٥ 4% 

Compost 

٢٢:٩٢ 
٥>٢٠

٢ 
٨>٢٠

٣ 
٠>٢٥

٦ 
٢٥>٢٥ Mean 

٨٤>٢٢ 
٨>١٩

٨ 
٢>٢٢

١ 
١>٢٤

٢ 
١٦>٢٥ 2% 

٩١>٢١ 
٧>١٧

٨ 
١>٢١

٩ 
٥>٢٣

٤ 
١١>٢٥ 4% 

Rock 

phosphate 

٢٣:٣٩ 
٠>٢١

٣ 
٩>٢٢

٤ 
٣>٢٤

٦ 
٢٣>٢٥ Mean 

٨٤>١٩ 
١>١٨

٠ 
١>١٨

٠ 
٨>١٨

٤ 
٣١>٢٣ 2% 

٣٢>١٧ 
٩>١٣

٥ 
٤>١٥

٦ 
٠>١٦

٠ 
٨٦>٢٣ 4% 

Calcium 

carbonate 

٢٠:٨٦ 
١>١٩

٥ 
٦>١٩

٦ 
٠>٢٠

٩ 
٥٣>٢٤ Mean 

٤٩>٢٠ 
٥>١٨

٨ 
٨>١٨

٧ 
٧>٢٠

٧ 
٧٣>٢٣ 2% 

٨٦>١٨ 
٠>١٥

٣ 
١>١٨

٤ 
٠>١٩

٣ 
٢٢>٢٣ 4% 

Charcoal 

٢١:٥٩ 
٨>١٩

٦ 
٨>٢٠

١ 
٧>٢١

٤ 
١٢>٢٤ Mean 

٤٢>٢٥ 
٤>٢٥

٢ 
٤>٢٥

٢ 
٤>٢٥

٢ 
٤٢>٢٥ Control 

٢٢>٢١ 
٦>١٨

٧ 
٥>١٩

٤ 
١>٢٢

٢ 
٥٧>٢٤ 2% 

٣٦>٩٢٤>٢٢٠>٢١٨>١٦ ٩٢>١٩ 4% 

Concentrati

on 

 Time× 
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٠ ٣ ٠  

 
١>٢٠

٠ 
٠>٢١

٦ 
٨>٢٢

١ 
٧٨>٢٤ Mean 

 
LSD at 0.05       M:0.272          C:0.235          T:0.272        M x C:0.289 
                           M x T:0.543        C x T:0.289         M x C x T:1.378 
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Figure 18: Effect of soil amendments applied at different rates on the 
availability of iron in Bahteem soil as affected by different 
incubation periods. 

 

 

Application of all amendments at 4% concentration 

resulted in higher, to some extent, reduction in iron availability 

in soil than those induced by 2% concentration comparable to the 

untreated control. 

In this respect, Hernández-Allica et al., (2006); Epelde et 

al., (2008)  carried out a microcosm study with a moderately 

polluted mine soil (1,000 mg Zn kg−1 DW soil, 340 mg Pb kg−1 

DW soil, 2.6 mg Cd kg−1 DW soil) amended with cow slurry 

[i.e., cow slurry, having 12% dry matter (DM), 3.25% DM 

nitrogen, 0.9% DM phosphorus, and 3% DM potassium, was 

applied at a dose of 0.1 l kg−1 DW soil] or a chemical fertilizer 

(i.e., urea plus PK14% fertilizer at similar nutrient doses to those 

applied as cow slurry). Twenty weeks after amendment addition, 

bioavailable (CaCl2 extractable) soil metal concentrations had 

decreased considerably: a 45, 62 and 38% reduction in 

bioavailable Zn, Pb and Cd, respectively, was observed for the 

chemically fertilized soils; a 34, 50 and 33% reduction in 

bioavailable Zn, Pb and Cd, respectively, was found in those 

soils fertilized with cow slurry. At the same time, values of 

dehydrogenase activity increased in both amended soils (i.e., 

control, no amendment added, soil: 0.2 mg INTF kg−1 DW soil 

20 h−1; soil with chemical fertilizer: 12.0 mg INTF kg−1 DW soil 

20 h−1; soil with cow slurry: 77.4 mg INTF kg−1 DW soil 20 h−1), 
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indicating the stimulatory effect of both amendments on soil 

microbiological activity. 

 
 
 
 
 

4.1.3 Effect of the applied soil amendments on the 

availability of the studied  heavy metals in Mostorod 

soil. 

Copper (Cu) 

Available copper content in the soil under study as affected 

by different amendments under different incubation periods is 

presented in Table 22 and graphically illustrated in Figure 19. 

Cu content was slightly decreased by application of compost at a 

rate of 2% after 2 hrs and 15 days of incubation whereas a  sharp 

decrease occurred after 30 and 60 days of incubation. Similar 

trend with some exceptions was obtained when compost was 

applied at a rate of 4% . Application of rock phosphate, calcium 

carbonate and charcoal induced the same effect. In this regard, 

the main effect of application of amendments show that their 

application at a rate of 4% resulted in a significant decrease in 

the availability of Cu in the soil compared with 2 % rate. 

Comparison  between the different soil amendments under 

consideration indicated the superiority of calcium carbonate over 

the others. Charcoal came to the next followed by compost then 

rock phosphate. Highly significant decrease in the available Cu 

contentoccurred after 60 days of incubation. 

 

Cobalt (Co) 
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Resultspresented in Table 23 and graphically illustrated in 

Figure 20 show that the effect of the the applied compost on 

decrerasing cobalt availability started after 15 days of incubation 

only with 2 % rate of application whereas increasing the rate of 

compost application to 4 % showed high significant variation in  

Table 22: DTPA extractablecopper (mg kg-1) from Mostorod soil as 
affected by the incubation period, the rate of applied 
amendments and their interaction. 

 

Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

5.10 5.10 5.10 5.10 5.10 Control 

4.27 3.23 3.77 5.05 5.03 2% 

4.10 3.20 3.21 5.01 5.01 4% 
Compost 

4.49 3.84 4.03 5.05 5.05 Mean 

4.35 3.00 4.13 5.11 5.14 2% 

4.14 2.33 3.86 5.16 5.20 4% 

Rock 

phosphate 

4.53 3.48 4.36 5.12 5.15 Mean 

2.97 2.03 2.38 2.55 4.90 2% 

2.61 1.71 1.84 2.10 4.77 4% 

Calcium 

carbonate 

3.56 2.95 3.11 3.25 4.92 Mean 

3.08 2.11 2.29 3.05 4.87 2% 

2.86 1.8 1.94 2.91 4.75 4% 
Charcoal 

3.68 3.02 3.11 3.69 4.91 Mean 

5.10 5.10 5.10 5.10 5.10 Control 

3.67 2.59 3.14 3.94 4.99 2% 

3.43 2.27 2.71 3.79 4.94 4% 

Concentration 

×Time 

 3.32 3.65 2.28 5.01 Mean 

 

LSD at 0.05 M: 0.055C: 0.048        T: 0.055      M x C: 0.096 

M x T:0.111C x T: 0.096M  x C x T:  0.192 
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Figure 19: Effect of soil amendments applied at different rates on the 

availability of copper in Mostorod soil as affected by 
different incubation periods. 
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Table 23: DTPA extracablecobalt (mg kg-1) from Mostorod soil as 
affected by the incubation period, the rate of the applied 
amendments and their interaction. 

 

Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

١٥>٢ 
١>٢
٥ 

١>٢
٥ 

١>٢
٥ 

١٥>٢ Control 

٨١>١ 
٣>١
٦ 

٨>١
٠ 

٠>٢
١ 

٠٧>٢ 2% 

٦٩>١ 
١>١
٦ 

٥>١
٨ 

٠>٢
١ 

٠٢>٢ 4% 
Compost 

١:٨٨ 
٥>١
٥ 

٨>١
٤ 

٠>٢
٦ 

٠٨>٢ Mean 

٨٦>١ 
٣>١
٠ 

٧>١
٥ 

٢>٢
٣ 

١٧>٢ 2% 

٧٤>١ 
٠>١
٤ 

٤>١
٩ 

٢>٢
٦ 

٢٠>٢ 4% 

Rock 
phosphate 

٩٢>١ 
٥>١
٠ 

٨>١
٠ 

٢>٢
٢ 

١٧>٢ Mean 

٢٢>١ 
٦>٠
٨ 

٨>٠
٨ 

٣>١
٣ 

٩٧>١ 2% 

٠٧>١ 
٥>٠
٧ 

٧>٠
٠ 

١>١
٤ 

٨٧>١ 4% 

Calcium 
carbonate 

٤٨>١ 
١>١
٤ 

٢>١
٤ 

٥>١
٤ 

٢٠>١ Mean 

٢٨>١ 
٦>٠
٧ 

٠>١
٤ 

٤>١
٢ 

٩٨>١ 2% 

١٤>١ 
٦>٠
١ 

٩>٠
٩ 

٢>١
٢ 

٤٥>١ 4% 
Charcoal 

٥٢>١ 
١>١
٤ 

٣>١
٩ 

٦>١
٠ 

٩٦>١ Mean 

١٥>٢ 
١>٢
٥ 

١>٢
٥ 

١>٢
٥ 

١٥>٢ Control 

٥٤>١ 
٠>١
٠ 

٣>١
٧ 

٧>١
٥ 

٠٥>٢ 2% 

٤١>١ 
٨>٠
٤ 

١>١
٩ 

٦>١
٦ 

٩٦>١ 4% 

Concentration 
 Time× 

 
٣>١
٣ 

٥>١
٧ 

٨>١
٥ 

٠٥>٢ Mean 

 

LSD at 0.05       M:0.099         C:0.084        T:0.099           M x C:0.168 
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                           M x T:0.194          C x T:0.168        M  x C x T:0.336 

 

 

 
Figure 20: Effect of soil amendments applied at different rates on the 

availability of cobalt in Mostorod soil as affected by 
different incubation periods. 
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the available cobalt content than those of control especially after 

60 days of incubation. Increasing the  incubation period showed 

significant decrease in available cobalt content with the two rates 

of compost application especially after 60 days of incubation. 

The main effect of compost application did not show high 

significant variation between the rates of application. The main 

effect of incubation period showed that the high decrease in 

cobalt content occurred  after 30 and 60 days of incubation. 

 Application of rock phosphate either at a rate of 2 or 4%  

slightly increased available cobalt content over those of the 

control treatment especially at the first incubation period. This 

may be attributed to the chemical composition of origin rock 

phosphate. With incubation time progress, available cobalt 

content in the soil under study tended to decrease as compared 

with the control treatment. The highest decrease occurred with 

the application of rock-P at a rate of 4% and after 60 days of 

incubation.  

In case of calcium carbonate addition, data showed that a 

significant decrease in the available cobalt content occurred; the 

decrease progressed with increasing the incubation period up to 

60 days. The highest decrease occurred  after  60 days of 

incubation when calcium carbonate was added at 4 % rate. 

Similar trend was noticed with application of charcoal. 

In conclusion, the main effect of amendments application 

indicated that calcium carbonate and charcoal were the more 

efficient mendments followed by compost then rock phosphate. 

Interaction between the rates of the applied and incubation 
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period indicated that there was no significant difference between 

the two rates of the applied amendments and the highest decrease 

in the availability of cobalt in the soil under consideration 

occurred after 60 days of incubation. 

 

Cadmium (Cd) 

Available cadmium content in the soil amended with 

different soil amendments under different incubation periods is 

shown in Table 24 and Figure 21. Results show that application 

of compostat different rates decreased the available Cd content 

in the soil with increasing the incubation period. Application of 

compost at 2% resulted in gradual decrease in cadmium content 

with increasing the incubation period; the highest decrease 

occurred after 60 days of incubation. Application of compost at a 

rate of 4% induced a higher decrease as compared with 2 % 

application rate. 

Application of rock phosphate decreased progressively the 

available cadmium contentin the soil with increasing the 

incubation period up to 60 days. In this regard, more significant 

decrease was induced by application of 4% rock phosphate as 

compared to 2% rate. Similarly, calcium carbonate and charcoal 

amendments resulted in significant decreases in Cd 

concentration.   

In conclusion, the decrease  of cadmium in soil as affected 

by calcium carbonate application surpassed those of charcoal, 

compost and rock phosphate. Increasing the rate of the applied 

amendment increased the decrease of cadmium availability in the 

soil under consideration.   
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Table 24: DTPA extracable cadium (mg kg-1) from Mostorod soil as 

affected by the incubation period, the rate of the applied 
amendments and their interaction. 

 

Time 

Mean 60 

Day 

30 

Day 

15 

Day 

2 

Hours 

Concentration Treatments 

٤٦>٢ 
٤>٢
٦ 

٤>٢
٦ 

٤>٢
٦ 

٤٦>٢ Control 

١٠>٢ 
٤>١
٠ 

١>٢
١ 

٤>٢
٤ 

٤٥>٢ 2% 

٨٨>١ 
٢>١
٤ 

٤>١
١ 

٤>٢
٤ 

٤٥>٢ 4% 
Compost 

١٥>٢ 
٧>١
٠ 

٩>١
٩ 

٤>٢
٥ 

٤٥>٢ Mean 

١٣>٢ 
٥>١
١ 

٠>٢
٠ 

٥>٢
٥ 

٤٨>٢ 2% 

٠٧>٢ 
٣>١
١ 

٩>١
٢ 

٥>٢
٧ 

٤٨>٢ 4% 

Rock 
phosphate 

٢٢>٢ 
٧>١
٦ 

١>٢
٣ 

٥>٢
٣ 

٤٧>٢ Mean 

٤٠>١ 
٩>٠
٧ 

٩>٠
٨ 

٤>١
١ 

٢٥>٢ 2% 

٣١>١ 
٩>٠
٣ 

٩>٠
٧ 

٢>١
١ 

١٣>٢ 4% 

Calcium 
carbonate 

٧٢>١ 
٤>١
٥ 

٤>١
٧ 

٧>١
٠ 

٢٨>٢ Mean 

٦٤>١ 
١>١
٠ 

٣>١
٥ 

٨>١
٣ 

٢٧>٢ 2% 

٥٣>١ 
٩>٠
٨ 

٢>١
٠ 

٦>١
٦ 

٢٩>٢ 4% 
Charcoal 

٨٨>١ 
٥>١
١ 

٦>١
٧ 

٩>١
٨ 

٣٤>٢ Mean 

٤٦>٢ 
٤>٢
٦ 

٤>٢
٦ 

٤>٢
٦ 

٤٦>٢ Control 

٨٢>١ 
٢>١
٤ 

٦>١
١ 

٠>٢
٦ 

٣٦>٢ 2% 

٧٠>١ 
١>١
٢ 

٣>١
٨ 

٩>١
٧ 

٣٤>٢ 4% 

Concentration 
 Time× 

 
٦>١
١ 

٨>١
٢ 

١>٢
٦ 

٣٩>٢ Mean 
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LSD at 0.05 M:0.132C:0.115         T:0.132          M x C:0.229 

M x T:0.265C x T:0.229M  x C x T:0.459 
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Figure 21: Effect of soil amendments applied at different rates on the 
availability of cadmium in Mostorod soil as affected by 
different incubation periods. 

Zinc (Zn) 

Results in Table 25 and graphically illustrated by 

Figure22show the effect of application of different amendmenta 

on the availability of Zn in soil under different incubation 

periods. Application of compost  progressively decreased the 

availability of Zn in soil with increasing the rate of application 

and the incubation period. Th decrease was highly significant 

after 30 and 60 days of incubation. A slightly difference 

occurred  between the two rates of application.  

In the case of rock phosphate application, data revealed that 

available Zn content in the soil significantly decreased after 30 

and 60 days of incubation as compared to the control treatment. 

The decrease in zinc availability was morre pronounced with the 

application rate 4 %   than with 2 % rate.   

was more pronounced with 4% neither nor those of 2% 

concentration.   

Concerning the effect of calcium carbonate, results show 

that it has the same effect compost and rock phosphate, where 

available Zn content  in the soil was significantly decreased by 

addition of either 2% or 4% rates. The decreas in the available 

Zn content progressed with increasing the incubation period up 

to 60 days.Similar trend occurred with the application of 

charcoal. Highly significant decrease in Zn availability  occurred 

by applying calcium carbonate and charcoal at a rate of 4% . 

In conclusion, application  of soil amendments under study 

decreased the availability of zinc in the soil under study as 
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compared to the control treatment. Highly significant decrease in 

Zn availabilityresulted in due toapplication ofcalcium  

 

 
 
Table 25: DTPA extracable zinc (mg kg-1) from Mostorod soil as 

affected by the incubation period, the rate of the applied 
amendments and their interaction. 

 

Time 
Mean 60 

Day 
30 

Day 
15 

Day 
2 

Hours 

Concentration Treatments 

٠٩>١٥ ٠٩>١٥ ٠٩>١٥ ٠٩>١٥ ٠٩>١٥ Control 

٨٩>١٤ ٨٨>١٤ ٠١>١١ ١٧>١٠ ٧٤>١٢ 2% 

٩٣>١٤ ٩٢>١٤ ٠٨>١٠ ٩٢>٩ ٤٦>١٢ 4% 
Compost 

٩٧>١٤ ٩٦>١٤ ٠٦>١٢ ٧٣>١١ ٤٣>١٣ Mean 

١٥>١٥ ٦٥>١٥ ٤٧>١٠ ٤٥>٩ ٨٦>١٢ 2% 

٢٦>١٥ ٤٠>١٥ ٨٤>١٠ ٣٥>٧ ١١>١٢ 4% 

Rock 
phosphate 

١٧>١٥ ٣٨>١٥ ٩٧>١١ ٦٦>١٠ ٢٩>١٣ Mean 

٩٦>١٣ ٤٨>١٠ ٤٨>٨ ١١>٧ ٠٠>١٠ 2% 

٨٩>١٣ ٦٣>٩ ٦٠>٧ ٣١>٦ ٣٦>٩ 4% 

Calcium 
carbonate 

٣١>١٤ ٧٣>١١ ٣٨>١٠ ٥٠>٩ ٤٩>١١ Mean 

١٩>١٤ ١٤>١١ ٥٩>٧ ٤٥>٤ ٣٤>٩ 2% 

٧٤>١٣ ٦٩>٨ ٢٣>٥ ٩٢>٣ ٨٩>٧ 4% 
Charcoal 

٣٤>١٤ ٦٤>١١ ٣١>٩ ٨٢>٧ ٧٨>١٠ Mean 

٠٩>١٥ ٠٩>١٥ ٠٩>١٥ ٠٩>١٥ ٠٩>١٥ Control 

٥٥>١٤ ٠٤>١٣ ٣٩>٩ ٧٩>٧ ١٩>١١ 2% 

٤٦>١٤ ١٦>١٢ ٣١>٨ ٩٠>٦ ٤٦>١٠ 4% 

Concentrati
on 

 Time× 

 ٧٠>١٤ ٤٣>١٣ ٩٣>١٠ ٩٣>٩ Mean 

 
LSD at 0.05 M:0.026C:0.022        T:0.026M x C:0.044 

M x T:0.051C x T:0.044M  x C x T:0.088 
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Figure 22: Effect of soil amendments applied at different rates on the 

availability of zinc in Mostorod soil as affected by different 
incubation periods. 
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carbonate surpass that induced by all other amendments 

especially when applied at a rate of 4 % and after incubation for 

60 days. 

 

Lead (Pb) 

Available lead content in the soil amended with different 

amendments and incubated for different periods is presented in 

Table 26 and graphically illustrated inFigure23. Incorporation 

of compost into the soil decrease lead availability. This holds 

true at all incubation periods comparing to the control treatment. 

Highly significant decrease in lead availability occurredafter 30 

and 60 days of incubation;  the decrease was more pronounced 

when compost was applied at a rate of 4% especially after 60 

days of incubation. 

As for the effect rock phosphate application, no 

significant differencesoccurred between the two rate of 

application and the control treatment especially at the beginning 

of incubation. Lead availability  tended to decrease with 

increasing the incubation period; the decrease was pronounced 

with 4% compost application. 

Remarkable decreasein lead availability occurred with the 

application of calcium carbonate. It has the same effect like 

compost where the decrease in lead availability increased with 

increasing incubation periodfrom two hours up to 60 days. Also, 

sharp decrease in lead availability occurred with the application 

of calcium carbonate at a high rate and after 60 days of 

incubation. Similar trend, but toa high extent occurred with the 

application of charcoal. 
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Table 26: DTPA extracable lead (mg kg-1) from Mostorod soil as 
affected by the incubation period, the rate of the applied 
amendments and their interaction. 

 

Time 
Mean 60 

Day 
30 

Day 
15 

Day 
2 

Hours 

Concentration Treatments 

٥٦>١١ ٥٦>١١ ٥٦>١١ ٥٦>١١ ٥٦>١١ Control 

٩٩>٩ ٧٥>٩ ٦٠>٦ ٥٦>٦ ٢٣>٨ 2% 

٠٤>١٠ ٧٨>٩ ١٠>٦ ٧٨>٥ ٩٣>٧ 4% 
Compost 

٥٣>١٠ ٣٦>١٠ ٠٩>٨ ٩٧>٧ ٢٤>٩ Mean 

٦٠>١١ ٧٩>١١ ٧٦>٨ ٢١>٦ ٥٩>٩ 2% 

٦٢>١١ ٦٠>١١ ٩٣>٧ ٤٠>٥ ١٤>٩ 4% 

Rock 

phosphate 

٥٩>١١ ٦٥>١١ ٤٢>٩ ٧٢>٧ ١٠>١٠ Mean 

٠٣>١١ ٥٣>٦ ٩٨>٤ ٩٢>٣ ٦٢>٦ 2% 

١٧>١٠ ٠٢>٦ ٥٢>٣ ٨٥>٢ ٦٤>٥ 4% 

Calcium 

carbonate 

٩٢>١٠ ٠٤>٨ ٦٩>٦ ١١>٦ ٩٤>٧ Mean 

٧٣>١٠ ٤٤>٨ ٤٩>٥ ٠٢>٤ ١٧>٧ 2% 

٢٤>١٠ ٥٥>٧ ٠٨>٤ ٨٥>٣ ٤٣>٦ 4% 
Charcoal 

٨٤>١٠ ١٨>٩ ٠٤>٧ ٤٨>٦ ٣٩>٨ Mean 

٥٦>١١ ٥٦>١١ ٥٦>١١ ٥٦>١١ ٥٦>١١ Control 

٨٤>١٠ ١٣>٩ ٤٦>٦ ١٨>٥ ٩٠>٧ 2% 

٥٢>١٠ ٧٤>٨ ٤١>٥ ٤٧>٤ ٢٨>٧ 4% 

Concentrati

on 

 Time× 

 ٩٧>١٠ ٨١>٩ ٨١>٧ ٠٧>٧ Mean 

 
LSD at 0.05     M:0.021          C:0.018       T:0.021     M x C:0.036 
                        M x T:0.042         C x T:0.036        M  x C x T:0.073 
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Figure 23: Effect of soil amendments applied at different rates on the 

availability of lead in Mostorod soil as affected by different 

incubation periods. 
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       In conclusion, the decrease in lead availability in soil as 

affected by calcium carbonate and charcoal surpassed those of 

rock phosphate and compost.  The highly significant decrease in 

the availability of lead was more pronounced after 60 days of 

incubation. 

 

Manganese (Mn) 

Results presented in Table 27 and graphically illustrated by 

Figure24show that application ofcompost to the soil under 

considerationdid not shows significant difference in the available 

Mn content as compared with the control treatment especially 

after 2hrs and 15d of incubation;  there was no significant 

differences between the two rates of application. The decrease of 

Mn availability was more pronounced after 60 days of 

incubation. A slightly differences between the rates of the 

applied  compost occurredafter 30 and 60 daysof incubation. The 

effect of rock phosphate, calcium carbonate and charcoal nearly 

take the same trends of  compost. The maineffect of soil 

amendments did notshowhighly significant differences between 

each others.   

It could be concluded that the applied soil amendments has a 

slight effect on decreasing the availability of Mn especially at the 

end of incubation period and there was no highly significant 

difference between the two  rates of all the applied amendments.  
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Table (27): DTPA extracable manganese (mg kg-1) from Mostorod 
soil as affected by the incubation period, the rate of the 
applied amendments and their interaction. 

 

Time 
Mean 60 

Day 
30 

Day 
15 

Day 
2 

Hours 

Concentration Treatments 

٥١>٣٦ 
٥>٣٦

١ 
٥>٣٦

١ 
٥>٣٦

١ 
٥١>٣٦ Control 

٠٩>٣٣ 
٨>٢٨

٩ 
٨>٣٠

١ 
١>٣٦

٦ 
٥٠>٣٦ 2% 

١٥>٣٢ 
٩>٢٧

٨ 
٢>٢٨

٤ 
٠>٣٦

٧ 
٣٢>٣٦ 4% 

Compost 

٣٣:٩٢ 
١>٣١

٣ 
٨>٣١

٥ 
٢>٣٦

٥ 
٤٤>٣٦ Mean 

٥٧>٣٣ 
٨>٢٩

٦ 
٣>٣١

٩ 
٥>٣٦

١ 
٥٣>٣٦ 2% 

٨٣>٣٠ 
٥>٢٤

٠ 
٠>٢٦

٩ 
٢>٣٦

١ 
٥٤>٣٦ 4% 

Rock 
phosphate 

٣٣:٦٤ 
٢>٣٠

٩ 
٣>٣١

٣ 
٤>٣٦

١ 
٥٣>٣٦ Mean 

٢٢>٣١ 
٣>٢٩

١ 
٨>٢٩

٠ 
٥>٣٠

٥ 
٢٣>٣٥ 2% 

١٨>٢٨ 
١>٢٤

٦ 
٤>٢٤

٣ 
٠>٢٩

٦ 
٠٥>٣٥ 4% 

Calcium 
carbonate 

٣١:٩٧ 
٩>٢٩

٩ 
٢>٣٠

٥ 
٠>٣٢

٤ 
٦٠>٣٥ Mean 

٦٨>٣٢ 
٦>٣٠

٢ 
٥>٣١

٤ 
٣>٣٣

٢ 
٢٢>٣٥ 2% 

٣٠>٣٠ 
٦>٢٦

٩ 
٠>٢٩

٦ 
٤>٣٠

١ 
٠٤>٣٥ 4% 

Charcoal 

٣٣:١٦ 
٢>٣١

٧ 
٣>٣٢

٧ 
٤>٣٣

١ 
٥٩>٣٥ Mean 

٥١>٣٦ 
٥>٣٦

١ 
٥>٣٦

١ 
٥>٣٦

١ 
٥١>٣٦ Control 

٦٤>٣٢ 
٦>٢٩

٧ 
٨>٣٠

٨ 
١>٣٤

٨ 
٨٧>٣٥ 2% 

٣٧>٣٠ 
٨>٢٥

٣ 
٩>٢٦

٥ 
٩>٣٢

٤ 
٧٤>٣٥ 4% 

Concentrat
ion 

 Time× 

 
٩>٣٠

٧ 
٤>٣١

٥ 
٥>٣٤

٣ 
٠٤>٣٦ Mean 

 
LSD at 0.05  M:0.108       C:0.093T:0.108        M x C:0.187 
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M x T:0.111          C x T:0.187M  x C x T:0.129 
 

 
 
Figure 24: Effect of soil amendments applied at different rates on the 

availability of manganese in Mostorod soil as affected by 
different incubation periods. 
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Iron (Fe) 

Data presented in Table 28 and graphically illustrated by 

Figure 25show that application of compost either at 2% or 4% 

rate had a positive effect on decreasing the availability of iron in 

soil after 30 and 60 days of incubation. A sharp decrease in the 

available iron content occurred after 60 days of incubation due to 

application of compost at a rate 4%.  

Concerning the effect of rock phosphate addition, data reveal 

that available iron content in the soil under study slightly 

decreased with rock phosphate application either at 2 or 4% rate, 

as compared to the control treatment. 

Gradual decrease in iron availability was obtainedas 

incubation  period progressd. Similar trend occurred with the 

application of calcium carbonate, but the decrease in iron 

availability was to some extent higher than those obtained with 

rock phosphate especially at 4% rate. Similarly was the case with 

charcoal application. Comparison between the effectof the 

different amendments, under study, on decreasing iron 

availability in the show the following order: 

Calcium carbonate > charcoal >compost ≥ rock phosphate 

Application of all amendments at 4% rate resulted in a 

higher, to some extent, decrease in iron availability in soil than 

that induced by 2% rate. 
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Table (28): DTPA extracable iron (mg kg-1) from Mostorod soil as 

affected by the incubation period, the rate of the applied 
amendments and their interaction. 

 

Time 
Mean 60 

Day 
30 

Day 
15 

Day 
2 

Hours 
Concentration Treatments 

٤١>٤٦ ٤١>٤٦ ٤١>٤٦ ٤١>٤٦ ٤١>٤٦ Control 
٣٩>٤٦ ٣٣>٤٦ ٦٢>٤٠ ٤٦>٣٨ ٩٥>٤٢ 2% 

٤٠>٤٦ ٣٤>٤٦ ٨٩>٣٨ ٨٢>٣٦ ١٢>٤٢ 4% 
Compost 

٤٠>٤٦ ٣٦>٤٦ ٩٨>٤١ ٥٦>٤٠ ٤٣:٨٣ Mean 

٠٨>٣٦ ٧٤>٤٤ ٩٧>٤٢ ٨١>٣٢ ١٥>٤٣ 2% 

٤١>٤٦ ٥٥>٤٥ ٨٩>٣٩ ٠٦>٣٦ ٩٥>٤١ 4% 

Rock 
phosphate 

٢٧>٤٦ ٥٧>٤٥ ٠٩>٤٣ ٤٣>٤٠ ٤٣:٨٤ Mean 

٠٥>٤٥ ٩٦>٤٠ ١٧>٣٨ ٧٠>٣٥ ٩٧>٣٩ 2% 

٣٤>٤٤ ٧٣>٣٧ ٩٢>٣٦ ٩٠>٣٣ ٢٢>٣٨ 4% 

Calcium 
carbonate 

٢٩>٤٥ ٧٠>٤١ ٥٠>٤٠ ٦٧>٣٨ ٤١:٥٤ Mean 

٩٥>٤٤ ٣٥>٤٢ ٤٨>٤٠ ٥٢>٣٩ ٨٣>٤١ 2% 

١٢>٤٤ ٧٨>٤٠ ٨٦>٣٨ ١٢>٣٧ ٢١>٤٠ 4% 
Charcoal 

١٥>٤٥ ١٨>٤٣ ٩٢>٤١ ٠١>٤١ ٤٢:٨٢ Mean 

٤١>٤٦ ٤١>٤٦ ٤١>٤٦ ٤١>٤٦ ٤١>٤٦ Control 

٦٢>٤٥ ٦٠>٤٣ ٥٦>٤٠ ١٢>٣٨ ٩٨>٤١ 2% 

٤٩>٤٥ ٦٠>٤٢ ٦٤>٣٨ ٩٧>٣٥ ٦٣>٤٠ 4% 

Concentratio
n 

 Time× 

 ٧٧>٤٥ ٢٠>٤٤ ٨٧>٤١ ١٧>٤٠ Mean 
 

LSD at 0.05 M:0.178 C:0.154 T:0.178     M x C:0.309   
M x T:0.356 C x T:0.309 M  x C x T:0.617 
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Figure 25: Effect of soil amendments applied at different rates on the 
availability of iron in Mostorod soil as affected by different 
incubation periods. 
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4.2 Bioremediation experiment  

 

Fungal inoculation with Aspergillus parasiticus and Fusarium 

oxysporum in contaminated soils as bioremediators for 

existing heavy metals from different sites in Egypt.  

 

Biological remediation using microorganisms and plants 

is generally considered a safe and less expensive method for the 

removal of hazardous contaminants. The microorganisms have 

the primary catalytic role in degrading or mineralizing various 

contaminants and converting non-toxic by-products during soil 

bioremediation processes (Seshadri and Heidelberg, 2005; 

Head et al., 2006; Gomez et al., 2007). 

 

4.2.1  El Gabal  El-Asfar Soil 

 

Copper (Cu) 

Copper absorbed by fungi cells at different incubation period is 

presented in Table 29 and graphically illustrated by Figure 26. 

Results show that copper absorbed by native fauna in the control 

treatment soil was lower than that absorbed by fungi inoculant 

“Aspergillus parasiticus”(F1). The absorbed copper by natural 

microfauna tended to increase with increasing time interval up to 

15 days then gradually decreased up to 45 days of incubation 

period.   
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Table 29: Copper content (µg g-1 cell) in fungi cells inoculated into 

El-Gabal EI-Asfar soil as affected by incubation periods. 
 

Incubation period (day) 

Mean 
T4 

(45) 

T3 

(30) 

T2 

(15) 

T1 

(0) 

Fungi inoculation 

٦٠٧>٣ ١٦٧>٤ ٥٢٧>٣ ١٦٧>٣ ٣:٦١٧ Un inoculation (control) 

٨٨٣>٤ ٧٧٠>٥ ٩١٧>٤ ٦٣٠>٣ ٤:٨٠٠ Inoculation with Asp. Paras. 

٦١٧>٤ ٤٥٣>٥ ٣٢٧>٦ ٨٤٠>٤ ٥:٣٠٩ Inoculation with Fusa. axry 

٦٦٧>٥ ٤٠٧>٦ ٠٨٣>٨ ٧٩٣>٧ ٦:٩٨٧ Dual inoculation (F1 + F2) 

 ٤:٦٩٣ ٥:٤٤٩ ٥:٧١٣ ٤:٨٥٧ Mean 

 

L.S.D:0.05                  Fungi (F) =0.803         Time (T) =0.803              F x T=1.607 
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Inoculation of soil with fungi (F1) resulted in an enhancement of 

copper absorption by fungi cells. Values of absorbed copper 

gradually increased with the progress of incubation period up to 

30 days. The highest value of absorped Cu was obtained after 15 

days of incubation (5.77 µg g-1 cell). The increase in copper 

absorption by fungi (F1) after 15 days of incubation reached 38.5 

% over those of the control treatment. Although the absorped Cu 

by fungi (F1) tended to decrease at 45 days, it was still higher 

than those control (3:167 µg g-1 cell to reach 3.64 µg g-1 cell). 

Similar trend occurred with fungi Fusarium oxysporumand (F2) 

treatment but, somewhat to a low extent, wher, absorbed Cu still 

arise up to 45 days of incubation. The highest value of Cu 

absorped by F2 was obtained after 30 days of incubation. After 

that, absorped Cu tended to decrease to reach 4.87 µg g-1 cell 

after 45 days of incubation which was still higher than those of 

both F1 and the control treatment. Dual inoculation (F1 + F2), in 

general, enhanced the absorption of Cu over those achieved with 

the individual fungi inoculation or control treatments. Similarly, 

the highest value of absorped Cu was obtained after 30 days of 

incubation. The obtained results are in agreement with those 

obtainedby Yazdani et al., (2009) who stated that the high 

percentage of Cu adsorption and the high uptake capacity of Cu 

by Trichoderma atroviride suggest that it is a potential 

bioremediator of Cu. 

In conclusion, the main effect of fungi inoculation show 

that Cu absorbed by fungi, in general, surpassed those absorbed 

by the natural soil microfauna (the control treatment). Moreover, 

dual inoculation was superior over singel inoculation. Fungi (F2) 
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was more efficient than fungi (F1). Concerning the effect of 

incubation period on the absorbtion of Cu by fungi cells data 

show that absorbed Cu was the highes after 30 days of 

incubation. Finally, fungi has a great potential to remove a great 

amount of copper (average 5.70 µg g cell-1) which represents 

approximately 62%  of those determined in the control treatment. 

The above mentioned discussion agree with those obtained by 

Courbot et al., (2004) who stated that, some fungal species from 

the basidiomycota phylum are able to produce metalothionein in 

great quantity, which enables them to detoxify their cytoplasm 

against metallic stress, and Bellion et al., (2006) who reported 

that, much research has shown that the ectomycorrhizal fungi 

have extracellular and intracellular mechanisms which confer to 

them a tolerance to the presence of metal pollutants higher than 

that of the non-mycorrhized host plant. The identified 

mechanisms combine reduction of the absorption of metals in the 

cytoplasm and immobilization of metallic pollutants outside the 

cells by secretion of ligands into the medium or by their 

retention on the fungal cell wall. 

 

Manganese (Mn) 

Values of manganese absorbed by fungi cells at different 

incubation periods were higher than those absorbed by natural 

microfauna (controle treatment) indicating itseffectiveness in 

extracting manganese from the contaminated soil (Table, 30 and 

Figure 27). The uninoculated (control treatment) showed an 

increase of Mn with time up to 30 days of incubation where the 

highest value (5.627) occurred. Thenafter, absorbtion of Mn by  
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Table 30: Manganese content (µg g-1 cell) in fungi cells inoculated into 

El-Gabal El-Asfar soil as affected by incubation period. 
 

 Incubation time (day) 

Mean T4 

(45) 

T3 

(30) 

T2 

(15) 

T1 

(0) 

 Fungi inoculation 

٧٥٣>٣ ٤٤٧>٤ ٦٢٧>٥ ٢٧٣>٣ ٤:٢٧٥ Un inoculation (control) 

6.707 ٥٦٧>٥ ٩٨٧>٦ ٥٧٣>٧ ٧٠٣>٦ Inoculation with Asp. Paras. 

٤١٧>٥ ١٢٠>٦ ٣٥٠>٩ ٢٦٣>٨ ٧:٢٨٨ Inoculation with Fusa. axry 

١٧٣>٦ ٨٤٥>٦ ٣٤٣>١١ ٦٣٣>٩ ٨:٤٩٩ Dual inoculation (F1 + F2) 

 ٥:٢٢٧ ٦:١٠٠ ٨:٤٧٣ ٦:٩٦٨ Mean  

L.S.D:0.05                  F=0.535       T=0.535              FxT=1.070 
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natural fauna severely decreased. Inoculation with F1 induced 

increased absorbtion of Mn as compared with the control 

treatment. This holds true with all incubation periods. The 

highest value (٥٧٣>٧ µg g-1 cell) of the absorbed Mn was 

obtained after 30 days of incubation.   

Similar trend, with some exception, occurred with F2 

inoculation. Manganese absorbed by fungi cells was gradually 

increased with increasing the incubation period up to 45 days. At 

0 and after 15 days of incubation, the values of absorbed Mn 

were nearly closed or slightly  lower than those obtained with 

F1, but it was extremely higher after 30 and 45 days of 

incubation as compared with F1 at the same periods; the increase 

in Mn absorbtion due to the inoculatiuon with F2 was 

approximetly 23 % for both periods compared with those of F1 

inoculant.  Higher extent of absorbed Mn was noticed with dual 

inoculum (F1+F2) than those induced by singly inculation with 

F1 or F2.  

Manganese absorption as affected by dual inoculation 

gradually increased with the progress of incubation period and 

the highest value was obtained after 30 days of incubation.  

From the abovementioned data, it could be conclude that 

Mn absorbed by natural fauna or fungi cells increased with 

increasing the incubation period. The main effect of inoculation 

with fungi indicated that the dual inocullation enhanced Mn 

absorbtion by about 99%, 27% and 17% over natural microfauna 

(control), F1 and F2, respectively.  

These results are in greement with those obtained by 

Ahmad et al., (2011), who reported that Aspergillus oryzae, 

Fusarium solani, and Candida utilis were found to take up 
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higher amounts of heavy metal in the acidic range. Mortierella 

ramannianc, Rhizopussexualis, R. stolonifer, Zygorhynchus 

hetergamus, Z. moelleri, A.niger,Mucor recemosus, Penicillium 

chrysogenum, and T. viride removed Cd from aqueous solutions. 

Although these data revealed the activity of fungi in remediating 

aqueous solutions, it confirms our results of soil heavy metals 

uptake by fungi cells. 

 The biosorption capacity of dead cells may be greater 

than, equivalent to, or less than that of living cells. Several 

researchers reported metal removal by dead microbial cells 

(Naeem et al., 2006; Chen and Wang 2007; Akhtar et al., 

2007; Bishnoi et al., 2007; Tsekova et al., 2007).  

Zinc (Zn) 

Data presented in Table 31 and graphically illustrated by 

Figure 28 indicated that zinc absorbed and assimilated by fungi 

was deferentially affected by type of inoculation along with 

incubation periods. At 0 time, inoculation with fungi 1, fungi 2 

and the mixture of both resulted in an increase of zinc 

accumulated in their cells over those recorded with the 

uninoculated treatment. In this respect, the dual inoculum was 

superior over singly ones. 

Similar trend occurre with the progress of incubation 

period. The main effect of inculation with fungi indicated that 

zinc content in fungi cells increased by increasing the incubation 

period. The effectiveness  of fungi inoculum types in 

accumulation of zinc in their cells could be arranged in 

ascending order as follow: dual inoculum > fungi 2 > fungi 1 > 

uninoculated treatment.   
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Table (31): Zinc absorbed (µg g-1 cell) in fungi cells inoculated into El-

Gabal EI-Asfar soil as affected by incubation period. 

Incubation time (day) 

Mean T4 

(45) 

T3 

(30) 

T2 

(15) 

T1 

(0) 

Fungi inoculation 

٤١٠>٢ ٧٤٣>٢ ٠٨٧>٣ ٩٢٧>٢ ٢:٧٩٢ Un inoculation (control) 

٧٠٠>٣ ٢٥٣>٤ ٥٨٠>٤ ٨٨٣>٣ ٤:١٠٤ Inoculation with Asp. Paras. 

٨٥٧>٣ ٢٥٧>٤ ٤٨٠>٤ ١٥٣>٥ ٤:٤٣٧ Inoculation with Fusa. axry 

٠٤٣>٤ ٩٦٧>٥ ٨٢٣>٥ ٧٩٣>٦ ٥:٦٥٧ Dual inoculation (F1 + F2) 

 ٣:٥٠٣ ٤:٣٠٥ ٤:٤٩٣ ٤:٦٨٩ Mean 

      L.S.D:0.05                  F=0.449         T=0.449              FxT=0.898 
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Iron (Fe) 

Results in Table 32 and graphically illustrated by Figure  

29  show that the fungi isolated from uninoculated soil has 

absorbed low amount of iron as compared to inoculated 

treatments. Absorbed iron increased with increasing incubation 

period. Inoculation with fungi F1 showed higher amount of 

absorbed iron than those occurred with the uninoculated one;  the 

amount of the absorbed irongradually increased with increasing 

incubation period. Similar trend, but somewhat to a low extent, 

occurred with fungi F2 inoculum. The maine effect of 

inoculation with fungi  indicated that there was no significant 

difference between dual inoculum and F1 after 30 days of 

incubation but both of them was superior over F2. High 

biosorption of iron by fungi cells was recorded after 45 days of 

incubation.  

 

Cadmium (Cd) 

Data presented in Table 33 and graphically illustrated by 

Figure 30 revealed that cadmium content in soil incubated with 

fungi inoculum was significantly higher than those occurred in 

uninoculated treatment. Cadmium absorbed by cells of fungi F2 

was higher than those of fungi F1. 

This was true with dual inoculation with F1 + F2 at 0 and 

after 15 days of incubation. However, after 30 and 45 days of 

incubation  cadmium adsorbed in cells of mixed inoculum was 

higher than those of singly one. 
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Table 32: Iron absorbed in fungi cells (µg g-1 cell) inoculated into El-

Gabal EI-Asfar soil as affected by time intervals 

Incubation time (day) 

Mean T4 

 (45) 

T3 

(30) 

T2 

 (15) 

T1 

(0) 

Fungi inoculation 

٦٦>٥٠ ٣>١٠٢ ٧>١٣٨ ٣>١٦٤ ١١٤:٠ Un inoculation (control) 

٧>٢٤٦ ٧>٣٠٠ ٧>٣٢١ ٧>٣٧٣ ٣١٠:٧ Inoculation with Asp. Paras. 

٣>٢٠٠ ٣>٢٢٣ ٣>٢٧٢ ٠>٣٩٧ ٢٧٣:٣ Inoculation with Fusa. axry 

٣>٢١٢ ٠>٢٥٧ ٣>٣٢٥ ٠>٤٦٢ ٣١٤:٢ Dual inoculation (F1 + F2) 

 ٢٢٠:٨ ٢٦٤:٥ ٣٤٩:٣ 
١٧٧:

٥ 
Mean 

L.S.D:0.05                  F=17.88         T=17.88             FxT=35.77 
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Table 33: Cadmium absorbed in fungi cells (µg g-1 cell) inoculated into 

El-Gabal El-Asfar soil as affected by incubation period. 

Incubation time (day) 

Mean T4 

(45) 

T3 

(30) 

T2 

(15) 

T1 

(0) 

Fungi inoculation 

٥٩٠>٠ ٠٩٧>١ ٢١٠>١ ٤٣٠>١ ١:٠٨٢ Un inoculation (control) 

٨٠٧>٠ ٣٤٠>٢ ٠٨٧>٢ ١٢٧>٣ ٢:٠٩٠ Inoculation with Asp. Paras. 

٣١٣>١ ٦١٣>٢ ٢٧٠>٣ ٩٠٧>٣ ٢:٧٧٦ Inoculation with Fusa. axry 

٠٦٣>١ ٣٠٠>٢ ٦٣٣>٣ ٠٨٣>٤ ٢:٧٧٠ Dual inoculation (F1 + F2) 

 ٠:٩٤٣ ٢:٠٨٧ ٢:٥٥٠ ٣:١٣٧ Mean  

L.S.D:0.05                  F=0.332        T=0.332           FxT=0.664 
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Generally, the main effect of inoculation reveal the superiority of 

45 days of incubation as a suitable incubation period for the 

absorbtion of cadmium by fumgi.  

 

Lead (Pb) 

Lead absorbed by fungal cells as affected by incubation 

period is shown in Table 34 and graphically illustrated by 

Figure 31. Results show that Pb content in fungal cells was 

gradually and significantly increased with incubation the 

progress of incubation period .Under the uninoculated treatment 

(control) Pb was almost doubled with increasing the incubation 

period up to 45 days. This indicate that increasing incubation 

period increased the absorption of pb. Pb absorbed in fungal 

cells was enhanced by infection of soil with fungi F1 comparing 

with the uninoculated treatment.  

There was significant difference between the Pb absorbed 

by fungi F1 and fungi F2 especially after 45 days of incubation. 

Similar trend occurred with dual application of fungi F1+ fungi 

F2 at 0 and after 15 days of incubation. In this regard, the highest 

value of Pb absorbed in fungal cells was (267.7 µg g-1 cell) 

which obtained with the mixed inoculum after 45 days of 

incubation.    

Concerning the effect of dual fungal inoculation with F1 

+ F2 on Pb absorbtion by fungal inoculum; data in Table 34 

indicate that the highest value of absorbed pb was obtained after 

35 days of incubation.  
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Table 34: Lead  absorbed in fungi cells (µg g-1 cell) inoculated into El-

Gabal El-Asfar soil as affected by incubation period. 

Incubation time (day) 

Mean T4 

(45) 

T3 

(30) 

T2 

(15) 

T1 

(0) 

Fungi inoculation 

٩٣>٥٨ ٦>١٠٠ ٨٣>٩٩ ٣>١٠٣ ٩٠:٦٦ Un inoculation (control) 

٧٠>٨٥ ١>١٠٧ ٤>١١٥ ٢>١٧٠ ١١٩:٦ Inoculation with Asp. Paras. 

٢>١٠٤ ٤>١٣٢ ٧>١٤٤ ٦>١٧٣ ١٣٨:٧ Inoculation with Fusa. axry 

٢>٧٨ ٧>١٠٣ ٣>١٥٣ ٧>٢٦٧ ١٥٠:٧ Dual inoculation (F1 + F2) 

 ٨١:٧٦ ١١٠:٩ ١٢٨:٣ ١٧٨:٧ Mean  

L.S.D:0.05                  F=11.90         T=11.90              FxT=23.7 
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Cobalt (Co)  

Absorbed cobalt as affected by fungal inoculation and 

incubation period is presented in Table 35 and graphically 

illustrated by Figure 32. At 0 time of incubation, the fungal 

inoculation enhanced Co absorbtion by fungal cells as compared 

with the control treatment. In this respect, there was no 

significant difference between F1 and dual inoculum at 0 and 

after 15 days of incubation. On the other hand, lower values of 

absorbed Co  were obtained with fungi F2 comparable to fungi 

F1 and mixed inoculum at 0 and after 15 days of incubation. 

Similar trend was noticed after 30 and 45 day incubation 

intervals, however, data obtained exhipted significant difference 

between F2 and dual inoculations.    

In conclusion, the main effect of inoculation showed the 

superiority of mixed inoculum over fungi F1 and fungi F2. 

Highly significant increase in Co absorbtion as affected by 

fungal inoculation was obtained at the end of incubation period 

(45 day). 

 

Cumulative data of tested metals 

As shown in Table 36 and Figure 33 the heavy metals 

under study were affected by fungal inoculation, the effect could 

be attributed to its origin contents in the contaminated site. The 

highest accumulation of heavy metals under study occurred with 

Fe followed by Pb and Co while the lowest one occurred with Cd 

followed by Zn, Cu and Mn, respectively. 
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Table 35:Cobalt absorbed in fungi cells (µg g-1 cell) inoculated into El-

Gabal El-Asfar soil as affected by incubation period. 

Incubation time (day) 
Mean 

T4 (45) T3 (30) T2 (15) T1 (0) 
Fungi inoculation 

٨٠>٢١ ٦٢>٤٤ ٧٩>٥١ ٩٩>٨٦ ٥١:٣٠ Un inoculation (control) 

٢٢>٩٤ ٧>١٠٠ ٥>١١٠ ٠>١٣٦ ١١٠:٤ Inoculation with Asp. Paras. 

٩٢>٨٢ ٤٩>٨٧ ٥>١٠٤ ٦>١٢٦ ١٠٠:٤ Inoculation with Fusa. axry 

٩٩>٩٢ ٩>١٠٦ ٥>١٢٧ ٢>١٩٥ ١٣٠:٧ Dual inoculation (F1 + F2) 

 ٧٣:٠٧ ٨٤:٩٥ ٩٨:٥٩ ١٣٦:٢ Mean  

L.S.D:0.05                  F=7.848         T=7.848              FxT=15.70 
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Table 36: Effect of fungal inoculation on absorption of tested metals (µg 

g-1 cell) from soil of Al Gabal Al-Asfar region after 45 days of 

incubation. 

Tested Metals 

Co Pb Cd Fe Zn Mn Cu 
Fungi inoculation 

١٦٧>٣ ٢٧٣>٣ ٩٢٧>٢ ٣>١٦٤ ٤٣٠>١ ٣>١٠٣ ٩٩>٨٦ Un inoculation (control) 

٦٣٠>٣ ٧٠٣>٦ ٨٨٣>٣ ٧>٣٧٣ ١٢٧>٣ ٢>١٧٠ ٠>١٣٦ Inoculation with Asp. Paras. 

٨٤٠>٤ ٢٦٣>٨ ١٥٣>٥ ٠>٣٩٧ ٩٠٧>٣ ٦>١٧٣ ٦>١٢٦ Inoculation with Fusa. axry 

٧٩٣>٧ ٦٣٣>٩ ٧٩٣>٦ ٠>٤٦٢ ٠٨٣>٤ ٧>٢٦٧ ٢>١٩٥ Dual inoculation (F1 + F2) 

٤:٨٥٧ ٦:٩٦٨ ٤:٦٨٩ ٣٤٩:٣ ٣:١٣٧ ١٧٨:٧ ١٣٦:٢ Mean  
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4.2.2  Mostorod Soil 

Copper (Cu) 

Values of copper absorbed in fungi cells after different 

incubation periods are presented in Table 37 and graphically 

illustrated by Figure 34. Results show that copper absorbed by 

natural microfauna in origin soil was lower than that absorbed by 

fungi or dual inoculants and tended to increase with increasing 

the incubation period up to 15 days then gradually decreased up 

to 45 days of incubation.   

Inoculation with fungi (F1) resulted in an enhancement of 

copper absorbtion by fungi cells as compared with those 

absorbed by natural microfauna (control treatment). Values of 

absorbed copper increased with increasing the incubation period 

up to 15 days then tended to decrease up to 45 days of 

incubation. The highest Cu absorbtion value (5.59 µg g-1 cell) 

occurred after 15 days of incubation which represents an 

increase of 10 % over those occurred with the uninoculated  

treatment. Although the absorbed Cu by F1 tended to decrease 

after 45 days, it was higher than those occurred with the 

uninoculation one. Similar trend occurred with F2   where 

absorbed Cu was increased up to 30 days of incubation.  

However, the highest value (٤٧٠>٦ µg g-1 cells) of Cu absorbed 

by F2 occurred after 15 days of incubation. After that, absorbed 

Cu tended to decrease up to 45 days of incubation but still higher 

than those occurred with either F1 or without inoculation. Dual 

inoculation (F1 + F2), in general, significantly enhanced the 

absorbtion of Cu over those of singly F1. Similarly, the highest 

value (٢١٣>٩ µg g-1 cells) of absorbed Cu occurred after 30 days 

of incubation. 
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Table 37: Copper absorbed (µg g-1 cell) in fungi cells inoculated 

into Mostorod soil as affected by incubation period.  

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٤٤٠>٤ ٠٦٣>٥ ٩٦٠>٣ ٣٠٧>٣ ٤:١٩٣ Un inoculation (control) 

٣٦٧>٥ ٥٩٣>٥ ١١٧>٥ ٤٣٧>٤ ٥:١٢٨ Inoculation with Asp. Paras. 

٤٣٧>٥ ٤٧٠>٦ ٢٥٠>٦ ٤٠٠>٥ ٥:٨٨٩ Inoculation with Fusa. axry 

٥٦٧>٥ ١٠٣>٨ ٢١٣>٩ ٤٤٧>٥ ٧:١٥٨ Dual inoculation (F1 + F2) 

 ٥:٢٠٣ ٦:٣٠٨ ٦:١٣٥ ٤:٧٢٣ Mean  

L.S.D:0.05 F=0.312         T=0.312              FxT=0.623 
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In conclusion, the overall averages indicated that Cu 

absorbed by fungi, in general, surpassed those absorbed in case 

of uninoculation treatments. Dual inoculation was superior over 

singly inoculation; F2 specie was more efficient than F1. 

Concerning the incubation period, data showed that absorbed Cu 

was higher after 15 days of  incubation.   Recalling data of Cu 

content in origin soil (8.59 µg g soil-1), it could be concluded that 

fungi has a great potential to remove a great amount of copper 

(averaged over all incubation period 6.1 µg g cell-1) where it 

accounts for about 71%  of those found in origin soil.  These 

results were in agreement with those obtained by Ozdemer et 

al., (2004), Chem et al., (2005), Yahaya et al. (2008) who 

reported that, biosorption of toxic metal is based on ionic species 

associating with the cell surface or extracellular polysaccharides, 

proteins, and chitins. Yahaya et al. (2008) reported the optimum 

uptake of Cu by Pycnoporus sanguineus was observed with a 

value of 2.76 mg g-1.  

Also, Result after Du et al., (2009) showed that copper 

adsorption by the fungus was faster in the first 60 min than in the 

time after, which was in accordance with Bhainsa and D’Souza 

(2008). They also reported that the uptake of metal ions 

exhibited two phases. The first phase was rapid, corresponding 

to the uptake in the first 30 min, after which the uptake increased 

slowly in the second phase.  

 

Manganese (Mn) 

Results in Table 38 and  Figure 35 show that 

Manganese absorbed by fungi cells at different incubation  
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Table 38: Manganese absorbed (µg g-1 cell) in fungi cells inoculated into 

Mostorod soil as affected by incubation period 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٣١٧>٤ ٩٩٠>٦ ٢٨٧>٧ ٤٨٠>٥ ٦:٠١٨ Un inoculation (control) 

١٦٧>٤ ٢٣٠>٤ ١٠٠>٥ ١٩٧>٥ ٤:٦٧٣ Inoculation with Asp. Paras. 

٢٠٠>٥ ٥٤٠>٥ ٧٢٧>٥ ٧٩٠>٥ ٥:٥٦٤ Inoculation with Fusa. axry 

٢١٠>٥ ١٨٣>٦ ١٦٣>٨ ٤٨٧>٦ ٦:٥١١ Dual inoculation (F1 + F2) 

 ٤:٧٢٣ ٥:٧٣٦ ٦:٥٦٩ ٥:٧٣٨ Mean  

L.S.D:0.05  F=0.351         T=0.351              FxT=0.703 
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periods was higher than those absorbed by native microfauna 

(control treatment) indicating their efficacy in extracting 

manganese from the soil. The  uninoculated  treatment showed  

an increase Mn absorbtion with increasing incubation period up 

to 45 days of incubation where the highest value (٢٨٧>٧ µg g-1 

cells) occurred sfter 30 days of incubation. Thenafter, absorbtion 

of Mn by native microfauna severely decreased (٤٨٠>٥ µg g-1 

cells).  

A reversely trend occurred with fungi F1 inoculation 

where it induces low absorbtion of Mn as compared with the 

control. This holds true with all incubation periods.  The lowest 

value of the absorbed Mn (١٦٧>٤µg g-1 cells) was obtained at 0 

time of incubation period. However,  inoculation with fungi F2 

gradually increased manganese absorbtion by fungi cells with 

increasimg incubation period up to 45 day. At 0 and after 15 

days of incubation, Mn values were nearly closed or somewhat 

higher than those obtained with F1, but it was extremely higher 

than those of F1 after 30 and 45 days of incubation. after 30 and 

45 days incubation periods, F2 inoculation resulted in relative 

increase of absorbed Mn by about 12 % ,for both periods, over 

those obtained with F1 inoculant. Higher amount of absorbed 

Mn occurred with dual inoculum (F1+F2) than those induced by 

the single inculation with F1 or F2. Manganese absorbtion as 

affected by dual inoculation gradually increased with the  

progress of the incubation period. From the abovementioned 

data, it could be concluded that Mn absorbed by natural 

microfauna or fungi cells increased with increasing the 

incubation period. The main effect of incubation period indicated 
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that dual inoculum had enhanced Mn absorbtion by about 8%, 

39% and 17% over natural microfauna.  

 

Zinc (Zn) 

As presented in Table 39 and graphically illustrated by 

Figure 36, zinc absorbed and assimilated by fungi was affected 

by the type of inoculation along with the incubation period. At 0 

time, inoculation with fungi F1, fungi F2 or mixture of both 

increased zinc absorbtion in their cells over those occurred in the 

case of uninoculated treatment. The mixed inoculum and F1 

treatments were superior over F2 and the uninoculated one 

(control). Similar trend occurred with the progress of incubation 

period. The overall means indicated that zinc absorbed in fungi 

cells was  enhanced by increasing the incubation period. 

Concerning the fungi inoculum types, the overall averages 

of zinc absorbtion in their cells show that the efficacy of fungi 

inoculum in the absorbtion of Zn could be arranged in ascending 

order as follow: 

mixed inoculum > fungi 2 > fungi 1 > uninoculated control.       

 

Iron 

 Results presented in Table 40 and graphically illustrated 

by Figure 37 show that the uninoculated soil has a low content 

of available iron as compared to inoculated treatments. These 

values of available iron were gradually increased with increasing 

the incubation period. Inoculation with fungi F1. 
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Table (39):Zinc absorbed (µg g-1 cell) in fungi cells inoculated into 

Mostorod soil as affected by incubation period 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٢٨٣>٣ ٨٨٠>٣ ٣٤٣>٤ ١٧٧>٥ ٤:١٧١ Un inoculation (control) 

١٩٠>٤ ٣٣٠>٥ ٢٧٣>٥ ٤٤٣>٦ ٥:٣٥٩ Inoculation with Asp. Paras. 

٧١٧>٣ ٩٧٠>٤ ٥٧٠>٥ ٧٠٣>٧ ٥:٤٩٠ Inoculation with Fusa. axry 

١٢٧>٤ ٧٦٧>٥ ٨١٣>٦ ٨٥٣>٦ ٥:٨٩٠ Dual inoculation (F1 + F2) 

 ٣:٨٢٩ ٤:٩٨٧ ٥:٥٠٠ ٦:٥٩٤ Mean  

L.S.D:0.05                  F=0.533         T=0.533              FxT=1.066 
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Table 40: Iron absorbed (µg g-1 cell) in fungi cells inoculated into 

Mostorod soil as affected by incubation period 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٣٣>٥٠ ٦٧>٧٥ ٠٠>٨٤ ٣٣>٩٤ ٧٦:٠٨ Un inoculation (control) 

٠>١٢٧ ٧>١٤٠ ٣>١٧١ ٣>٢٠٢ ١٠٦:٣ Inoculation with Asp. Paras. 

٠>١٠٣ ٠>١٥٠ ٧>٢١٨ ٣>٢٥٢ ٢٠٦:٠ Inoculation with Fusa. axry 

٣>١٩١ ٧>٢٣٥ ٣>٣١٧ ٠>٣٩٩ ٢٨٥:٨ Dual inoculation (F1 + F2) 

 ١١٧:٩ ١٥٠:٥ ١٩٧:٨ ٢٦٢:٠ Mean  

L.S.D:0.05F=20.44         T=20.44              FxT=40.87 
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showed higher absorbtion of iron than those occurred with the 

uninoculated treatment and gradually increased with increasing 

incubation period. Similar trend, but somewhat to a high extent, 

occurred with fungi F2 inoculum especially at the end of 

incubation period. Highly significant increase in available iron 

absorbed by fungi cells occurred with the dual inoculation as 

compared to other fungal treatments.  The highest value of 

absorbed iron was obtained at the end of incubation period. The 

overall means of inoculation treatments indicated that mixed 

inoculum was significantly superior over the singly one. The 

efficiency of inoculum could be d arranged as follow: mixed > 

fungi F2 > fungi F2 >  control. 

 

Cdmium (Cd) 

Data presented in Table 41 and graphically illustrated by 

Figure 38 revealed that fungi inoculum significantly increased 

Cd absorbtion by fungi cells in the incubated soil; the increase 

higher than those obtained in uninoculated one. Cadmium 

absorbed by cells of fungi F1 was higher than those of fungi F2 

whereas the dual inoculation of  both fungi F1+ fungi F2 showed 

fluctuated trend. The overall average of absorbed iron was higher 

in the case of the dual inoculation than fungi F2 and fungi F1;   

these values were significantly increased with increasing 

incubation poeriod where the highest value (٣:٣٦٧ µg g-1 cells) 

was obtained after 45 days of incubation. 
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Table (41): Cadmium absorbed (µg g-1 cell) in fungi cells inoculated into 

Mostorod soil as affected by incubation period 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٦٤٠>٠ ٩٩٠>٠ ٣٠٧>١ ٥١٧>١ ١:١١٣ Un inoculation (control) 

٧٤٠>٠ ٢٢٧>٢ ٠٠٣>٣ ٢٢٠>٤ ٢:٥٤٧ Inoculation with Asp. Paras. 

٧٠٣>٠ ٩٩٠>١ ٩٠٧>٢ ٩٨٣>٣ ٢:٣٩٦ Inoculation with Fusa. axry 

٨٥٣>٠ ٢٦٧>٢ ٥١٠>٣ ٧٤٧>٣ ٢:٥٩٤ Dual inoculation (F1 + F2) 

 ٠:٧٣٤ ١:٨٦٨ ٢:٦٨٢ ٣:٣٦٧ Mean  

L.S.D:0.05                  F=0.385         T=0.385              FxT=0.771 

 

 

 



Results and Discussion         157 
 

Lead 

Results inTable 42 and graphically illustrated by Figure 

39 show that Pb content in fungal cells gradually and 

significantly increased with the progress of incubation period. 

Absorbed Pb from the uninoculated soil (control) was almost 

doubled with increasing the incubation period up to 45 days.  

Application of fungi F1 enhanced the absorbtion of Pb in fungal 

cells comparing with the uninoculated treatment and increased 

with increasing incubation period. Fungi F2 stimulated the 

biosorption of lead as compared to fungi F1. Significant 

difference between fungi F1 and fungi F2 occurred. There was 

no significant difference between the dual application  and fungi 

F2. In this regard, the highest value (٨>١٦٢ µg g-1 cell) of Pb 

absorbed by fungal cells was obtained with the dual inoculum 

after 45 days of incubation.   

Concerning the effect of fungal inoculation on Pb in soil, 

it could be arranged in descending order as follow: Fungi 

1+Fungi 2 ≤ Fungi 2 > Fungi 1 > control. 

 

Cobalt (Co) 

Absorbed Cobalt as affected by fungal inoculation and 

incubation period is peresented in Table 43 and graphically 

illustrated by Figure 40. At 0 time, the fungal inoculation 

enhanced Co uptake in fungal cells as compared to the 

uninoculated one. Inoculation with fungi F2 showed significant 

increases in Co absorbtion as compared to either the dual or 

fungi F1 inoculum. At 15 day a reverse trend occurred where 

dual inoculation was superior over the singley inoculation with  
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Table 42: Lead absorbed (µg g-1 cell) in fungi cells inoculated into 

Mostorod soil as affected by incubation period 

Incubation time (day) 

Mean 

T4(45) 
T3(30

) 

T2(15

) 
T1(0) 

Fungi inoculation 

٨٧>١٩ ٩٥>٣٨ ٩٠>٦٣ ٤٧>٦٦ ٦٢:٣٠ Un inoculation (control) 

٠٠>٤٢ ٠٠>٩٥ ٩>١٠٧ ٠>١٣٨ ٩٥:٧٢ Inoculation with Asp. Paras. 

٤٣>٨٦ ٥>١٢٠ ٩>١٢٦ ٣>١٦٢ ١٢٤:٠ Inoculation with Fusa. axry 

٢٠>٦٨ ٧>١٠٥ ٣>١٤٩ ٨>١٦٢ ١٢١:٥ Dual inoculation (F1 + F2) 

 ٥٤:١٣ ٩٠:٠٢ ١١٢:٠ ١٣٧:٤ Mean  

L.S.D:0.05F=7.959         T=7.959              FxT=15.92 
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Table 43: Cobalt absorbed (µg g-1 cell) in fungi cells inoculated into 

Mostorod soil as affected by incubation period 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٩٩>١٨ ٧٢>٥٢ ٧٩>٧١ ٨٢>٨٩ ٥٨:٣٣ Un inoculation (control) 

٢٠>٥٠ ٢٨>٥٣ ٥٢>٨٣ ١>١٣٣ ٨٠:٠٢ Inoculation with Asp. Paras. 

٧٨>٦٤ ٠٣>٦٩ ٥١>٩٠ ٩>١٦٠ ٩٦:٣١ Inoculation with Fusa. axry 

٨٠>٦٠ ١٢>٧٦ ٦٥>٩٥ ٤١>٨٠ ٧٨:٢٥ Dual inoculation (F1 + F2) 

 ٤٨:٦٩ ٦٢:٧٨ ٨٥:٣٧ ١١٦:١ Mean  

L.S.D:0.05                  F=12.77         T=12.77              FxT=55.54 
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both of F1 and F2. Similar trend was occurred after 30 days 

where after 45 days of incubation, a fungus F2 was more 

efficient than fungi F1 and the mixed inculation. 

In conclusion, the overall average of inoculation indicated 

the superiority of the mixed inoculum over fungi F1 and fungi 

F2, respectively. Highly significant increase in Co absorbtion 

due to fungal inoculation occurred at the end of incubation 

period (45 day). 

 

Cumulative data of the the heavy metals under study. 

As indicated in Table 44 and Figure 41 the absobtion of 

the heavy metals under investigation was greately affected by 

fungal inoculation; thie effect could be attributed to its origin 

contents in the contaminated site. The highest accumulation of 

tested metals was obtained with Fe followed by Pb and Co while 

the lowest one was obtained with Cd followed by Zn, Mn and 

Cu. 

 

4.2.3  Bahteem Soil 

 

Copper (Cu) 

Copper absorbed by fungi cells after different incubation 

period is presented in Table 45 and graphically illustrated in 

Figure 42. Copper absorbed by natural microfauna 

(uninoculated treatment) was lower than that absorbed by fungi 

inoculant (F1) and tended to increase with increasing the  
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Table 44: Effect of fungal inoculation on absorbtion of the tested heavy 

metals (µg g-1 cell) from the soil of Mostorod after 45 day of incubation. 

Tested Metals 

Co Pb Cd Fe Zn Mn Cu 
Fungi inoculation 

٨>٨٩

٢ 
٤٧>٦٦ 

٥١>١

٧ 
٣٠٧>٣ ٤٨٠>٥ ١٧٧>٥ ٣٣>٩٤ Un inoculation (control) 

١٣٣<

١ 
٠>١٣٨ 

٢٢>٤

٠ 
٤٣٧>٤ ١٩٧>٥ ٤٤٣>٦ ٣>٢٠٢ 

Inoculation with Asp. 

Paras. 

١٦٠<

٩ 
٣>١٦٢ 

٩٨>٣

٣ 
٤٠٠>٥ ٧٩٠>٥ ٧٠٣>٧ ٣>٢٥٢ 

Inoculation with Fusa. 

axry 

٤>٨٠

١ 
٨>١٦٢ 

٧٤>٣

٧ 
٤٤٧>٥ ٤٨٧>٦ ٨٥٣>٦ ٠>٣٩٩ 

Dual inoculation (F1 + 

F2) 

١١٦:

١ 
١٣٧:٤ 

٣:٣٦

٧ 
٤:٧٢٣ ٥:٧٣٨ ٦:٥٩٤ ٢٦٢:٠ Mean  
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Table 45: Copper absorbed (µg g-1 cell) in fungi cells inoculated into 

Bahteem soil as affected by incubation. 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٣٥٠>٢ ٩١٠>٣ ٩١٧>٤ ٨٩٣>٢ ٣:٥١٨ Un inoculation (control) 

١٥٣>٤ ٥٣٣>٦ ٣٦٧>٥ ٤٠٠>٤ ٥:١١٣ Inoculation with Asp. Paras. 

٦٧٣>٤ ٧٣٧>٥ ٢٦٧>٧ ٥٩٣>٥ ٥:٨١٨ Inoculation with Fusa. axry 

٣٨٠>٤ ٤٠٧>٤ ٤٥٧>٦ ٩٢٣>٣ ٤:٧٩٢ Dual inoculation (F1 + F2) 

 ٣:٨٨٩ ٥:١٤٧ ٦:٠٠٢ ٤:٢٠٣ Mean  

L.S.D:0.05  F=0.561        T=0.561              FxT=1.122 
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incubatiom period up to 30 days then gradually decreased up to 

45 day of incubation.   

Inoculation with fungi (F1) resulted in an enhancement of 

copper absorbtion by fungi cells comparable to those absorbed 

by natural microfauna (uninoculated treatment). Values of 

absorbed copper were gradually increased with the progress of 

incubation period up to 45 days. The highest Cu absorbtion value 

(٥٣٣>٦µg g-1 cell) was obtained after 15 days of incubation 

which represents 67 % over those obtained with the uninoculated 

treatment. Although the absorbed Cu by F1 tended to decrease 

after 45 day, it still higher than hose recorded with uninoculated  

soil. Similar trend was noticed with F2 but somewhat to a high 

extent; absorbed Cu increased up to 30 days of incubation where 

the highest value of Cu absorbed by F2 occurred. After that, 

absorbed Cu tended to decrease after 45 days of incubation but 

still higher than those obtained with either F1 or natural 

microfauna (control treatment). Dual inoculation (F1 + F2), in 

general, depressed the absorbtion of Cu significantly below those 

of single fungi or natural soil microfauna treatments. This was 

more pronounced after 45 days of incubation period. The highest 

value of absorbed Cu was obtained after 30 days of incubation. 

In conclusion, the main effect of inculation with fungi 

indicated that Cu absorbed by fungi, in general, surpassed those 

absorbed by the natural soil microfauna. Inculation with fungus 

F2 was superior over fungi F1, dual inoculation and the control 

treatment. Concerning the effect incubation period, data showed 

that absorbed Cu was the highest after 30 days of incubation. 
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Finally, it could be concluded  that fungi has a great efficacy  to 

remove a great amount of copper (average 5.24 µg g cell-1) 

which represent about 61%  of those occurred in origin soil.    

Manganese (Mn) 

Manganese absorbed by fungal cells after different 

incubation period was higher than those absorbed by natural 

microfauna (control treatment) indicating their efficacy in 

extracting manganese from the contaminated soil (Table 46 and 

Figure 43). The uninoculated treatment (control) showed an 

increase of Mn with time up to 45 days of incubation where the 

highest value  was obtained after 30 days of incubation. 

Thenafter,  absorbtion of  Mn by natural microfauna slightly 

decreased. Inoculation with F1 induced a slight increase of Mn 

absorbtion as compared with the control. This holds true with all 

incubation periods except 30 days period (5.279 µg g-1 cell) 

where Mn decreased than those occurred with the  control (6.623 

µg g-1 cells). The highest value of Mn was obtained after 45 days 

(6.037 µg g-1 cell) of incubation period followed by those 

obtained aftert 15 days of incubation (٣٢٣>٥ µg g-1 cell). It 

represent 14.0 % and 21 % over those of natural microfauna 

(control) after 45 and 15 days interval, respectively. 

Similar trend, with some exception, occurred with F2 

inoculation. Manganese absorbed by fungi cells was gradually 

increased with time up to 45 days. At 0 and after 15 days of  

incubation, values of the absorbed Mn were nearly closed to or 

somewhat lower than those obtained with F1, but it was 

moderately high after 30 days and decreased after 45 days of 

incubation as compared with F1 at the same periods. After 30  
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Table 46:Manganese absorbed (µg g-1 cell) in fungi cells inoculated into 

Bahteem soil as affected by incubation period. 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٣٨٠>٣ ٣٩٧>٤ ٦٢٣>٦ ٣٠٣>٥ ٤:٩٢٦ Un inoculation (control) 

١٦٧>٤ ٣٢٣>٥ ٢٩٧>٥ ٠٣٧>٦ ٥:٢٠٦ Inoculation with Asp. Paras. 

١٢٠>٤ ٠٣٣>٥ ٩١٧>٥ ٥٨٠>٥ ٥:١٦٢ Inoculation with Fusa. axry 

٩٥٣>٣ ١٤٧>٤ ٦٤٧>٥ ٢١٧>٥ ٤:٧٤١ Dual inoculation (F1 + F2) 

 ٣:٩٠٥ ٤:٧٢٥ ٥:٨٧١ ٥:٥٣٤ Mean  

L.S.D:0.05                  F=0.536         T=0.536              FxT=1.073 
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days of incubation, F2 inoculation resulted in a relative increase 

in the absorbed Mn by about 12 % over those occurred with F1 

inoculant. Absorbtion of Mn occurred with dual inoculum 

(F1+F2) was lower than those induced by singly inoculation with 

F1 or F2. Manganese absorbtion as affected by dual inoculation 

gradually increased with the progress of the incubation priod up 

to 45 days.  

From the abovementioned data, it could be conclude that 

Mn absorbed by natural microfauna or fungi cells increased with 

increasing incubation period.  

The main effect of inoculation treatments indicated that 

singly inoculum increased Mn absorbtion by about  6 % and 5 % 

for F1 and F2, respectively, over natural microfauna (control). 

 

Zinc 

Results of Table 47 and graphically illustrated by Figure 

44 show that zinc absorbed by fungi was affected by the type of 

inoculation along with incubation periods. At 0 time, inoculation 

with fungi F1, fungi F2 or mixture of both increased zinc 

absorbtion in their cells over those occurred with the control; the 

singly inoculum were superior over the mixed inoculum.  

Similar trend occurred with the progress of incubation 

period. The overall means indicated that zinc absorbtion in fungi 

cells was enhanced by increasing the time of incubation. 

Concerning the fungi inoculum types, the overall averages of 

zinc absorbtion in their cells show that fungi inoculum could be 

arranged in descending order as follow: fungi 1 ≥ fungi 2 > 

mixed inoculum > control.       
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Table 47:Zinc absorbed (µg g-1 cell) in fungi cells inoculated into 

Bahteem soil as affected by incubation period. 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٤٨٠>٣ ٢٦٠>٤ ٠١٣>٤ ٢٥٧>٤ ٤:٠٠٣ Un inoculation (control) 

٨٤٠>٥ ٩١٧>٥ ٥٨٧>٥ ٢١٣>٦ ٥:٨٨٩ Inoculation with Asp. Paras. 

٠٢٧>٥ ٩٢٧>٤ ٧٤٣>٦ ٥٦٧>٦ ٥:٨١٦ Inoculation with Fusa. Axry 

١٧٣>٤ ٠٢٧>٥ ١٠٧>٦ ٠٤٠>٧ ٥:٥٨٧ Dual inoculation (F1 + F2) 

 ٤:٦٣٠ ٥:٠٣٣ ٥:٦١٢ ٦:٠١٩ Mean  

L.S.D:0.05F=0.391         T=0.391              FxT=0.782 
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Iron (Fe) 

 

Iron absorbed in fungal cells from contaminated soil 

incubated for different incubation periods is presented in Table 

48 and graphically illustrated by Figure 45. The uninoculated 

soil has a low content of absorbed iron as compared with 

inoculated treatments. The values of available iron were 

increased with increasing incubation period.  

 Inoculation with fungi F1 showed higher absorbtion of 

iron than those occurred with the uninoculated treatment and 

gradually increased with increasing incubation period. Similar 

trend, but somewhat to a low extent, occurred with fungi F2 

inoculum at 0 and after 15 days of incubation   where after 30 

and 45 days of incubation periods the iron absorbed by fungi F2 

surpassed those of fungi F1. There was no significant difference 

between fungi F2 and the mixed one .  

 

The main effect inoculation indicated that F1 inoculum 

was superior over F2 and mixed one. High biosorption of iron by 

fungi cells occurred after 45 days of incubation.  
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Table 48:Iron absorbed (µg g-1 cell) in fungi cells inoculated into 

Bahteem soil as affected by incubation period. 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٥٨:٢

٥ 
٣٣>٤٣ ٣٣>٥٠ ٦٧>٦٧ ٦٧>٧١ Un inoculation (control) 

١٧٦:

٦ 
٠>١١٨ ٠>١٥٩ ٠>١٨٨ ٣>٢٤١ Inoculation with Asp. Paras. 

١٦٨:

٦ 
٣>١٠٤ ٠>١٢٤ ٣>١٩٢ ٧>٢٥٣ Inoculation with Fusa. axry 

١٦٧:

١ 
٣>١٠٩ ٧>١٢٦ ٣>١٧٩ ٠>٢٥٣ Dual inoculation (F1 + F2) 

 ٩٣:٧٥ ١١٥:٠ ١٥٦:٨ ٢٠٤:٩ Mean  

L.S.D:0.05 F=13.11         T=13.11              FxT=26.22   
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Cadmium (Cd) 

Data presented in Table 49 and graphically illustrated by 

Figure 46 revealed that values of cadmium absorbed by fungi 

cells incubated with the studied soil were significantly higher 

than those obtained in case of uninoculated treatment. Cadmium 

absorbed by cells of Fungi F2 was higher, in most cases, than 

those of fungi F1 and mixed inculation of fungi 1+ fungi 2. This 

was true at 0 and after 30 days of incubation. However, after 15 

and 45 days of incubation cadmium absorbed in cells of mixed 

inoculum was higher than those of singly one. 

 

Lead (Pb) 

 Results in Table 50 and graphically illustrated by Figure 

47 show that in case of the uninoculated treatment, Pb 

absorption progressively increased with increasing the 

incubation period up to 45 days. The values of Pb content in 

fungal cells were enhanced by infection the soil with fungi F1 

comparing with the uninoculated treatment. Moreover, the 

absorbed values increased with increasing the incubation period. 

There was no significant difference between Pb absorbed by 

fungi F1 and fungi F2. Similar trend occurred with mixed 

inculation with fungi 1+ fungi 2. In  this regard, the highest 

(٠>١٦١µg g-1 cell) value of Pb absorbed in fungal cells was 

obtained with fungi F2 inoculum after 45 days interval.  
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Table 49: Cadmiumabsorbed (µg g-1 cell) in fungi cells inoculated 

into Bahteem soil as affected by incubation period 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٢٢٧>٠ ٨١٣>٠ ٩٤٣>٠ ٠١٠>١ ٠:٧٦١ Un inoculation (control) 

٥٤٧>١ ٠٣٧>٢ ٣٣٠>٢ ٠٢٧>٣ ٢:٢٣٥ Inoculation with Asp. Paras. 

٨٨٣>١ ٨٠٠>١ ١٠٧>٣ ٥٩٠>٣ ٢:٥٩٥ Inoculation with Fusa. axry 

٩٢٠>٠ ٦٠٧>٢ ٠٧٠>٣ ٦١٠>٣ ٢:٥٥٢ Dual inoculation (F1 + F2) 

 ١:١٥٧ ١:٨١٤ ٢:٣٦٢ ٢:٨٠٩ Mean  

L.S.D:0.05                  F=0.315         T=0.315              FxT=0.630 
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Table 50:Lead absorbed (µg g-1 cell) in fungi cells inoculated into 

Bahteem soil as affected by incubation period. 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٥٧:٤

٠ 
٩٤>١٧ ٨٧>٣٨ ٩٣>٧٦ ٨٧>٩٥ Un inoculation (control) 

١١٥:

٣ 
٩٠>٩٨ ٧>١٠٦ ٥>١١٢ ٢>١٤٣ Inoculation with Asp. Paras. 

١١٨:

٦ 
١٠>٧٩ ٢>١٠٢ ١>١٣٢ ٠>١٦١ Inoculation with Fusa. axry 

١١١:

٧ 
٢١>٩٢ ٥٧>٩٩ ٤>١١٣ ٦>١٤١ Dual inoculation (F1 + F2) 

 ٧٢:٠٤ ٨٦:٨٣ ١٠٨:٧ ١٣٥:٤ Mean  

L.S.D:0.05F=7.275         T=7.275              FxT=14.55 
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In conclusion, Pb absorbed in fungal cells gradually and 

significantly increased with the progress of incubation period. 

The effect of fungal inoculation on Pb in soil could be arranged 

in descending order as follow: Fungi 2 > Fungi 1 > Fungi 

1+Fungi 2 > control. 

 

Cobalt (Co)  

Adsorbed cobalt as affected by fungal inoculation and 

incubation period is shown in Table 51 and graphically 

illustrated by Figure 48. At 0 time, the fungal inoculation 

enhanced Co absorbtion in fungal cells as compared with the 

control. Fungus F2 absorbed higher amount of Co   than those of 

the dual inculation and fungi F1. Similar trend occurred after 15, 

30 and 45 days of incubation. 

In conclusion, the main effect of inoculation indicated the 

superiority of fungi F2 over the mixed inoculum and fungi F1, 

respectively. Highly significant increase in Co absorbtion due to 

fungal inoculation occurred at the end of incubation period (45 

day). 

 

Cumulative data of the metals under study  

 Results presented in Table 52 and Figure 49 show that 

the heavy metals under study were affected by fungal inoculation 

and the effect was attributed to its origin contents in the 

contaminated site. The highest accumulation of the investigated 

heavy metals was obtained with Fe followed by Pb and Co while  
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Table 51:Cobalt absorbed (µg g-1 cell) in fungi cells inoculated into  

Bahteem soil as affected by incubation period. 

Incubation time (day) 
Mean 

T4(45) T3(30) T2(15) T1(0) 

Fungi inoculation 

٥٤:٣

٦ 
٩٥>١٧ ١٧>٤٣ ٩٤>٦٤ ٣٦>٩١ Un inoculation (control) 

٨٠:٢

٤ 
٢٤>٤٨ ٣٦>٦٩ ٦٨>٨٣ ٧>١١٩ Inoculation with Asp. Paras. 

٨٨:٢

٩ 
٢٢>٦١ ١٣>٧٩ ١٦>٩٢ ٦>١٢٠ Inoculation with Fusa. axry 

٨٣:٩

٨ 
٧٧>٦٠ ١٢>٧٦ ٦٥>٨٥ ٤>١١٣ Dual inoculation (F1 + F2) 

 ٤٧:٠٥ ٦٦:٩٤ ٨١:٦١ ١١١:٣ Mean  

L.S.D:0.05F=8.485         T=8.485              FxT=16.97 
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Table 52: Effect of fungal inoculation on absorbtion of the investigatd 

heavy metals (µg g-1 cell) from the soil of Bahteem after 45 

days of incubation. 

Tested Metals 

Co Pb Cd Fe Zn Mn Cu 
Fungi inoculation 

٨٩٣>٢ ٣٠٣>٥ ٢٥٧>٤ ٦٧>٧١ ٠١٠>١ ٨٧>٩٥ ٣٦>٩١ Un inoculation (control) 

٤٠٠>٤ ٠٣٧>٦ ٢١٣>٦ ٣>٢٤١ ٠٢٧>٣ ٢>١٤٣ ٧>١١٩ 
Inoculation with Asp. 

Paras. 

٥٩٣>٥ ٥٨٠>٥ ٥٦٧>٦ ٧>٢٥٣ ٥٩٠>٣ ٠>١٦١ ٦>١٢٠ 
Inoculation with Fusa. 

axry 

٩٢٣>٣ ٢١٧>٥ ٠٤٠>٧ ٠>٢٥٣ ٦١٠>٣ ٦>١٤١ ٤>١١٣ Dual inoculation (F1 + F2) 

٤:٢٠٣ ٥:٥٣٤ ٦:٠١٩ ٢٠٤:٩ ٢:٨٠٩ ١٣٥:٤ ١١١:٣ Mean  
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the lowest one was obtained with Cd followed by Cu, Mn and 

Zn. 

 

Tested heavy metals in bioremediated soils 

Results in Table 53 show the comparison between the 

three investigated soil sites under study for reducing its origin 

contents of the investigated heavy metals via application of fungi 

as bioremediators. It could be concluded that the efficacy of 

fungi on remediating such contaminated soils depends on its 

origin contents of the tested metals. In this regard, the metals 

such as iron, lead and cobalt that presented in all soils with a 

high content comparable to other tested metals were significantly 

affected by fungal application. The efficacy of these fungi in 

reducing such metals in soil solution was attributed to original 

contents. Therefore, the effect of fungal inoculation on reducing 

the tested heavy metals content was more pronounced in the soil 

of El Gabal El -Asfar followed by Mostorod then Bahteem.   

The primary goal of soil metal remediation is to remove 

the metal from the soil or to decrease metal mobility and toxicity 

within the soil. Numerous microbially-mediated reactions can 

achieve these goals, including metal methylation, oxidation–

reduction reactions and metal complexation. The diverse nature 

of microbial metabolic activities has long been exploited for 

human purposes, for example in extraction of precious metals 

from ores in bioleaching. Understanding metal–microbe 

relationships has  
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Table 53:Effect of fungal inoculation on the absorbtion of the 

investigated metals (µg g-1 cell) from the soils of El-Gabal El-

Asfar, Mostorod and Bahteem after 45 days of incubation. 

Tested Metals 

Co Pb Cd Fe Zn Mn Cu 
Fungi inoculation 

Al Gabal Al-Asfar  

٩>٨٦

٩ 

١٠٣<

٣ 

٤٣>١

٠ 

١٦٤<

٣ 

٩٢>٢

٧ 

٢٧>٣

٣ 

١٦>٣

٧ 
Un inoculation (control) 

١٣٦<

٠ 

١٧٠<

٢ 

١٢>٣

٧ 

٣٧٣<

٧ 

٨٨>٣

٣ 

٧٠>٦

٣ 

٦٣>٣

٠ 

Inoculation with Asp. 

Paras. 

١٢٦<

٦ 

١٧٣<

٦ 

٩٠>٣

٧ 

٣٩٧<

٠ 

١٥>٥

٣ 

٢٦>٨

٣ 

٨٤>٤

٠ 

Inoculation with Fusa. 

Axry 

١٩٥<

٢ 

٢٦٧<

٧ 

٠٨>٤

٣ 

٤٦٢<

٠ 

٧٩>٦

٣ 

٦٣>٩

٣ 

٧٩>٧

٣ 
Dual inoculation (F1 + F2) 

١٣٦:

٢ 

١٧٨:

٧ 

٣:١٣

٧ 

٣٤٩:

٣ 

٤:٦٨

٩ 

٦:٩٦

٨ 

٤:٨٥

٧ 
Mean  

Mostorod  

Tested Metals 

Co Pb Cd Fe Zn Mn Cu 
Fungi inoculation 

٨>٨٩

٢ 

٤>٦٦

٧ 

٥١>١

٧ 

٣>٩٤

٣ 

١٧>٥

٧ 

٤٨>٥

٠ 

٣٠>٣

٧ 
Un inoculation (control) 

١٣٣<

١ 

١٣٨<

٠ 

٢٢>٤

٠ 

٢٠٢<

٣ 

٤٤>٦

٣ 

١٩>٥

٧ 

٤٣>٤

٧ 

Inoculation with Asp. 

Paras. 

١٦٠<

٩ 

١٦٢<

٣ 

٩٨>٣

٣ 

٢٥٢<

٣ 

٧٠>٧

٣ 

٧٩>٥

٠ 

٤٠>٥

٠ 

Inoculation with Fusa. 

Axry 

٤>٨٠

١ 

١٦٢<

٨ 

٧٤>٣

٧ 

٣٩٩<

٠ 

٨٥>٦

٣ 

٤٨>٦

٧ 

٤٤>٥

٧ 
Dual inoculation (F1 + F2) 

١١٦:

١ 

١٣٧:

٤ 

٣:٣٦

٧ 

٢٦٢:

٠ 

٦:٥٩

٤ 

٥:٧٣

٨ 

٤:٧٢

٣ 
Mean  

Bahteem  

Tested Metals 

Co Pb Cd Fe Zn Mn Cu 
Fungi inoculation 

٣>٩١

٦ 

٨>٩٥

٧ 

٠١>١

٠ 

٦>٧١

٧ 

٢٥>٤

٧ 

٣٠>٥

٣ 

٨٩>٢

٣ 
Un inoculation (control) 

٤٠>٠٣٤>٢١٦>٦>٠٢٢٤١>٣>١٤٣>١١٩Inoculation with Asp. 
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٠ ٧ ٣ ٣ ٧ ٢ ٧ Paras. 

١٢٠<

٦ 

١٦١<

٠ 

٥٩>٣

٠ 

٢٥٣<

٧ 

٥٦>٦

٧ 

٥٨>٥

٠ 

٥٩>٥

٣ 

Inoculation with Fusa. 

Axry 

١١٣<

٤ 

١٤١<

٦ 

٦١>٣

٠ 

٢٥٣<

٠ 

٠٤>٧

٠ 

٢١>٥

٧ 

٩٢>٣

٣ 
Dual inoculation (F1 + F2) 

١١١:

٣ 

١٣٥:

٤ 

٢:٨٠

٩ 

٢٠٤:

٩ 

٦:٠١

٩ 

٥:٥٣

٤ 

٤:٢٠

٣ 
Mean  

 

led to advances in bioremediation (Malik 2004; Bruins et al. 

2000). 

Much research has shown that the ectomycorrhizal fungi 

have extracellular and intracellular mechanisms which confer to 

them a tolerance to the presence of metal pollutants higher than 

that of the non-mycorrhized host plant. The identified 

mechanisms combine reduction of the absorption of metals in the 

cytoplasm and immobilization of metallic pollutants outside the 

cells by secretion of ligands into the medium or by their 

retention on the fungal cell wall (Bellion et al., 2006). Some 

fungal species from the basidiomycota phylum are able to 

produce metalothionein in great quantity, which enables them to 

detoxify their cytoplasm against metallic stress (Courbot et al., 

2004). 

Yazdani et al., (2009) stated that the high percentage of 

Cu adsorption and the high uptake capacity of Cu by 

Trichoderma atroviride suggest that it is a potential 

bioremediator of Cu. However, they noted that further studies 

are needed to confirm its practical use as a bioremediating agent 

for Cu under field conditions. 
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Results from lab experiments showed the maximum 

biosorptions occurred at 360 min with 6.15 and 15.08 mg g-1 

biomass from the media with Cu2+ of 50 and 500 mg l-1, 

respectively. The copper was quickly adsorbed by the fungus 

within the contact time of the first 60 min (Du et al., 2009). 

 

 

 4.3  Phytoremediation of Contaminated Soils  

 

Role of Panikum and sudan grass in (Phyto) remediation of  

El Gabal El- Asfar, Bahteem and Mostorod soils 

contaminated heavy metals.   
 

4.3.1  El Gabal  El-Asfar Soil 
 

4.3.1.1 Dry natter yield of panikum and sudan grass grown  

El Gabal El-Asfar Soil.   

Dry matter yield of panikum and sudan grass plants of 

four cuts as affected by calcium carbonate application under 

contamination with heavy metals is presented in Table 54 and 

graphically illustrated by Figure 50. The dry matter yield of the 

first cut of panikum plants  significantly increased with calcium 

carbonate application as compared with the control treatmenet. 

In case of sudan grass the increase in dry matter yield of the first 

cut was not significant. The dry matter yield of sudan grass was 

higher than those of panikum plant. This holds true either with or 

without calcium carbonate application. 
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The dry matter yield of both plants tended to increase 

with the second and the third cuts then decreased with the fourth 

cut. The dry matter yield of sudan grass was higher than those of 

Panikum plant either treated with calcium carbonate or no. This 

finding proved that sudan grass was more resistant to the high 

concentrations of heavy metals than Panikum plants.  Upon this 

finding, it could be recommend sudan grass as a good 

phytoremediator for heavy metals contaminated soils.  

Table 54: Effect of calcium carbonate on dry matter yield of panikum 

and sudan grass plants grown on EL-Gabal EL-Asfar soil. 

Sudan grass Panikum 

Mean With 

CaCO3 

Without 

CaCO3 

Mean With 

CaCO3 

without

CaCO3 

Treatments 

٠٣٣>٢٢ ٨٦٧>٢٩ ٩٥٠>٢٥ ٢٠٠>٣٨ ٧٣٣>٣٩ ٩٦٧>٣٨ Cut 1 

٤٦٧>٤١ ٣٦٧>٤٥ ٤١٧>٤٣ ٤٠٠>٦٣ ٥٦٧>٦٤ ٩٨٣>٦٣ Cut 2 

٠٣٣>٥٤ ٢٣٣>٧٣ ٦٣٣>٦٣ ٢٣٣>٧٣ ٠٣٣>٧٤ ٦٣٣>٧٣ Cut 3 

٨٣٣>٣٨ ٠٠٠>٤٢ ٤١٧>٤٠ ٢٦٧>٥٩ ٣٠٠>٦٠ ٧٨٣>٥٩ Cut 4 

59.091 ٦١٧>٤٧ ٤٣:٣٥٤ ٥٢٥>٥٨ ٦٥٨>٥٩ 39.092 Mean 

L.S.D:0.05    A:5.21B:7.376AxB:10.43A:3.154B:4.460    AxB:6.307 
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Figure 50. Effect of calcium carbonate on dry matter yield of 

Panikum and sudan grass plants grown on El-Gabal El 

Asfar soil. 

 

 

 

 

From the abovementioned results, it could be conclude 

that the combination of calcium carbonate and sudan grass may 

initiate a good couple of agents that could be beneficial for 

remediating the heavy metal contaminated soils. 

 

4.3.1.2 Metals Uptake 

 

Copper (Cu) 

Copper uptake by Panikum and sudan grass as affected by 

calcium carbonate application under heavy metal contaminated 

of El-Gabal El- Asfar site is presented in Table 55 and 

graphically illustrated by Figure 51. 

Copper uptake by the first cut of Panikum plant 

significantly decreased by application of calcium carbonate as 

compared to the untreated one. Similar trend occurred with the 

next three cuts. The mean average of different cuts show the 

positive effect of calcium carbonate in decreasing the 

concentration of Cu in Panikum plant. It means that calcium 

carbonate suppressed the availability of Cu to Panikum plant. On 
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the other hand, Panikum plant without calcium carbonate 

showed significant accumulation of Cu. Similar trends, but 

somewhat to higher extent occurred with sudan grass plants. 

Comparison between the two crops indicated the superiority of 

sudan grass as a phytoremediator over Panikum plant where it 

removes more Cu from the contaminated soil.  

 

 

Table 55: Copper uptake by panikum and sudan grass plants grown on 

EL-Gabal EL-Asfar soil as affected by calcium carbonate 

applicatrion.              

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean With 

CaCO3 

Without 

CaCO3 

Treatments 

٢١٠>١ ٨٤١>٠ ٠٢٥>١ ١٦٧>٢ ٩١٠>١ ٠٣٨>٢ Cut 1 

٨٩٧>١ ٤٢٨>١ ٦٦٢>١ ٠٩٥>٣ ٩٨٤>٢ ٠٣٩>٣ Cut 2 

٢٦٤>٢ ١٦٨>٢ ٢١٦>٢ ٣٦٦>٣ ١٩١>٣ ٢٧٨>٣ Cut 3 

٦١٨>١ ١٧١>١ ٣٩٤>١ ٥١١>٢ ٥٢٥>٢ ٥١٨>٢ Cut 4 

٧٤٧>١ ٤٠٢>١ ١:٥٧٤ ٧٨٥>٢ ٦٥٢>٢ ٢:٧١٨ Mean 

A*B:0.425 

 

 

B:0.301 A:0.213 A*B:1.051 B:0.743  A:.0.525 L.S.D:0.05 
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Figure 51: Copper uptake by panikum and sudan grass plants grown on 

El Gabal El Asfar soil as affected by calcium carbonate 

application.  

 

 

 

Lead (Pb)  

 Lead uptake by Panikum and sudan grass as affected by 

calcium carbonate application to El Gabal Al Asfar soil is 

presented in Table 56 and graphically illustrated by Figure 52. 

Results show that application of calcium carbonate decreased the 

lead uptake by Panikum as compared to the control. Similar 

trend occurred with sudan grass plants. This holds true with all 

four cuts. Lead uptake by either Panikum or sudan grass plants 

increased gradually till to the third cut then sharply decreased 

with the fourth one. 

 

According to the overall means it could be conclude that 

sudan grass was more efficient in lead uptake as compared to 

Panikum plant. Lead uptake by both plants was significantly 

decreased by the application of calcium carbonate that act as 

chemical remediator beside the phyto-plants. 

Zinc (Zn) 

 Results presented in Table 57 and graphically illustrated 

by Figure 53 showed that Application of CaCO3 with Panikum 

and sudan grass has a significant effect on the uptake of zinc by 
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both plants from the contaminated soil under study. The uptake 

of zinc by phyto-plants  increased with increasing the number of 

cuts compared with that uptake with the first cut. The lowest zinc 

uptake was obtained with the fourth cut. This holds true with 

both phyto-plants. As those previously recorded with other 

elements, the addition of  calcium carbonate decreased zinc 

uptake by phyto-plants.  

 

Table 56:  Lead uptake by panikum and sudan grass plants grown on 

EL-Gabal EL-Asfar soil as affected by calcium carbonate 

application.    

Sudan grass Panikum 

Mean with 

CaCO3 

without

CaCO3 

Mean with 

CaCO3 

without

CaCO3 

Treatments 

٠٩٠..٢٦  ٢٧٣>١١ ٤٩٣>١٣ ٩٣٠>٢٧ ٢٥٠>٢٤ 15.713 Cut 1 

٨٤٧>٢٧ ٩٩٣>١٤ ٤٢٠>٢١ ٣٠٣>٤٢ ١٧٠>٣٢ ٢٣٧>٣٧ Cut 2 

٠٩٧>٣٣ ٠٧٠>٢١ ٠٨٣>٢٧ ٢٢٣>٤١ ٢٩٣>٢٦ ٧٥٨>٣٣ Cut 3 

٤٨٠>١٨ ٠٥٣>١١ ٧٤٧>١٤ ٤٨٧>٣٠ ٣٠٣>١٧ ٨٩٥>٢٣ Cut 4 

٤٨٦>٣٥ ٠٠٤>٢٥ ٣٠:٢٤٥ 
١٩:١٩

١ 
٥٩٨>١٤ 23.784 Mean 

L.S.D:0.05A:.2.122     B:3.001AxB:4.244A:3.319B:4.694AxB:6.638 
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Figure 52: Lead uptake by panikum and sudan grass plants grown 

on El Gabal El- Asfar soil as affected by calcium 

carbonate application 

 

 

 

Table (57):  Zinc uptake by panikum and sudan grass plants grown on 

EL-Gabal EL-Asfar soil as affected by calcium carbonate 

application. 
 

Sudan grass Panikum 

Mean with 

CaCO3 

without

CaCO3 

Mean with 

CaCO3 

without

CaCO3 

Treatments 

٧٠٨>٥ ٩٦٤>٤ ٣٣٦>٥ ٦٢٧>١٥ ٤٨٢>١٠ ٠٥٤>١٣ Cut 1 

٠٦١>١٠ ٤٣٨>٧ ٧٥٠>٨ ٨١٧>١٧ ٢٢٢>١٥ ٥٢٠>١٦ Cut 2 

١١٠>١١ ٢٧٢>٩ ١٩١>١٠ ٤٦٣>١٦ ٩٢٩>١٢ ٧١٦>١٤ Cut 3 

٩٥٥>٦ ٢٧٦>٥ ١٥١>٦ ١٩٤>١٢ ٥٦٦>٧ ٨٨٠>٩ Cut 4 

٤٥٨>٨ ٧٣٧>٦ ٧:٥٩٧ ٥٢٥>١٥ ٥٦٠>١١ ١٣:٥٤٢ Mean 

L.S.D:0.05A:.1.024   B:1.448   AxB2.047 A:1.425B:2.015AxB:2.850 
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Figure (53). Zinc uptake by panikum and sudan grass plants grown on 

El Gabal El Asfar soil as affected by calcium carbonate. 

 

 

In conclusion, sudan grass plant significantly accumulated 

higher  zinc than those accumulated by Panikum plants. Calcium 

carbonate application inhibited the availability of zinc for the 

investigated plants. Higher accumulation of zinc by both 

investigated plants occurred with the third cut than those 

occurred with the others. 

 

Cadmium (Cd) 

 Results presented in Table 58 and graphically illustrated 

by Figure 54 show that cadmium uptake by Panikum and sudan 

grass plants  varied according to the cut. It gradually increased 

up to third cut then decreased with the fourth one.   

Dealing with the effect of calcium carbonate, data showed 

that cadmium uptake by both plants was significantly decreased 

as compared to those occurred with the control treatment. In 

conclusion, as indicated by overall means, sudan grass has the 

ability to accumulate higher cadmium than those accumulated by 

Panikum plant. Calcium carbonate negatively affected the uptake 

of cadmium by both plants. Although the investigated plants 

were selected as a good phytoremediator for heavy metals, its 
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behavior was conflicted by the application of calcium carbonate. 

Therefore, it could be recommended that both of two approaches 

could be applied separetly for rehabilitation of heavy metal 

contaminated soils. 

 

 

Table 58: Cadmium uptake by panikum and sudan grass plants grown 

on EL-Gabal EL-Asfar soil as affected by calcium carbonate 

application.  

Sudan grass Panikum 

Mean with 

CaCO3 

without

CaCO3 

Mean with 

CaCO3 

without

CaCO3 

Treatments 

٩٦٩>٠ ٩٧٨>٠ ٩٧٤>٠ ٥٢١>١ ٤٤٣>١ ٤٨٢>١ Cut 1 

٨٤٧>١ ٦٦٢>١ ٧٥٥>١ ٣٣٣>٢ ٠٨١>٢ ٢٠٧>٢ Cut 2 

٤٠٢>٢ ٦٠٤>٢ ٥٠٣>٢ ٣٦١>٢ ١٦٣>٢ ٢٦٢>٢ Cut 3 

٦٣١>١ ٤٧٥>١ ٥٥٣>١ ٨٣٥>١ ٦٠٣>١ ٧١٩>١ Cut 4 

٧١٢>١ ٦٨٠>١ ١:٦٩٦ ٠١٢>٢ ٨٢٣>١ ١:٩١٧ Mean 

 

L.S.D:0.05A:.0.156 B:0.221   AxB:0.313A:0.149     B:0.211   AxB:0.298 
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Figure 54: Cadmium uptake by panikum and sudan grass plants grown 

on El Gabal El- Asfar soil as affected by calcium carbonate 

application. 

 

Iron (Fe) 

 Results in Table 59 and graphically illustrated by Figure 

55 show that Both of the phyto-plants and calcium carbonate as 

bio and chemical remediation mechanisms has the same effect 

and behavior like those detected with the previous heavy metals. 

Iron uptake by both plants  increased gradually up to the third cut 

then decreased at the fourth one.  

 

Cobalt (Co) 

Data in Table 60 and graphically illustrated by Figure 56 

show that cobalt uptake by Panikum and sudan grass grown on 

soil treated with calcium carbonate was lower than those of the 

control. Cobalt uptake by both plants increased with cut 

progress. The lowest value of cobalt uptake by both plants were 

obtained with the fourth cut. Sudan grass has accumulated more 

cobalt than those of Panikum plants.Such phyto-plants may be 

applied singly for decontamination of heavy metal contaminated 

soil. Application of calcium carbonate inhibited the efficacy of 

phto-plants to accumulate more cobalt from the contaminated 

soil. This could be attributed to the effect of calcium carbonate 

on chelating and prevention of cobalt availability to grown 

plants.   



Results and Discussion         189 
 

 

Manganese (Mn) 

 Results presented in Table 61 and graphically illustrated 

by Figure 57 reveal that Panikum plants showed  significant  

 

Table 59: Iron uptake by panikum and sudan grass plants grown on 

EL-Gabal EL-Asfar soil as affected by calcium carbonate 

application.  

Sudan grass Panikum 

Mean With 

 CaCO3 

without

CaCO3 

Mean With 

CaCO3 

without

CaCO3 

Treatments 

٦٥٣>٣٦ ١٩٠>٢٣ ٩٢٢>٢٩ ٣٦٣>٥٤ ٤١٧>٣٧ ٨٩٠>٤٥ Cut 1 

٦٢٠>٥٧ ١١٣>٤٠ ٨٦٧>٤٨ ٣٧٠>٧٩ ٣٢٣>٤٦ ٨٤٧>٦٢ Cut 2 

٩٧٧>٦٠ ٧١٧>٥١ ٣٤٧>٥٦ ٨٦٠>٦٢ ٦٢٠>٣٧ ٢٤٠>٥٠ Cut 3 

٩٢٣>٣١ ١٥٣>٢٥ ٥٣٨>٢٨ ٣٦٣>٢٧ ٧٧٠>٢٦ ٠٦٧>٢٧ Cut 4 

٧٩٣>٤٦ ٠٤٣>٣٥ ٤٠:٩١٨ ٩٨٩>٥٥ ٠٣٣>٣٧ ٤٦:٥١١ Mean 

AxB:9.157 B:6.475 A:4.578 AxB:7.008 B:4.956  A:3.504 L.S.D:0.05 
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Figure 55: Iron uptake by panikum and sudan grass plants grown on El 

Gabal El-Asfar soil as affected by calcium carbonate 

application. 

 

 

 

Table 60: Cobalt uptake by panikum and sudan grass plants grown on 

EL-Gabal EL-Asfar soil as affected by calcium carbonate 

application 

 

 

 

 

 

 

 

 

 

 

 

Sudan grass Panikum 

Mean With 

CaCO3 

Without 

CaCO3 

Mean With 

 CaCO3 

without

CaCO3 

Treatments 

١٥:٤١٣ ١١:٥٠٠ ١٣:٤٥٧ ٢٧:٠٨٧ ٢٤:٣٠٠ ٢٥:٦٩٣ Cut 1 

٢٩:٤٤٧ ١٨:٢٩٣ ٢٣:٨٧٠ ٤٢:١٠٠ ٣٦:٤٠٣ ٣٩:٢٥٢ Cut 2 

٣١:٨١٧ ٢٢:٤٢٧ ٢٧:١٢٢ ٤٣:١٧٣ ٣٩:٩٢٧ ٤١:٥٥٠ Cut 3 

١٩:٠٧٣ ٩:٦٦٧ ١٤:٣٧٠ ٣١:١٠٧ ٢٩:٨٧٠ ٣٠:٤٨٨ Cut 4 

٢٣:٩٣٨ ١٥:٤٧٢ ١٩:٧٠٥ ٣٥:٨٦٧ ٣٢:٦٢٥ ٣٤:٢٤٦ Mean 

AxB:4.526 B:3.200 A:2.263 AxB:5.102 B:3.607 A:2.551 L.S.D:0.05 
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Figure 56: Cobalt uptake by panikum and sudan grass plants grown on 

El Gabal El -Asfar soil as affected by calcium carbonate 

application. 

 

 

Table 61: Manganese uptake by panikum and sudan grass plants grown 

on EL-Gabal EL-Asfar soil as affected by calcium carbonate 

application. 

Sudan grass Panikum 

Mean + 

CaCO3 
-CaCO3 

Mean + 

CaCO3 
-CaCO3 

Treatments 

٢:٨٩٢ ٢:٤٦٠ ٦٧٦>٢ ٥٨٠>٥ ٦١٥>٤ ٠٩٧>٥ Cut 1 

٤:٢٦٨ ٤:٠٠٨ ١٣٨>٤ ٤٥٧>٦ ٠٩٨>٦ ٢٧٧>٦ Cut 2 

٥:٤٥٥ ٣:٩٦٣ ٧٠٩>٤ ٩٧٢>٤ ٥٣٤>٤ ٧٥٣>٤ Cut 3 

٢:٦٥٦ ٢:٢٣٧ ٤٤٦>٢ ٣٩١>٣ ٠٠٢>٢ ٦٩٦>٢ Cut 4 

٣:٨١٨ ٣:١٦٧ ٣:٤٩٢ ١٠٠>٥ ٣١٢>٤ ٤:٧٠٦ Mean 

AxB:0.951 B:0.673 A:0.475 AxB:2.992 B:2.116 A:1.496 L.S.D:0.05 
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Figure 57: Manganese uptake by panikum and sudan grass plants 

grown on El-Gabal El-Asfar soil as affected by calcium 

carbonate application. 

 

accumulation of  manganese in the second and third cuts higher 

than those obtained with the first and fourth cuts. 

This holds true either with or without calcium carbonate 

application. Application of calcium carbonate decreased  

manganese uptake by Panikum plant as compared to the 

untreated soil.  This holds true with all four cuts. Similar trends, 

but somewhat to a high extent occurred with sudan grass plants.  

It could be concluded that application of calcium 

carbonate depressed the availability of manganese in soil and 

consequently slow down its translocation to the investigated 

plants. Sudan grass plants show higher ability to accumulate 

more manganese than Panikum plants.   

 

4.3.2  Mostorod Soil 

 

4.3.2.1 Dry natter yield of Panikum and sudan grass grown 

on   Mostorod soil. 

Results presented in Table 62 and graphically illustrated 

by Figure 58 show that dry matter yield of Panikum did not 

reflect significant difference between the presence or the absence 

of calcium carbonate; it significantly and gradually increased 

with the number of cuts. The highest dry matter yield was 
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obtained at the third cut then decreased at the fourth cut. The 

lowest value of dry matter was obtained with the first cut. 

Similar trends, but somewhat to high extent, occurred 

with sudan grass plant. In contrast with Panikum plant, the dry 

matter yield of sudan grass was significantly affected by  

Table (62): Effect of calcium carbonate applied on dry matter yield of 

panikum and sudan grass plants grown on  Mostorod soil.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٨٦٧>٢٠ ٦٠٠>٢١ ٢٣٣>٢١ ٧٣٣>٣٥ ٤٦٧>٣٦ ١٠٠>٣٦ Cut 1 

٩٠٠>٥٥ ٨٠٠>٥٧ ٨٥٠>٥٦ ٣٠٠>٧٨ ٠٦٧>٨٦ ١٨٣>٨٢ Cut 2 

٤٦٧>٧١ ٩٠٠>٧٢ ١٨٣>٧٢ ٩٣٣>٨٥ ٣٦٧>٩١ ٦٥٠>٨٨ Cut 3 

٣٣٣>٦٥ ٤٠٠>٦٥ ٣٦٧>٦٥ ٩٠٠>٧٠ ٧٣٣>٧٢ ٨١٧>٧١ Cut 4 

٤٢٥>٥٤ ٥٣:٩٠٨ ٧١٣>٦٧ ٦٥٨>٧١ ٦٩:٦٨٥ 53.392 Mean 

AxB:5.492 B:3.883 A:2.746 AxB:4.542 B:3.211 A:2.271 L.S.D:0.05 

 

 

 

 

 

 

 

 

 

Figure (58). Effect of applied calcium carbonate on dry matter yield of 

panikum and sudan grass plants grown on Mostorod soil. 
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application of calcium carbonate where it increases as compared 

to the control (without CaCO3).   

 

4.3.2.2 Metals Uptake 

 

Copper (Cu) 

 Results presented in Table 63 and graphically illustrated 

by Figure 59 show that at the first cut, the copper uptake by 

Panikum plant  significantly decreased with application of 

calcium carbonate as compared to the untreated one. Similar 

trend, but somewhat to a high extent was noticed at the next two 

cuts, then decreased with the fourth cut. The mean average of 

different cuts indicated the positive effect of calcium carbonate 

in decreasing Cu uptake by Panikum plant. Calcium carbonate 

depressed the availability of Cu to Panikum plant. On the other 

hand, Panikum plant without calcium carbonate showed 

significant accumulation of Cu. 

Similar trends, but somewhat to a high extent were 

observed with sudan grass plants. Comparison between the two 

plants reveal the superiority of sudan grass as a phytoremediator 

over Panikum plant where it removes more Cu from the 

contaminated soil. 
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Lead (Pb)  

Results presented in Table 64 and graphically illustrated 

by Figure 60 reveal that application of calcium carbonate   

Table 63:Copper uptake by panikum and sudan grass plants grown on 

Mostorod soil as affected by calcium carbonate application.  

Sudan grass Panikum 

Mean With 

CaCO3 

without

CaCO3 

Mean with 

CaCO3 

without

CaCO3 

Treatments 

٦٦٠>٤ ٢٣٩>٣ ٩٤٩>٣ ٣٥٨>٧ ٩٠٤>٦ ١٣١>٧ Cut 1 

١٠٢>١١ ٣١٥>٦ ٧٠٨>٨ ٤٩٠>١٣ ١٦٠>١٤ ٨٢٥>١٣ Cut 2 

٦٥٩>١١ ٧٤٣>٥ ٧٠١>٨ ٥١٣>١٤ ٠٥٣>١٣ ٧٨٣>١٣ Cut 3 

٦٤٦>٦ ٩٣٥>٣ ٢٩١>٥ ٩٥١>٨ ٥٧٧>٧ ٢٦٤>٨ Cut 4 

٥١٧>٨ ٨٠٨>٤ ٦:٦٦٢ ٠٧٨>١١ ٤٢٤>١٠ ١٠:٧٥١ Mean 

AxB:1.581 B:1.118 A:0.790 AxB:1.271 B:0.898 A:0.635 L.S.D:0.05 

 

 

 

 

 

 

 

 

 

 

Figure 59: Copper uptake by panikum and sudan grass plants grown on 

Mostorod soil as affected by calcium carbonate application. 
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Table 64: Lead uptake by panikum and sudan grass plants grown on 

Mostorod soil as affected by calcium carbonate application. 

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٠٦٧>٢٠ ٢٦٣>١٤ ١٦٥>١٧ ٦٧٧>٣٤ ٧٤٣>٢٣ ٢١٠>٢٩ Cut 1 

٩٢٠>٤٠ ٧٣٧>٣٣ ٣٢٨>٣٧ ٥٨٧>٥٦ ٣٥٠>٥١ ٩٦٨>٥٣ Cut 2 

٥٤٠>٤٤ ٢٣٧>٣٩ ٨٨٨>٤١ ٠٨٣>٥٥ ٦٦٧>٤٧ ٣٧٥>٥١ Cut 3 

٠٥٣>٣٦ ٣٠٧>٣١ ٦٨٠>٣٣ ٤٥٣>٣٨ ٩٥٧>٢٧ ٢٠٥>٣٣ Cut 4 

٣٩٥>٣٥ ٦٣٦>٢٩ ٣٢:٥١٥ ٢٠٠>٤٦ ٦٧٩>٣٧ ٤١:٩٣٩ Mean 

AxB:4.042 B:2.858 A:2.021 AxB:4.264 B:3.015 A:2.132 L.S.D:0.05 
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Figure 60: Lead uptake by panikum and sudan grass plants grown on 

Mostorod soil as affected by calcium carbonate application. 

 

 

significantly decreased  lead uptake by Panikum as compared to 

the control. Similar trend was obtained with sudan grass plants. 

This holds true with all of the four cuts.   Lead uptake by either 

Panikum or sudan grass plants increased gradually with  up to 

the third cut then sharply decreased with the fourth one. 

The overall means show that sudan grass was more 

efficient than Panikum plant the uptake of lead. Lead uptake by 

both plants was significantly decreased the application of 

calcium carbonate that act as chemical remediator beside the 

phyto-plants.      

 

Zinc (Zn) 

 Results presented in Table 65 and graphically illustrated 

by Figure 61 show that application of CaCO3 and Panikum and 

sudan grass as phyto- remediators has a significant effect on the 

uptake of zinc from the contaminated soil. The uptake of zinc by 

phyto-plants was increased with increasing the number of cuts 

comparable to those of the first cut. The lowest zinc uptake 

occurred at the fourth cut. This holds true with both phyto-plants. 

Also, the application of  calcium carbonate  decreased the zinc 

uptake by phyto-plants.   

In conclusion, sudan grass plant significantly accumulated 

higher  zinc than those accumulated by Panikum plants. Calcium 
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carbonate application inhibited the availability of zinc to 

investigated plants. Higher accumulation of zinc by both 

investigated plants was induced with the third cut than those 

recorded with others. 

 

Table 65: Zinc uptake by panikum and sudan grass plants grown on             

Mostorod soil as affected by calcium carbonate application. 

Sudan grass Panikum 

Mean with 

CaCO3 

without 

CaCO3 

Mean with 

CaCO3 

without 

CaCO3 

Treatments 

٨:٧١٧ ٨:٥٨٨ ٨:٦٥٢ ١٥:٢٩٣ ١٤:١٢٤ ١٤:٧٠٨ Cut 1 

٢٠:٤٢٠ ٢٠:٨٣٧ ٢٠:٦٢٨ ٣١:٤٢١ ٣٠:٣٦٨ ٣٠:٨٩٥ Cut 2 

٢١:٦٨٣ ٢٥:٧٤٠ ٢٣:٧١١ ٢٩:٢٢٥ ٢٧:٠٩٤ ٢٨:١٦٠ Cut 3 

١٦:٦٦٠ ١٢:٦٢٨ ١٤:٦٤٤ ١٩:٨١٠ ١٦:٧٤٩ ١٨:٢٨٠ Cut 4 

١٦:٨٧٠ ١٦:٩٤٨ ١٦:٩٠٩ ٢٣:٩٣٧ ٢٢:٠٨٤ ٢٣:٠١٠ Mean 

AxB:2.532 B:1.791 A:1.266 AxB:1.645 B:1.163 A:0.822 L.S.D:0.05 
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Figure 61: Zinc uptake by panikum and sudan grass plants grown on 

Mostorod soil as affected by calcium carbonate application. 

 

 

was developed with cuts where it increases gradually up to the 

third cut then declined at the fourth one. 

 

Cadmium (Cd) 

 Results presented in Table 66 and graphically illustrated 

by Figure 62 cadmium uptake by Panikum and sudan grass was 

take the same trend occurred in El gabal El-Asfar soil. 

Dealing with the effect of calcium carbonate, data showed 

that cadmium uptake by Panikum plants did not reflected 

significant difference between the presence and absence of 

calcium carbonate. Contrary, sudan grass plants uptake more 

cadmium in absence of calcium carbonate as compared to the 

treated soil (+CaCO3). In conclusion, as indicated by overall 

means, sudan grass has the ability to accumulate higher cadmium 

than those accumulated by Panikum plant. Calcium carbonate 

negatively affected the uptake of cadmium by sudan grass plants. 

Although the tested crops were selected as a good 

phytoremediator for heavy metals, it seems that its behavior was 

conflicted by the application of calcium carbonate. Therefore, we 

may advise that both of two approaches could be applied 

individually for rehabilitation of heavy metal contaminated soils. 

 

Iron (Fe) 
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Iron uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Mostorod site is presented in Table (67) and graphically 

illustrated by Fig. (63). 

 

Table (66):  Cadmium uptake by panikum and sudan grass plants 

grown on Mostorod soil as affected by calcium carbonate. 

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٤٤٢>١ ٣٧٠>١ ٤٠٦>١ ٧٢٦>٢ ٤١٣>٢ ٥٧٠>٢ Cut 1 

٣٠٧>٣ ٣٧٩>٤ ٨٤٣>٣ ٥٤٩>٥ ٨٨٢>٤ ٢١٦>٥ Cut 2 

٣٨٩>٣ ٤٤٩>٣ ٤١٩>٣ ٨٦٥>٥ ٤٧٧>٤ ١٧١>٥ Cut 3 

٧٨٧>١ ٧٩٤>١ ٧٩١>١ ٨٦٤>٣ ٥٢١>١ ٦٩٣>٢ Cut 4 

٤٨١>٢ ٧٤٨>٢ ٢:٦١٤ ٥٠١>٤ ٣٢٤>٣ ٣:٩١٢ Mean 

AxB:0.559 B:0.395 A:0.279 AxB:0.753 B:0.532 A:0.376 L.S.D:0.05 

 

 

 

 

 

 

 

 

Figure (62). Cadmium uptake by panikum and sudan grass plants                       

grown on Mostorod soil as affected by calcium carbonate 

application. 
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Table (67):Iron uptake by panikum and sudan grass plants grown on  

                    Mostorod soil as affected by calcium carbonate. 

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with  

CaCO3 

Without 

CaCO3 

Treatments 

٢٠٣>٤٧ ٦٦٣>٣٩ ٤٣٣>٤٣ ٥٧٣>٧٩ ٨٦٠>٥٣ ٧١٧>٦٦ Cut 1 

٥٦٧>١٠٩ ٩٤٧>٨٤ ٢٥٧>٩٧ ٤٣٣>١٣٨ ٠٩٣>٨٦ ٢٦٣>١١٢ Cut 2 

٨٥٧>١١١ ٠٠٠>٨٨ ٩٢٨>٩٩ 
٠٣>١٠٢

٨ 
٤٧٣>١٢٤ ٦٠٣>٧٩ Cut 3 

٧٠٧>١٠١ ٩٥٠>٥١ ٨٢٨>٧٦ ١٥٠>٨٥ ٧٣٣>٤٤ ٩٤٢>٦٤ Cut 4 

٧٣٨>٩٥ ٠٤١>٦٤ ٧٩:٨٨٩ ٧٥٣>١٠٣ ١٧٢>٦٨ ٨٥:٩٦٢ Mean 

AxB:15.2 B:10.78 A:7.622 AxB:10.43 B:7.376 A:5.215 L.S.D:0.05 
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Figure (63). Iron uptake by panikum and sudan grass plants grown on 

Mostorod soil as affected by calcium carbonate   application. 

 

 

 

Both the phyto-plants and calcium carbonate as bio and 

chemical remediation mechanisms has the same effect and 

behavior like those detected with previous metals. Iron uptake  

 

Cobalt (Co) 

Cobalt uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Mostorod site is presented in Table (68) and graphically 

illustrated by Fig. (64). 

Cobalt uptake by Panikum and sudan grass grown on soil 

treated with calcium carbonate was significantly lower than 

those of untreated control. At the same time, cobalt uptake by 

both plants was developed with cut progress. The lowest values 

of cobalt uptake by both plants were recorded at the first cut 

followed by the fourth one. Sudan grass has accumulated more 

cobalt the those of Panikum plants. Such phyto-plants may be 

applied solely for decontamination of heavy metal contaminated 

soil. It seems that application of calcium carbonate inhibited the 

potential of phto-plants to accumulate more cobalt from the 

contaminated site. This my be attributed to the effect of calcium 

carbonate on chelating and prevention of cobalt availability to 

grown plants.   
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Manganese (Mn) 

Manganese uptake by Panikum and sudan grass as 

affected by calcium carbonate addition under heavy metal 

contamination of Mostorod site is presented in Table (69) and 

graphically illustrated by Fig. (65). 

 

Table (68): Cobalt uptake by panikum and sudan grass plants grown 

                       on Mostorod soil as affected by calcium carbonate.   

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٩٧٣>١٥ ٧١١>٩ ٨٤٢>١٢ ٤١٤>٢٧ ٣٤٤>١٥ ٣٧٩>٢١ Cut 1 

٢٥٤>٣٩ ٩٤٦>١٩ ٦٠٠>٢٩ ٢٠٩>٥٥ ٩٥٦>٢٨ ٠٨٣>٤٢ Cut 2 

٢٤٨>٤٨ ٢٠٤>٢٢ ٢٢٦>٣٥ ٣٠٢>٥٥ ٧٣١>٢٤ ٠١٦>٤٠ Cut 3 

٦١٨>٤١ ٦٢٨>١٣ ٦٢٣>٢٧ ٥٣٥>٤١ ٢٩٩>١٥ ٤١٧>٢٨ Cut 4 

٢٧٣>٣٦ ٣٧٢>١٦ ٢٦:٣٢٢ ٨٦٥>٤٤ ٠٨٢>٢١ ٣٢:٩٧٣ Mean 

AxB:4.123 B:2.916 A:2.062 AxB:2.789 B:1.972 A:1.395 L.S.D:0.05 

 

 

 

 

 

 

 

 

 

 

Figure (64). Cobalt uptake by panikum and sudan grass plants grown                       

on Mostorod soil as affected by calcium carbonate application. 
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Table (69): Manganese uptake by panikum and sudan grass plants 

grown on     Mostorod soil as affected by calcium carbonate. 

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٦٢٧>٤ ١٤٣>٣ ٨٨٥>٣ ١٥٦>٦ ٩٢٩>٤ ٥٤٣>٥ Cut 1 

٥٨٥>٩ ٨٣٥>٦ ٢١٠>٨ ٨٠٠>١١ ٩٠٦>٨ ٣٥٣>١٠ Cut 2 

٥١٣>٨ ١٩١>٥ ٨٥٢>٦ ٥٦٨>١٠ ٧٨٢>٧ ١٧٥>٩ Cut 3 

٣٨٣>٥ ٥٨١>٢ ٩٨٢>٣ ٥٣٩>٦ ٨٢٧>٤ ٦٨٣>٥ Cut 4 

٠٢٧>٧ ٤٣٧>٤ ٥:٧٣٢ ٧٦٦>٨ ٦١١>٦ ٧:٦٨٨ Mean 

AxB:1.156 B:0.817 A:0.578 AxB:1.113 B:0.787 A:0.556 L.S.D:0.05 
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Fig. (65): Manganese uptake by panikum and sudan grass plants grown 

on Mostorod soil as affected by calcium carbonate application. 

 

 

 

 

Panikum plant showed  significant accumulation of  

manganese in  recorded with the second and third cuts than those 

recorded with the first and fourth cuts. This holds true with or 

without calcium carbonate addition. It is obvious that addition of 

calcium carbonate declines the manganese uptake by Panikum 

plant as compared to the untreated soil.  This holds true with all 

four cuts.  

Similar trends, but to somewhat high extent were noticed 

with sudan grass plants.  

It could be concluded that addition of calcium carbonate 

depressed the availability of manganese in soil and consequently 

slow down its translocation to the tested crops. Sudan grass crop 

reflected higher abilityto accumulate more manganese than 

Panikum crop. 

The accumulation of manganese in tissues of both crops 

was significantly related to cut progress. 

 

4.3.3 Bahteem Soil  

4.3.3.1 Dry natter yield of Panikum and sudan grass on soil 

contaminated with heavy metals of  Bahteem site 
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Dry matter yield of Panikum and sudan grass plants at 

four cuts as affected by calcium carbonate addition under 

contamination with heavy metals of Bahteem soil is presented in 

Table (70) and graphically illustrated by Fig. (66). 

 

 

Table (70):Effect of calcium carbonate applied on dry matter yield of 

panikum and sudan grass plants grown on Bahteem soil. 

 

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٦٠٠>١٦ ٧٣٣>١٨ ٦٦٧>١٧ ٤٣٣>٣١ ٧٦٧>٢٩ ٦٠٠>٣٠ Cut 1 

٣٠٠>٥١ ٤٦٧>٥٤ ٨٨٣>٥٢ ٧٠٠>٦٨ ٠٣٣>٧١ ٨٦٧>٦٩ Cut 2 

٥٣٣>٦٤ ٥٣٣>٦٥ ٠٣٣>٦٥ ٨٦٧>٨٣ ١٠٠>٨٨ ٩٨٣>٨٥ Cut 3 

٧٠٠>٤٧ ١٣٣>٥١ ٤١٧>٤٩ ٢٣٣>٦٢ ٠٣٣>٥٣ ٦٣٣>٥٧ Cut 4 

٠٣٣>٤٥ ٤٦٧>٤٧ ٤٦:٢٥ ٥٥٨>٦١ ٤٨٣>٦٠ ٦١:٠٢٠ Mean 

AxB:6.859 B:4.850 A:3.429 AxB:6.129 B:4.334 A:3.065 L.S.D:0.05 
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Fig. (66): Effect of applied calcium carbonate on dry matter yield of 

panikum and sudan grass plants grown on Bahteem soil. 

 

 

 

Dry matter accumulation of sudan grass did not reflected 

big significant difference between the present or absence of 

calcium carbonate. At the same time, it significantly and 

gradually increased with development of cuts. In this respect, the 

highest dry matter accumulation was recorded at the third cut 

then decreased at the fourth cut. The lowest value of dry matter 

was recorded with the first cut.   

The overall mean of Panikum dry matter yield as affected 

by calcium carbonate show that it decreases a little bit with 

application of calcium carbonate. Sudan grass plant had 

accumulated higher dry matter yield than those recorded with the 

Panikum plants 

 

4.3.3.2  Metals Uptake 

Copper (Cu) 

Copper uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Bahteem site is presented in Table (71) and graphically 

illustrated by Fig. (67). 

At the first cut, the copper uptake by Panikum plant 

seems to be significantly reduced by adding calcium carbonate 
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as compared to the untreated one. Similar trend, but to somewhat 

high extent was noticed at the next two cuts, then decreased with 

the fourth cut. The mean average of different cuts indicated the 

positive effect of calcium carbonate in reducing Cu uptake by 

Panikum plant. It means that calcium carbonate depressed the 

availability of Cu to Panikum plant. On the other hand, Panikum 

plant  

Table (71):Copper uptake by panikum and sudan grass plants grown 

                       on Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٤٠٨>٢ ٧٤٩>١ ٠٧٩>٢ ٤٤٠>٤ ٢٨٥>٣ ٨٦٣>٣ Cut 1 

٦٠٥>٦ ١٨٢>٤ ٣٩٣>٥ ٦٠٥>٩ ٢٣٤>٦ ٩٢٠>٧ Cut 2 

١٩٣>٦ ٢٢٠>٥ ٧٠٦>٥ ٦٠٦>١٠ ١٩٠>٦ ٣٩٨>٨ Cut 3 

٢٠١>٣ ٦٠٢>٣ ٤٠٢>٣ ٨٨٧>٣ ٠٨١>٢ ٩٨٤>٢ Cut 4 

٦٠٢>٤ ٦٨٨>٣ ١٤٥>٤ ١٣٥>٧ ٤٤٨>٤ ٧٩١>٥ Mean 

AxB:2.577 B:1.822 A:1.288 AxB:1.150 B:0.812 A:0.574 L.S.D:0.05 
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Fig. (67): Copper uptake by Panikum and sudan grass plants grown on 

Bahteem soil as affected by calcium carbonate. 

 

 

 

 

without calcium carbonate showed significant accumulation of 

Cu. 

Similar trends, but to somewhat high extent were 

observed with sudan grass plants.  Comparison held between the 

two crops indicated the superiority of sudan grass as a 

phytoremediator over Panikum plant since it removes more Cu 

from the contaminated soil. 

 

Lead (Pb)  

Lead uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Bahteem site is presented in Table (72) and graphically 

illustrated by Fig. (68). 

It seems that addition of calcium carbonate had 

significantly reduced the lead uptake by Panikum as compared to 

the untreated control. Similar trend was noticed with sudan grass 

plants. This holds true with all four cuts. It is obvious that lead 

uptake by either Panikum or sudan grass plants had increased 

gradually with later cuts up to the third cut then sharply 

decreased with the fourth one. 
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The overall means gave us the chance to conclude that 

sudan grass was more efficient in lead uptake as compared to 

Panikum plant. In the same time, lead uptake by both plants was 

significantly declined by addition of calcium carbonate that act 

as chemical remediator beside the phyto-plants.      

 

 

Table (72):Lead uptake by panikum and sudan grass plants grown 

                       on Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٢٦٧>١٦ ٧٣٣>١٨ ٥٠٠>١٧ ١٠٠>٢٨ ٧٦٧>٢٩ ٩٣٣>٢٨ Cut 1 

٣٠٠>٥١ ٤٦٧>٥٤ ٨٨٣>٥٢ ٧٠٠>٦٨ ٠٣٣>٧١ ٨٦٧>٦٩ Cut 2 

٥٣٣>٦٤ ٥٣٣>٦٥ ٠٣٣>٦٥ ٨٦٧>٨٣ ١٠٠>٨٨ ٩٨٣>٨٥ Cut 3 

٧٠٠>٤٧ ١٠٠>٥١ ٤٠٠>٤٩ ٢٣٣>٦٢ ٠٣٣>٥٣ ٦٣٣>٥٧ Cut 4 

٩٥٠>٤٤ ٤٥٨>٤٧ ٤٦:٢٠٤ ٧٢٥>٦٠ ٤٨٣>٦٠ ٦٠:٦٠٤ Mean 

AxB:5.741 B:4.060 A:2.871 AxB:5.952 B: 4.153 A:2.976 L.S.D:0.05 
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Figure (68). Lead uptake by panikum and sudan grass plants grown  on 

Bahteem soil as affected by calcium carbonate.. 

 

 

 

 

Zinc (Zn) 

Zinc uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Bahteem site is presented in Table (73) and graphically 

illustrated by Fig. (69). 

Application of chemical (CaCO3) and phyto- (panikum 

and sudan grass) remediators has a significant effect on the 

uptake of zinc from the contaminated site. The uptake of zinc by 

phyto-plants was increased with old cuts comparable to those 

recorded at the first cut. The lowest zinc uptake was recorded at 

the fourth cut. This holds true with both phyto-plants. As those 

previously recorded with other elements, the addition of  calcium 

carbonate reduced the zinc uptake by phyto-plants.   

In conclusion, sudan grass plant significantly accumulated 

higher  zinc than those accumulated by panikum plants. Calcium 

carbonate addition inhibited the availability of zinc to tested 

crops. Higher accumulation of zinc by both tested crops was 

induced with the third cut than those recorded with others.  

 

Cadmium (Cd) 
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Cadmium uptake by panikum and sudan grass as affected 

by calcium carbonate addition under heavy metal contamination 

of Bahteem site is presented in Table (74) and graphically 

illustrated by Fig. (70). 

Cadmium uptake by panikum and sudan grass was varied 

according to cut. It was gradually increased up to the third cut 

then decreased with the fourth one.   

Table (73):Zinc uptake by panikum and sudan grass plants grown 

                       on Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٩٦٠>٤ ٩٦٤>٤ ٩٦٢>٤ ٦٨٥>٩ ٠٨٨>٩ ٣٨٧>٩ Cut 1 

٩١١>١٣ ٧١١>١١ ٨١١>١٢ ٦٦٤>٢٠ ٣٥١>٢٠ ٥٠٨>٢٠ Cut 2 

٣٥٩>١٦ ٠٦٧>١٠ ٢١٣>١٣ ٣٢٧>٢٣ ٠٤٠>٢٣ ١٨٤>٢٣ Cut 3 

٨٩٧>٩ ٠٥٢>٤ ٩٧٤>٦ ٧٢٧>١٥ ١٤٥>١١ ٤٣٦>١٣ Cut 4 

٢٨٢>١١ ٦٩٨>٧ ٩:٤٩٠ ٣٥١>١٧ ٩٠٦>١٥ ١٦:٦٢٨ Mean 

AxB:1.801 B:1.274 A:0.900 AxB:2.237 B:1.582 A:1.119 L.S.D:0.05 
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Figure (69). Zinc uptake by panikum and sudan grass plants grown  

                     on Bahteem soil as affected by calcium carbonate. 

 

 

 

 

Table (74):Cadmium uptake by panikum and sudan grass plants grown 

                       on Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٨٥٥>٠ ٧٣٩>٠ ٧٩٧>٠ ٢٦٤>١ ٢٥٧>١ ٢٦١>١ Cut 1 

٩٧٢>١ ٨٢٨>١ ٩٠٠>١ ٧١٨>٢ ٦٧٦>٢ ٦٩٧>٢ Cut 2 

٠٦٠>٢ ٧٧٩>١ ٩١٩>١ ١١٦>٣ ٩٢٤>٢ ٠٢٠>٣ Cut 3 

٣٨٩>١ ٩٩٨>٠ ١٩٤>١ ١٠٢>٢ ٠٨٨>١ ٥٩٥>١ Cut 4 

٥٦٩>١ ٣٣٦>١ ١:٤٥٢ ٣٠٠>٢ ٩٨٦>١ ٢:١٤٣ Mean 

AxB:0.282 B:0.199 A:0.141 AxB:0.341 B:0.241 A:0.171 L.S.D:0.05 
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Figure (70). Cadmium uptake by panikum and sudan grass plants 

grown  on Bahteem soil as affected by calcium 

carbonate. 

 

 

 

 

Dealing with the effect of calcium carbonate, data showed 

that cadmium uptake by panikum plants did not reflected 

significant difference between the presence and absence of 

calcium carbonate. Contrary, sudan grass plants uptake more 

cadmium in absence of calcium carbonate as compared to the 

treated soil (+CaCO3). In conclusion, as indicated by overall 

means, sudan grass has the ability to accumulate higher cadmium 

than those accumulated by Panikum plant. Calcium carbonate 

negatively affected the uptake of cadmium by sudan grass plants. 

Although the tested crops were selected as a good 

phytoremediator for heavy metals, it seems that its behavior was 

conflicted by the application of calcium carbonate. Therefore, we 

may advise that both of two approaches could be applied 

individually for rehabilitation of heavy metal contaminated soils. 

 

Iron (Fe) 

Iron uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Bahteem site is presented in Table (75) and graphically 

illustrated by Fig. (71). 
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Both the phyto-plants and calcium carbonate as bio and 

chemical remediation mechanisms has the same effect and 

behavior like those detected with  previous metals. Iron  uptake 

was developed with cuts where it increases gradually up to the 

third cut then declined at the fourth one.  

 

 

 

Table (75):Iron uptake by panikum and sudan grass plants grown 

                       on Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٠١٧>٢٩ ٦٥٧>١٦ ٨٣٧>٢٢ ١٢٣>٤٨ ٥٨٣>٣٧ ٨٥٣>٤٢ Cut 1 

٠٦٠>٧١ ١٣٠>٤١ ٠٩٥>٥٦ ١٨٣>٧٩ ٧٣٠>٦٢ ٩٥٧>٧٠ Cut 2 

٦٢٧>٦٣ ٠٠٣>٤٠ ٨١٥>٥١ ٥٤٣>٧١ ٩١٧>٥٦ ٢٣٠>٦٤ Cut 3 

٦٨٠>٣٣ ٩٢٣>٢٥ ٨٠٢>٢٩ ١١٣>٤٤ ٥٠٠>٢٨ ٣٠٧>٣٦ Cut 4 

٣٤٦>٤٩ ٩٢٨>٣٠ ٤٠:١٣٧ ٧٤١>٦٠ ٤٣٢>٤٦ ٥٣:٥٨٦ Mean 

AxB:9.355 B:6.615 A:4.677 AxB:6.126 B:4.332 A:3.063 L.S.D:0.05 
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Figure (71).   Ironuptake by panikum and sudan grass plants 

grown on Bahteem soil as affected by calcium 

carbonate. 

 

 

 

Cobalt (Co) 

Cobalt uptake by Panikum and sudan grass as affected by 

calcium carbonate addition under heavy metal contamination of 

Bahteem site is presented in Table (76) and graphically 

illustrated by Fig. (72).Cobalt uptake by Panikum and sudan 

grass grown on soil treated with calcium carbonate was 

significantly lower than those of untreated control. 

At the same time, cobalt uptake by both plants was 

developed with cut progress. The lowest values of cobalt uptake 

by both plants were recorded at the first cut followed by the 

fourth one. Sudan grass has accumulated more cobalt the those 

of Panikum plants. Such phyto-plants may be applied solely for 

decontamination of heavy metal contaminated soil. It seems that 

application of calcium carbonate inhibited the potential of phto-

plants to accumulate more cobalt from the contaminated site. 

This my be attributed to the effect of calcium carbonate on 

chelating and prevention of cobalt availability to grown plants.   

 

Manganese (Mn) 
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Manganese uptake by Panikum and sudan grass as 

affected by calcium carbonate addition under heavy metal 

contamination of Bahteem site is presented in Table (77) and 

graphically illustrated by Fig. (73). 

Panikum plant showed  significant accumulation of  

manganese in  recorded with the second and third cuts than those 

recorded with the first and fourth cuts. This holds true with or 

without calcium carbonate addition. It is obvious that addition of 

calcium carbonate declines the manganese uptake by Panikum  

Table (76):Cobalt uptake by panikum and sudan grass plants grown  on 

Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

jn with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٤٧٠>١١ ١٢٤>٨ ٧٩٧>٩ ٥٥٠>١٩ ٥٦٧>١٥ ٥٥٨>١٧ Cut 1 

٣٤٠>٣٣ ٠٢٠>٢٠ ٦٨٠>٢٦ ٧٢٣>٤٤ ٩١٧>٢٨ ٨٢٠>٣٦ Cut 2 

١٠٠>٤١ ٥٦٠>٢١ ٣٣٠>٣١ ٨٤٣>٥٠ ٩١٧>٢١ ٢٧٨>٣٦ Cut 3 

٣٦٠>١٤ ٤٦٠>١٤ ٤١٠>١٤ ٤٣٠>٣٢ ٠٣٧>٧ ٧٣٣>١٩ Cut 4 

٠٦٨>٢٥ ٠٤١>١٦ ٢٠:٥٥٤ ٨٨٧>٣٦ ٣٠٨>١٨ ٢٧:٥٩٧ Mean 

AxB:5.140 B:3.635 A:2.570 AxB:4.725 B:3.341 A:2.362 L.S.D:0.05 
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Figure (72). Cobalt uptake by panikum and sudan grass plants 

grown  on Bahteem soil as affected by calcium 

carbonate. 

 

 

 

 

Table (77): Manganese uptake by panikum and sudan grass plants 

grown  on Bahteem soil as affected by calcium carbonate.  

Sudan grass Panikum 

Mean with 

CaCO3 

Without 

CaCO3 

Mean with 

CaCO3 

Without 

CaCO3 

Treatments 

٧١٣>٢ ٣٩٩>٢ ٥٥٦>٢ ٢٧٦>٤ ٦٦٥>٣ ٩٧٠>٣ Cut 1 

٩٩٢>٦ ٣٤٢>٥ ١٦٧>٦ ٦٤٤>٨ ٢٨٢>٧ ٩٦٣>٧ Cut 2 

٦١٤>٦ ١٧١>٥ ٨٩٣>٥ ٤٤٢>٧ ٣٧٦>٥ ٤٠٩>٦ Cut 3 

٧١٩>٣ ٢٣٣>٣ ٤٧٦>٣ ٣٢٧>٤ ٠٠٣>٢ ١٦٥>٣ Cut 4 

٠١٠>٥ ٠٣٦>٤ ٤:٥٢٣ ١٧٢>٦ ٥٨١>٤ ٥:٣٧٦ Mean 

AxB:0.792 B:0.560 A:0.396 AxB:0.802 B:0.567 A:0.401 L.S.D:0.05 
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Figure (73). Manganese uptake by panikum and sudan grass 

plants grown on Bahteem soil as affected by 

calcium carbonate. 

 

plant as compared to the untreated soil.  This holds true with all 

four cuts. Similar trends, but to somewhat high extent were 

noticed with sudan grass plants.  

It could be concluded that addition of calcium carbonate 

depressed the availability of manganese in soil and consequently 

slow down its translocation to the tested crops. Sudan grass crop 

reflected higher ability to accumulate more manganese than 

Panikum crop. The accumulation of manganese in tissues of both 

crops was significantly related to cut progress. 
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Heavy metals are present in soil as natural components or 

as a result of human activity, with the primary sources of metal 

pollution being the burning of fossil fuels, mining and smelting 

of metalliferous ores, electroplating, downwash from power 

lines, municipal wastes, fertilizers, pesticides and sewage 

(Garbisu and Alkorta, 2001; Alkorta et al., 2004). Actually, 

metal pollution has become one of the most serious 

environmental problems today (Alkorta et al., 2004). 

Some metals are essential for life (e.g., they provide 

essential cofactors for metalloproteins and enzymes) but, at high 

concentrations, metals are toxic for both higher organisms and 

microorganisms (Garbisu and Alkorta, 1997). Indeed, at high 

concentrations, metals can act in a deleterious manner by 

blocking essential functional groups, displacing other metal ions, 

or modifying the active conformation of biological molecules 

(Collins and Stotzky, 1989). 

The term “phytoextraction” refers to the utilization of 

plants to remove pollutants (mostly, metals) from soils. In 

particular, “continuous phytoextraction” is based on the 

utilization of metal-hyperaccumulating plants 

(hyperaccumulators) that have the capacity to accumulate, 

translocate and tolerate high amounts of metals over the 

complete growth cycle (Salt et al., 1995; Baker et al., 2000). 

From a remediation point of view, phytoextraction 

demands a sufficient harvestable biomass. Unfortunately, most 

metal hyperaccumulators (e.g., T. caerulescens) are, in general, 

relatively small, have slow rates of biomass production and lack 

any established cultivation, pest management or harvesting 
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practices (Wenzel et al., 1999). Consequently, nowadays, fast-

growing, high biomass crop plant species that accumulate 

moderate levels of metals in their shoots are actively being tested 

for phytoextraction (Hernández-Allica et al., 2008). After all, in 

some cases, a greater shoot biomass has been reported to more 

than compensate for a lower shoot metal concentration (Ebbs 

and Kochian 1997). 

Hernández-Allica et al., (2006); Epelde et al., (2008) 

previously reported the phytostimulatory effect of plants on soil 

microbial communities within the context of the 

phytoremediation of metal-polluted soils. However, for a 

chemophytostabilization procedure, it is essential to also take 

into account the effects of amendments on the soil microbial 

community.  

Epelde et al., (2009) concluded that despite the logical 

interest in improving the metal extraction capacity of metal 

phytoremediating plants (phytoextraction) or reducing metal 

bioavailability, leaching and dispersion using plants 

(phytostabilization), it should never be forgotten that the ultimate 

goal of any soil remediation process must be not only to remove 

the contaminant(s) from the polluted soil but, most importantly, 

to restore the continued capacity of the soil to perform or 

function according to its potential (i.e., to recover soil health). In 

fact, in some cases it might be possible to recover soil health 

without decreasing soil metal concentrations to levels indicated 

in the different regulations (most current regulations governing 

metal toxicity in soils are still based on total metal concentration 
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in the soil, whose validity as a basis for metal limits in soil is 

certainly questionable). 

In this respect, although to date, emphasis has been placed 

on physical and chemical soil properties as indicators of soil 

health, biological parameters are becoming increasingly used due 

to their being more sensitive to changes in the soil, as well as to 

their capacity to provide information that integrates many 

environmental factors. In particular, those biological indicators 

related to the size, activity and diversity of the soil microbial 

communities are most promising since microorganisms are, to a 

large extent, responsible for soil functioning. Microbial 

indicators of soil health are valid tools for evaluating the success 

of phytoextraction and phytostabilization processes. 

Finally, it is important to point out that metal-polluted and 

phytoremediated soils are interesting scenarios for delving 

deeper into the still poorly understood plant–microbe 

interactions that occur below ground, and which fulfil vital roles 

in the functioning of terrestrial ecosystems. After all, disturbed 

environments usually provide a better insight into the workings 

of the system. 
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5. SUMMARY AND CONCLUSION 

 

Remediation of heavy metal contaminated has become a 

considerable task to introduce such marginal or waste lands into 

productive systems. Various techniques, i.e. chemical and 

organic agents, bio- and Phytoremediation including 

microorganisms and/or phytoplants  are used to remediate such 

contaminated soils.  The contamination of the soil with metals 

has become a widespread environmental problem in many 

industrialized countries. The fact that the Earth's surface is 

becoming increasingly polluted by human activities challenges 

society to develop strategies for sustainability that conserve 

nonrenewable natural resources such as soil.  

The aim of the present study is to investigate the 

effectiveness of   (I) some chemical and organic amendments in 

remediation of heavy metals contaminated soil. At the same 

time, a follow up the effects of interaction between amendment 

concentration and incubation time intervals on bioavailability of 

tested heavy metals was taken into consideration. (II) Fungi 

inoculation in remediation of heavy metals contaminated soils. 

(III)  Calcium carbonate on the potentiality of panikum and 

sudan grass (as hyperaccumulators) in remediation of heavy 

metals contaminated soil. To fulfill this task, it was suggested to 

conduct three experiments, namely;  

(1)  Chemical remediation of Contaminated Soils experiment  

(2)  Bioremediation experiment 

(3)  Phytoremediation Experiment 
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In the first experiment we used four amendments e.g. 

compost, calcium carbonate, rock phosphate and charcoal with 

two concentrations of 2% and 4%. Two species of fungi i.e. 

Aspergillus parasiticus, Fusarium oxysporum and mixture of 

them were applied in bioremediation experiment. In the third 

experiment two phyto-plants of panikum (Panicum Antidotal) 

and sudan grass (Sorghum Sudanese) were used as 

hyperaccumulators of heavy metals where four cuts of them 

were taken along the growth duration period.   

The following; are the most important results obtained from the 

three experiment:. 

 

ⒶⒶⒶⒶ CHEMICAL REMEDIATION 

 

1. Calcium carbonate and charcoal were the best amendments 

followed by compost then rock phosphate amendments in 

reducing the availability of all tested metals.  

2. The sequence of other amendments was dependable on the 

heavy element. 

3Interaction between amendments concentrations and incubation 

time indicated that high reduction of heavy metals was detected 

at 4% concentration of amendments. 

4. In some cases, there was no significant difference between the 

two concentrations of amendments. 

5. The best reduction in the availability of all heavy metals in 

treated soils was detected at 60 days of incubation. 
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6. The potentiality of different soil amendments in reducing the 

availability of heavy metals was significantly related to its origin 

concentrations in different tested soils. 

7. More reduction in availability of tested heavy metals was 

noticed with Al Gabal Al Asfar site followed by Mostorod soil 

then Bahteem soil.  

8. The abovementioned ranking of tested soils was a little bet 

varied in case of cobalt and cadmium elements in relation to 

amendment type and its concentration. 

 

BIOREMEDIATION  

 

1. The overall averages indicated that metals absorbed by fungi, 

in general, surpassed those absorbed by the natural soil 

microfauna.  

2. Moreover, dual inoculation was superior over individuals. At 

the same time, in most cases the Fusarium oxysporum (F2) was 

better than Aspergillus parasiticus (F1).  

3.  This sequence may be differed in relation to the element and 

origin soil. 

4.  Concerning the time intervals, data showed that copper and 

manganese absorbed by fungi was best at 30 days of incubation 

interval while other metals were effectively absorbed by fungal 

cells at 45 day interval. 

5.  This phenomenon was recorded with all tested contaminated 

soils. 
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6.  Recalling data of Cu content in origin soil of Al Gabal Al 

Asfar site for example (8.59 µg g soil
-1

), we can noticed that 

fungi has a great potential to remove a great bulk of copper 

(average 5.70 µg g cell
-1

) where it accounts for about 62%  of 

those determined in origin soil. In case of Bahteem site (4.86 µg 

g soil
-1

) fungi absorbed in average 4.63 µg g soil
-1

 where it 

accounts for 95. 3% of origin Cu available in soil. Mostorod soil 

has(5.10 µg g soil
-1

) as origin available Cu, and fungal cells 

absorbed in average about 5.004 µg g soil
-1

 which relatively 

accounts for 98% of the origin content.   

7. Cumulative data of tested metals in Al Gabal Al Asfar soil 

indicated that the highest accumulation of tested metals was 

recorded with Fe followed by Pb and Co while the lowest 

accumulation was noticed with Cd followed by Zn, Cu and Mn, 

respectively. 

8. Cumulative data of tested metals in Mostorod soil indicated 

that the highest accumulation of tested metals was recorded with 

Fe followed by Pb and Co while the lowest accumulation was 

noticed with Cd followed by Zn, Mn and Cu, respectively. 

9. Cumulative data of tested metals in Bahteem soil indicated 

that the highest accumulation of tested metals was recorded with 

Fe followed by Pb and Co while the lowest accumulation was 

noticed with Cd followed by Cu, Mn and Zn, respectively. 

10. Metals such as iron, lead and cobalt that presented in all soils 

with high content comparable to other tested metals were 

significantly affected by fungal application. 

11. Potential of fungi in reducing such metals in soil solution 

was attributed to original contents. 
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12. Therefore, the effect of fungal inoculation on reduction of 

tested metals content was more pronounced in the soil of Al 

Gabal Al Asfar followed by Mostorod then Bahteem site.  

 

PHYTOREMEDIATION  

 

1. Dry matter yield of panikum was increased with calcium 

carbonate addition as compared to the absence of it while there 

was no significant difference between the absence and presence 

of calcium carbonate when the dry matter yield of sudan grass 

was considered. 

2. Dry matter yield of sudan grass was higher than those 

recorded for panikum plant. This holds true either with or 

without calcium carbonate addition. 

3. The dry matter yield of both plants tended to increase with 

second and third cuts then decreased with fourth cut. 

4. This finding proved that sudan grass was more resistant to the 

high concentrations of heavy metals than panikum plants. 

5. Tested metals were hyperaccumulated by sudan grass than 

panikum crop. This holds true with all tested soils. 

6. Addition of calcium carbonate inhibited the absorption of 

tested metals by both crops. 

7. The accumulation of tested metals in tissues of both crops was 

significantly related to cut progress. 

8. comparison held between the three tested soils indicated that 

the potential of sudan grass in accumulation of heavy metals was 

related to the metal content perse. 
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9. For example, Cu, Zn, Cd, Fe, and Mn were highly 

accumulated by sudan grass combined with calcium carbonate in 

case of Mostorod soil followed by Bahteem soil then Al Gabal 

Al Asfar soil while the accumulation of Pb were higher in case 

of  Bahteem soil followed by Mostorod then Al Gabal Al Asfar 

soil. Reversible trend was noticed with cobalt accumulation by 

sudan grass where it was higher in Al Gabal Al Asfar soil 

followed by Mostorod then  Bahteem soil. 

 

CONCLUDING REMARK 

 

In this study we have examined several techniques to 

remove or clean up the heavy metal contaminated soils. These 

techniques and management practices were applied to achieve 

the goals of study and recognize the most proper and effective 

ones that could be selected for application. We assume that the 

data released from the recent study may help in drawing the best 

scenario needed for recovering such wastelands into productive 

and safe systems.  

Eliminating the mobility and bioavailability of heavy 

metals in soils (stabilization) by adding chemicals such as 

compost, rock-P, CaCO3 and charcoal to the soil that reform the 

heavy metals into a form that un easily absorbed or taken by 

plants and animals, or people. . This process does not disrupt the 

environment or generate hazardous wastes. Instead, the heavy 

metal combines with the added chemical to create a less toxic 

compound. The heavy metal remains in the soil, but in a less 
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active form that is much less harmful to the human health and 

the environment. 

In the same direction, fungi specified as bioremediators 

and differ in their ability to remove such heavy metals 

contaminants, including the non-pathogenic Fusarium 

oxysporum and Aspiragillus parasiticus either applied 

individually or in combination were used and significantly 

positively affected the potential of soil remediation as well as 

minimizing the concentration of tested metals in soil. This 

phenomenon was confirmed by comparison held between the 

uninoculated origin soils and the treated one. It is worthy to 

mention that the potential of fungi as bioremediators was also 

affected by the extent of soil origin.   

Phytoremediation is an emerging technology that uses 

certain plants to clean up soil, water, and air contaminated with 

environmental pollutants through degradation, extraction, or 

immobilization of contaminants. This technology has been 

receiving attention lately as an innovative, cost-effective, and 

long-term alternative to the more established engineering 

methods used at hazardous waste sites. An effective metal 

phytoremediation strategy depends on the ability of plants to 

tolerate and accumulate metals from the environment. In this 

respect, the use of some hyperaccumulator plants such as 

panikum and sudan grass may help in cleaning up the heavily 

contaminated soils with heavy metals like those irrigated for 

several years with sewage effluent or those irrigated with 

industrial wastewater. These plants, in the recent study, showed 

an effective role in accumulating some metals such as Fe, Zn, 
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Mn, Cu, Co, Cd and Pb in their aerial parts. This phenomenon 

was confirmed when comparison was held between the 

contaminated soils before cultivation and after harvest whereas 

considerable amounts of tested heavy metals were excluded from 

the soil system and transferred to the plant’s organs. The 

transferred amounts of tested metals were significantly 

correlated with plant duration in soil (cuts). The positive effect 

of these phyto-plants on reducing the availability of tested metals 

was more pronounced when accompanied with addition of 

calcium carbonate to the soil.  

Different techniques used in this study indicated the 

possibility to reduce the heavy metals concentrations in 

contaminated soils by each of them individually but not in full 

efficiency, therefore an appropriate management strategy 

including combinations between more than one technique could 

be more beneficial than one technique. These strategies are 

obligate to face the degradation of soils irrigated for a long time 

with sewage effluent or industrial wastewater. From the 

environmental viewpoint, we accept such low cost effective and 

less hazardous techniques to be applied for management of 

wastelands and low quality water resources.  
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 تصبح االراضى الهامشية لكي معالجة المعادن الثقيلة مهمة شاقة

التقنيات المختلفة مثل المعالجة الكيميائية .  منتجةأراضىواالراضى البور 

 الكائنات الدقيقة والنباتات إلى باإلضافة النباتية أووالعضوية والمعالجة الحيوية 

 في  تلوث التربة بالمعادن الثقيلة مشكلة بيئيةحأصب. لجة التربة الملوثةاتستخدم لمع

 ملوثة بشكل أصبحت األرض سطح إنالعديد من البلدان الصناعية وهناك حقيقة 

 للمجتمع هو وضع الحقيقي التحدي إن.  البشريةاألنشطةمتزايد من جراء 

على الموارد الطبيعية الغير متجددة  تحافظ التياستراتيجيات من اجل االستدامة 

 . ل التربةمث

 -:الهدف من هذه الدراسة

 معالجة المعادن في الكيميائية والعضوية اإلضافاتالتحقق من فاعلية بعض ) ١(

 التفاعل بين تركيز المواد آثارالثقيلة الملوثة للتربة وفى نفس الوقت متابعة 

 . للمعادن الثقيلةالبيولوجيالمضافة وفترات التحضين على التيسر 

  معالجة التربة الملوثة بالمعادن الثقيلة فيفاعلية التلقيح بالفطريات التحقق من )  ٢(

 نبات البنيكام ونبات العشب إمكانيةالتحقق من فاعلية كربونات الكالسيوم على ) ٣(

 . معالجة المعادن الثقيلة الملوثة للتربةفي السوداني

 -: ثالث تجارب وهمإجراءوألداء هذه المهمة اقترح 

 .وعضوية معالجة الكيميائية  باستخدام مواد الكيميائيةتجربة لل) ١( 

 . باستخدام بعض الفطرياتالبيولوجيةتجربة للمعالجة ) ٢( 

 .تجربة للمعالجة الحيوية باستخدام النباتات) ٣( 

 وهم سماد الكمبوست ، إضافات أربعة تم استخدام األولى التجربة في

% ٤ ، %  ٢اثنين من التركيزات  ، كربونات الكالسيوم ، فحم مع فوسفاتيصخر 

وفى التجربة الثانية تم اخذ نوعيين من الفطريات وهم االسبرجلس و الفيوزاريم 
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٢

(Aspergillus parasiticus, Fusarium oxysporum)      وخليط بين االثنين

 وفى التجربة الثالثة تم استخدام  نوعين من ، )البيولوجيةالتجربة  (فيوذلك 

    السودانيونبات العشب  (Panicum Antidotal)  بات البنيكام النباتات وهم ن

(Sorghum Sudanese)   وهما نباتات مفرطة في تراكم المعادن الثقيلة وتم اخذ

 . أربع حشات إثناء فترة النمو

 -:كاالتى تم الحصول عليها من الثالث تجارب التي النتائج أهمكان 

 .المعالجة الكيميائيةتجربة ) أ

 يليها الكمبوست ثم اإلضافات أفضلالكالسيوم والفحم من نت كربونات  كا-١

 .الفوسفاتيالصخر 

 . التربةفي يعتمد على القدرة على تثبيت المعادن الثقيلة لإلضافات هذا التسلسل -٢

 إلى تشير التفاعالت بين التركيزات المختلفة للمواد المضافة وفترة التحضين -٣

 %.٤ يلة عند التركيز  المعادن الثقفيخفض كبير 

  بعض الحاالت للمواد المضافة بالنسبة للتركيز في معنوي ليس هناك فرق -٤

 %.٤و % ٢

 االراضى في تيسر المعادن الثقيلة في الخفض إن إلى التجربة  أشارت -٥

 . يوم ٦٠كان عند فترة تحضين المعاملة 

 الخفض من تيسر لىإ أدت التربة إلى المختلفة  اإلضافات إن بينت النتائج -٦

 إلىالمضافة للمواد  التركيزات المختلفة فيالمعادن الثقيلة وكانت معنوية 

 .  تحت االختبارأراضىالثالث 

 لوحظ مزيد من االنخفاض في تيسر المعادن الثقيلة في تربة الجبل األصفر -٧

 .بهتيم تربة يليها تربة مسطرد ثم 
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٣

 حالة فيختبار كان يختلف قليال هذا الترتيب المذكور لالراضى تحت اال -٨

 المختلفة وكذلك اإلضافات ما يتعلق بأنواع فيعنصر الكوبالت والكادميوم 

 .التركيزات

 . المعالجة الحيوية تجربة)ب

  متوسط المعدل الكلى للمعادن الثقيلة الممتصة بواسطةأن إلى التجارب أشارت -١

 بواسطة الميكروفيونا بصفة عامة تجاوزت بتلك الممتصة الفطريات الملقحة

 . التربةفيالطبيعية 

 معدل امتصاص في الفردي من التلقيح اعلي أيضا كان التلقيح المزدوج -٢

ووجد أيضا انه في معظم الحاالت كان التلقيح بالفيوزاريوم  العناصر الثقيلة، 

 . أفضل من التلقيح باالسبرحلس

  .ر وكذلك التربة األصليةهذا التسلسل يختلف بالنسبة إلى تركيزات العناص -٤

 ) الجبل األصفر، مسطرد، بهتيم ( وقد سجلت هذه الظاهرة مع كل االراضى-٥

  .تحت االختبار

أشارت التجارب إلى أن محتوى النحاس في التربة األصلية للجبل األصفر  -٦

ويمكن مالحظة أن الفطريات لديها .  ميكروجرام لكل جرام تربة٨،٥٩كانت  

 جرام/ ميكروجرام٥،٧٠ متوسط ب الجزء األكبر من النحاس زالةإ القدرة على 

في  إما  المقدرة في األرض األصلية، النحاسمن كمية%  ٦٢شكل ي  حيثخلية

 جرام تربة ومتوسط الكمية / ميكروجرام٤،٨٦فكانت حالة ارض بهتيم 

  جرام تربة تمثل / ميكروجرام٤،٦٣   كانتالممتصة بواسطة الفطريات

 حالة ارض مسطرد في أما .النحاس الميسر في التربة األصليةمن %  ٩٥،٣

 وكانت متوسط األصلية التربة فيجرام تربة كنحاس / ميكروجرام٥،١٠فكانت 

جرام تربة تمثل حوالي /  ميكروجرام٥،٠٠٤ الكمية الممتصة من الفطريات 

 .من النحاس االصلى في التربة % ٩٨
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٤

 تم تسجيلها لتربة الجبل التي المختبرة  التصاعدية للمعادنالبيانات أشارت -٧

 تراكم للمعادن مع كل من الحديد  والرصاص والكوبالت بينما أعلى األصفر

 . تراكم مع الكادميوم يليها الزنك ثم النحاس وثم المنجنيزأدنىلوحظ 

 أعلى مسطرد لتربة تم تسجيلها التي نتائج المعادن المختبرة أيضا أشارت -٨

 تراكم مع أدنى حين لوحظ في يليه الرصاص ثم الكوبالت تراكم  مع الحديد

 .التواليالكادميوم والزنك والمنجنيز والكوبالت على 

 تراكم لمعادن الحديد أعلى تم تسجيلها لتربة بهتيم التي النتائج أوضحت -٩

والرصاص والكوبالت في حين لوحظ ادني تراكم للكادميوم يليه النحاس ثم 

 .لى التواليالمنجنيز ثم الزنك ع

 الحديد والرصاص والكوبالت الثقيلة مثل بعض المعادن أن بينت النتائج -١٠

 تحت األخرى بالمقارنة ببعض المعادن عالي التربة بمحتوى فيوجدت 

 . الفطرياتإضافة تأثرت معنويا نتيجة التياالختبار 

 إلى محلول التربة في خفض مثل هذه المعادن في الفطريات إمكانية يعزى -١١

 .األصليةالمحتويات 

 أكثر المعادن تحت االختبار ولذلك كان تأثير التلقيح على خفض المحتوى من -١٢

 . ثم مسطرد ثم بهتيماألصفر تربة الجبل فيوضوحا 

 .المعالجة النباتيةتجربة ) ج

 كربونات الكالسيوم بالمقارنة مع بإضافةالمادة الجافة لنبات البنيكام زادت  -١

كربونات  غياب أو بين وجود معنوي حين ليس هناك فرق فيغياب ذلك 

 .الكالسيوم

 سجلت لنبات البنيكام التي من تلك أعلى كانت السوداني المادة الجافة للعشب -٢

 . عدم وجود كربونات الكالسيومأو حالة وجود فيهذا ينطبق 
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٥

لثالثة ولكنها  الحشة الثانية وافي الزيادة إلىلجافة لكال النباتين مالت   المادة ا-٣

 .نقصت مع الحشة الرابعة

 مقاومة للتركيزات العالية من أكثر السوداني العشب أن هذه النتيجة أثبتت -٤

 .المعادن الثقيلة من نبات البنيكام

 عن نبات السوداني المعادن المختبرة تتراكم بصورة مفرطة من قبل العشب -٥

 .اسةالبنيكام وهذا ينطبق مع جميع االراضى تحت الدر

 كال في كربونات الكالسيوم يثبط من امتصاص المعادن الثقيلة المختبرة إضافة -٦

 .النباتين

 كال النباتين كانت مرتبطة معنويا مع تقدم أنسجة في  تراكم المعادن المختبرة-٧

 .الحشات

 قدرة العشب أن عقدت بين االراضى الثالثة المختبرة التي المقارنة أشارت -٨

 المعدنيتراكم المعادن الثقيلة تكون مرتبطة مع المحتوى على  السوداني

 .الموجود

النحاس والزنك والكادميوم والحديد والمنجنيز يتراكم بكمية  على سبيل المثال -٩

 يليها  مسطردأراضى حالة في جنب مع كربونات الكالسيوم إلىكبيرة جنبا 

 حالة تربة بهتيم في أعلى حين تراكم الرصاص كان في األصفربهتيم ثم الجبل 

 تراكم في عكسيوقد لوحظ اتجاه . األصفرثم تربة مسطرد ثم تربة الجبل 

 تربة الجبل في أعلى حيث كانت السوداني الكوبالت بواسطة نبات العشب 

 . يليها تربة مسطرد ثم تربة بهتيماألصفر
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٦

 مالحظات ختامية

لتربة الملوثة  تنظيف اأو إلزالة عدة تقنيات الدراسة اختبرنا هذه في

 أهدافمن اجل تحقيق  اإلدارة وأساليبتم تطبيق هذه التقنيات . بالمعادن الثقيلة

نحن .  يمكن اختيارها للتطبيقالتيالدراسة والتعرف على الطرق المناسبة والفعالة 

 رسم في مؤخرا قد تساعد أجريت صدرت من دراسة التي البيانات أننفترض 

 . أمنةإنتاجية نظم في هذه االراضى البور ستعادةال سيناريو لألزمة وذلك أفضل

 مواد كيميائية بإضافة التربة في للمعادن الثقيلة الحيويتقلل الحركية واالمتصاص 

 أوللتربة  ، فحم ، كومبوست فوسفاتي عضوية مثل كربونات الكالسيوم ، صخر أو

 على أوة  صورة غير ميسرفيتغير الصورة الكيميائية للمعادن الثقيلة لتصبح 

 وهذه العملية لن تؤثر واإلنسان تؤخذ بواسطة النبات والحيوان أنصورة يمكن 

 تتحد أن تولد نفايات خطرة، بدال من ذلك يمكن للمعادن الثقيلة أوسلبا على البيئة 

 في لتخليق مركبات كيميائية اقل سمية وتبقى المضافةكيميائية المواد المع بعض 

 اإلنسانشاطا مما يجعلها اقل ضررا على صحة  شكل اقل نفيالتربة ولكن 

 .والبيئة

 في نفس االتجاه تتخصص الفطريات كمعالج للتلوث وهى تختلف في

 الملوثات مثل المعادن الثقيلة وهى تشمل الفطريات الغير إزالةقدرتها على 

 Fusarium oxysporum and)  جلس اممرضة مثل الفيوزاريوم واالسبر

Aspiragillus parasitic) ، مجتمعة وهى لها تأثير أو بمفردها قد تضاف 

 التربة  وقد تم في على معالجة التربة والتقليل من تركيز المعادن المختبرة ايجابي

واألرض المعاملة ،  الغير ملقحة األرضتأكيد هذه الظاهرة وذلك بالمقارنة بين 

مدى وجودها في والجدير بالذكر أن إمكانية تأثير الفطريات كمعالج يتوقف على 

   .األرض األصلية

المعالجة النباتية هي تكنولوجيا ناشئة عن استخدام بعض النباتات لتنظيف 

التربة والمياه والهواء الملوث مع الملوثات البيئية من خالل التحلل واالستخالص 
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٧

وقد القت هذه  صورة غير ميسرة إلى تحويل الملوثات من صورة ميسرة أو

 األجل كبديل مبتكر قليل التكلفة وطويل األخيرة اآلونة فيما التكنولوجيا اهتما

باستخدام  معالجة التلوث بالمعادن  أن. مواقع النفايات الخطرةفيويمكن استخدامه 

 إستراتيجية فعالة تعتمد على قدرة النباتات على التحمل وتراكم المعادن النباتات

 امتصاص فياتات المفرطة  هذا الصدد تستخدم بعض النبفي .البيئةداخلها من 

 تنظيف التربة في تساعد وهى ، ونبات البنيكامالسودانيالمعادن مثل نبات العشب 

 تروى لسنوات طويلة التيالملوثة بشكل كبير من المعادن الثقيلة مثل االراضى 

 هذه النباتات وفى .الصناعي تروى بمياه الصرف التي أو الصحيبمياه الصرف 

 تراكم بعض المعادن مثل الحديد والزنك فيدور فعال  أظهرتدراسة حديثة 

 من النبات الهوائي الجزء فيوالمنجنيز والنحاس والكوبالت والكادميوم والرصاص 

بين االراضى الملوثة قبل الحصاد  هذه الظاهرة عندما عقدت مقارنة تأكيدوقد تم 

ام التربة  كميات كبيرة من المعادن الثقيلة من نظ حدث امتصاصوبعد الحصاد 

 من المعادن المختبرة مرتبطة معنويا  المنقولةكميات النبات، الأعضاء إلىوانتقالها 

 في لهذه النباتات االيجابي التأثيركان ) . الحشات( التربة فيمع مدة بقاء النبات 

 بإضافات وضوحا عندما تكون مصحوبة أكثر من تيسر المعادن المختبرة التقليل

 . التربةفيم من كربونات الكالسيو

 الحد إمكانية إلى هذه الدراسة في التقنيات المختلفة  المستخدمة أشارتوقد 

 ولكن حدي التربة الملوثة باستخدام كل منهم على فيمن تركيزات المعادن الثقيلة 

 ذلك الجمع بين في المناسبة بما لإلدارة إستراتيجية وضع وبالتاليليس بكفاءة كاملة 

هذه .  واحدة تقنية استفادة منأكثر تكون أن  من خاللها من تقنية يمكنأكثر

 بمواجهة تدهور التربة المروية لفترة طويلة بمياه الصرف  تلتزماالستراتيجيات

نحن نقبل مثل هذه التقنيات ذات .  ومن وجهة النظر البيئية والصناعي الصحي

الراضى البور  اإلدارة يجب تطبيقها التي التكلفة فيالخطورة القليلة المنخفضة 

     .   الموارد المائيةفيمنخفضة الجودة واالراضى 


