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ABSTRACT 
 
A study was conducted to assess available nutrient 
status of soils of Sohag City by GIS technique. Fifty 
five soil samples (0-30 cm) drawn during 2012 from 
the farmers’ fields were analyzed for their fertility 
status and mapped by geographic information 
system (GIS) technique. Soil survey was carried out 
in Sohag area, Sohag Governorate, Egypt and the 
exact locations of soil samples were recorded with 
the help of GPS.  
 
The results indicated that all samples were 
moderately to strongly alkaline in soil reaction (7.4-
8.8), moderately to very strongly saline (2.8- 56.0 dS 
m

-1
), very low to very high in organic carbon (0.02-

1.6%) and Calcium Carbonates ranged from (0.3-
32.8%). Regarding to micronutrients, the soils were 
sufficient in available Fe, Mn and Cu which ranged 
between (6.1-32.5 mg/kg), (2.4-107.0 mg /kg) and 
(0.24-6.5 mg/kg), respectively, whereas Zn (0.13- 
2.29 mg /kg) was deficient to sufficient in soils.  
 
INTRODUCTION: 
 
As human population continue to increase, human 
disturbance of the earth's ecosystem to produce 
food and fiber will place greater demand on soils to 
supply essential nutrients. The practice of intensive 
cropping with hybrid varieties for boosting food 
production caused declined in the level of some 
micronutrients in the soil at which productivity of 
crops cannot be sustained. The deficiencies of 
micronutrients have become major restrictions to 

productivity, stability and sustainability of soils 
(Hodgson, 1963). Soil fertility is one of the important 
factor controlling yields of  
 
the crops. Because of imbalanced and inadequate 
fertilizers use coupled with low efficiency of other 
inputs, the production efficiency of chemical 
fertilizers nutrients has declined tremendously under 
intensive agriculture in recent years (Dhane and 
Shukla, 1995).  
 
Soil testing provides information regarding nutrient 
availability in soils which forms the basis for the 
fertilizer recommendations for maximizing crop 
yields. Soil fertility maps are meant for highlighting 
the nutrient needs, based on fertility status of soils 
(and adverse soil conditions which need 
improvement) to realize good crop yields. Obviously, 
a soil fertility map for a particular area can prove 
highly beneficial in guiding the farmers, 
manufacturers and planners (associated with 
fertilizer marketing and distribution) in ascertaining 
the requirement of various fertilizers in a 
season/year and making projections for increased 
requirement based on cropping pattern and 
intensity. 
 
Geo-referenced information on the location, extent, 
quality of land display of spatial data is a must for 
advisory purposes. Geographic information system 
(GIS) is a powerful set of tool for collecting, storing, 
retrieving at will, transforming and displaying spatial 
data from the real world (Burrough and McDonnelli, 
1998). GIS can be used in producing a soil fertility  
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map of an area, which will help in formulating site 
specific balanced fertilizer recommendation and to 
understand the status of soil fertility spatially and 
temporally. The present study was taken up to 
evaluate and map DTPA -micronutrient status of 
Sohag area soil using GIS technique for formulating 
site specific recommendation of nutrients. 
 
MATERIALS AND METHODS 
Study area 
 
Sohag Governorate covers part of the Nile Valley, 
Egypt on the  reach extending from the northern 
edge of Qena Governorate at latitude 26°07′ N to 
the southern edge of Assiut Governorate at latitude 
26°57′ N. It is bounded between longitudes 31°20′ 
and 32°14′ E. The study area, which covers a part of 
Sohag Governorate, stretching between latitudes 26° 
27′ to 26° 32′ N and longitudes 31°25′ and 32°00′ E. 

 
Soil characteristics 
Soils in the study area include soils of the old 
cultivated lands and soils of the newly reclaimed 
desert lands. The soils of the cultivated lands include 
sand, loamy sand, sandy loams, silty loam, loam, 
sandy clay loam, silty clay loam, clay loam, and clay. 
Soils of the newly reclaimed desert lands include fine 
sand and silt, siltstone, sandstone, and claystone, 
sand, and gravel (Ghallab, 1995; Ali, 2005a, b; Abdel 
Rahman, 2006; Ahmed, 2007b).  
 
Agriculture 
 
Agriculture represents the base of economy of Sohag 
area. The entire Nile Valley surface area is mainly 
used for agricultural activities except areas occupied 
by settlement. The edges of the valley on the east 
and west flanks are marked by new cultivated 
fringes. Crops are cultivated in a 2- or 3-year crop 
rotation including winter, summer, and nilotic 
(autumn) crops. Irrigation water is applied by the 
traditional flooding method (basin irrigation) which 
occurs at a frequency of two and three times a 
month (Abdel Moneim, 1992; Shamrukh et al., 
2001). 
 
Urbanization 
 
The forms of development in the area include 
establishment of new land reclamation projects, 
urban communities, industrial areas, and  

 
wastewater disposal sites at the desert zone of the 
Nile Valley. In the last few years, four industrial cities 
were constructed including El-Kawser, east of El-
Ahaiwa, west of Tahta, and west of Girga. There are 
major factories in the area for sugar, soft drinks, and 
garment industries.  
 
Other minor private factories are found in the study 
area for onion drying, sweets, macaroni, and oil 
dehydration industries. The main pollution source 
caused from municipal activities includes leakage 
from sewage system, septic tanks, and probable 
release of wastewater from wastewater disposal 
sites. The main pollutant products caused from 
these domestic activities are bacteria and nitrogen 
components. Urbanization in the study area may 
leads to deterioration of groundwater quality and 
the surrounding environment (EEAA 1997; Ahmed 
2007a, b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 1. Location of Sohag Governorate, Egypt. 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
Fig 2. Location of soil samples collected from the study area. 
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METHODOLOGY 
Soil samples collection and analysis 
 
A systematic survey was carried out and a surface (0-
30 cm depth) soil samples were collected from 57 
sites following the standard procedures of soil 
sample collection. The exact sample location was 
recorded using a GPS (Garmin's eTrex) with the help 
of the base map on 1:50,000 scale. Processed  
 
soil samples were analyzed for physical and chemical 
characteristics by following standard analytical 
techniques.Particle size analysis was done by 
international pipette method described by Black 
(1965). Free CaCO3 was estimated using a rapid 
manometric method using Collin’s Calcimeter 
(Williams, 1949).The electrical conductivity of the 
saturated soil paste extract (ECe) was determined 
using EC meter (Orion) following the procedure 
given by Jackson (1973). Soil reaction was 
determined in 1:2 suspension using standard pH 
meter (Jackson, 1973).  
 
Soil organic carbon was estimated using the Walkley 
and Black wet oxidation method (Jackson, 1973). 
DTPA-extractable micronutrients Fe, Mn, Zn and Cu 
were extracted from the soil samples by 0.005M 
DTPA at pH 7.3 according to Lindsay and Norvell 
(1978) and the concentration of the micronutrients 
was estimated by Buck scientific INC 210atomic 
absorption spectrophotometer (AAS). The critical 
limits suggested by Lindsay and Norvell (1978) were 
used for rating the DTPA- extractable Fe, Mn, Zn and 
Cu.  

 
Generation of thematic maps 
Thematic maps were generated for each of the soil 
physical and chemical parameters using Inverse 
Distance Weighted (IDW) interpolation provided in 
Arc GIS 9.3 software. IDW interpolation determines 
cell values using a linearly weighted combination of 
a set of sample points. The weight is a function of 
inverse distance. IDW lets the user control the 
significance of known points on the interpolated 
values based on their distance from the output 
point. 
 
Statistical analysis 
The obtained data were statistically analyzed for the 
various statistical parameters and graphic  
 

 
presentations using the STATISTICA 10 computer 
program distributed by StatSoft Inc (USA). 
 
RESULTS AND DISCUSSION 
Soil characteristics 
 
The summary of descriptive statistics for different 
soil properties of the surface samples (0-30 cm) is 
given in table 1.The soils of the study area are 
alkaline in reaction (pH >7.0). The soil pH varied from 
7.4 to 8.8 with a mean value of 8.17. The total 
soluble salt content of these soils, expressed as 
electrical conductivity of soil paste extract (ECe), 
varied from a minimum value of 2.8 dS m

-1
 to a 

maximum value of 56.0 dS m
-1

with an average of 
8.87 dS m

-1
 suggesting that the soil is moderately to 

very strongly saline. The values of organic carbon 
cleared that the soils contains very low to very high 
amount of OC. The OC ranged from 0.02 to 1.64 % 
with a mean value of 0.66 %. Regarding to CaCO3, 
the Calcium Carbonates ranged from (0.3 – 32.8 %) 
with an average of 8.37 % (Figures 3, 4, 5 and 6). 
 

        
Table 1. Summary of descriptive statistics of soil properties in the 
surface (0-30 cm) layer.  

 

 

 

 

 

 

 

 

 

 

Fig 3. Spatial variations of pH in the study area. 
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Fig 4. Spatial variations of ECe (dS m-1) in the study area. 

 

 

 

 

 

 

 

 

 

 

 
Fig 5. Spatial variations of O.C.(%) in the study area. 
 

 

 

 

 

 

 

 

 

 
 
 
Fig 6. Spatial variations of CaCO 3 (%) in the study area. 

 

DTPA extractable micronutrients status 
 
The data and area pertaining to the DTPA 
extractable micronutrients status are presented in 
table 2. Available iron content ranged from 6.1 to 
32.5 mg/kg with a mean of 18.77 mg/kg. Similar 
results were obtained by Ali (2005). The estimated 
data indicated that all soils are non deficient in 
available Fe (Fig 7).  
Regarding to the available Mn, data in table 2 
revealed that available Zn ranged from 2.4 to 107.0 
mg/kg with an average value of 52.17 mg/kg. Similar 
to available Fe, the soils contain sufficient amount of 
available Mn (Fig. 8).    
 
 

Table2. Summary of descriptive statistics of the DTPA extractable 
micronutrients in the surface (0-30 cm) layer. 

 
 

 

 

 

 

 

 

 
 
 
 
 
 
Fig 7. Spatial variations of DTPA - extractable Fe (mg kg-1) in the 
study area. 

 DTPA extractable Micronutrients 

(mg kg-
1
) 

Fe Mn Zn Cu 

Mean 18.77 51.17 0.96 2.93 

Median 18.30 47.80 0.82 2.88 

Minimum 6.10 2.40 0.13 0.24 

Maximum 32.50 107.00 2.30 6.50 

25% quartile 14.00 25.40 0.63 2.04 

27% quartile 23.80 77.40 1.35 3.92 
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Fig 8. Spatial variations of DTPA - extractable Mn (mg kg-1) in the 
study area. 

 
 
The measured Zn content in the study area ranged 
from 0.13 to 2.3 mg/kg with a mean value of 0.96 
mg/kg (Table 2) suggesting that some parts of the 
study area are deficient in available Zn (Fig. 9). 
Similar results were observed by (Gomah, 2001 and 
Ali, 2005).   
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Fig 9. Spatial variations of DTPA - extractable Zn (mg kg-1) in the 
study area. 

 
The available Cu content estimated in the present 
study (Table 2) varies from 0.24 to 6.5 mg/kg with an 
average of 2.93 mg/kg. Data revealed that the soils 
contain sufficient amount of available Cu (Fig. 10). 
Similar results were found by (Gomah, 2001 and Ali, 
2005). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 10. Spatial variations of DTPA - extractable Cu (mg kg-1) in the 
study area. 

 
Statistical analysis 
 
In order quantify the relationship among the 
available micronutrients and soil properties 
throughout the study area, the correlation 
coefficient were calculated. The calculated 
correlation coefficients are given in table 3.   

 DTPA extractable Micronutrients 

(mg kg-
1
) 

Fe Mn Zn Cu 

Sand -0.43* -0.2 -0.17 -0.53** 

Silt 0.37* 0.23 0.2 0.52** 

Clay 0.39* 0.06 0.06 0.42* 

pH -0.40* -0.44* -0.33* -0.50** 

ECe -0.04 0.13 0.22 0.14 

O.C 0.23 0.16 0.34* 0.39* 

CaCO3 -0.23 0.01 0.02 -0.26* 

Table 3. Correlation coefficients of DTPA extractable 
micronutrients, sand, silt, clay, pH, ECe, O.C and CaCO3 

 
Iron and copper are negatively correlated (r = - 0.43* 
and - 0.53**, respectively) with sand content. On the 
other hand, they are positively correlated with both 
silt (r = 0.37* and 0.52**, respectively) and clay 
content (r = 0.39* and 0.42*, respectively). The 
statistical analysis shows negative correlations 
between pH and all available micronutrients content 
with correlation  
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coefficients of - 0.4* , - 0.44* , - 0.33* and - 0.50** 
for Fe, Mn, Zn and Cu, respectively.  
The positive correlation coefficients suggested that 
there is a co-associated between organic carbon and 
both available Zn and Cu (r = 0.34* and 0.39*, 
respectively).  
 
CONCLUSION 

From the study, it can be concluded that, soils of 
Sohag area moderately to strongly alkaline in soil 
reaction, moderately to very strongly saline, very 
low to very high in organic carbon. Regarding 
available micronutrients, the soils were sufficient in 
available Fe, Mn and Cu, whereas Zn was deficient to 
sufficient in soils. The deficient micronutrient may 
be replenished to avoid the crops suffering from 
their deficiency and for optimum utilization of other 
nutrients.    
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