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ABSTRACT 

This study aimed to evaluate the relationship between status of 

total and available (DTPA-extractable)Cu,Fe, Mn and Zn and 

physiochemical properties of different soil great groups of El-Minia 

Governorate, Egypt. To achieve this aim, total twenty one surface soil 

samples (30-cm depth) representing the main soil great groups of El-

Minia Governorate were collected and examined for soil 

physiochemical properties and micronutrients status of soil.All the soil 

samples had adequate amounts of Total copper, iron, manganese and 

Zinc. Available of Cu, Fe, Mn and Zn amounts in all the soil samples 

were higher than the critical values reported in literature of 0.2, 4, 1.0 

and 0.5 mg kg
-1

 for Cu,Fe, Mn and Zn, respectively.  

Considering soil nutrient index values, these soils are highly 

sufficient in DTPA-Cu, Fe, Mn and Zn, which might impose 

phytotoxicity in future.Highly significant positive correlations were 

found between total soil content of all studied elements and each of 

OM%, silt %, clay %, WHC and CEC, whereas highly negative 

significant correlation was found with sand % and soil reaction 

(pH).The total and available Cu, Fe, Mn and Zn did not show any 

significant positive or negative correlation with the soil properties of 

EC (dSm
-1

) and CaCO3%. The significant relationship between 

micronutrients and soil properties shows the importance of these soil 

properties in the availability of micronutrients. 

Keywords: phytotoxicity, micronutrients, significant correlation.  
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INTRODUCTION 

Pollution of heavy metals 

represents one of the most pressing 

threats to soil resources.  The pollution 

of soil ecosystem with heavy metals is 

considered as global environmental 

issue. Several of these heavy metals 

are essential at low levels (Fe, Cu, Zn, 

Mn, B and Mo) to plants, animals, and 

humans but most of them are toxic or 

phytotoxic at high levels (Fe, Cu, Zn, 

Cd, Hg, Pb, and Cr) (Alloway, 2008).  

Therefore, these essential heavy metals 

have a narrow range between 

deficiency, sufficiency, and toxicity.   

In Egypt, due to rapid increase in 

population, the overexploitation of 

urbane soil resources in agriculture has 

led to environmental degradation: soil 

erosion, the greenhouse effect, and 

heavy metals pollution. In addition, 

Egypt is expanding agricultural soils 

for food production on desert soils and 

marginal land surrounding cities, 

reusing waste and drainage water for 

irrigation with major ecological 

problems. These include the lack of 

waste water treatment facilities, the 

scarcity of high quality irrigation water 

and increasing heavy metal pollution 

of soils and waters (Hilal et al., 

1994).Therefore, considerable loads of 

heavy metals from domestic and 

industrial origin found their way into 

soils through intensive agriculture, 

fertilization and mismanagement of 

irrigation-drainage systems.  

Sustainable use of soil resources in a 

broad global perspective will be an 

important challenge for future soil 

science (Omran, 2008).   

High levels of heavy metals in 

soils may cause an important risk to 

human health and the environment not 

only because of their direct toxic 

effects on organisms but also due to 

their further potential for increasing 

exposure along the food chain through 

plant accumulation. In addition, as 

chemical hazards, heavy metals are 

non-biodegradable and remain almost 

indefinitely in the soil environment. In 

soil ecosystems, the toxicity of heavy 

metals depends on various factors like 

total concentration of metals, specific 

chemical form, metal binding state and 

soil physiochemical properties (Bell 

and Dell, 2006).  These heavy metals 

absorption by plants is regulated by 

soil physiochemical properties such as 

soil pH, cation exchange capacity, 

temperature, soil ions, organic matter 

content of the soil, texture, metal 

concentration and type of plants 

species (Iiu, et al, 2006; and Sherene, 

2010).   Thus, the knowledge on total 

variability and availability status of 

trace metals in agricultural soils in 

relation to soil physiochemical 

properties are critical to develop 

effective management 

recommendations.Therefore,the main 

aim of this research is to compare the 

total and available status of trace 

metals in relation to soil 

physicochemical properties in top soil 

samples of agricultural soils prevailing 

in some Districts of El-Minia 

Governorate. 

MATERIALS AND METHODS 

Study area description and soil 

locations: 

This agricultural study was 

carried out to study the status of some 
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trace elements in soils of El-Minia 

Governorate as related to its 

physiochemical properties. To fulfill 

this purpose, twenty one combined soil 

samples were dug at different locations 

in seven districts of El-Minia 

Governorate to represent most soils in 

the area.Soils of the cultivated areas 

belong to three main soil great groups 

prevailed in El-Minia Governorate 

were collected from each district (7 

districts) for soil analyses. These soils 

were chosen as its range of physical 

and chemical properties were 

representative to all soils of great 

groups that exist in El-Minia 

Governorate.For comparison, soil 

samples were collected from three 

different parts of each district (Nile 

East desert, Nile West desert and Nile 

Valley) of El-Minia governorate. Soils 

were collected in harmony with the 

Manual Soil Map of Egypt 

Information (Egyptian Academy of 

Scientific Research and Technology, 

1982).  Map (1) shows the locations 

where soil samples were collected. The 

samples were brought to the laboratory 

of Soil and Water Sciences 

Department, Faulty of Agriculture, 

Minia University, and were prepared 

for soil analyses. 

 
Map (1). Locations of the investigated soil sites over seven districts in Minia 

Governorate. 

Eftt 
Maghagha Nile Valley 

Bni-mazar Nile Valley 

Mattay Nile Valley 

Samalott Nile Valley 

Minia Nile Valley 

Abu-Qurqas  Nile Valley 

Mallawi Nile Valley 

 

Epqt 
Maghagha West 

Bni-mazar West 

Mattay West 

Samalott West 

Minia West 

Abu-QurqasWest 

Mallawi West 

 

Eott 
Maghagha East 

Bni-mazar East 

Mattay East 

Samalott East 

Minia East 

Abu-Qurqas East 

Mallawi East 
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The Manual Soil Map of Egypt 

was well-appointed by the Soils and 

Water Resources Research Council of 

the Academy of Scientific Research 

and Technology in co-operation with 

Egyptian Universities and Soil Survey 

Division of the Ministry of 

Agriculture. The Soil and Water Lab 

of the National Research Center and 

the Desert Institute located and 

distinguished the soil great groups 

present in El-Minia Governorate as 

following:  

1- Torrifluvents (Eftt). 

2- Quartzipsamments (Epqt). 

3- Torriorthents (Eott). 

General characteristics of 

these soil great groups are 

summarized as following: 

 Torrifluvents (Eftt): These soil 

great groups are naturally alluvial, 

formed in recent water deposited 

sediments mainly in flood plains 

and deltas of rivers, representing 

those of arid climates.  The 

dominant clay mineral in this Nile 

valley soil is the montmorillonite, 

being heavy clayey textural soils. 

 Quartzipsamments (Epqt): These 

soil great groups represent the 

freely drained quartz in mid or low 

latitudes. They have a moisture 

regime other than torric and contain 

a sand fraction that is 95% or more 

quartz, zircon and tourmaline that 

do not weather to liberate iron or 

aluminum; therefore, they have no 

mottles. 

 Torriorthents (Eott): These soil 

great groups represent the vertisols 

of arid and semi-arid climates. 

They represent the dry soils and 

they are may be alkaline, 

calcareous and salty variant. They 

have a torric moisture regime with 

a sandy skeletal size class.   

 soil sampling and analyses. 

 Soil samples were collected from 

the surface horizons of ten Feddan 

area for each agricultural soil (Nile 

West soil, Nile East soil, Nile 

Valley soil) distributed over each 

district of El-Minia Governorate. 

At each Feddan, a 1 m
2
 quadrate 

was randomly located in the field 

for sampling. A combined soil 

sample comprising ten top soils 

cores (0-30 cm depth) was obtained 

by manual coring within the 

quadrate areas (approximately 1 kg 

in weight and comprised of 10 

cores in plastic bags).    In addition, 

a soil pit was dug at each location 

in order to notice and describe the 

external morphological profile 

characteristics of the soil.    

All the samples were transported 

to the laboratory where they were air 

dried at ambient temperature and 

sieved to pass a 2-mm mesh sieve. 

They were then taken for physical and 

chemical analyses in the soil 

laboratory. Selected soils 

physiochemical properties relevant to 

control the total and bioavailability of 

heavy metals were analyzed (table 1a 

and 1b)according to the standard 

routine laboratory methods of the 

Faculty of Agriculture–Minia 

University.  Standard routine methods 

have been derived from Page et al.,( 

1982.) 
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Table (1a): Soil Physiochemical properties of the soils investigated. 

Samples site 
Particle size distribution % F.C 

% 
W.P 
% 

W.H.C 
% 

A.W 
% Coarse sand Fine sand Total Sand Silt Clay Texture 

1Nile East 32.18 36.07 68.25 16.70 15.05 Sandy loam 24.96 10.63 42.56 14.33 
1 NileValley 4.85 22.34 27.19 24.56 48.25 Clay 32.86 14.56 49.56 18.3 
1 Nile West 20.70 70.25 90.95 6.34 2.71 Sand 18.73 7.13 29.06 11.6 
2 Nile East 33.06 35.18 68.24 12.45 19.31 Sandy loam 28.06 11.15 40.93 16.91 
2 Nile Valley 4.67 22.49 27.16 25.02 47.82 Clay 32.36 14.81 49.22 17.55 
2 Nile West 20.12 71.98 92.1 5.48 2.42 Sand 15.73 7.06 30.43 8.67 
3 Nile East 32.48 36.97 64.45 24.50 11.05 Sandy loam 28.23 13.56 42.23 14.67 
3 Nile Valley 4.76 22.48 27.24 25.07 47.69 Clay 35.44 17.53 48.43 17.91 
3 Nile West 25.38 65.12 90.5 6.51 2.99 Sand 17.33 7.39 32.26 9.94 
4 Nile East 32.19 37.15 55.34 28.37 16.29 Sandy loam 25.98 11.46 41.06 14.52 
4 Nile Valley 4.81 22.45 27.26 25.05 47.69 Clay 36.34 15.53 49.84 20.81 
4 Nile West 15.19 74.90 90.09 7.60 2.31 Sand 15.25 7.46 31.06 7.79 
5 Nile East 33.09 36.90 65.99 18.48 15.53 Sandy loam 25.26 10.73 42.56 14.53 
5 Nile Valley 3.90 23.19 27.09 24.88 48.03 Clay 35.53 15.92 48.26 19.61 
5 Nile West 20.05 69.70 89.75 8.54 1.71 Sand 16.36 6.61 30.23 9.75 
6 Nile East 32.56 37.08 52.64 38.51 8.85 Sandy loam 25.13 11.06 41.8 14.07 
6 Nile Valley 4.24 22.90 27.14 24.50 48.36 Clay 36.36 16.13 47.66 20.23 
6 Nile West 17.90 68.70 86.6 4.48 4.92 Sand 17.96 6.13 31.43 11.83 
7 Nile East 31.90 37.32 69.22 12.56 18.22 Sandy loam 26.33 10.63 42.45 15.7 
7 Nile Valley 4.90 22.11 27.01 23.90 49.09 Clay 34.24 14.06 48.33 20.18 
7 Nile West 17.05 68.20 85.25 9.42 5.33 Sand 18.73 7.56 29.93 11.17 
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Table (1b): Soil Physiochemical properties of the soils investigated.   

Samples site 
pH CEC 

cmolckg
-1 

OM 

% 

EC 

(dSm
 -1

) 

CaCO3 

% 

1 Nile  East 8.48 16.58 0.93 5.22 20.39 

1 Nile Valley 7.54 30.43 1.78 3.08 7.71 

1 Nile West 8.16 9.37 0.34 1.01 1.04 

2 Nile East 8.67 18.20 0.96 4.58 26.87 

2 Nile Valley 7.56 32.56 1.47 2.9 4.57 

2 Nile West 8.09 8.67 0.23 0.83 2.15 

3 Nile East 8.59 23.45 0.84 4.91 23.24 

3 Nile Valley 7.51 37.57 2.66 3.20 5.76 

3 Nile West 8.22 12.54 0.34 1.08 2.56 

4 Nile East 8.55 21.58 0.79 5.33 19.4 

4 Nile Valley 7.57 35.60 2.11 2.95 6.87 

4 Nile West 8.14 13.26 0.43 1.40 3.66 

5 Nile East 8.51 23.85 1.53 5.65 25.37 

5 Nile Valley 7.53 36.22 2.57 3.67 6.22 

5 Nile West 8.06 14.82 0.45 1.16 3.71 

6 Nile East 8.66 20.16 1.11 4.98 21.3 

6 Nile valley 7.59 38.57 2.64 3.05 4.79 

6 Nile West 7.98 10.48 0.25 2.28 1.39 

7 Nile East 8.48 19.51 1.19 5.29 27.14 

7 Nile Valley 7.52 31.75 1.73 3.64 5.18 

7 Nile West 7.97 12.62 0.35 1.78 3.44 

  

The total and available trace 

metal contents (Iron, copper, zinc and 

magnesium) per mg kg
-1

 were 

analyzed. Analyses of total trace 

metals content in the soil samples were 

determined by digestion in boiling 

aqua regia prepared in accordance with 

ISO 11466 (1995), using Electro-

thermal Atomic Absorption 

Spectrometry.  Available cations (Fe, 

Zn, Cu and Mn) were determined in 

the samples by the means of diethylene 

triamine penta acetic acid (DTPA) 

(Lindsay and Norvell, 1978).   

Statistical Analysis.All data of this 

research were subjected to correlation 

analyses. Simple linearcorrelation 

analysis was done to show the 

relationship between total and 

available trace metals and other soil 

physiochemical properties. 

RESULTS AND DISCUSSIONS 

General Soil Characteristics of the 

Representative Soil Samples. 

The solubility, mobility and 

bioavailability of trace metals in soils 

depend on their chemical species 
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which are controlled by soil 

characteristics, such as pH, organic 

matter, clay content and secondary 

minerals (Liu et al., 2006). Therefore, 

the type of soils plays a major role in 

the accumulation and persistence of 

soil trace metals. Therefore, it is 

necessary to characterize trace 

metalsin relation to different soil 

physiochemical properties to predict 

their behavior in soils.Soils 

investigated in the current study 

exhibited a wide range of physical and 

chemical properties as reported in 

Table (1a and b). The results of this 

study indicated that the textural grades 

of all soil samples from Nile East 

desert were sand, Nile West desert 

were sandy loam and Nile valley were 

heavy clay. These components are 

important adsorption media for heavy 

metals in soils. The clay soil retains 

high amount of metals when compared 

to sandy soil (Olaniya and Chude., 

2010; Sadiqq et al., 2008). 

The results of this study indicated 

that all the soil samples from 

agricultural Nile East desert, Nile West 

desert and Nile valley were above 

neutral to alkaline in soil reaction. The 

pH of these soils varied from 8.48 to 

8.67 with a mean value of 8.56 in Nile 

East, 7.97 to 8.22 with an average 

value of 8.08 in Nile West soils and 

7.51 to 7.59 with a mean value of 7.54 

in Nile Valley soils.The availabilityof 

the micronutrients manganese (Mn), 

iron (Fe), copper(Cu), and zinc (Zn) 

tend to decrease as pH 

increases(Mckenzie, 2003; Sherene, 

2010). The exact mechanisms 

responsible for reducing availability 

differ for each nutrientbut may 

include; formation of low solubility 

compounds,greater retention by soil 

colloids and conversionof soluble 

forms to ions that plant cannot absorb. 

Electrical conductivity of soils was 

varied from 4.58 to 5.65 dSm
-1

 with 

average value of 5.13 dSm
-1

,from 0.83 

to 2.28 dSm
-1

 with a mean value of 

1.36 dSm
-1

 and 2.9 to 3.67 dSm
-1

 with 

a verage value of 3.21 dSm
-

1
respectively in Nile East, Nile West 

and Nile Valley soils.  Khan et al., 

(1993) revealed that the lessened 

adsorption capacity of  soils with 

respect to heavy metals due to the high 

concentration of salts could increase 

the availability of contaminants to 

plants. 

The organic matter content of 

soils was varied from 0.79 to 1.53% 

with an average value of 1.05% in Nile 

East, 0.23 to 0.45% with an average 

value of 0.34% in Nile West and 1.47 

to 2.64% with an average value of 

2.13% in Nile Valley soils. It indicates 

that these soils were very low to 

moderate in organic matter content. 

The moderate content of organic 

matter in Nile valley soils might be 

due to addition of organic matter 

through recent water deposited 

sediments mainly in Nile flood plains, 

representing those fertile soils of arid 

climates. 

Organic matter is important for 

the retention of metals by soil solids, 

thus decreasing mobility and 

bioavailability. However because of 

the complexation of metals by soluble 

OM, the addition of OM can result in 

release of metals from solids to the soil 
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solution (Sherene, 2010).Higher 

solubility of heavy metals in soil 

solution atalkaline pH was attributed 

to enhanced formation of 

organicmatter metal complexes after 

ionization of weak acid 

groups(Temminghoff et al., 1998).Soil 

reaction (pH) is of prime important in 

controlling the availability of 

micronutrients, since it affects directly 

their solubility as well as activity in 

the soil environment(Diatta et al., 

2014). On the other hand , in organic 

soils the availability and fate of Cu, 

Zn, Fe and Mn should be strongly 

controlled by organic carbon content. 

 Calcium carbonate content was 

varied from 19.4 to 27.14%with a 

mean value of 23.38% in Nile East 

soils, 1.04 to 3.71% with a mean value 

of 2.56% in Nile West and 4.57 to 

7.71% with a mean value of 5.87% in 

Nile Valley. These mean values 

indicating non-calcareous to highly 

calcareous soil nature. (Myrtveit et al 

., 1999)reported that, mobility of 

heavy metal is enhanced by increasing 

acidity. But liming decreased the 

mobility of Zn and Cd in organic 

horizon. 

Cation exchange capacity was varied 

from 16.58 to 23.85% with a mean 

value of 20.51% in Nile East soils, 

8.67to 14.82% with a mean value of 

11.73% in Nile West soils and 30.43 to 

38.57% with a mean value of 34.67% 

in Nile Valley soils. 

Water holding capacities of the 

investigated soils were varied from 

40.93 to 42.56% with a mean value of 

41.94% in Nile East soils, 29.06 to 

32.26% with a mean value of 30.62% 

in Nile West and 47.66 to 49.84% with 

a mean value of 48.75% in Nile 

Valley. Factors affecting the 

availability of micronutrients are 

parent material, soil reaction, soil 

texture, and soil organic matter (Brady 

and Weil, 2002). Tisdale et al.,(2003) 

stated that micronutrients have 

positive relation with the fine mineral 

fractions like clay and silt while 

negative relations with coarser sand 

particles. This is because their high 

retention of moisture induces the 

diffusion of these elements (Tisdale et 

al., 2003). 

Status of Total and Available Trace 

Metals. 

Data in Table (2) show the total and 

available Fe, Mn, Cu, and Zn contents 

in the investigated soil samples. 

Total and Available Iron. 

The data presented in table (2) 

show that total Fe content of the 

studied soils ranges between 395.3 and 

1219.5 mgkg
-1

. The lowest value of 

395.3 mg kg
-1

 for Fe represents the 

Nile West desert soil samples due to 

their high content of sand which is 

very poor in its iron content. On the 

other hand, the highest value of 1219.2 

mgkg
-1

 for Fe was obtained from soil 

samples of Nile Valley soils.  This 

wide range of Fe content in the Nile 

Valley soils is apparently associated 

with soil texture and might be due to 

Iron deposited sediments in Nile flood 

plainsand continuous addition of 

fertilizers and manures, which is in a 

good agreement with El-Saadani et al 

(1987). 

It is worthy to note that soils of 

the Nile Valley contained amounts of 
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total Fe exceeding 1000 mg kg
-1

. 

These soils are characterized by their 

high content of clay and fairly low 

content of CaCO3.Therefore, the 

results obtained in this study revealed 

that the average mean values of 

available Fe were in high sufficient 

range for the production of crop plants 

and might pose phytotoxicity.  

Data presented in Table (2) show 

that the values of chemically available 

(DTPA-extractable) Fe ranges between 

4.08 and 47.19 mg kg
-1

. The highest 

values of available Fe were found in 

the soil samples that represent the soil 

of Nile Valley, while the lowest ones 

belongs to the coarse-textured desert 

sandy soils of Nile East and West. 

Considering the critical level of 

available Fe which has been proposed 

by Soltanpour and Schwab (1977), the 

index values of DTPA-extractable Fe 

are as follows:low, 0 -2 mg kg
-1

, 

marginal, 2.1-4.0 mg kg
-1

, and 

adequate> 4 mg kg
-1

.The values of the 

studied soil samples indicate that the 

studied soils belong to the adequate 

level. 

 

 

Table (2). Total and available Cu, Fe, Mn and Zn in the soils investigated.  
Samples Site Total (mgkg-1) Available (mgkg-1) 

Cu Fe Mn Zn Cu Fe Mn Zn 

1 Nile East 35.52 466.5 175.89 41.00 2.44 14.40 18.7 3.67 

1 Nile Valley 81.42 927.2 344.12 104.27 9.15 36.19 26.55 8.93 

1 Nile West 14.69 448.6 73.46 17.21 1.42 4.16 9.82 1.73 

2Nile East 27.52 543.8 180.14 38.96 3.52 22.98 6.92 5.58 

2Nile Valley 84.05 1206.9 389.89 127.11 12.27 47.19 15.31 14.08 

2Nile West 16.31 526.2 155.09 28.63 1.54 4.08 6.94 2.85 

3Nile East 24.36 421.2 171.52 34.57 3.39 14.85 12.77 3.82 

3Nile Valley 79.69 1111.4 309.19 115.06 11.95 25.08 19.87 10.03 

3 Nile West 13.39 395.3 94.41 16.95 1.34 5.75 4.86 2.68 

4Nile East 38.32 492.3 169.41 21.87 4.57 13.35 11.71 4.70 

4Nile Valley 78.50 866.1 429.50 95.15 13.86 27.01 25.11 9.81 

4 Nile West 25.29 477.9 66.86 26.14 2.46 7.90 3.11 1.60 

5 Nile East 45.17 525.7 181.48 37.27 2.41 16.21 12.92 1.54 

5Nile Valley 82.92 1219.5 399.72 138.18 12.23 17.16 26.98 6.19 

5 Nile West 36.12 498.3 64.34 19.33 1.50 4.30 1.84 1.06 

6 Nile East 22.53 442.9 185.67 49.72 5.34 4.72 12.02 0.63 

6 Nile valley 76.99 736.6 339.08 92.03 13.78 15.09 29.62 3.80 

6 Nile West 32.6 412.7 74.03 22.75 1.29 4.57 1.86 0.55 

7 Nile East 38.92 579.6 175.77 68.07 4.63 7.24 12.89 2.59 

7Nile Valley 68.60 1189.6 370.30 124.62 13.26 16.07 26.72 4.08 

7 Nile West 24.49 541.8 55.14 33.45 1.38 5.51 1.94 1.54 

 

Total and Available Manganese. 

The data presented in Table (2) 

show that total manganese contents 

ranged from 55.14 to 429.5 mg kg
-1

. 

The highest total Mn value is that 

recorded for the Nile Valley soils, 

while the lowest is that of the coarse-

textured sandy soils of the Nile West. 

Generally, the wide range of total Mn 

in the studied soils can be attributed to 
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the differences in the type and nature 

of soil materials.  

Data presented in Table (2) show 

that the values of chemically available 

(DTPA-extractable) Mn vary widely, 

ranging from1.84 to29.62 mg kg
-1

.  

The highest values of DTPA-

extractable Mnare found in the surface 

layer of Nile Valley soils, while the 

lowest ones belong to the coarse-

textured sandy soils of Nile West. 

According to Soltanpour and Schwab 

(1977),the critical values of DTPA-

extractable Mn are as follows: low, 0 -

1.8 mgkg
-1

 and adequate > 1.8 mg kg
-1

 

Mn. The results of the studied soil 

samples indicate that the studied soil 

samples belong to more than the 

adequate levels. 

Total and Available Copper. 

The data presented in Table (2) 

show that total copper content in the 

studied soils ranged from 13.39 to 

84.05 mg kg
-1

. The highest valuesare 

found in the in the surface layer of 

Nile Valley soils, while the lowest 

ones belong to the coarse-textured 

sandy soils of Nile West.  It could be 

concluded that the fine textured 

alluvial soils are relatively higher in 

their total Cu content than the coarse 

textured soils. The highest value of 

copper 84.05 mg kg
-1

 was obtained 

from the soil from Nile Valley clay 

soils while the least value 13.39 was 

obtained from the Nile west desert soil 

samples. A general range of 2-100 mg 

kg
-1

 has been reported (Tisdale et al., 

2003). These values are well above the 

critical value of 0.8 mg kg
-1

 (Lindsay 

and Norvell, 1978; Yoshihara et al., 

2010). 

Data presented in Table (2) show 

that the value of soil chemically 

available (DTPA-extractable) Cu 

varies from 1.29 to 13.86 mg kg
-1

. 

These data indicate that the highest 

value of DTPA-extractable Cu is 

associated with the soils of Nile Valley 

while the lowest DTPA-extractable Cu 

values occurred in the soils of Nile 

East and Nile west. Considering 0.2 

mg kg
-1

 (Lindsay and Norvell, 1978) 

as the critical limit of available Cu for 

normal plant growth, it may be 

inferred that all the soils contain high 

amounts of available Cu.  According 

to Soltanpour and Schwab (1977),the 

index values used for DTPA-

extractable Cu are as follows: low, 0-

0.05 mg kg
-1

, and high> 0.5 mg kg
-

1
Cu. The results of the studied soil 

samples indicate that the studied soils 

are of high available copper content 

which might impose phytotoxicity.  

Total and Available Zn. 

Data presented in table (2) show 

that total zinc content of the investigated 

soil samples ranges from 16.95 to 

138.18 mg kg
-1

. The highest values 

represent the surface layer of Nile 

Valley soils, while the lowest values 

characterize the sandy soils of Nile 

West. From these data, it seems that the 

wide range of total Zn is correlated with 

soil texture, for instance, the highest 

total Zn is found in the heavy textured 

soils, while the lowest values are found 

in the sandy textured soils.According to 

Chapman (1965), the levels of total Zn 

content below 50 mg kg
-1

 could be 

considered low and those above 100 mg 

kg
-1

 could be considered high.Data 

presented in Table (2) show that the 
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values of chemically available (DTPA-

extractable) Zn in the soils under 

investigation vary between 0.55 to 14.08 

mg kg
-1

. These data indicate that the 

highest value of DTPA-extractable Zn is 

associated with the soils of Nile Valley 

while the lowest DTPA-extractable Zn 

values occurred in the soils of Nile East 

and Nile west.   

According to Soltanpour and 

Schwab (1977), the index values used 

for DTPA-extractable Zn are as 

follows: low 0 - 0.9 mg kg
-1

, marginal 

1-1.5 mg kg
-1

, and adequate > 1.5 mg 

kg
-1

. The obtained results indicate that 

the studied soil are belonging to 

adequate, marginal and low groups 

represented by soil samples collected 

from Nile Valley clay soils, some soil 

samples of Nile East and Nile West 

desert soils,respectively.  In 

conclusion, the obtained results of the 

studied trace metals indicated that total 

copper content ranged between 13.39 

and 84.05 mg kg
-1

, whereas DTPA-

extractable Cu varied from 1.29 to 

13.86 mg kg
-1

.  Total iron content 

ranged from 395.3 to 1219.5 mg kg
-1

 

whereas DTPA-extractable Fe ranged 

between 4.08 and 47.19 mg kg
-1

.  Total 

manganese content ranged from 55.14 

to 429.50 mg kg
-1

 whereas DTPA-

extractable Mn ranged from 1.84 to 

29.62 mg kg
-1

.  Total zinc content 

ranged from 16.95 to 138.18 mg kg
-1

 

and the DTPA-extractable Zn varied 

between 0.55 to 14.08 mg kg
-1

 

depending on soil texture. Soil 

contents of Cu, Fe, Mn and Zn were 

higher in Nile Valley soils than in Nile 

East or Nile West desert soils.   

Correlation between contents of 

trace metals and Physiochemical 

properties of the soils studied. 

The drive of this research was to 

monitor the status of total and 

available concentration of these trace 

metals in agricultural soils prevailing 

in El-Minia Governorate, as related to 

soil physio-chemical properties. 

Results of the correlation analysis 

between contents of the soils studied 

are presented in Table( 3).  

Statistical analyses show that, 

total and available Cu, Fe, Mn and Zn 

are positively and high significantly 

correlated with CEC cmolckg
-1

, OM 

%, WHC%, silt % and clay % but 

negatively and significantly correlated 

with sand % and soil reaction 

(pH).These findings are in accordance 

with the results of Hassona et al., 

(1996).The total and available Cu, Fe, 

Mn and Zn were not significantly 

correlated with the soil properties of 

EC (dSm
-1

) and CaCO3%, indicating 

difficulty of predicting the availability 

of the micronutrients from these soil 

properties. The presence of high 

calcium carbonate content, 

withmoderate contents of organic 

matter and percentages of clay and 

consequently high CEC in most soil 

samples may suggest that trace metals 

could be retained in these soils, as 

these properties increase the 

adsorption capacity of metals by soil 

calcareous soils.This was in agreement 

with Kparmwang et al (2000) on sand 

stone and shale soils in Benue valley, 

Nigeria.   
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Table (3).Simple correlation coefficients (r) between soil characteristics and total 

and availabletrace metals. 

* Significant at probability level of 5%. ** Significant at probability level 1%. NS. 

Non-significant. 

Almost similar trends were obtained 

by Kishk et al., (1980) and Hafez et 

al., (1987).Their statistical analyses 

showed  that DTPA-extractable Fe was 

significantly and positively correlated 

with soil content of CaCO3 (r - 

0.331*), and OM (r = 0.422*) as well 

as CEC (r = 0.322*) and positive high 

significantly correlated with silt % (r -

0.340**) and clay % (r = 0.319**). In 

contrast, available Fe is negative high 

significantly correlated with sand % (r 

= - 0.373**). 

These findings are also, in agreement 

partly with those of Metwally et al., 

(1977) where their obtained correlation 

coefficients indicated that total Cu, Fe, 

Mn and Zn were positively and high 

significantly correlated with CaCO3 % 

(r = 0.505**), OM % (r = 0.452**), 

CEC (r = 0.565**), silt % (r = 

0.428**) and clay % (r = 0.544**), 

while it was showing a highly 

significant but negative correlation 

with sand content % (r = - 0.536**).In 

contrast, our study indicated that, the 

total Cu, Fe, Mn and Zn were not 

significantly correlated with the soil 

properties of EC (dSm
-1

) and 

CaCO3%, indicating difficulty of 

predicting the availability of the 

Total trace metals mg kg
-1

 
Soil characteristics 

Zn Mn Fe Cu 

0.942** 0.968** 0.878** 0.943** Clay % 

0.941** 0.927** 0.923** 0.949** Silt % 

-0.944** - 0.966** - 0.882** - 0.950** Sand % 

0.843** 0.834** 0.811** 0.843** W.H.C % 

-0.748** -0.737** -0.747** -0.781** pH 

0.883** 0.876** 0.891** 0.923** CEC Cmolckg
-1

 

0.862** 0.807** 0.879** 0.886** OM % 

0.185N.S 0.120N.S 0.095N.S 0.177N.S EC (dSm
-1

)
 

-0.154N.S -0.206N.S -0.205N.S -0.182N.S CaCo3% 

Available trace metals mg kg
-1

 

0.736** 0.909** 0.778** 0.962** Clay % 

0.746** 0.623** 0.782** 0.725** Silt % 

- 0.738** - 0.902** - 0.779** - 0.963** Sand % 

0.690** 0.615** 0.777** 0.651** W.H.C % 

-0.538* -0.556** -0.460* -0.568** pH 

0.667** 0.546* 0.710** 0.674** CEC cmolckg
-1

 

0.553** 0.487* 0.601** 0.568** OM % 

0.086N.S 0.128N.S 0.261N.S 0.036N.S EC (dSm
-1

) 

-0.097N.S -0.045N.S 0.063N.S -0.156N.S CaCo3% 
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micronutrients from these soil 

properties.  

Sidhu and Sharma (2010) and 

Gebeyaw (2015), in their studies on 

the availability of Zn, Cu, Fe, Mn in 

soils, have reported that the total 

content of these micronutrients 

increased with an increase in clay and 

silt and CEC, whereas the DTPA-

extractable levels decreased with 

increasing pH and calcium carbonate 

content. 

CONCLUSION 

Investigated sites reflected sand, 

loamy sand to clay soils with a wide 

ranges of soil characteristics varying 

from 7.51 to 8.67 for pH, 0.45 to 

2.64% OM, 1.04 to 27.14% CaCO3 

and cationexchange capacity (CEC) 

from 8.67 to 38.57cmol(+) kg
-1

.Results 

of this study indicated that, values of 

DTPA-Cu, Fe, Mn and Zn were higher 

than the critical values reported in the 

literature and highly sufficient with a 

potential environmental risk associated 

with these trace metals. 

 Results of this study show that 

total and available Cu, Fe, Mn and Zn 

were positively correlated with CEC 

cmolckg
-1

, OM %, WHC%, silt % and 

clay % and negatively correlated with 

sand % and soil reaction (pH) but were 

not significantly correlated with the 

soil properties of EC (dSm
-1

) and 

CaCO3%.  
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 لممخص العربيا
 

األرتباط بين صفات التربة الطبيعية والكيماوية وحالة العناصر الصغري في األراضي الزراعية 
 مصر. –لمحافظة المنيا 
 

 وجية سيد محمد , أحمد محمد منيسيمحي الدين محمد عبدالعظيم,محي الدين أحمد أبوشمباية , 
 مصر –جامعة المنيا  –كمية الزراعة  –قسم األراضي 

 
تيدف ىذه الدراسة الي تقييم العالقة بين التركيز الكمي والميسر لعناصر النحاس والحديد والمنجنيز 

ألراضي المنتشرة في محافظة المنيا العظمي لمجموعات الوالزنك وبين الصفات الطبيعية والكيماوية لمختمف 
ألراضي المنتشرة العظمي لمجموعات العينة تربة تمثل مختمف  12مصر.  لتحقيق ىذا اليدف تم جمع  –

بمحافظة المنيا وتم تقدير صفاتيا الطبيعية والكيماوية وكذلك تركيزات العناصر الصغري تحت الدراسة.  
أثبتت النتائج ان كل عينات التربة تحتوي عمي كميات كافية من التركيز الكمي لمعناصر تحت الدراسة وكذلك 

أعمي من التركيزات الحرجة لمعناصر تحت الدراسة والمعروفة   كل عينات التربة تحتوي عمي تركيزات ميسرة
 . o.5 المنجنيز ولمزنك  , 1.0 لمحديد , o.4 لمنحاس 0.2  من الدراسات السابقة وىي 

ىذه التركيزات من العناصر الميسرة تحت الدراسة تعتبر كافية لحاجة النباتات وزيادة مما قد يؤدي الي 
حدوث سمية لمنبات مستقبال.  أثبتت الدراسة أن ىناك عالقة موجبة عالية المعنوية بين تركيزات العناصر 

وكذلك السعة التبادلية الكاتيونية  الكمية والميسرة وبين محتوي التربة من المادة العضوية والسمت والطين
والسعة التشبيعية لمتربة.  بينما أثبتت الدراسة أن ىناك عالقة سالبة عالية المعنوية بين تركيزات العناصر 

.  باألضافة الي ذلك أثبتت  pHتحت الدراسة الكمية والميسرة وبين محتوي التربة من الرمل ودرجة تفاعميا 
ة معنوية سواء موجبة أو سالبة بين تركيزات العناصر تحت الدراسة الكمية والميسرة الدراسة أنو التوجد عالق

بين المغذيات  األرتباط المعنويوبين محتوي التربة من كربونات الكالسيوم ودرجة التوصيل الكيربي لمتربة.  
ة تيسر المغذيات درجوعالقتيابالصغري تحت الدراسة وخصائص التربة تبرز األىمية الكبيرة لصفات التربة 

 الصغري لمنباتات.       


