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IRAK SULEYMANIYE'DE ZEYTIN YETISTIRILEN
TOPRAKLARDA TOPRAK OZELLIKLERININ MEKANSAL
DEGISKENLIGI

OZET

Bu calisma, Giineydogu Siileymaniye bulunan Halepge'deki zeytin bahgesi topraginin
mekansal degiskenligini belirlemek i¢in 2016 yilinda boyunca yiiriitiilmiistiir. Bu
calismanin amaci, herhangi bir peyzajda toprak 6zelliklerinin mekansal degiskenliginin,
toprak oOzelliklerinin mekansal heterojenitesinin nasil iyi kurulmus oldugu ger¢egini
aragtirmaktir. Yanal ve dikey degiskenlik, toprak olusum faktorlerinin, yani iklim, bitki
ortiisti, topografik durum, ana materyalin ve zamanin etkisiyle ortaya c¢ikmaktadir.
Calisma alan1 100 hektardi, mekansal dagilim haritalar1 yapmak ve topraklarin kimyasal
ve fiziksel 6zelliklerini belirlenmesi i¢in 116 toprak numunesi alindi. Dagilim oriintiileri,
mekansal analizin incelenen toprak oOzellikleri i¢in dagilim modelleri gosterdigini
gosterdi. Calisilan toprak orneklerin ¢ogunun tekstiirii, killi tin tekstiirlii olan 5 numune
haric, Killidir. Incelenen toprak numunelerinin pH degeri 7.09 — 8.40 arasinda degisirken,
EC aralig1 132'den 966 mmhos / cm atasinda olup tuzlude gildir. Organik madde igerigi,
CaCOz ve CEC deger aralig1 % 0.88 -% 3.23, % 6.93 -% 20.82 ve 47.38 - 88.22 cmolc.kg
— toprak idi. Caligilan toprak numunesinin P igerigi 0.12 ile 12.80 kg / ha arasinda
degisirken, degisebilir Ca, Mg, K ve Na sirasiyla 26.07 ile 52.20, 1.86 ile 35.41, 9.90 ile
20.41 Ve 0,31 ile 6,74 meq / 100 gr toprakt1. Incelenen toprak numunelerinin Fe, Zn, Mn
and Cu igerigi sirasiyla 1.06-20.7, 0.33-1.74, 5.87-24.63 ve 0.56-1.23 ppm'dir.

Sonuglar, jeoistatistiksel yontemlerin kiiresel ve listel degiskenogram modellerinin tim
bu zemin 6zelliklerine en iyi uydugunu gosterdi. Haritalar, 6l¢iilen degerlerin kriging ile
enterpolasyonu yoluyla iiretildi.

Anahtar Kelimeler: Mekansal degiskenlik, Halepge, Jeostatitik, toprak ozellikleri, ve
zeytin.



SPATIAL VARIABILITY OF SOIL PROPERTIES IN SOILS OLIVE
GROWING IN SULAIMANYAH IRAQ

ABSTRACT

This study was conducted during of 2016 to determine spatial variability of the olive
orchard soil in Halabja, located in south-east Sulaymaniyah. The aim of this work was to
investigate how the spatial variability of soil properties, spatial heterogeneity of soil
properties in any given landscape is a fact that has become well established. The
variability, laterally and vertically, results from the impact of the soil-forming factors,
namely, climate, vegetation, topographic setting, parent material, and time. The area
study was about 100 hectare, 116 soil samples were taken for determination of the main
soil chemical and physical properties which were then used to prepare spatial distribution
maps. The distribution patterns indicated that, spatial analysis showed patterns of
distribution for the studied soil properties. The texture of most of the studied samples was
clayey soil except for the texture of 5 samples which had clay loam texture. The pH value
of the studied soil samples was ranged from 7.09 to 8.40. Tthe studied soil samples were
non saline since the range EC of the studied soil sample was from 132 to 966 mmhos/cm
.The range of organic matter content, CaCO3z and CEC were 0.88% to 3.23%, 6.93% to
20.82% and 47.38 to 88.22cmolc.kg -1soil respectively. The P content of the studied soil
sample was ranged from 0.12 to 12.80 kg/da, while the range of macro nutrients Ca?*,
Mg?*, K*, Na* were 26.07 to 52.20 , 1.86 to 35.41 , 9.90 t020.41 and 0.31 to 6.74 meq
/100 g soil respectively. While the range of micro nutrients Fe, Zn, Mn, Cu for the
studied soil samples were 1.06-20.7 , 0.33-1.74 , 5.87-24.63 and 0.56-1.23 ppm
respectively.

The results indicated that geostatistical methods are spherical and exponential variogram
models were best fitted to all these soil properties. Maps were generated through
interpolation of measured values by kriging. Maintaining organic matter and plant
nutrients of the soil without the practices might was due to the removal of plant nutrient
by erosion. Furthermore, high-quality of organic matter and plant nutrients in the soil
resulted in improving soil quality and increasing high agriculture production.

Key words: spatial variability, halabja, geostatsitics, goil properties, and olive.

Xi



1. INTRODUCTION

Human activities and geographical factors have a great impact on physical and chemical
properties of soil, and the work has been analyzed by global positioning system (GPS)
device to study the spatial variation and take samples from different areas (within studied
area) to represent and describe the total area of the region. Spatial variation in soil occurs
as a result of changes in geological, climate, topography, special moisturizing, and human
factors in cultivated land by farms, so the soil needs planning system and good

management (Lopez-Granados et al. 2015).

The usage of geostatistical and spatial variation of soil and soil characteristics determines
soil properties and methods of sampling and soil testing to measure the correlation
between spatial variations (natural soil as if it is the case here) with the degree of spatial

dependence (Turgut and Oztas 2012).

Soil structure is composed of sand, clay and silt and organic matter particles and these
particles consist of small blocks or aggregate the remains of plants and animals composed
as a result of the impact of climatic and human factors. Soil texture can be identified in
the laboratory are classified into three groups according to the ratio between sand, silt and
clay the size of sand particles are larger than clay and silt that the percentage of sand,

clay and silt identifies soil texture, using soil texture triangle (Cai et al. 2016).

Different spatial and temporal occurrence of natural processes and human activities
affects the soil on the scope and leads to volatility in the soil. Soil composition variability
associated with the effect of natural factors and that can be studied by the survey and
mapping work, which is reflected by the maps that were prepared at various levels.
Printable maps of soil base and the specific purposes of the survey reports by users in

various fields to prepare maps from reviews and plan how to use the land for olive trees.



The geographic and human factors have an impact on soil composition, special chemical
characteristics, and analyzing semivariance each model exponential, those characteristics
helps to renew locations which held a spatial variation of soil tracts, the soil samples that

has been taken for the study is representing the entire area.(L opez-Granados et al. 2002).

The spatial variability and geographical incompatibility of physiochemical
Characteristics soils are beneath physical and biological factors, impact topography,
vegetation cover various grazing planning and rangeland management. Soil
Characteristics variability in time and space continuously, heterogeneity may be occurred
at widely or at cramped scale, even in the same type of soil despite the temporal and
spatial changes of soil properties in small and large scales, awareness of how are these
changes for increasing production and sustainable agriculture management, it is essential

(Kavianpoor et al. 2012).

It is assumed that in the classical statistic, the selected dots are independent of each other
and that the sample mean represents the population average at the best possible level.
However, the points sampled close to each other may be more similar to each other. That
is, the measured values are a function of the distance between the sampling points and
cannot be considered independently from the distance. For this reason, it is necessary to
determine the degree of spatial variability spatial dependence naturally found among the
values of the properties examined. Geostatistical methods have been successfully applied

with the determination of the local dependence (Addis et al. 2015).

Soil properties from a limited number of samples he methods of geostatistic the measured
points of the soil feature to be investigated, the degree of natural dependence, is
determined and the value of the feature investigated by the help of a further interpolation
technique is estimated by estimating the values at unexamined points and areas. This
problem is critical for delineating the areas for remedial treatments, delineating the
contaminated areas, and determining the land suitability for specific crops
Semivariograms are used to determine the degree of local dependence and Kriging

analysis is widely used in the interpolation phase (Demiret et al. 2009).

When the series is defined by detailed soil maps and reports, it cannot be understood at
what intervals the values obtained from the profiler to the soil properties change in the
whole series and how this change is spatial. In recent scientific studies and in agricultural



activities, most researchers and soil map users have increased the need for such data. For
example, in precision farming, modeling and site-specific management studies, values
derived from a profiling from the map unit series are not sufficient for studying and there
is a need for data on the exchange of soil characteristics (statistical and spatial). In recent
years, this deficiency has been frequently expressed and studies have been started in this
direction (Fayisa 2014).

Deficiency of micro-element affects the spatial variability and soil properties like zinc
(Zn), copper (Cu), manganese (Mn) and iron (Fe) in different soils has been reported
world-wide . Deficiency of micronutrients in farms due to regular absorption of these
nutrients through crop absorption the allocation of micro-element may vary in time and
space across management units. In soils, spatial variability in micro-element availability
is presumed to be high or low due to farms and different management (Shukla et al.
2016).

A lack of micro-element in the soil and plants affect agricultural production, zinc
deficiency appears in calcareous soil and clayey soils and the addition of phosphorus,
potassium, soil temperature and high pH value have a direct impact on the zinc and
manganese availability. Olive live in rich and poor lands because the soil is exposed to
the loss of nutrients and erosion due to climatic and geological conditions, the increase in
the soil fertility by farmers the best management is necessary (Belliturk et al. 2010).

From spatial variability can determine the soil physical properties after harvesting crops
and tillage, such as the soil texture the soil bulk density and penetration resistance and
particle size distribution , water content and organic matter of other factors affect the
physical properties of the soil and bulk density depending on soil depth (Ozgoz et al.
2007).

The olive tree, a preliminary European, is an evergreen shrub or a citizen to the
Mediterranean, Asia and Africa, the Mediterranean tree. All the great civilizations of the
Mediterranean have played a role in the dissemination of olives in this region the
Egyptians, Phoenicians, Greeks, and Romans (Loumou and Giourga 2003; Waterman and
Lockwood 2007)



Cultivation of olive trees in northern Iraq as well as the spread in recent times, despite the
circumstances of changes in temperature and rainfall during the seasons of year,
especially in winter, the temperature drops and increased, rainfall in the summer rises and
the rain stopped. Irag's Kurdistan region in spite of the harsh conditions and the quality of
the soil (especially the quality of clay soil in the Lands in Eneb quarter that implants olive
tree) and fluctuations in temperature extremes ranging from (7-45) °C and minimal
rainfall or under drip irrigation system based on supply of water underground in the
province of Sulaymaniya. Varieties and most of the areas of the world rely on rainfall for

olive cultivation can rain ratio between (300-500) mm (Ali et al. 2015).

Assessment spatial variability of olive orchard depends on geomorphic cause substantial
changes in soil properties. system manage their fields and system of regardless of the
possible existence of differences in soil characteristics influencing water and nutrients
availability, CaCOs content in soil and pH, the neutral, slightly alkaline values to alkaline
ones between 7 and 8.5, the CaCOs may reduce the olive tree vigor through its effect on
the availability of P, Zn, Cu, Mn and Fe, Soil organic matter content enhances both olive
tree productivity and soil structure, and helps the soil to maintain several nutrients in

available forms for the roots (Gargouri et al. 2006).

Water management, such as irrigation and drainage methods affect the soil salinity and
alkaline soils, as well as crop production (Demir et al. 2008).

The establishment of an olive grove in the poor lands, such as the soil is not suitable for
the cultivation of field crops, as well as areas topography does not affect the productivity
of olive that take nutrients and water from depth root zone, as well as also depends on the
quantity and quality of the olives grown in that territory and the climatic factors and the
characteristics of the physical and chemical, a type of the olive trees and the age of the

trees and the height of the area above sea level (Belliturk et al. 2010).

Spatial analysis has become one of the most important branches of increasing statistics in
recent years. All the places are related but the near ones are more related to each other.
The rule is especially important when the social and physical elements are research
subjects. In classical statistics, it is assumed that the selected dots are independent of each
other and that the sampling average represents the population average best. In the

analysis of spatial data, however, the assumptions of classical statistics are not obtained



when neighboring data are considered to be related to each other. In other words, the
points sampled close to each other are related and similar to each other. (Basbozkurt et al.
2013).

Agricultural area to limit the variability in farming to amelioration crop quality variable
in needed economic issues to increase the productivity of crops in the land by using the
technology needed to improve the content of the ground even given a high rate of
agricultural production specifying a particular site to describe areas using a fully

determine the spatial variation and sketch maps (Akbas 2014).

Since there are little or no studies about this subject the currenct study was selected in
order to determine the spatial variability of soil properties in olive grove Eneb, Halabja
located south-east of Sulaymaniyah, Irag and to make physical and chemical analysis of
the studied soil samples for olive orchards and the other crops planted, and map the data

for the studied area by various statistical methods semivarigram, Kriging.



2. LITERATURE REVIEWS

Soils are the consequences of climatic, vegetation and time effects on geological structure
and vary in many physical and chemical properties in the field of research. In this respect,
classical statistical methods are insufficient to show this variability that the soil shows
spatially. Besides, organic matter content is quite different in terms of color, structure,
texture, pH, base saturation, cation exchange capacity, volume weight, water retention
capacity and some other physical and chemical properties. Sampling and analysis for
collecting soil information is not easy and economical. For this reason, low-cost methods
are needed before assessing whether soil variability exists to a considerable extent and
investing for more detailed investigations. Spatial analysis methods are one of the most
important methods used frequently in the analysis of soil variability (Mulla and Mc
Bratney, 2000; Basbozkurt et al. 2013).

Spatial variability of the soil occurs as a result of different interactions that hold the soil
through human and environmental factors, as well as good management practices, and
that the parent material biologic factors are the main factors to regulate nutrient content
especially from the parent material, many scientists and studied the spatial variation of
the characteristics of the soil in different geological level fields is between the sample and
the distance scale geological. It is verily significant to keep in mind that there is no spatial
scale but multiple spatial scales contribute to volatility in the soil. This plays a
tremendous role in the evaluation of the spatial variation of the characteristics of the soil
as well as in the evaluation of the effects of soil variability (Phefadu and Kutu 2016).

Climate and topography are other important factors contributing to soil variability.
Temperatures and precipitation, especially two important factors of climate, contribute to
the variability in the soil at the regional level. Differences in topography also cause land
differences. The physical and chemical processes in the soil system cause vertical and

horizontal variability.



Biological events occurring in the soil also increase local variability. Another factor that
increases soil variability is the applied management. Soils included in the same series can
have quite different properties due to different management systems applied. In addition
to this, although there are different levels, there are some lands which resemble their
characteristics under the same arrangement. Agricultural land has additional sources of
variation due to animal waste, fertilizer, irrigation water addition and soil treatment. Plow
processing results in variability in land reclamation, subsurface processing, channeling

structure and water arrangement (Akbas 2004).

The soil pH and EC an essential role in soil formation soil analysis of elements present in
the soil for a way to take the elements in the soil and determine the outcome depends on
the existence of the elements of a macro and micro in the soil samples (Lastincova et al.
1998).

The degree of soil reaction is a measure of the soil solution pH is the negative logarithm
of the hydrogen ion (H*) and (OH) The value of the logarithm of the hydrogen
determines alkaline and acidic and neutral soil, their pH value from 0 to14 and the neutral
7 (pure water), less than of 7 is acidic and greater than 7 is alkaline. The provision of
positively charged cations or dissolved, such as aluminum (AIP*), and iron (Fe?" , Fe®")
and acidic soil are either positively charged cations such as calcium (Ca?*), magnesium
(Mg?"), potassium (k*) and sodium (Na*) suggest to the base soil. Rely providing plant
nutrients on the degree of soil interaction excepting phosphorus content is the most
available from pH 6 to 7, and the nutrients Nitrogen, calcium, magnesium, potassium and
sulfur more available from pH 6.5 to 8. Iron, boron, copper, manganese, nickel and zinc

more available in the degree of amino from 5 to 7 (McCauley et al. 2009).

Spatial variability of organic matter, which has a role on the soil and organic material
difference in the soil from the remains of plant and animal waste out of the rights that
have not decomposed or degraded by bacteria or fungi, and organic materials important
role in improving the physical and chemical properties of the soil organic matter plays an
important role in regulate the acidity level of the soil and water conservation and soil
building. Acidic and alkaline soils activities the affect micro-organisms have a role in the

disintegration of the remains of plants and animals (Pettit 2004).



The amount of calcium carbonate control the pH of the soil and thus controls the
chemical reactions as well as providing nutrients to the plants in the soil group, most of
the Iraqi soil composed of calcium carbonate represent 90% to 95% of total carbonate
(Maulood et al. 2012).

Demonstrated organic matter animal waste and plants the role that differing soil
properties may produce on soil thickness through primitive transactions of soil use and
landscape expansion. By admission initial randomness and irregularities in the form of
bedrock that weathers at different rates, mess or instability is introduced into the system

leading to non-united soil thickness (Tye et al. 2011).

Providing phosphorus depends on soil properties such as minerals from the parent
material, the soil texture and provide phosphorus in the soil in the forms of organic and
inorganic, phosphorus organic form humus organic materials involving living organisms
in the soil and in the form of inorganic with various forms of the base, iron consists,
magnesium, calcium and other elements, phosphorus is one of the most basic elements of
plants that help many vital functions that occur within plants such as photosynthesis and
respiration and energy transfer and cell division. The Iragi soils, particularly the north
area contain high amount of calcium carbonate and alkaline pH (Amin 2010 and Esmail
2012).

The measurements cations substitution soil analyzes, such as calcium, magnesium,
potassium, sodium has a significant impact on soil structure in a neutral soil alkalinity
exchange of cations group cations exchange is equal to the first three elements has a big
role on special soil structure soil neutral and alkaline, said the group cations exchange
equal to the total exchange of cations, either in acidic soil acidity include exchange of

measuring the exchange of cations use solutions PH soil ( Dawes 2006).

The cation exchange capacity is the key measure of soil that determines the quality of
clay minerals in the soil content, as well as assesses the fertility of the soil and keeps the
food materials on the spill and environmental factors. Chemical reactions depends on the
exchange of cations from the soil, the quantity of clay and organic material in the soil

both direction counterproductive, either individually or collectively constitute



Such as clay and humus have the ability to retain the positively charged ions, either in the
sandy soil and organic matter the ratio of cation is high (Fayisa 2014).

Plants need rock elements in small quantities in the growth of the necessary elements for
normal growth of plants stage is copper (Cu), iron (Fe), manganese (Mn), zinc (Zn),
boron (B), molybdenum (Mo), chlorine (CI), nickel (Ni), the lack of these elements in the
soil reduces the yield and quality of crops, is measured in the crop through the chemical
and physical properties may be important for marketing products from the crop as well as
the food content of the soil instrumental. Soil variability caused by climate and terrain
mother, plants, art, time and administrative practices used Geostatic system is more a way
to analyze the spatial variation of the characteristics of the soil, the amount of rock
elements from the parent material varies by soil weathering process quality affects the
amount of rock elements and contents of the soil (Behic et al. 2011).

Soil survey and mapping studies result in soil maps generated and associated charts
creating soil database for users. This database is used in the modeling of environmental
effects, engineering and Geographic Information System applications. Spatial soil data is
usually obtained by digitizing soil maps and creating layers for the desired data. The
accuracy of the reports, the richness of the details and the additional information they

contain, ensures that the results are valid for their use for this purpose (Rogowski 1996).

In addition to knowing of soil properties, geostatistical techniques are required if it is
desired to know the spatial structure of the studied feature. Geostatistics is a field of
applied statistics and is used to predict the spatial dependence and spatial structure of
observed features and to predict the values at unexplored points using the modeled spatial
structure. These operations are performed in two steps, spatial modeling variogram and

spatial interpolation kriging (Rogowski 1996).

Soil contains seventeen of the key nutrients that absorbed dissolved by plants in the soil
solution some food be available in the benthic soil some substances soluble in alkaline
soil or neutral. The study results and tests pH of the soil general soil is alkaline in
precedent studies. The EC depends on the navigator ratio in the soil solution, that
concentration percentage of salts in acidophilus soil more from the basal soil, this affects
indirectly to lower productivity and growth of plant if they addition fertilizer such as
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(Ca?*, Mg?*, K*) of positively charged ions into the soil does not cause an increase in
concentration of salts dissolved in the soil if the appropriate amount according to the

amount of soil foodstuffs (Cavins 2000).

The soil pH value depends on the amount of calcium carbonate has an effect on soil
chemical properties and nutrient content of the soil depending on the spatial variability of
the soil in general the value of soil pH of calcareous soil was between 7.5 to 8.2. Since
most of agricultural soils in our region are calcareous to severe calcareous and most of
the soils contains more than 10 % of CaCOgs, which has great effect on soil pH and many
of the chemical reactions and this affects the amount of available nutrients to the plants
and the movement of nutrients in the soil. In Iraqi soils the amount of calcium carbonate
is high which affects the chemical and physical properties of the soil, such as the
provision of food materials and install the phosphorus (Maulood et al. 2012).

Changes happening to the soil as a result of various factors that take place in the soil as
well as soil management with soil spatial dependence, spatial variability of soil physical

properties affected in soil management practices (Huber 2013).

The basic characteristics of the soil, such as soil texture and substance of the mother and
the acidity of the soil, the contents of organic matter and carbonate calcium instrumental
to the strength of the soil, as well as an environmental and characteristics of the physical
and chemical factors, the soil texture made up a high proportion of clay (Aziz and Karim
2016).

Soil structure is defined as the set of soil particles in which the power contracts the
particles together. The aggregation is formed by some processes like physiochemical and
biological forces which are mainly responsible for their constancy. The formation of
totals are affected by some factors that are climate, environmental, these processes are
able to fetch soil particles close together that the physical and chemical forces between
them contract the particles The soil totals stability occurs due to the existence of quality

and quantity of organic and inorganic materials (Aziz et al. 2016).

Structure raise supply new rock material for physiochemical weathering and could be a

limiting factor in the weathering of rocks in analyzes soil density, tectonics can influence
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the physiochemical weathering process through the raise and fracturing of rock (Tye et al.
2011).

Parent soil material containing a quantity of elements potassium, where the ions of
potassium are the third key element of the soil and with nitrogen and phosphorus which
determine the productivity of plants, as well as considered in the primarily by exchange
of cations and metals properties minute. Spatial variation in the distribution of potassium
depends on the mineral elements and soil management any land use. Managements such
as intensive farming and material origin and climatic conditions. A high percentage of
clay in the soil increases potassium either in the soil acidity decreases potassium, saving
the physical properties of chemicals has a major role on the percentage of clay, the
amount of organic material and the movement of water, air permeability melting and low
calcium and magnesium and sodium and the composition and activities of

microorganisms and soil fertility (Fayisa 2014).



3. MATERIALS AND METHODS

3.1.Material

3.1.1 Introducing of Study Area

The study was conducted at Eneb, which is located in the south of Halabja, Sulaymaniyah
governorate Kurdistan region in Irag, with GPS reading of North (35° 0 12°) and East
(45° 0 58°) and the height is 690m above sea level. Geographically, Halabja lies within
35° 0422.5" and 35°20'29.7" latitudes and 45°37'39.4" and 46°07'10.2"E longitudes
(Figure.3.1). Topographically, it lies in southeastern Sharazur plain, surrounded by
Hawraman and Balambo mountains to the north and south respectively. Despite this,
much of the region is fertile area covered with forest vegetation and with the historical
antecedent of exported grain and livestock. Moreover, the mountainous region with cold
climate gets annual precipitation that is suitable to keep up temperate forests and shrubs
(Al-doski et al. 2013).

The plain and fertile fields of this sector are entirely producible and changeable area
which could be taken into consideration by anyone who tends to develop the process of
heading farming sector to a developed one. There is one trouble of spatial variability of
soil property of this researched area which is the impact of Saddam’s former chemical
attack on the city, that you have already known the consequences, which caused a huge
massacre in case of human kinds. On the other hand and relevant to our main points of
the fertile land, the open-plains became a pool to all the chemical substances and gasses
which mostly gathered in the south of Halabja. Despite of these considerable point of
views, the mentioned are is still one of the most of the productive lands around the whole
governorate (Al-doski et al. 2013).
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Figure 3.1. Shows the study area in Irag, Sulaymaniyah , Halabja and Eneb
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3.1.2. Climate

In the studied area, Halabja, the climate in general is warm in the summer and temperate.
In winter, there is more rainfall. This type climate is classified as an agro-meteorological
department climate. The medium temperature in the summer is hot, where temperatures
range from 15 °C to 35 "C and sometimes up to 40 ‘C or more in some of the chapters in
the winter will be cold, rainy and be moderate in the last annual season. Precipitation In a
year, ranges from 300 to 700 mm. (Aziz and Karim, 2016; and Al-doski et al. 2013).

A year of climate and weather condition of Halabja are shown. Table 3.1. The total
amount of rain and the range of average maximum and minimum temperature of air were
measured (Figure 3.2) for years (2004 - 2016) and soil temperature from a depth of 20 cm
were taken (Figure 3.3) for years (2004 — 2013). This information was taken from
Kurdistan regional general Directorate of agricultural - Sulaimani (Government Agro-

meteorological department).

Table 3.1. Climate data for the Halabja (2004-20016) (Agro-meteorological department)

Soil Temperature 'C Air Temperature
Month Rain Total in the depth 20 cm C

Avg Max Min Avg Max Min
Jan 98.06 8.86 16.55 65.98 8.01 16.81 -2.45
Feb 121.13 9.69 18.13 6.85 9.09 20.03 -0.98
Mar 86.00 12.96 16.42 10.1 13.61 25.64 2.85
Apr 78.44 17.88 21.83 14.34 18.36 31.80 6.32
May 30.75 24.31 30.1 18.89 23.95 38.92 11.06
Jun 0.78 32.40 36.52 28.14 31.73 43.94 20.23
Jul 0.00 35.75 37.61 33.75 35.01 46.71 23.45
Aug 0.03 36.04 37.38 33.92 35.28 46.10 24.25
Sep 2.20 32.24 34.89 29.09 30.13 42.74 17.49
Oct 45.80 26.02 30.21 19.95 21.56 33.68 9.74
Nov 84.68 16.41 21.06 12.66 13.02 21.07 3.80

Dec 83.66 10.63 13.59 7.71 8.50 18.04 -0.24
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3.1.3. Mapping Units in Study Area

Halabja is a city in northern Iraq, Kurdistan region. It is located 35°0 12" N and 45° 0 58"
E and it is approximately 241 km northeast of Baghdad, the capital of Irag, and about 80
kilometers from southeastern of Sulaymaniyah city. Halabja is also about 14 km from the
Iranian border range of precipitation site than 300 mm in Eneb shows (Figure 3. 5)

Figure 3.5. The studied olive orchard Halabja, Eneb
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3.2. Methods

3.2.1. Soil Sampling

The area that was studies was 100 hectare, which was divided into 100 x 100 m? grid.
Soil samples were taken at 0-20 cm depth. One sample was taken from each corner of
the grid and also the mid-part of the grid. Also, 16 samples were collected on the line of
the squares (Figure 3.6). First sample 5 m away from the corner, 50 m on the line from
north to south, taken 8 sample of corner distance; second sample 10 m and 40 m taken
sample of corner distance from east to west taken 8 sample. A total of 116 sample were
collected of the area soil (Figure 3.1) and the type of cops were identified in each portion

of the studies area (Figure 3.7).
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3.2.2. Laboratory Analysis Methods.

The soil samples were taken from the study area then translocated to the laboratory in
plastic bags. After that the soil was dried at room temperature first and then gently
crushed and sieved by 2 mm sieves using stainless-steel sieves to avoid any
contamination. The characteristics of the soil used in most high-R? and / or squares semi-
variance separate model using "Kriging" method of use of evaluation for each 100 m in
the study area. These estimates were used in neighboring dots to estimate semi-variance
in the maps of geographic positioning system analysis pH, EC, organic matter, Calcium
carbonate, phosphorus, textures, Ca, Mg, K and Na, CEC, Fe, Mn, Cu and Zn were

analyzed in soil samples.

Soil pH and EC:

Determined. 1: 1 soil: water value was used for soil pH measurement, was used for soil

EC measurement conductance meter (Richards 1954)

Organic Matter:

The modified (Nelson and Sommers 1982) organic matter determination.

Calcium Carbonate:

Determined with Schepler Calcimetry (Giilgur 1974).

Phosphorus:

Analysis was done according to (Olsen 1954) estimation of available phosphorus in soils
by extraction with sodium bicarbonate reading by spectrophotometer (Figure 3.8).

Soil Texture:

Determined with (Boyoucous 1962) hydrometer method.

Macroelement:
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Determined with Ca?*, Mg?*, K*, Na* in soil, using ammonium acetate 1N. An estimate
of calcium, magnesium using the titration method of (EDTA), reading potassium,

sodium in soil extracts by (Flame photometer).

Microelement:

Determined with Fe** ,Zn?*, Mn*, Cu* were measured using DTPA reading by the atomic
spectrofoto matter reading by AAS Figure 3.8. (Lindsay and Norvel 1978)

|

Figure 3.8. .AtomicAbsorption Spectrophotometer and spectrophotometer

3.2.3. Statistical Analysis Methods

Descriptive statistics fitted to the semivariograms spherical or exponential models were,
and their selections were based on visual best fit and the corresponding coefficient of
determination, i.e., R% The parameters of the model — nugget semivariance, range, and
sill, or total semivariance — were calculated. Nugget semivariance is the variance at zero
distance and represents field and experimental variability, or random variability, which is
undetectable at the sampling scale. Sill is the lag between measurements at which one

value for a variable does not influence neighboring values (Bohling 2005).

The experimental semivariogram was conducted on chemical and physical soil properties
using geostatistical analyzes; estimating mapping to describe the soil that did not take the

samples was determined properties using SPSS 20. 0 software data analysis of pH,
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EC,0OM, CaCOs, phosphorus, clay, sand, silt, Ca**, Mg?*, K*, Na* and CEC, and some
microelement (Fe, Mn, Cu, Zn) exploratory data analysis was made calculating standard

deviation.

Figure 3.9 using Semavrigram Isotropic variogram models Exponential, spherical to
study the degree of continuity of the spatial properties of the soil between the data points.
Range or A is calculated from Ao as noted in the model descriptions, above nugget
variance (C,) the y-intercept of the model sill or (C.+ C), model regression coefficient R?
and variable RSS (Residual Sum of Squares). The neighboring points used in making

these estimates (Bohling 2005).
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Figure 3.9. Parameters for a typical semivaryograge (Bohling, 2005)
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Exponential: g(h) = c. (1 — exp(— %)) (2.4)

Of the study area as part of the preliminary statistical draw in separate maps per unit area
of study and give the results Table 4.2 in the present study to determine the properties of
the soil by soil survey and take advantage of it to make contributions to the decision soil

management and improve the quality of crops (Krasilnikov et al. 2008).

Choose a model semivariance of soil properties, to investigate soil properties properties
(only the distance between sample pairs additives) or anisotropic (as well as the distance
between sample pairs), depending on movements in the four value semivariance
experimental depends on the specific distance sampling, spherical, linear, gaussion are
not emboldened in the value of the threshold for the low increase to determine the
distance as well as increases and decreases so semivariance model most suitable for

calculations to describe the entire region (Bohling 2005).



4. RESULT AND DISSCUTION

4.1. Isotropic Variogram Model

In this study, descriptive statistical analyses were applied to evaluate spatial variability of
15 soil properties in 116 soils samples taken at a depth of (0-20 cm) in a cultivated field
by olive plants and other plant in Eneb, Halabja- Sulaymaniyah. The results isotropic
semivariogram spherical or exponential models provided the best fit for the
semivariograms (Active Lag, nugget, sill, range, R? RSS, Neighbors) of all soil

physiochemical analyses properties used in this study of the are showed in Table 4.1.

Using geostatistical system of complete data sets means identifying the extreme values of
the data set the variogram is a graph of semivariance vs. separation distance. The
modeling applied soil sample in the orchard olive and different crops in Eneb, Halabja
from surface (0-20) cm. Where autocorrelation is present, semivariance is lower at
smaller separation distances (autocorrelation is greater). Isotropic variogram models are
provided in GS+ Exponential, each model can be described using the terms above %
nugget variance (C,) the y-intercept of the model sill (C,+C) the model asymptote and
range (A) the separation distance over which spatial dependence is apparent. In some
texts this is called the effective range in order to distinguish range A from a model range

parameter A,, model R? and variable RSS (Residual Sum of Squares).

Directionally dependent semivariograms were calculated for four different directions
(north, south, east, west) to determine whether the change in investigated soil properties
within the study area is isotropic. The semivariogram models and model parameters

determined for the examined samples are given.

Parameters models in Table 4.1 were selected from fitted models to soil properties

because had less residual sum of squares and better structure. Suitable model for soil
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properties was isotropic. Results showed that pH had highest effective range with 1248
meter sodium with 114 meter had minimum effective range between the studied

characteristics of soils.

Table 4. 1. The best fitted semivariance of models and parameters for the studied soil properties

Variable | Active Lag | Uniform interval | Model | Nugget | Sill | Range | R? RSS Neighbors
pH 800 69 Exp. 0.00565 | 0.0208 1248 0.866 | 2.205E-05 16
oM 1200 77 Sph. 0.015 | 0517 | 1087 | 0.987 | 4.841E-03 12
CaCOs 520 55 Exp. 1.35 7.207 102 0.676 1.83 20
P20s 1000 106 Exp. 141 7.139 492 0.973 0.279 20
Clay 807 110 Exp. 4.98 16.3 261 | 0.731 423 18
Silt 510 55 Exp. 311 21.79 156 | 0.945 4.80 18
Sand 450 30 Sph. 6.61 25.38 286.7 | 0.895 61.9 18
Ca 606 101 Sph. 2.17 24.93 139 0.933 0.717 14
Mg 700 105 Sph. 0.1 40.2 195 0.865 42.5 12
K 600 101 Exp. 153 7.97 189 | 0.598 1.01 12
Na 600 101 Exp. 0.051 0.533 114 0.583 | 9.181E-04 16
CEC 700 105 Sph. 6.5 69.1 154 | 0.735 54.3 14
Fe 700 105 Sph. 7.49 22 372 | 0971 213 12
Zn 800 101 Sph. 0.0184 | 0.0899 496 0.996 | 1.081E-05 12
Mn 850 101 Exp. 1.95 1557 387 | 0.989 0.425 12
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4.2. Geostatistical Evaluation

In this study, the use of both theoretical and practical methods were used to collect data
for determining the spatial variation of the area (Eneb - Halabja) the results of the
statistical analysis of for the study soil characteristics like pH, organic matter,calcium
carbonate content, phosphorus, clay, silt, sand, macro elements and some micro elements

of the normal distribution.

The research has studied soil properties of spatial change of different directions (north,
southeast and southwest and north, east and west, and south-east and north-west), the soil
samples were analyzed and calculated for each characteristics of models and model semi-
variance information as shown in Table 4.1. It is calculated as these values are examined
soil properties for defined theoretical models, spatial structural characteristics show that

effectively reflects Figure 3.9.

Spatial variations of some physical properties and chemical properties of the soil have
been demonstrated all in Tables 4.1 faced with the soil data and distribution of the data
set, and the test data as well as to a normal life using Semivariance test. Thus, the forms

of distributions Kriging composition maps system.

Soil property was developed to quantify the spatial variation of soil characteristics. The
semivariogram for pH exponential model content shows Table 4.1 nugget value 0.00565
the range 1248 m the zero nugget effect value indicates spatial continuity between
neighbouring points. Shown in (Figs 4.1 - 4.15) spatial distribution maps of soil
properties of pH based on block kriging, as has been already reported in the studies, pH
of the soil properties has variable range 889.10 (Jeloudar et al. 2012) pH of the soil
properties has variable range 39.1 (Bijanzadeh et al. 2015).

The measured organic matter spherical model content nugget values 0.015 the range of
1087 m the zero nugget effect value indicates spatial continuity between neighbouring
points. Shown in (Figs 4.1 - 4.17) spatial distribution maps of soil properties of organic
matter based on block kriging as has been already reported in the studies, OM of the soil
properties has variable range 411.88 (Gargouri et al. 2006).
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The measured of CaCO3 exponential model content nugget values 1.35 the range 102 m
the zero nugget effect value indicates spatial continuity between neighbouring points.
Shown in (Figs 4.1 - 4.18) spatial distribution maps of soil properties of organic matter
based on block kriging as has been already reported in the studies, CaCO3z spherical

model of the soil properties has variable range 910.90 (Jeloudar et al. 2012).
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The measure of P2Os exponential model content nugget values regression 1.41 the range
492 m the zero nugget effect value indicates spatial continuity between neighbouring
points Shown in (Figs 4.2 - 4.19) spatial distribution maps of soil properties P2Os based
on block kriging as has been already reported in the studies, P.Os spherical model of the

soil properties has variable range 43.5 (Tekin et al. 2011).

The measure of clay exponential model content nugget values 4.98 the range of 261m the
zero nugget effect value indicates spatial continuity between neighbouring points. Clay
content at soil 0-20cm varied from 37.2% to 59.8% shown in (Figs 4.2 - 4.20) spatial
distribution maps of soil properties of clay based on block kriging as has been already
reported in the studies, clay of soil properties has variable range 157 (Jeloudar et al.
2012).

The measure of silt exponential model content nugget values 3.11 the range 159 m in
zero nugget effect value indicates spatial continuity between neighbouring points. Silt
content at soil 0-20 cm varied from 2.10% to 39.2% shown in (Figs 4.2 - 4.21) Spatial
distribution maps of soil properties of silt based on block kriging as has been already
reported in the studies, silt of soil properties spherical model has variable range 688.30
(Jeloudar et al. 2012; Trangmar et al. 1986)
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The measure of sand spherical model content nugget values 6.61 the range 286.7m in
zero nugget effect value indicates spatial continuity between neighbouring points. Sand
content at soil 0-20cm varied from 16.5% to 38.0% it’s shown (Figs 4.3 - 4. 22) spatial
distribution maps of soil properties of sand based on block kriging as has been already

reported in the studies, sand of soil properties has variable range 279.9 (Surucu 2013).

The measure of calcium (spherical spatial) content nugget values 2.17 the range 139 m in
zero nugget effect value indicates spatial continuity between neighbouring points. In this
result the amount of Ca?* exchangeable was higher proportion it’s shown (Figs 4.3 - 4.23)
spatial distribution maps of soil properties of calcium based on block kriging as has been
already reported in the studies, calcium of soil properties has variable range 562 (Jeloudar
etal. 2012).

According to magnesium exponential model content nugget values 0.1 the range 195 m
in zero nugget effect value indicates spatial continuity between neighbouring points. In
this result the amount of Mg?* was higher proportion it’s shown (Figs 4.3 - 4.24) spatial
distribution maps of soil properties of magnesium based on block kriging as has been
already reported in the studies, magnesium of soil properties Gaussian model has variable
range 910.90 (Jeloudar et al. 2012; Wani et al. 2016).
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Figure 4.3. Experimental semivariograms of soil properties 0-20 cm (Sand, Ca?* and Mg?*)
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The measure of potassium exponential model content nugget values 1.53 the range 189m
in zero nugget effect value indicates spatial continuity between neighbouring points. In
this result the amount of K* was lowers it’s shown (Figs 4.4 - 4.25) spatial distribution
maps of soil properties of potassium based on block kriging as has been already reported
in the studies, potassium of soil properties has variable range 96 (Bijanzadeh et al. 2015;
Askm et al. 2012).

The measure of sodium spherical model content nugget values 0.051 the range 114m in
zero nugget effect value indicates spatial continuity between neighbouring points. in this
result the amount of Na+ was lowers it’s shown (Figs 4.4 - 4.26) spatial distribution maps
of soil properties of sodium based on block kriging as has been already reported in the
studies, sodium of soil properties has variable range 910.90 (Jeloudar et al. 2012; Askin
etal. 2012).

According of cation exchangeable capacity exponential model nugget values 6.5 the
range 154 m in zero nugget effect value indicates spatial continuity between
neighbouring points. In this result the amount of CEC was 47.4 to 88.2 cmolc /kg soil it’s
shown (Figs 4.4 - 4.27) spatial distribution maps of soil properties of cation exchangeable
capacity based on block kriging as has been already reported in the studies, CEC of soil
properties spherical model has variable range 742.8 (Tekin et al. 2011; Askin et al.
2012).
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The measure of iron spherical model nugget values 7.49 the range 372 m in zero nugget
effect value indicates spatial continuity between neighbouring points. in this result Fe?*
was above critical level it’s shown (Figs 4.5 - 4.28) spatial distribution maps of soil
properties of iron based on block kriging as has been already reported in the studies, iron

of soil properties has variable range 243 (Akbas et al. 2009).

According of zinc spherical model nugget values 0,0184 the range 496 m in zero nugget
effect value indicates spatial continuity between neighbouring points. In this result most
of the studied samples contains low amount of available Zinc it’s shown (Figs 4.5 - 4.29)
spatial distribution maps of soil properties of zinc based on block kriging as has been
already reported in the studies, zinc of soil properties has variable range 105 (Akbas et al.
2009).

The measure of magnesium exponential model nugget values 1.95 the range 387m in
zero nugget effect value indicates spatial continuity between neighbouring points it
means that the concentration of available Mn is adequate for plant growth at the studied
area it’s shown (Figs 4.5 - 4.30) as has been already reported in the studies, magnesium

of soil properties has variable range 379.8 (Tekin et al. 2011; Yesilirmak et al. 2011).
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Figure 4.5. Experimental semivariograms of soil properties 0-20 cm (Fe, Zn and Mn)
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4.3. Kriging Maps

Kriging is expression of geostatistical approach rating which is also described as areas
that did not take samples these methods of geostatistical and configure semivariogram
maps and a statement differences in soil characteristics studied for the entire study area
by maps using semivariogram,Somakram used the system was set up in a way ordinary
map squareness. In the study area we took 116 samples to describe the region as a whole,
placed pH and electrical conductivity of soil texture and organic materials phosphorus,
macronutrient and cation exchange capacity and microelements and be the subject of
irregularly depending on the quality of cultivated crops to estimate the acidity of the soil
from the highest level to the average content and less as taken from different the area
directions (Budak 2012).

The degree of soil interaction means that the diagnosis of basal soil or acidic or mild, in
the alkaline soil is ion (OH") larger than ion (H?*) This leads to bacterial organisms and
activities for it to be more active than the acidic soil. Units mapping shows that soil
acidity content is higher alkalinity of the south and west line and the content of soil pH
medium alkaline in the north line and Central regions of the north, west, south and east of
these areas the ratio of soil pH less alkaline, the nearest of the equalizer, especially in the
north line to the west. To reach the electric in the study area on the line north to the west
of electrical conductivity content is high because the soil acidity in these lower regions
Hgrbmodah any closer to a moderate, while in the central regions of the north line and the
east, west and south directions of less because the soil pH is higher in these areas but on
the south and east of a line.

The pH value of the studied soil ranged from neutral to alkaline 7.09 to 8.40 but the soil
of most of the studied area was slightly alkaline 7 to 8, moderately alkaline 8 to 9
(Dimeglio et al. 1995). While the pH of small area was alkaline (pH equal or more than
8.5) as shown from (Figure 4.6). The significant correlation was recorded between actual

and estimated pH there is no change explained Produced crushing map of soil pH.

Electrical conductivity is one of the chemical properties of the soil that determines the

concentration of soluble cations and anions (soluble salts), such as calcium, magnesium,
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potassium, sodium, chloride bicarbonate, and sulfate, the type of ions affects on soil
properties for example sodium salts or ions causes decrease in soil permeability , bad
aireation as due to clay dispersion which causes decrease in soil macro pores. (Figure 4.7)
shows that the EC of studied area was ranged from 132 to 646.9 pmhose/cm or 0.132 to
0.646 dS.m?, it means the soil samples were non-saline since the EC in less than 4000
umoles/cm or 4 dS/m (Richards 1954).
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Figure 4.6. Distribution map of the soil pH in the study area



39

591000 591250 591500 591750
1 A1 1 1

o

2

8-

3

o

2

8

8
EC (1:1)

g (mmhos/cm)

3

8 I 1320 - 337,4
[ 337,4-451,1
[ 451,1-514,1

514,1-549,0
2 5400 - 5830
- o 583.9 - 646.9

I 646 9 - 760,6
I 7606 - 966,0 |

0 100 200 400
e \eters
591l000 591l250 591l500 591'750

Figure 4.7. Distribution map of the soil EC in the study area

Figure 4.8 explains that the organic matter content of the studied area was ranged from
0.88% to 3.23% , it means most of the studied area have the O.M% more than 1%, which
intern means that the organic matter content for the studied area ranged from medium to
high. Since the soil contains more than 1.29% it means the organic matter is high
(Walkley Black 1934), but if it contains less than 0.85% it means that it contains low
organic matter content Table 4.1. The significant correlation coefficient was recorded
between estimated and actual O.M% of the studied soil samples. It is in agreement with

(Aziz and Karem 2016) results, they are in same range.
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Figure 4.8. Distribution map of organic mater in soil

Iragi agricultural soils, mostly calcareous to extensive calcareous that the percentage of
calcium carbonate in the soil has a significant impact on the chemical reactions and the
availability of nutrients to the plants and the acidity of the soil. The percentage of calcium
carbonate represents 90% - 95% of the total carbonate minerals. The increase in the
calcium carbonate leads to increased in the soil pH value (Maulood et al., 2012). The
results of spatial variation in the study sites on the chemical properties of the soil and
stakeholders indicate a change in the value of overall stability, in general, refers to
CaC03% of the studied area which varied from 6.9% to 20.8% (Figure 4.9). It means
most of the studied area was extensive calcareous since the CaCO3% of them was more
than 10% (Hodgson and Fridovich 1975). it is agree with (Aziz and Karem 2016) result

theye are in same range.
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Figure 4.9. Destribution map of the soil CaCOsin study area
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Geostatistical data results show that the readiness of phosphorus in the studied soil area

ranged from 0.12 to 12.8 mg.kg™ soil. In general the concentration of phosphorus in most

of the studied soils was less than the critical level (5 mg.kg-1 soil),it means concentration

of phosphorus in blue,green and yellow sites of the map is less than phosphorus critical

value mentioned by (Black 1965).Since depending on (Black 1965) the critical value of

phosphorus in the soil is (5 mg.kg™ soil) on the other hand the phosphorus critical level in

Iraqi soil was (7 mg.kg™ soil) as mentioned by (Hassan et al. 1975).While the phosphorus

critical level for Erbil governorate soils was (3.5 mg.kg-1 soil) as recorded by
(SheakhBzayni 2005).0n the other hand depending on local study (SheakhBzayni 2005)
the concentration of the phosphorus for most of the studied soil samples was more than

critical value yellow, red and brown colours of (Figure 4.10).
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Figure 4.10. Distribution map of the soil P,Os in the study area

Spatial characteristics of the soil examination autocorrelation have been shown by the
distance from the clay and silt, sand content. It has made him subject for study examined
group changing soil properties 100 meters above similar accounts geyer and the same
distance from a group to examine all the properties of the soil distance (100 m) from the
borders of change they are less valuable with this issue spatial distributions of soil
properties designation In this study, each mazhalnmozj determine the optimal the way
people look and using every 100 square meters (10m x 10m) such as estimates are made

for girls. nature of the land.

Figures (4.11 — 4.12 — 4.13 ) shown particle size distribution of the studied soil samples
The range of clay, silt and sand particles were (37.2 - 59.8)%, (2.10- 39.2)% and (16.5 —
38.0)% respectively. This wide range of the clay particle size creates different soil
textures in the studuied area. It is in agreement with (Aziz and Karem 2016) results.



591000 591250 591500 591750
1 1 1 Il

3896500
1

o o
& &
& B
3 3
o o
8 8
& B
3 3
o o
2 2
8 B
8 3
0 100 200 400
Meters
591000 591250 591500 591750

Figure 4.11. Distribution map of the soil Clay in the study area
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Figure 4.12.. Distribution map of the soil Silt in the study area
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Figure 4.13. Distribution map of thye soil Sand in the study area

The value of exchangeable Ca?* ranged from 26.1 to 52.2 meq/100g soil. This high value

of exchangeable Ca?* may be due to high CaCOj3 content of the studied area as mentioned

before, since CaCOs regards as a source for Ca?* (Figure 4.14). The amount of

exchangeable calcium is differing among the studied samples or sites of the studied area.

Dis agrees with (Aziz and Karem 2016) result theye are in same range.
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Figure 4.14. Distribution map of the soil Ca?* in the study area

Figure 4.15 explains the range for exchangeable magnesium at the studied area, which
was from 1.86 to 35.4 meq /100 g soil. The main source of Mg in dolomite mineral
[Ca,Mg, (COs).], the spatial distribution of magnesium for the studied area, shows the
variation in its value among the studied samples and directions from east to west and
north to south. Dis agrees with (Aziz and Karem 2016) result they are in same range.
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Figure 4.15. Distribution maps of the soil Mg?* the study area

Map of K* distribution in the study area, content the Potassium ranged from 9.90 to 20.4
meq/100g soil while the critical value for available K* in Iragi soil is (180ppm). It means
the K concentration in the studied location is more than critical level recorded (Hassan et
al. 1975).The Sodium content of the studied soil as shown from (Figure 4.16) is less than
other cations in the studied area, this may be due to the geological composition of the

studied area or due to non-saline soil of this area or location krigk and seimavrince.
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Figure 4.16. Distribution map of the soil K* in the study area

Sodium is one of the positive ions in the soil to increase the ratio of sodium in the soil
cause alkaline soil for it raises the degree of interaction of soil, and is one of the weak
ions cohesion of the soil it loses through the water The sodium content of the studied soil
as shown from (Figure 4.17), was range from 0.31 to 6.74 meq/100 is less than other
cations in the studied area, this may be due to the geological composition of the studied
area or due to non saline soil of this area or location. The results of the study of spatial
variation of sodium show mapping semivariance the ratio of sodium in all directions,
especially high in the direction of the north and south as well as east and west line, and
the central regions are a small percentage of potassium or medium. It is in agreement
with (Aziz and Karem 2016) result, they are in the same range.



49

591000 591250 591500 591750
1 1 1 1

3896500
1

3896250
1

éNa (meq/100 g)
i 0,31 -3,64
o 3,64 -4,71

4,71 -5,06

5,06 -5,17
% 517 -5,21

3896000
1

5,21 -532
B 5,32 -5,67
I 5,67 -6,74

3895750
1

0 100 200 400

Meters

1 1 1 1
591000 591250 591500 591750

Figure 4.17. Distribution map of the soil Na* in the study area

Cation exchange capacity is a measure of a soil is capacity to retain and release elements
such as Ca?*, Mg?*, K* and Na*. Soils with high clay and organic matter content high
(Horneck.et al. 2011). Cation exchange capacity is often estimated by summing the major
exchangeable cations (Ca?*, Mg?*, K* and Na*) using units of cmolc /kg. (Figure 4.18)
the range of Cation exchange capacity is often estimated by summing the major
exchangeable cations (Ca?*, Mg?*, K* and Na®) using units of cmolc /kg. cation exchange
capacity of the studied soil samples was 47.4 to 88.2 cmolc /kg soil. It means the CEC is
high or the soil is fertile since increase in soil CEC means increase in soil fertility.
Results of the study area show that the proportion of cations few positive ions because the
rate of a few cation exchangeable capacity also appeared map kriking, as explained in the
mapping on the line south of the direction of the highest as well as the north top-line to an

average of either the central areas are the proportion of ions slim to average.
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Figure 4.18. Distribution map of the soil CEC in the study area

The Fe concentration ranged from 1.06 to 20.7 ppm in the studied soil (Figure 4.19).
Which means that most of the studied soils at this area contains adequate amount of iron,
since the critical level for available ron is 2.50 ppm, the iron content for most of the
studied samples was above critical level except few location at (locations drawn by blue

colure).

The results of the study show that the Zn concentration ranged from 0.33 to 1.74 ppm
(Figure 4.20). That means that most of the studied samples contains low amount of
available Zn (less than 1ppm) except some locations which are containing adequate
amount of available Zn (the locations having brown and red colure in the map).

Mapping of manganese form one of Kriging Manganese as shown in (Figure 4.21)
indicated that the range of Mn was from 5.87 to 24.5 ppm. It means that the concentration
of available Mn is adequate for plant growth at the studied area, but it is differing from

location to other as shown from (Figure 30).
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Results of the study of the available copper concentration (Figure 4.22) showed that the
concentration of Cu was from 0.56 to 1.23 ppm. It appears from the map, that the
concentration of Cu increases from the north to south in the studied area.
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Figure 4.19. Distribution map of the soil Fe in the study area



591000 591250 591500 591750
1 1 1 2 B

3896000 3896250 3896500
1 1 1

3895750
1

T 1 1 i
591000 591250 591500 591750

Figure 4.20. Distribution map of the soil Zn in the study area
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Figure 4.21. Distribution map of the soil Mn of the study area
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Figure 4.22. Distribution map of the soil Cu in the study area
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CONCLUSION

Spatial variation in Halabja Eneb’s area location with GPS reading of North (35° 0° 129)
and East (45° 0° 58°) and the height of 690 m above sea level, can help in the analysis of
the factors and processes to study the soil properties and availability of nutrients for
plants. The objectives of this study was to analyze the spatial variability of the soil pH
,EC, CEC, organic matter, calcium carbonate, some macro and micro nutrients and
availability such as P, K, Mg, Ca, Na, Fe, Zn, Mn and Cu to the olive growth and patterns
of different crops 100 hectares Map plants using geostatistical methods by semi-
variogram, Kriging maps and assessment of the factors and processes controlling

contrast.

Geostatistical, and a total 116 samples from depth (0-20 cm) and show the following
results. The 75% of pH of the studied samples moderately alkaline and 24.1% of were
slightly alkaline 0.86 % strongly alkaline. All the studied samples were non saline, the
conductivity of 52%, Organic matter ratio of 19.1% of the studied area ranged from 0.88
to 3.23%, it means most of the studied area have the O.M%. The proportion of calcium
carbonates Phosphorus 315%. The proportion of clay 4.82%, silt 2.72% and 2.45% the
proportion of sand so that the high percentage of clay loam. The ability of the cations
6.43% and the feel of the soil are clay soil and the proportion of calcium 3.39%, Mg
1.08%, potassium 1.43%, sodium 518%. The proportion of cation exchangeable capacity
6.43%.Iron 1.20%, zinc 71.43%, manganese 1.18% and copper 82.93.

The range of organic matter content, CaCOs and CEC were 0.88% to 3.23%, 9.6% to
20.80% and 47.40 to 88.20 cmolc.kg™ soil respectively. The P content of the studied soil
sample was ranged from 0.12 to 12.8 kg/da, while the range of macro nutrients Ca?*,
Mg?*, K*, Na* were 26.1 t0 52.2, 1.86 to 35.4 , 4.04 t020.4 and 0.31 to 6.74 meq /100 g
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soil respectively. While the range of micro nutrients Fe, Zn, Mn, Cu for the studied soil
samples were (1.06 to 20.7 , 0.33 to 1.74), 5.87 to 24.6 and 0.56 to 1.23 ppm respectively.

There is not any work to accomplish without hard working and endeavoring as much as

you can to achieve what you verily want to cope.
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